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ABSTRACT 

 

Movement is integral to all aspects of human life. It allows us to carry out tasks ranging from the 

basic act of obtaining food to travelling long distances to trade goods and engage in social dynamics. 

Studying the complexity of human movement is instrumental in understanding the development of 

crucial social aspects such as identity, technology, territoriality, political complexity, and even social 

inequality. Movement is therefore of central concern to archaeology and anthropology. 

Archaeological approaches to movement have traditionally focused on the distribution of traded 

goods or raw materials as evidence of long-distance contacts. As such, “static” evidence has been at 

the heart of these studies, which often focus on objects’ points of departure or destination. Fewer 

attempts have been made to investigate what happened in between these points, including the 

processes of travelling, the mechanics of movement, or the archaeological evidence on a landscape 

scale related to long-distance journeys. Interestingly, no previous research has specifically looked at 

the detailed process of how prehistoric people navigated through the landscape while traveling within 

and beyond the usual limits of their local economy and social demands. 

 

Looking to tackle these issues, this thesis develops a robust theoretical framework for the study of 

human movement on a landscape scale investigating, through an interdisciplinary approach, the 

possible physical, environmental and social variables that influenced or affected this activity during 

prehistory. Using this framework, novel methods of spatial analysis are developed using Geographic 

Information Systems (GIS) and High Performance Computing (HPC) to explore and identify 

particular spatial patterns related to this phenomenon. Using a combination of spatial analyses, a 

series of methodological tools are created (1) to identify potential prehistoric pathways and (2) to 

investigate the influence of natural corridors in the establishment of symbolic and funerary sites, the 

most significant variables behind the creation of prehistoric path layouts, the use of monuments and 

symbolic places in orientation while travelling, and, finally, their potential role of said monuments in 

territorial definition. 

 

Taking as specific example the late prehistoric groups of south-western Iberia, the thesis investigates 

the particular materialization of human movement in the context of Copper Age (c. 3100-2100 BCE) 

and Bronze Age (c. 2100-850 BCE) societies. In the case of the Iberian Peninsula, there has been a 

severe lack of discussion in the discipline regarding the possible practice of mobility and sedentism as 

joint strategies during prehistoric times. This is the first study in Iberia exploring the degree of 

residential mobility that prehistoric societies exhibit. In addition, using physiological and 

psychological research, it also constitutes the first attempt in archaeology to build a theory on how 

humans navigated through their landscape before the existence of maps, testing it through robust 

spatial methods. Drawing on a range of available archaeological evidence from traditional pathways 

and the location of symbolic sites and habitats to the material culture products of trade and exchange, 

the research sheds light on the social meaning of long-distance movement and the importance of this 

activity in the development of collective identities and territories during Late Prehistory. 
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no-one has ever asked why they walk, how they walk, whether they walk, 

whether they might walk better, what they achieve by walking, whether 
they might not have the means to regulate, change or analyse their walk: 

questions that bear on all the systems of philosophy, psychology and 
politics with which the world is preoccupied? 

Honoré de Balzac 

 



 
1 CHAPTER ONE 

Chapter One 
AIMS, OBJECTIVES AND RESEARCH QUESTIONS 
 

“We move, are moved or we die”. Fernandez (1979) begins one of the classical researches in social 
science with this statement. His assertion, although particular to his research, has been relevant to 
other disciplines that have attempted to understand the complexity of human movement. As human 
beings, the desire and necessity to “explore” the world has been with us from the beginning of our 
existence. From the basic act of looking for food and water, to travelling many kilometres to trade 
goods and engage in social exchange and dynamics, humans have had to travel on various scales, 
comprising a necessary activity in any aspect of human life. Due to the importance of movement not 
only for implied economic consequences, but also as a key to understanding the development of 
diverse social aspects such as identity, territoriality, technology, political complexity and even social 
inequality, the study of human movement has become one of the central concerns of archaeology and 
anthropology. 
 
Traditionally, these disciplines have acknowledged the concepts of mobility and sedentism as critical 
strategies inherent within the social and economic practices of all societies, and there have been 
several attempts to define and understand movement through classifications of its diverse variants. 
This is confirmed by the archaeological emphasis on the study of static phenomena, but also by the 
fact that there have been a relatively small number of investigations that have attempted to analyze 
mobility and movement as essential social activities. In fact, it was only recently that our discipline 
turned its attention to the understanding of human movement as a wider phenomenon. 
 
The early studies of Binford (1968, 1980) and the concepts derived from them, generated discussion 
and later understanding of human movement, conceiving it since then, not only as an exclusively 
economic strategy anymore, but also as a more complex phenomenon and as a way in which societies 
organized themselves. As a consequence of this, it is now well-established that all societies, always 
move on different scales regardless of whether they are residentially fixed to one spatial location or 
not, and that this movement leaves a specific trace in the archaeological record. Despite this step 
forward, research on archaeological approaches to movement has focused its attention on the 
distribution of specific archaeological evidence such as traded goods or raw materials. Thus, “static” 
materials have been at the heart of studies focusing on the point of departure or the point of 
destination of these objects (Branting 2004; Kelly 2005). Few attempts have been made to investigate 
what happened in between these points, which were the processes travellers went through, the actual 
mechanics of movement, or the archaeological evidence that can be encountered and related to it at a 
landscape level. Interestingly, so far, no research has looked specifically at the detailed process of 
how prehistoric people navigated through the landscape while traveling within and beyond the usual 
limits of their local economy and social demands. As a result, the possible variables and factors that 
influenced mobility as well as the archaeological evidence have been understudied. 

Addressing this issue, the first objective of this investigation is to establish a theoretical framework 
to understand on a more profound level, the social processes involved in human movement at a 
landscape scale, developing a critical thought process regarding the possible archaeological evidence  
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of movement. In order to accomplish this, the approaches that archaeology and other disciplines have 
had relative to movement were explored by carrying out a theoretical analysis of a range of elements, 
from the very concepts used in traditional anthropological studies to the practical difficulties within 
the study of movement in archaeology. From this, we define the basic components to be considered in 
any research concerning human movement during the past. Other key elements were also identified 
and analysed, such as the most important environmental and social variables and factors influencing 
human movement in general and, for the very first time in archaeology, a specific theory elucidating 
the role of landscape markers within terrestrial navigation and territorial definition as essential 
evidence on a landscape scale for mobility, was developed. 

In the specific case of the Iberian Peninsula, although some research has dealt with evidence related to 
movement such as paths and monuments, there has never been an explicit study analysing the possible 
dynamics of movement of prehistoric societies in terms of landscape.  A serious problem related to 
this and the study of the societies from Late Prehistory in Iberia is that it has been conventionally 
assumed that, after the adoption or introduction of agricultural systems, societies became sedentary. 
There is a severe lack of discussion in traditional literature regarding the possibility of these societies 
practicing mobility and sedentism as joint strategies during prehistoric times. However, although there 
has never been a study concerning the grade of residential mobility that these societies could reach, 
many studies have presented evidence of the practice of pastoralism and short and long distance trade 
(Galán Domingo and Martín Bravo, 1991-1992; Ruíz-Gálvez Priego and Galán Domingo, 1991; 
Criado Boado, 1993; Galán Domingo, 1993; Galán Domingo and Ruíz-Gálvez, 2001; Cruz Berrocal, 
2004; Fairén Jiménez, 2004; Fairén Jiménez et al, 2006), elements that constitute imminent indication 
of the degree of movement and possible mobility of these societies.  

In this sense, a second objective was to investigate the particular materialization of human movement 
in the context of Copper and Bronze Age societies in south-western Iberia, delving in all the available 
evidence of mobility, ranging from the use of pack animals, means of communication and technology 
developed such as chariots, to the material culture of trade and exchange. This was done not only to 
address the specific archaeological evidence available regarding the mobility of these societies, but 
also to build a robust framework to introduce a series of hypotheses to test regarding a case study of 
particular interest.  

As it will be seen in depth later, the prehistoric landscape of Andalucía captivated the scholar’s 
imagination since early times, and it was not until the XIX century that it started to become the focus 
of attention for many European researchers. The impressive funerary architecture and its permanence 
would become the centre for many theories and the focal point of research during the centuries to 
come. In the specific case of South-Western Spain, iconic megalithic sites in the Guadalquivir Valley 
(such as Valencina de la Concepcion, Seville) would capture the public imagination, and the research 
in general would mainly concentrate on the archaeological evidence of the valley environment of this 
region and its funerary evidence, obtaining very little knowledge regarding other phenomena within 
the surroundings.  

Although central to the comprehension of cultural, economic and social dynamics, it was only in 
recent decades that research concerning the aspects of daily life of the more marginal neighbouring 
areas has been carried out. Diverse projects have looked to understand the settlement patterns and the 
megalithic phenomenon of these particular regions, such as Sierra de Huelva and Sierra Norte de 
Sevilla (western Sierra Morena), Andalucia (Pellicer Catalán and Hurtado Pérez, 1980; Piñón Varela, 
1987, 1988; Martínez Rodríguez and Lorenzo Gómez, 1992; Pérez Macías,  1983, 1986, 1987, 1994, 
1996, 1996a, 1996b, 1999; García Sanjuán, 1999, 2000, 2004, 2005, 2006, 2011; García Sanjuán and 
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Hurtado Pérez, 1997; Hurtado Pérez and García Sanjuán 1996; Hurtado Pérez, 2008; Hurtado Pérez, 
Mondejar Fernández de Quincoces and García Sanjuán, 1999; Romero Bomba et al, 1999; Rivera 
Jiménez and Romero Bomba, 2001; Romero Bomba, 2001; García Sanjuán and Vargas Durán, 2001, 
2001, 2004; Pérez Macías and Rivera Jímenez, 2004; García Sanjuán and Wheatley, 2006; García 
Sanjuán et al, 2002, 2004, 2006, 2006a; Nocete Calvo et al, 1993; Nocete Calvo, 1994; Murrieta 
Flores, 2007; Rodríguez Bayona, 2008; Wheatley et al, 2010; Pérez Macías, 2010; Linares Catela, 
Odriozola Lloret and Hurtado Pérez, 2010; Costa Caramé, 2010; Hurtado Pérez, García Sanjuán and 
Hunt Ortiz, 2011; Linares Catela and Odriozola Lloret, 2011). 

Western Sierra Morena would become of particular interest due to the fact that, located in a mountain 
environment and between two of the most important agricultural river valleys of the Peninsula 
(Guadalquivir and Guadiana), the late prehistoric societies of this area, as it will be seen along this 
research, seem to have had not only a different kind of access to resources compared with those in the 
valleys, but also an alternative social organization, practicing a mode of subsistence deeply related to 
a mobile herding strategy and different to those in the lowlands.  

It was probably the difficult environment and the limited potential for agricultural activities that made 
Sierra Morena a long-established herding region. It is precisely from this Sierra that come some of the 
most important legends and pastoral traditions of Iberia, described in several historical sources 
depicting myths related to this activity, such as the herds of Gerión (Carriazo y Arroquia, 1973; 
Estévez Escalera, 1983; Torres Ortíz, 2002, Almagro-Gorbea, 2005). The historical evidence of 
pastoral activity in western Sierra Morena can be traced to the Iron Age, as testified by early literary 
sources. Livy for instance, described how the Phoenicians used local herders of the region as 
informants during their incursions through the Silver Route, and considered them invaluable not only 
for the information they provided, but also because of their knowledge of the routes to follow, 
demonstrating with this that in the Iron Age, there was an already established path network by the 
pastoralist indigenous populations (Alfaro Giner, 2001: 222). Considering the development of such a 
network, and a fairly organised activity seems to have been the case of herding during the Iron Age in 
western Sierra Morena, it could be suggested that this activity had former roots. Although this is an 
attractive idea, the form of these activities might not be necessarily directly translatable to earlier 
times. However, taking into account that herding societies develop specific characteristics and 
patterns of movement, the first question addressed in this research looked to answer whether the 
settlement pattern observed in the case of the Late Prehistory of this region could actually be 
indicative of a mobile mode of subsistence.   

In the same fashion, historical routes of western Sierra Morena have been deeply related to herding 
activities. Taking into consideration the processes of creation and natural evolution of routes and 
paths, it could be argued that these routes might be the fossilization of older ones. In this manner, the 
second question to answer was whether the historical routes could be following prehistoric paths, and 
whether a combination in the landscape of certain elements could be indicative of their presence.  

Related also to roads and herding activities, historical accounts and field observations made by 
travellers, historians and archaeologists throughout Iberia, have associated the presence of prehistoric 
monuments such as megaliths with crossroads and paths. Following the theory developed within this 
research regarding landscape markers and the possible model of modes of subsistence for these 
communities, two other hypotheses were addressed. In this manner, the third question was to unravel 
whether funerary monuments could have acted as waypoints in the landscape used within terrestrial 
navigation, and whether this use might have been the same during different periods. Moreover, 
exploring a theoretical model of movement of herding societies created for this specific case study, 
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the fourth question attempted to investigate the possible role of these monuments in relation to a 
possible territorial definition throughout prehistory. Finally, integrating the theory considered within 
the first chapters, a series of possible models of movement were also developed, taking into account a 
diversity of variables such as the use of several transportation methods, loads carried and others.  

The study and evaluation of the possible mobility of these prehistoric communities in the mountains 
was, as expected, not a trivial task. Although some researchers have explored the possible prehistoric 
modes of subsistence in western Sierra Morena (Pérez Macías, 1986; García Sanjuán, 1999), little has 
been excavated and the recovery of faunal evidence has been hampered by the high acidity of the soil. 
This has made the data from the limited excavations and spatial analysis, the only means presently 
available to understand the possible subsistence modes and patterns of movement at a landscape scale 
of its prehistoric communities.   

Within conventional research there is already great difficulty in choosing adequate analytical tools to 
investigate such a sophisticated phenomenon as mobility. This is mainly because it presents extremely 
complicated relationships and dynamics, not only in the context of simple daily life activities, but also 
within actions that can imply complex social decisions (such as commerce or migration) and this may 
not be necessarily reflected in the archaeological record. Furthermore, when looking to understand 
dynamics of movement at a landscape scale, traditional approaches to movement (such as re-fitting 
archaeology or site-based studies of source and destination of materials), do not offer epistemological 
bases or adequate methodological tools to deal with the evidence that can be available at a landscape 
scale. In this way, although not exempt from complications, it is thought that the development and 
application of innovative computer based methodologies for spatial analysis, can offer appropriate 
tools for the examination of movement and a wide diversity of aspects related to it. Analysing the 
archaeological evidence and settlement patterns of this particular area of Iberia, several models 
examining aspects of movement were developed, wherein a series of computational tools such as 
Geographic Information Systems (GIS) and High Performance Computing (HPC) were combined in 
order to answer the concrete research questions addressed here. 

Finally, the main aim of this research was to understand, for the very first time in the southern Iberian 
Peninsula, the social and practical processes involved in human movement at a landscape scale, its 
archaeological evidence and the possible spatial patterns derived from its practice within the context 
of the Copper and Bronze Age periods. In order to better understand the diverse social and economic 
dynamics at a regional scale, it was considered of great significance to study contexts such as western 
Sierra Morena, where research has been scarce in contrast to the agricultural valleys, but whose 
importance is proven by its own social and environmental difference with adjacent regions.  
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Chapter Two 
 

THEORY AND CONCEPTS OF MOVEMENT AND MOBILITY 

2.1 THE STUDY OF HUMAN MOVEMENT AND ITS COMPLICATIONS 

Despite its importance and relevance, the study of movement and mobility in archaeology is still 
young. The reasons for this seem to be twofold. First, it was not until ethnographic studies of hunter-
gatherers became available that researchers started to be aware of the importance of this activity. 
Second, with the proposals of ethnoarchaeology, researchers understood the complexity of the 
phenomena and the difficulties inherent in their study. The earliest of the problems identified by 
contemporary research concerned the terminology used to define and characterize the subject, but 
there were (and still are) many other equally important complications. In first place, we can mention 
the existing limitations in the archaeological data that bind our knowledge of these dynamic 
phenomena. There is also the difficulty of finding and choosing adequate analytical tools to 
investigate movement and mobility, which present extremely complex relationships and dynamics not 
only in the context of simple activities during daily life, but also with actions that can imply complex 
decisions such as commerce, and finally, the inherent complexity of modelling human movement and 
mobility even with the use of sophisticated spatial technologies such as GIS or Agent Based 
Modelling (Branting, 2004: 9). 
 
Regarding the terminology it can be said that, at the early stages of their definition, sedentism and 
mobility were acknowledged by anthropology as central characteristics of human societies, and the 
definition of whether human groups were sedentary or not, was one of the essential focuses in the 
study of social evolution at the beginning of the 20th century (Sykes, 1908; Rodd, 1926; Garth, 1927). 
In this pursuit, the models generated understood sedentism and mobility just as useful classifiers of 
societies and although there was some achievement establishing certain principles such as the 
correlation between sedentism and political complexity, they never saw them as research objectives 
on their own. Towards the middle of that century, researchers realised the undiscovered potential in 
the study of mobility and the main concern became the classification of the diverse types of mobility.  
After that, since the first studies of mobility and sedentism as economic strategies under processual 
archaeology and during recent decades, scholars have faced the difficult tasks of understanding and 
deciphering not only how mobility affected human societies, but also of re-defining the vast 
variability in human mobility patterns.  
 
In this quest, almost all the research has been done in the context of ethnohistorical studies from 
hunter-gatherer societies, relating them to archaeology due to the analogies that can be established 
between them and early human groups (Dyson-Hudson, 1972; Binford, 1980; Bettinger and 
Baumhoff, 1983; Eder, 1984; Azzaroli, 1985; Bar-Yosef and Belfer-Cohen, 1989; Kelly, 1990, 1995; 
Ames, 1991; Barnard, 1992; Berland, 1992; Cabo Alonso, 1994; Casimir and Aparna, 1992; Arnold, 
1995; Acton, 1997, Kelly et al, 2005). This research has produced practically every single concept 
that we know regarding  
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human mobility and however useful, they are not exempt from diverse problems, taking also into 
account that conceptualizing or classifying mobility is not the only key issue in studying it.  
 
Human mobility is far more complex than the traditional models of “mobility” and “sedentism” that 
anthropology and archaeology have presented to us. The early definitions of mobility have been the 
subject of certain deficiencies in general, due to deterministic and simplistic assumptions that have 
encased the different human groups in accordance with the supposed “grade” of mobility that they 
experimented. In the case of hunter-gatherers for example, it has been constantly repeated that they 
had a high grade of mobility, contrary to sedentary communities who have been assumed to have 
almost no mobility (Lee and DeVore, 1968:11). Although useful in their time, currently these 
definitions have to be seen with caution, firstly, because ethnographic and archaeological examples 
have proved that “sedentary” societies can carry out practices that require even more movement than 
hunter-gatherer ones, and secondly, because “sedentary societies” can carry out activities involving 
complex patterns of movement such as transhumance or long distance commerce without falling into 
the classification of “mobile” societies in terms of their residency. In this sense, Kelly (1992:43) has 
already highlighted that the perpetuation of these early ideas and also our inability to understand the 
relationship between movement and material culture, have been the reason why archaeologists have 
had problems defining and identifying the diverse forms and degrees of mobility.   
 
Although there is a genuine need to clarify certain definitions, in reality the problems do not lie in just 
how to best explain these concepts, but in understanding that any category we use is just an analytical 
tool and to recognize that all societies are, in fact, mobile. Current discussions have concentrated their 
efforts in understanding how human mobility has developed and the variables that condition it, 
expanding also the traditional concepts (Wendrich and Barnard, 2008).   
 
As an additional challenge, there is also the need to better understand the relationships between 
human activities, social processes and the spatial distribution of the material evidence generated from 
human movement. In order to do this it is necessary to recognize the possible variables and factors 
that influence movement, but also to identify the materiality derived from it. Here lies the practical 
aspect of the problems mentioned regarding the study of mobility.  
 
Roads and paths represent some of the most immediate archaeological evidence in the recognition of 
human movement (nevertheless their detection and study is not exempt from several problems as we 
will see in subsequent chapters). But there are many other material elements less obvious that have to 
be identified and that participate in an intricate dynamic landscape in which this activity develops and 
that is related to movement, such as landscape markers. In the case of the Iberian Peninsula the 
identification of these elements becomes more difficult due in part to the lack of research for this 
period, the natural destruction of archaeological evidence and the lack of fundamental empirical 
evidence to address certain questions to mention only a few reasons. Additionally, each society has 
different characteristics and the mobility and movement practiced could be very diverse even between 
groups localized within a relatively small geographical area. In this sense, the study of movement has 
to be focused on each individual society, so there is the need to develop theoretical knowledge of the 
general aspects that involve and affect human movement in general to later understand its complexity 
and role in specific societies. 
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2.2 DEFINING MOBILITY AND SEDENTISM IN HUMAN SOCIETIES 

2.2.I MOBILITY AND MOVEMENT 

Traditionally, the concepts of mobility and sedentism have been seen as archaeological measurements 
of mobility (Kelly, 1992:44) and as previously mentioned, they have been mainly developed within 
the context of hunter-gatherer studies from which several categories or typologies have been derived. 
Conventionally, these studies have been undertaken under certain theoretical frameworks in which the 
main explanations for mobility come principally from environmental, ecological and economic 
perspectives (MacDonald et al, 1999). Sedentism and mobility have been considered in these models 
as strategies for subsistence, and their diverse categories have been defined according, not only to the 
different degrees of movement that can be experienced but also, to the variables that influence it. 
Accordingly, mobility has been almost always modelled in terms of a relation of cost-benefit in which 
the actors take into account the risk and uncertainty involved, understanding risk as the chance of an 
unpredictable loss (Cashdan, 1985: 455) and uncertainty as a condition of insufficient information 
(Smith, 1988).  
 
In this context, concepts such as nomadic, semi-nomadic, semi-sedentary and fully sedentary have 
been used in literature to describe several groups of hunter-gatherers, conceptualizing them on the 
basis of their degree of mobility, as well as on certain constraints of which their mobility is thought to 
be subject (Murdock, 1967; Dyson-Hudson, 1972; Bernus, 1981; Chang, 1993: 709; Wane, 2006:2). 
In the context of pastoral societies, the same concepts have been applied, with additions such as 
vertical and horizontal transhumance, agropastoralism and pastoral sedentarization in recent studies. 
In these cases, their definition has depended on the direction, seasonality and grade of mobility that 
the community has to experience to accompany their herds, as well as on the degree of reliance on 
agricultural products that the community has in combination with animal ones (Rafiullah, 1966; 
Khazanov, 1994; Ehlers and Kreutzman, 2000). More recently, terms such as herder-gatherer has 
opened the traditional fixed definitions exploring the occurrence of pastoralists that also practice 
hunting and gathering.  

 
Although the definition of these categories in terms of the degree of mobility of each society has been 
useful as an analytical tool that simplifies the magnitude that human mobility can reach, their use also 
leaves out the complexity and the different scales of movement that past societies may have 
experienced. In the particular case of pastoralist societies, these categories have tended to generalize 
the concepts without considering important characteristics of their mobility. For instance, it has been 
assumed that a “semi-nomadic” society normally accomplished mobility as a group (Khazanov, 1994; 
Rafiullah, 1966), without taking into account that within that kind of group mobility can also be 
carried out on an individual scale (Kelly, 1992:44).  
 
The concepts mentioned above are not the only existing ones. Other useful definitions were developed 
under the framework of ethnoarchaeological studies. An example was the work done by Binford 
(1980), who in his article Willow smoke and dog’s tails described the “types” of mobility as economic 
strategies that he encountered in two Alaskan Nunamiut systems of hunter-gatherers defining them as 
residential and logistical mobility. The former was considered to be executed when the entire group 
moved from one “residential” location to another whilst the latter was characterized by the movement 
of individuals or little groups carrying out certain specific tasks then returning to the residential 
location afterwards in order to exploit their environmental resources. In his research, two different 
groups were distinguished. The Foragers, which used to “map” the resource locations of an area and 
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without storing food, used to make short logistical movements to supply the camp having regular 
residential moves (Binford, 1980:5). Collectors on the other hand, used to carry out long logistical 
moves in parties to bring resources to the camp, practicing food storage and moving residentially only 
sporadically, looking for key locations in which they could stay for longer periods (Binford, 1980:10).  
 
After Binford, other models and definitions were also developed, focusing not in the movement of the 
groups as a central topic but in the process of competition between ethnic groups and their adaptive 
strategies. In their Traveller/Processor model, Bettinger and Baumhoff (1982 and 1983) suggested 
that groups whom they called the travellers (as the foragers in Binford) practiced high mobility or 
wide-ranging settlement patterns, depending on low-cost resources but with a high return rate such as 
large game (1982: 496), while processors (as the collectors in Binford) were less mobile and 
dependent on high cost resources such as small seeds and other plant foods (1982: 496-497). The 
shared idea in both models was that the costof movement could be seen as a main concern and as a 
measurement in decision-making. Cost of movement in these studies referred principally to the rate 
invested in the search for certain resources such as food, against the benefit to be obtained from this 
search (foraging, for example, was considered in many studies as a measurement of cost and therefore 
a variable for movement).  
 
What these “early” examples showed, was that mobility was traditionally seen as an economic 
strategy. However, as the cost of movement could also be seen as the actual cost of locomotion from 
one geographical location to another, it could also be said that the causes of mobility are not always 
decided on economic reasons, and that mobility could be considered also as a social strategy. Not 
ignorant of this, many researchers developed other concepts later trying to introduce this complexity 
to the terminology, understanding that the definition of mobility did not encompass a single 
perception and it could (and should) include all the dimensions to be encountered in its practice 
(social, economic, symbolic, etc.). Kelly (1992) for example, noticed that the importance of the 
distinction made by Binford between Collectors and Foragers for the study of mobility, relied not in 
the regularity or distance of movement that these societies carried out, but in the organization of 
movement itself, performed by the whole group (residential mobility) or only by individuals (logistical 
mobility). This distinction was seen by him as highly relevant for the study of mobility and movement 
in prehistoric societies firstly because from it, it could be suggested that the way in which movement 
is organized could have a relationship to the purpose and objective of the movement and secondly, 
because in those terms it becomes obvious that the different ways of organizing movement would 
leave distinctive material traces due to their particular process and aims. It has to be considered 
however, that individual mobility (the movement of individuals independently of one another) and 
group mobility (the coordinated movement of several individuals) are also often interrelated. The 
same author introduced further concepts such as what he called “permanent migration”, which as an 
intentional or unintentional activity, consisted of the permanent movement of groups or individuals to 
live in other locations. Following the same line, Binford added later another dimension called 
“territorial” or “long term mobility” that consisted of cyclical group movements between different 
territories in which they used to return to a previously used region (Kelly, 1992:45).   
 
In this effort to clarify the concepts of mobility and to depict its complexity, ideas such as “logistical 
mobility” were also further developed. Considering that it could be seen beyond the context of hunter-
gatherers, “logistical mobility” was now thought of as the movement that any society can carry out in 
order to achieve a specific goal, economic or not (Whallon, 2006). It was argued that the term 
“logistical” involves the calculation and expectation of some benefit from the activity that is being 
carried out, but this did not imply that the expected benefit was always economic. In this sense, it was 
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suggested that some “benefits” could be seen in social terms and logistical mobility could have two 
different aspects, one “utilitarian” and one non-“utilitarian”. The utilitarian aspect of logistical 
mobility could be seen as the one in which movement is carried out with an economic purpose, such 
as the search for subsistence resources; The non-utilitarian aspect of logistical mobility could be seen 
as the one in which movement is carried out with a social purpose such as visiting friends, creating 
social networks, visiting sacred places, etc. 
 
The problem with this categorization however, is that the division between them is never so clear-cut. 
For instance, while travelling to visit friends in another community, gathering of information about 
resource availability in the surroundings can be carried out, covering in a “single” journey both 
aspects of logistical mobility, utilitarian and non-utilitarian. As seen in this example, the 
establishment of concepts and the discussion regarding which are the most suitable definitions for the 
description of processes that mobility implies in each society, is far from over; however, the debate 
has been very productive despite the fact that the concepts thus far proposed, have proven to be 
limiting when defining the real aspects of human movement.  
 
To solve this problem, Wendrich and Barnard (2008:8-9) recently suggested that the definition of 
mobility should be done separately for each case according to very specific questions. They argue that 
instead of using bounding concepts, it would be more useful to define mobility in terms of the 
‘moment’ (length of time, season), ‘motion’ (mobility pattern chartered over time), ‘motivation’ 
(social and environmental resources), and ‘segment’ (the parts of the population that participate 
defined by gender, age, health or social position) that is encountered in each specific case (Wendrich 
and Barnard, 2008:8). According to them, from this approach it is possible to avoid fixed 
preconceptions.  
 
I consider that the propositions of these authors are robust and it can be the way forward in studies of 
human movement. However, the definition of all of these terms is only possible if we are dealing with 
ethnographic data or historical sources. In cases in which not all this information is available (as if 
often happens in Prehistory), it can be useful to start exploring the best known aspect of movement of 
the society in case, trying to define the others as well as we can. It is also thought that some of the 
terminology developed until now for the study of mobility (principally the terms of logistical and 
residential mobility) cannot be discarded despite the known limitations. It is considered that they are 
useful for the description of specific phenomenon mainly because their meaning is already established 
and also because they are widely known. In any case, after the discussion depicted in this section, we 
must define some of the terms to be used in this research. 
 
Mobility then is considered in our study as the capacity and need for travelling from one geographical 
location to another, which can be organized and carried out either in groups or individually as a social 
or subsistence strategy, or both. It is important to underline that this definition implies not only the 
movement (locomotion), but also the stationary periods that occur within it, and which can vary from 
a really short period (for resting or finding water), to several hours or days (creating tools, 
slaughtering) or to years, when the resources to exploit or the techniques developed allow this 
(Wendrich and Barnard, 2008:6). Regarding mobility and movement, mobility has been normally 
acknowledged in traditional research as conceived by Binford (1980) making reference to residential 
(group) or logistical (individual) mobility, although it has been also used as a generic term for 
locomotion as well. In the context of this research and to avoid later confusion, movement will be 
used as locomotion, while mobility will be used in its traditional sense, making reference to 
residential mobility and in any specific case they will be differentiated.   
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There are further concepts, such as sedentism, that have played an important role in the definition of 
mobility and that need to be covered in order to have a global perspective of the complexity of human 
movement.  

 

2.2.IISEDENTISM 

As already perceived, the concepts defining “mobility” are far more complex than is normally 
thought. As previously discussed, traditionally in anthropology there has been the tendency to 
generalize particular characteristics that any human group possesses when concepts are applied. 
Certain theories such as Social Evolutionism have assumed that, at some point in history, some 
societies shifted from a mobile to a sedentary style of life (Acton, 1997:9-10). It has also been 
commonly accepted that once this shift took place it was absolute and irreversible (Eder, 1984; Bar-
Yosef and Belfer-Cohen 1989:490-491). This theory, amongst others, gave to this change the 
connotation of an evolutionary step towards “civilization”, pointing to the practice of agriculture as 
responsible for this and as a cause of sedentism.  
Traditionally there has been a lack of discussion regarding this topic and many studies still use the 
term with this connotation. Despite this, further archaeological and ethnographical examples have 
shown that this shift was not an evolutionary step and certainly not absolute, irreversible or 
incompatible with the practice of movement as a regular practice or as a social and economic strategy. 
Accordingly, there are many examples of prehistoric societies in which important reductions in 
residential mobility took place without this being related to the practice or adoption of agriculture 
(Endicott, 1988; Hall, 1999) or agriculture even pre-dated sedentism (Flannery, 1972). 
 
The supposed transition from a mobile lifestyle to sedentism has been studied in different contexts. 
Some of these studies have suggested that more than a strategy, sedentism could be understood in 
behavioural terms implying a process in which “…dominant social relations are anchored by the 
possession of immobile landed property” (Ingold, 1987: 169). For others, sedentism has been also 
seen as a threshold property of social groups in which mobility constitutes a continuous property 
particular to individuals (Eder, 1984). Although widely used, this last definition can be subject to 
criticism. In the first place conceiving sedentism as a threshold can be problematic because it is 
understood as a static property in which other forms, such as relative sedentariness do not have place 
(Hargrave and Renken, 1986: 445). Secondly, because it would mean that it consists of an irreversible 
change in the social practices and economic activities. In any case, it should be considered that even if 
sedentarization is understood as a threshold, this would not imply a diminution in the mobility of 
people in the real world, at an individual scale and in the logistical sense (Ingold, 1987: 169). 
 
Other authors have given other definitions as well. Rafferty (1985:115) for his part, used one 
previously coined by Rice (1975: 97), defining as sedentary those economies “…in which at least part 
of the population remains at the same location throughout the entire year”. Higgs and Vita-Finzi (in 
Kelly, 1992:49) defined sedentism in the same way as Rafferty and Rice did, recognising that there 
are societies that exhibit certain mobility even when they are sedentary. Sedentism has been also seen 
as a gradual change in which societies decrease their grade of mobility until they have none, 
constituting a normal “continuum” of mobility. In this fashion, studies regarding this topic have only 
focused on the definition of “sedentism” in terms of the absence of “residential” mobility, overlooking 
or ignoring any other kinds of mobility. Furthermore, the sedentary mode of life has often been 
thought to be incompatible with foraging or other types of logistical mobility (Kelly, 1992:49).  
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As seen with the definition of “mobility”, “sedentism” can be perceived in diverse ways and even in 
the studies in which the concept has been defined, some ambiguity can be present. However, what can 
be said with certainty is that movement and mobility constitutes a “multi-dimensional phenomena” 
and not a linear continuum. Moreover, it has already been demonstrated that even societies that do not 
experience “residential mobility” in a frequent way always carry out logistical mobility for different 
reasons and there are several examples showing the oscillation between mobile and sedentary 
strategies (e.g. Jorgensen, 1980; Upham, 1984). Two of them have shown the non-linearity and 
variability of this phenomenon in which even when sedentism can be adopted, the group can choose 
to return to residential mobility. In an ethnographic example, Acton (1997) describes how gypsies 
from many European countries choose to return to a “nomadic” life even if they have been given the 
“offer” to stay on a determined piece of land. In this case, the variable that constrains their movement 
is mainly political, but the motivation to remain mobile is their fight to maintain their cultural identity. 
In an archaeological case Ames (1991) describes how in prehistoric sites from the north-western 
United States, the traditional evidence of sedentism, pithouse construction, was sporadic and not 
continuous, indicating through the revision of carbon dates from these houses, that intermittent 
sedentism may have been practiced. In this case, the reasons why these societies chose this way of life 
have to be investigated further; however, these examples can show us that mobility and sedentism 
should not be perceived as evolutionary steps or as consequential grades.  
 
From this discussion it can be concluded that all societies are mobile, practicing, at least one of the 
kinds of mobility mentioned above, a mixture of them or others not yet defined by archaeology or 
anthropology. This is to say that even if a one sedentary settlement is developed, that neither 
necessarily means that all the people of the region practiced this mode, nor that they automatically 
stopped practising a mixed economy of pastoralism, horticulture, foraging or wage labour (Kelly, 
Poyer and Tucker, 2005). Furthermore, the interaction between groups with different “types” of 
mobility and the practice of mixed economies has still to be researched. In the Iberian case for 
example, there are many investigations about the territorial conflicts that flared up during the Middle 
Ages between pastoralists and agriculturalists but in the case of the Late Prehistory, there is almost no 
research regarding this topic or the possible mixture of strategies. However, some ideas that crack the 
traditional perception of prehistoric societies practicing only one kind of approach (either mobility or 
sedentism) are becoming increasingly widespread in archaeology. Regarding this, Kelly (1992: 51) 
has presented an argument that has encouraged the idea of seasonal sedentism in some societies. This 
author suggests that in a group practicing agriculture, the larger its population becomes, the farther 
away some of them will have to walk in order to reach their cultivable land and therefore, it will 
become more likely that they will practice seasonal residential movements instead of walking long 
distances every day.  
There are many other examples of this variability and it is clear now that sedentary societies or those 
that moved residentially on a supra-annual basis could practice both strategies relying on logistical 
mobility (Whittle, 1997). Ethnographic cases such as the one presented by Binford (1980:18) have 
suggested that the reduction of mobility is always accompanied by an increase in logistical mobility. 
This means first, that, unlike what many traditional researchers have suggested (Rafferty, 1985), 
sedentism does not necessarily involve a saving in energy but only a reorganisation of energy 
expenditure (Kelly, 1992:53) and second, that sedentism is never practiced in an absolute way.  
 
In the case of Iberian Late Prehistoric societies, the possible practice of residential mobility has been 
never studied. However, there is evidence suggesting that many settlements from this period could be 
occupied all year-around, such as the practice of cereal storage in silos, the construction of megalithic 
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monuments as communal burial places and, towards the beginning of the Bronze Age, the 
establishment of big necropolis and the construction of defensive architecture. Besides this evidence, 
there are also facts that indicate that these societies practiced logistical mobility in general. During the 
Chalcolithic, hunting evidence, the practice of short distance transhumance, the long distance trade of 
various artefacts and the distribution of bellbeaker pottery, among others, suggest these movements. 
For the Bronze Age, the warrior stelae, the representation of chariots in the stelae, the schematic art, 
and the use of horses not only as pack animals, but also as a means of transportation, fully 
implemented in this period, serve to testify their high level of movement. This means that although 
Iberian societies from Late Prehistory may have been residentially sedentary (and this still requires to 
be investigated further) they were also practicing movement for many purposes simultaneously. This 
is of great importance for the aims of this research not only because it implies a variety of different 
social processes in which mobility can become a social process on its own, but also because, as stated 
above, these processes have implications in the archaeological record.  
 
The specific evidence resultant from social processes is always closely related to the societies that 
created them, and in the same fashion, movement is always carried out under specific notions, needs 
and conceptions of the society in question engaging with social reproduction and therefore, it can be 
seen as a social process.  

 

2.3 MOVEMENT AS A SOCIAL PROCESS 

In order to understand why movement is a social process, it is necessary to say that according to social 
theory, the individuals that form a society are not passive receptors of the culture in which they live, 
but that they actually act as fully conscious agents (Pred, 1981). Despite this property of individuality, 
social reproduction is an on-going process that cannot be separated from the daily activities that any 
individual or group carries out in the course of their life (Pred, 1981: 6). This means that individual 
thinking and action lie within his/her own culture and therefore, their behaviour always becomes 
influenced by it. In his theory of structuration, Giddens (1986) points out that humans develop 
strategies to manipulate what he calls the “structure” (traditionally conceived as society), which 
includes a set of rules and resources of a given social system. These strategies, which individuals 
devise to manipulate the structure, may influence the way in which the structure is transformed, but it 
is their daily acts that reproduce it. According also to Cogwill (1993), the structure contains certain 
local rules regarding how things have to be done (i.e. particular ideas that all individuals widely share 
at a given place and time, at least among those of the same age, gender, class, etc.) ranging from 
obligatory laws to less binding standards of proper “behaviour”. These ideas are contained in the 
structure and are expressed in daily practices. In this sense, Gidden’s theory allows us to point out that 
the actions that societies carry out are always influenced by their particular structuration and this 
applies also to mobility.  
 
The “strategies and types” of movement that any individual or group adopts can be motivated by a 
series of reasons, but they will always be dependent on this individual’s or group’s knowledge and 
perception of the world. Furthermore, because of the dynamic nature of mobility, adopting these 
strategies also transforms and modifies the way in which individuals understand the world. As such, 
mobility can be seen as a social process. In this sense, when strategies such as logistical mobility are 
carried out, the actors take those rules into account (either consciously or unconsciously), so the 
decisions they make about the resources they look for, the places where they go to and even the roads 
they take to travel, are not only influenced by these rules, but simultaneously, they actively shape their 
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society too. Consequently, it can be established that there are factors related to the “structure” that 
influence the way in which people move; factors particular to these people’s cultures that will 
facilitate perpetuation of the structure. Nevertheless, it has to be acknowledged that in addition to 
these, there are other “independent” factors as well.  
 
In order to carry out an analysis of movement on a landscape scale considering processes such as 
migration or long distance travel, it becomes necessary firstly, to take two important steps: (1) to 
understand the factors that have constrained, facilitated and influenced movement in all societies in 
general and (2), to analyse the most traditional archaeological evidence of mobility (such as paths, 
landscape markers, waypoints, chariots, etc.) in the light of its complexity. In order to undertake the 
first step, it is also necessary to consider the practical aspects of human movement. 

2.4 THE PRACTICAL ASPECTS OF HUMAN MOVEMENT 

Human acts do not constitute isolated events. They form part of an integrated continuum of the mental 
(ideal), corporeal (action) and material ambits (Pred, 1981). Accordingly, it has been generally 
accepted that there are diverse variables and factors that influence movement in several ways.  
 
Traditional studies have emphasized that the mobility of a group will respond to subsistence factors as 
conditional for decision making, suggesting that behaviour during mobility tends to obey mainly 
economic constraints, avoiding the increment of uncertainty. However, although mobility can 
encompass certain survivability behaviours in which environmental and economic factors can become 
crucial, it also contains a cultural constituent (Kelly, 1992: 45). In this sense, humans move not only 
under the constants of (taking or avoiding) risk and uncertainty, but they also look to access social 
resources. Therefore, it must be considered that social factors as mobility determinants also played a 
central role (Murrieta, 2007: 105).  
 
For analytical purposes, the variables and factors influencing human movement can be divided 
principally into two broader groups for their study. This division does not imply that they act 
independently. They actually act as an integrated continuous and interrelated flow, as will be 
explained below. 
 
The first group can be defined as the variables that influence human movement independently of 
people’s personal decisions or will, and they are active upon any species of animal. These variables 
can be quantified with certain independence from the background actors and share universal 
characteristics, so they influence how people move in any society. These variables that could be 
referred to as “independent” include the topography of the terrain, environmental aspects, and 
physical properties related to the human body.  
 
On the other hand, these variables are not the only ones a traveller considers while moving. There are 
other factors that are related to the traveller’s culture; factors that are normally unique or endemic to 
that society. These social factors can constitute the second group mentioned and be defined as 
“social” influences. Examples include the establishment of territories, social conceptions or ideas 
regarding places, alliances between groups, trade and the presence of traditional sacred spaces or 
heritage (Casimir and Rao, 1992).  
 
Although these variables and factors can be “separated” in a sense, it is clear that in reality they 
always interact. This is to say that for instance, in deciding the route to follow while travelling, a 
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person can take into account not only the territories through which s/he will pass, but also the 
topography of the terrain and other conditions (if it is steep or not, if it is faster to go through it, etc.). 
In effect, all the factors or variables influencing her/his decision should be taken into consideration. 
This complexity has been also conceptualized with the introduction of what has been defined as 
“Landscape affordances” (Llobera, 2001), a term taken from Ecological psychology. The concept of 
“affordances” coined by Gibson (1977), refers to all the possibilities of action that are latent in any 
environment, that are measurable and independent from the ability of the individual to recognize 
them, yet directly related to the actor and dependent on her/his capabilities. This means that 
affordances are as much dependent on the environment as on the actor. Moreover, the concept is 
suggestive of complexity in the interaction between animal and environment, and it refers to the 
complementarity between them. According to Llobera (2001), the significance of this concept lies in 
its potential for phenomenological interpretation.  
 
Although central to the theory of perception as Webster (1999) has emphasized, affordances can have 
an individual and internal character due to the different physical, social and environmental 
backgrounds of the societies that experience them. In this light, we consider that some of the elements 
that shape these “affordances”, such as topography, can be firstly analysed independently from the 
background of the actors because they have, to some extent, “universal” characteristics that will later 
affect the action regardless of which society we are investigating. In the case of this research, it is also 
thought that these attributes can be studied at particular levels as variables, considering that each one 
influences movement in a particular way. However, at the same time, once in interaction with the 
individual, the role of these variables always becomes closely related to the society that experiences 
them and therefore, to the archaeologically identifiable material evidence of mobility. This is to say 
that these variables, together with the cultural background of the actors, shape the mobility patterns 
observed, and therefore, how materiality is distributed spatially. 
 

2.5 THE INFLUENCES OF HUMAN MOVEMENT: INDEPENDENT VARIABLES 

2.5.ITEMPORAL CONDITIONS FOR MOVEMENT 

Time can be conceived differently in diverse societies. Therefore, it could be argued that the temporal 
dimension does not necessarily constitute an independent variable due to the fact that time may not be 
a culturally recognized resource or even a uniform concept for all societies. This is to say that while 
for western societies time is conceived as linear where past, present and future exists, other societies 
such as Mesoamerican groups, conceived it for instance as circular, where what we regard as future 
would be transformed into the present, repeating itself forming a cyclical continuity (De la Fuente, 
2004: 55). Although this is relevant, it can also be argued that all human activities occupy both a time 
and a spatial location. Intangible though it may appear in principle, and contrary to other variables as 
concrete as terrain topography, time is considered in this research as a determinant of human 
movement due to its intricate relationship with the physical and spatial components of it.  

Traditional research studying the effects of space on human behaviour, understood human activities as 
decisions that were made exclusively in the context of spatial measurements such as “distance”, and 
excluded time as an alien factor. Since the introduction of the concepts of time-geography by 
Hägerstrand during the 60s, several studies have emphasized the importance of time in human 
activities, and most of all, in mobility (Hägerstrand, 1970; Carlstein, 1982). It has been recognized 
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that time is a constant that can condition movement and that it is intrinsically related to other 
constraints. Hägerstrand (1970: 12) describes for instance, as capability constraints, the physical 
limitations experienced by individuals due to human biological constitution (e.g the impossibility of 
being in two places at the same time, or of travelling continuously without rest or food).  

To explain these limitations and their relationship with time and space, Hägerstrand (1970) also 
introduced ‘the space-time path’. This path is the representation of the movement of an individual in 
space and time at any given period (including her/his lifespan). This path is only one of many that can 
actually be taken, and it can be represented at any scale. In order to illustrate this point an ordinary 
day of an individual is depicted (Figure 2.1). Let us imagine that a person wakes up in the morning. 
At ten o’clock she takes her car and drives to her office, which is the next station. At eleven she 
arrives at the office, where she stays. At five o’clock she decides to visit some friends. She gets there 
at six and after that, she heads home. At nine she’s outside her house parking the car. 

 

Fig. 2.1 Simple Time-Space path 

 

This graphic illustrates a simple relationship between individual, time and space, reminding us of the 
continuity and dynamics of life. However, it can also represent more complex relationships with other 
individuals, locations, the environment and directions of movement. Decisions made can alter the 
trajectory of the path and, as stated, the variables explored in here can become constrainers or 
facilitators of movement and, in their turn, change its trajectory as well. 

As shown in the model, the temporal dimension is intrinsically related to space and action. It is for 
this reason that as a constant linked to capability constraints becomes essential for the study of 
movement. This is to say that, for instance, for a given period of movement a period of rest will be 
needed, or that there is a limit to the distance an individual can travel during a certain amount of time 
(Ingold, 1987: 172) (Fig. 2.2). Time, in relation to movement, turns into a crucial factor when it 
becomes a scarce resource due to other constraints such as the availability of food, rest and water, or 
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when urgent matters need to be communicated (as in the case of messengers).  Consequently, 
capability constraints constitute essential variables because they are defined by the most basic 
physical characteristics of human constitution. 

A  

B  

Fig.2.2 The limitation of space-time The maximum extent and trajectory of one day of travelling and return (a), 
and a day prism (b) (Based on Ingold, 1987). 

 

2.5.IIPHYSICAL CONDITIONINGS FOR MOVEMENT: VELOCITY LIMITS AND ENERGETIC 

EXPENDITURE 

Walking is the main form of animal terrestrial locomotion and it was the first means of transportation 
in any society. Although it is considered to be a basic activity, walking cannot be thought of as 
simple. In order to walk, human beings make use of a strategy known as “double pendulum” (Rose 
and Gamble, 2005). This strategy allows the body to recover up to 65 percent of the energy used due 
to the dynamics of the pendulum in combination with the ground reaction force (Cavagna et al, 1976).  

The mechanics of our body allow us to move in forward or backward motion, but they do not define 
the velocity that we can reach while walking. It is the centre of mass of the body that defines this 
(McNeill Alexander, 1984). While walking, the body reacts in the following way: when the leg hits 
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the ground, the body ‘arches’ itself to raise the centre of mass to the highest point, which it then drops 
to the lowest point after the leg passes the vertical axis, at the time that the legs spread apart. While 
running, this effect is reversed; in this case, the centre of mass is at the lowest point when the leg is 
over the vertical axis (Brenier and Ribreau 1998: 342). 

 

Fig. 2.3 The double pendulum strategy 

Studies on human physiology have shown that the walking speed that humans tend to prefer is the one 
that minimizes costs in terms of energy per unit distance. It is clear, however, that when time is an 
imperative factor, running is the chosen option (McNeill Alexander, 2002 :641). These studies have 
also shown that when the speed is up to 2 meters per second, walking is more efficient and requires 
less energy than running, so walking is preferred. Passing that threshold, i.e. walking faster, imposes a 
higher energetic cost, making the activity of running much more economic so in that case running is 
preferred (McNeill Alexander, 2002 :642).  

The cost of walking can be measured in several ways, and the most common ones, are time and 
energy. These units of physical magnitude are interrelated when they concern human movement, and 
they must have played an extremely important role in movement during prehistoric times. Energetic 
expenditure for example can become a crucial factor for a person, depending on the amount of food 
resources that s/he could access whilst on a long journey. In the same fashion, time economy could 
constitute a critical issue in relation to certain social tasks, such as carrying news. In order to create 
models of possible movement during prehistory it becomes necessary to understand the essential 
physical factors, such as average human velocity rates.  

In the case of walking, there is an absolute limit to the speed that any human can achieve without 
special techniques, due to the velocity at which the centre of mass rises or falls (McNeill Alexander, 
1984). It has been calculated that for pedestrians in the age range between 20 and 60 years, the 
average walking speed is 4.4 km/hr for women and 4.9 km/hr for men in flat or almost flat terrain 
(Perry, 1992: 453). Other aspects have also to be taken into account in order to calculate the speed of 
human movement: load-carrying, age, and fitness can influence the energetic cost and velocity that an 
individual can reach. However, the mentioned rates set a limit for the possible models to develop and 
they can be used as optimal measurements of human movement. 
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2.5.IIITOPOGRAPHY: NATURAL OBSTACLES AND FACILITATORS 

The shape of the terrain is one of the main “independent” factors that affect human mobility because 
of the energy expenditure required to traverse an irregular terrain. As said before, the human 
musculoskeletal system is composed of energy-saving and energy-dissipating structures and, 
therefore, the energetic expenditure depends mainly on the gradient of the path (Minetti, 1995: 1698). 
Accordingly, topography is an essential component of the mechanics of movement and the layout of 
both, past and current paths, take into account this variable (Bell and Lock, 2000: 88).  

Experiments in oxygen consumption have shown that to walk equal distances uphill and then 
downhill with the same gradient, takes a greater amount of energy than walking the same total 
distance on flat terrain (McNeill Alexander, 2002: 646). This is to say that if the gradient of the terrain 
is for example 0.2, it will take 2.5 times more energy to traverse it than traverse over flat terrain. But 
this relationship is not only valid for ascending. It is well known that energy expenditure increases if 
we walk on an uphill slope, but there is also an implicit cost when we walk downhill. Whilst walking 
uphill offers full resistance due to the effort of carrying one’s own weight (spending energy on this 
action), walking downhill offers little impedance making us to also spend energy in the action of 
braking in order to prevent falling (Llobera, 2001: 71; Bell and Lock, 2000: 89).  

This relationship between slope and energy was plotted by Minetti (1995) from studies by Margaria 
(1938; 1976) and then adapted by Llobera (2000), showing in detail how the energetic cost of 
movement is not the same when we walk uphill than when we walk downhill. 

 

Fig. 2.4 Graphic of the energetic expenditure for different slopes.Adapted from Llobera (2000). 

As shown in the graphic, the optimal gradient for walking in terms of energy consumed is given at -
10% or -5.71º of gradient (Minetti, 1995: 1698). The values also show us that although moving 
downhill could seem to require less energy, at critical gradients it will require the same effort to 
ascend than to descend. For these reason, the strategies adopted for walking could be different for 
ascending and descending. This consideration is important because the energetic cost involved in both 
cases influences how paths are laid out.  
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The observed pattern of paths that take a zig-zag(also known as ‘switchback’) shape has been related 
to an optimization strategy, and although according to some experiments to go directly uphill could be 
more optimal in some cases, it seems that mountaineers and walkers prefer to take the zigzag paths 
taking direct shortcuts only in very optimal conditions (Llobera and Slucking, 2007). According to 
these authors, the reason for this could be that the traveller will prefer to take the path that was already 
there, because travelling along it is easier than creating a more direct one, even when that implies 
savings in the energetic cost.  

In this manner, humans do not always act in order to save energy. However, energy is always a highly 
considered factor. It can be more cost-effective to walk around a mountain; however, when other 
factors are present (e.g. time), a more direct path through it may be elected and even then, it is likely 
that a zigzag pattern will equally emerge at some point of the traverse, considering as much as 
possible the energetic cost.  

Thus far, only slope has been covered within the topographical aspects. However, other elements from 
the configuration of the topography have to be discussed as well. A mountain range can normally 
constitute a natural obstacle in terms of movement; however, there are other elements related to the 
configuration of topography that can play a dual role, sometimes acting as obstacles and other times 
as facilitators. Water bodies have played an important role in communication by being used as routes 
or to establish borders and territories. As such, rivers can be seen as natural facilitators for movement 
when the appropriated technology is available (ships, boats, canoes, etc.), but they can also be seen as 
difficult obstacles. The role that water can take in terrestrial movement has been normally overlooked. 
In the study of human mobility during prehistory, this factor becomes important not only because of 
the implications mentioned, but also because without being aware of its importance, archaeologists 
can miss important evidence such as strategic points of crossing and archaeological evidence such as 
bridges. 

 

2.5.IVLOADS 

As mentioned before, there are other components that influence human speed or energetic expenditure 
such as loads. Physiological studies have proposed that the metabolic cost of walking or running 
increases in direct proportion to the weight of carried loads (Griffin, 2003). Understanding how loads 
influence energy consumption is important in archaeological research, because carrying loads affects 
the energy expended by the body and has a direct impact on the speed, time of rest, as well as on the 
amounts of water and food that an individual consumes while travelling. This impact is reflected 
archaeologically in the design and plan of routes and rest areas.  

Modern studies have established that the optimal relationship is of 3.8 km per hour with a load of 25% 
of the body weight (Legg et al, 1992), so we might expect the same relation in the past. Moreover, 
carrying weight increases the energetic expenditure linearly, i.e. in direct proportion to the weight of 
the load at each speed. For example, to carry a load equal to 20% of body weight increases the rate of 
energy consumption by 20% (Maloiy et al, 1986). This is also conditioned by external factors such as 
the temperature, wind and slope.  
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Fig. 2.5 Load carrying by Mexica
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2.5.V TERRAIN TYPES AND GROUND KNOWLEDGE 

There are other variables that condition the speed and energetic cost of walking. Terrain type (e.g. soft 
ground like snow, marshes or vegetation), and variable “stiffness” of the ground can have an influence 
on this. For instance, the energy expenditure is much higher in soft surfaces than in firmer ones; the 
cost of walking on dry sand is 2.5 times higher than walking on concrete (Lejeune et al, 1998), and 
walking in deep snow is up to 5 times more costly than walking on a treadmill (Pandolf et al, 1976). 
The increase of energetic cost is not only observed in soft grounds since rough or uneven surfaces 
have the same effect, for instance, the cost of walking over a ploughed field is 50% higher than 
walking on a smooth surface.  

The most difficult part of measuring how the terrain type affects the energetic cost of movement, has 
been to establish valid cost coefficients for diverse terrain types. Amongst the scarce research 
published on the topic, we can mention the work of Soule and Goldman (1972) that developed terrain 
coefficients for energetic cost prediction on six different terrains. The results of this research 
established that the use of a single prediction equation, such as the one created by Pandolf and others 
(1976) in combination with these derived terrain coefficients, allows us to predict, with reasonable 
precision, the approximate energy cost while walking in any of these terrains (Soule and Goldman, 
1972; Lejeune et al, 1998). 

Knowledge of the terrain can also become a crucial factor as new research has established. A recent 
experiment performed with soldiers, has proved that whilst walking appears to require little attention, 
walking through more complex terrain affects the attention of the person. As a result, the distance 
covered was significantly shorter due to the natural speed reduction caused by focusing on the 
complex terrain (Augustyn et al, 2008). In addition, knowledge of the landscape allow also to make 
more optimal decisions as more ideal or convenient routes can be chosen. 

After the above discussion, it is obvious that the historic development of paths and their repetitive use 
goes hand in hand with this variable. The knowledge of certain terrain allows a person to choose the 
most optimal paths not only in terms of energetic cost expended, but also in the sense of comfort 
while walking. 

 

2.5.VI ACCESS TO BASIC RESOURCES WHILE TRAVELLING 

The access to basic resources while travelling can constitute an important factor for survival during a 
journey, and there are different dynamics governing long and short distance travelling. In general, 
archaeological studies of movement and mobility are normally bound by the availability of data. As a 
result of the lack of information, the discussion concerning the patterns of resources transported for 
daily survival while travelling is normally overlooked. Regardless of this, it is possible to calculate 
how much food a person had to consume in order to survive during a journey. In order to achieve this, 
we need to calculate (1) the daily kilocalories expended during a journey according to the variables 
mentioned earlier, and (2) we need to have information about the food accessible by the traveller in 
order to find out the kilocalories that were available to him/her. Although an example of these 
calculations is not presented in this chapter, we will address some specific issues that are considered 
important for achieving a better understanding of the conditions under which prehistoric people 
travelled.  
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It needs to be said that access to food was not the only important matter in terms of required resources  
when travelling. Water, firewood and shelter were important too. Some archaeological and 
ethnographical examples show how diverse societies with different organizations and strategies solve 
the problem of resource procurement for daily survival during a journey. The organization of any 
journey requires the preparation of diverse aspects contingent to the distance and length of the trip. 
The amount of food, water and tools to be carried depends not only on the scale of the journey, but 
can also be influenced by the “purpose” of it and the knowledge of the route. Nevertheless, the 
solutions given to these problems are normally specific to each society.  

In the case of logistical mobility, travellers only carry with them just a small supply of food to be 
consumed on route, the actual amount of it depends on a number of factors. Although the length of the 
journey is the predominant one, knowledge of the terrain or of available resources in the area can help 
minimize the burden carried.  

In the case of seasonal and migrational movement in the past, it is probable that people hunted, 
gathered and made contacts with other human groups during their journeys. Despite the fact that it can 
be difficult to trace the actual routes that people took during migration, new carbon and strontium 
isotopic analyzes are revealing the grade of mobility that individuals had during prehistoric times and 
the way they travelled. Between the extraordinary cases of evidence of travelling or migration we can 
mention Ötzi, some bell beaker burial contexts from Germany, Austria, the Czech Republic and 
Hungary and the Early Bronze Age Amesbury Archer discovered in Wiltshire, U.K., who migrated 
from the foothills of the Swiss or German Alps (Rollo et al, 2002; Sulzenbacher, 2002; Price et al, 
2004). However, it is not surprising that people migrated. What can be surprising though, are the 
reasons and the conditions under which people like the Amesbury Archer migrated.  

Migration also opens the discussion on other interesting issues regarding human movement. 
Travellers do not move alone; with them travel their knowledge, material culture and traditions. In the 
light of this last observation, it becomes clear that there are many other factors related to the 
individual’s knowledge and perception of the world, which, as will be explored below, affect 
movement as well. 

 

2.6 THE INFLUENCES OF HUMAN MOVEMENT: SOCIAL FACTORS 

“Independent variables” and subsistence are not the only components conditioning how and why 
people moved. Influences related to social phenomena play an equally important role. Movement and 
mobility can be encouraged and influenced by social, political or personal concerns. Religious beliefs, 
establishment of kinship, alliances and (perceptions of) territoriality among others, can not only 
prompt residential mobility, but also define the characteristics of any kind of movement. In the case of 
hunter-gatherers, the ideas or conceptions concerning the environment that the group has developed 
from the localities in which they live can also influence their mobility. A place where the group may 
potentially return will not be considered equally to one which is going to be abandoned forever, 
because the former constitutes an established place within their existing landscape (Kelly, 1992: 45). 
In the case of pastoralists, influences or constraints on mobility could also be the geographical 
knowledge of the shepherd, the social networks of the groups, their contacts, territories, political 
issues and relations with non-pastoralist groups. 
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Ultimately, mobility itself can play a very profound role as a social strategy, not only for maintaining 
cultural autonomy through the idea of valuing movement (even if sedentism is possible, as happens in 
many pastoralist societies (Acton, 1997: 70) but also, for having more mundane connotations and 
motivations. Several examples of modern hunter-gatherers show that they may decide to move just 
because they want to acquire news from other places, to visit friends, or simply because they are 
bored with their present location (Kelly, 1992). Consequently, although the social and individual 
factors influencing how people moved could be seen as infinite, there are specific variables that 
contribute to the making of specific patterns that can emerge from movement. Political conflicts and 
territoriality can highly contribute to the development of specific routes and paths. Furthermore, ideas 
regarding a place such as the belief that it is secure or insecure or apparently easier to traverse, can 
make these places either attractive or repulsive to travellers. We have to state in advance that this 
effect is not only characteristic of places; there are other specific features that are intended to have the 
same function such as landscape markers. In this vein, the next section deals with some of the ideas 
and conceptions that humans develop from certain spaces, highlighting how these directly affect 
movement.  

 

2.6.I SYMBOLIC NAVIGATION: IDEAS OF PLACE AND REFERENCE TO PLACES  

Human movement starts with an idea; it is always carried out with the intention of accomplishing a 
certain goal, and this can be observed from the smallest to the greatest scale of movement. The 
direction of movement can be affected by social conceptions and ideas regarding places. The 
traditional Durkeimian and Saussurean approaches to space outline the symbolic richness of the 
culture’s construction of it as an idea. However, they never ask how the people of a given culture 
experience the symbolic aspects of space. It is not our intention to delve into this complex question 
here. Nevertheless, we can address some parts of the culturally-determined relationship existing 
between movement and this symbolic aspect of space (Thomson, 2004). The ability to think, judge 
and assess our world, allows us not only to interact with others but also to survive. Some of the 
assessments that we make, are based on preconceptions and information that we inherit from our own 
society and culture. There are ideas about places that make them attractive or repulsive to travellers. 
We also have reference to places; i.e. ideas about places which are not our own (for we have never 
visited them), but others within our community (who have visited them and cared to communicate 
them to us). These references can also act as attractors or repellents to certain sites. A traveller may 
have negative references to places that ought to be avoided, as well as positive references to places 
that are recommendable or convenient.  

There are also certain ideas or preconceptions regarding specific spaces which we are taught to think 
of as special from early age. Each society and each time have different ideas regarding these “special” 
places. In the case of most Christian societies for instance, a church, a graveyard, and specific sites of 
pilgrimage constitute spaces where different rules of behaviour apply; i.e. they are not considered a 
strictly “human” domain and are therefore, perceived as ‘other’. In the case of Mesoamerican cultures 
it is known that certain waters such as springs located at the foot of mountains were seen as liminal 
spaces in which the sacred met the mundane. This was also the case for certain caves and mountain 
peaks. Because “different” rules apply for these sites, human behaviour too tends to be different from 
normal and, as argued before, sometimes these places will act as attractors or rejecters for people.  
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On the other hand, ideas about sacrality are not the only ones that can influence how people move 
around these places. The historical memory and legends connected to a place can have an impact too. 
Often, some stories are retained to make people avoid places regarded as dangerous. Medieval tales 
concerning woods and other less explored places, served often as warnings to avoid dangers such as 
wolves and other predators, but they may also acted as means of controlling access, protecting 
property or communicating morals. In this sense, there are many places that can be regarded as special 
throughout generations. For prehistoric times in the case of Europe, archaeological evidence has 
proved that places in which megalithic monuments were erected were considered as such. The 
reutilization of the monuments as places for burials and offerings for centuries (GarcíaSanjuán, 2005), 
underlines their permanence, as well as their uniqueness. It is difficult to say how much these 
monuments acted as attractors or rejecters of movement for the societies that constructed them. 
However, new information regarding certain monuments such as Stonehenge and the village 
excavated at Durrington Walls, have revealed that these attracted people in certain periods, not only 
for their construction and maintenance but also to perform ceremonies (Owen, 2007).  

In the case of Iberia, observations in the field have suggested that megalithic monuments were 
regularly related to historical paths (Galán Domingo and Martín Bravo, 1991-1992; Galán Domingo 
and Ruíz-Gálvez, 2001; Martinón-Torres, 2001; Gómez Vila, 2005; between others), and it would not 
be surprising for some of these paths to have been traced since earlier times. The later uses of 
monuments as meeting points and, sometimes, as shelter for the pastoral societies of historical times 
testify to the different conceptions that diverse societies can have relative to any specific place and the 
features that are present in it through time. Accordingly, observation about the association between 
monuments and paths could also mean that monuments were used as markers in the landscape during 
historical times. Nevertheless, there is still the need to investigate how old these paths are, and to 
explore the possibility that the roads have been traced since prehistoric times. This observation 
portrays the idea of the use of special places as mental markers in the landscape that can influence 
movement. In this light, it could be said that in order to travel, people develop a series of skills in 
which ideas and beliefs play an important role in the decisions they make while moving, practicing 
what could be called symbolic navigation.  

 

2.6.II TERRESTRIAL NAVIGATION AND GEOGRAPHICAL KNOWLEDGE 

In conjunction with symbolic navigation, people use their geographical knowledge and other skills to 
travel from one place to another. During prehistory, people must have been familiar with their 
surroundings since early stages. The establishment of alliances and friendships between diverse 
groups probably facilitated the knowledge of larger regions. In these cases, as well as when journeys 
outside already known geography were carried out, it is probable that prehistoric travellers developed 
a series of skills and procedures for travelling. Although there is no obvious approach to investigate 
empirically how people orientated themselves and “navigated” during prehistory, it is possible to 
understand how people might have built and used what studies in psychology have termed Cognitive 
maps. These studies can be useful to enlighten the possible ways in which prehistoric travellers could 
navigate through the landscape.  

Experimental psychologists and other biological scientists have focused their research on 
understanding animal and human travelling behaviour (Gale et al, 1990). One of the main arguments 
in these studies is that non-human species that travel long distances in search for food are later 



 
25 CHAPTER TWO 

capable of finding their way back home making use of path integration. This process enables the 
traveller to update continuously her/his position in relation to her/his starting point without recording 
the details of the travelled path. A natural question that has arisen from this observation has 
persistently dominated research in experimental psychology: How do animals and humans accomplish 
this process?   

According to psychology, among the series of skills that have to be learned in order to travel, one of 
the most important ones is Wayfinding (Golledge, 1999). This skill can be thought of as the process of 
defining and following a route from a geographic point to another. As has been argued before, 
movement is always motivated by a reason and a purpose, and therefore, it will have a direction. The 
direction followed during the traverse leads to the layout of movement and is known as the Route. The 
route followed can be the result of a “travel plan” that defines the main points, segments and 
deviations of the route (Golledge, 1999: 6). The routes may or may not be previously known, but in 
both cases a “travel plan” will be normally followed in order to reach the point of destination. 

The repetition of a route helps to familiarize ourselves with the path and memorize its diverse 
components, which can then be recalled when needed. Usually, paths and routes are represented 
unidimensionally as linked segments. When more paths or routes are added, the configuration of a 
network emerges. These representations along with other elements and their spatial relations, (e.g. 
landscape markers) and non-spatial features of landscape (e.g. the ideas of place discussed before), 
constitutes the layout of the experienced environment. The integration of learned routes and 
developed strategies for route following is instrumental for the formation of cognitive maps. These 
maps are the internal representations of the ideas that we have about places, their perceivable 
environmental features, and the relationships that they shape (Golledge, 1999). 

In order to make a successful journey, a person needs to (1) establish the points of origin and 
destination, (2) to know the points of deviation, (3) to be able to recognize landmarks and (4) to 
understand the route within a larger frame. The point of destination can be known or unknown by the 
traveller. In case the traveller does not have any information regarding the route or there is no direct 
path to the final destination, the traveller will have to make use of a series of skills. These include 
exploration by sequenced neighbourhood search, boundary following, the use of landmarks, 
recognition of travelled segments, identification of features, spatial knowledge and familiarization 
with secondary sources, such as verbal or drawn descriptions (Golledge, 1999: 9). These skills 
together form what can be called Terrestrial navigation. 

During prehistory, it is probable that people relied on information gathered from others, their own 
knowledge of the landscape and even on astronomical observations. It can be argued that different 
cultures create very different mental representations of space and cognitive maps. These are not 
necessarily related to western conceptions such as the use of Euclidean distance. However, two 
important issues to take into account are (1) according to the evidence gathered from psychological 
studies, all humans share the same essential mental architecture regarding cognitive mapping and (2) 
terrestrial navigation in all cultures around the world has relied on the use of a range of skills and 
features that are common, such as networking and landscape markers. 

According to MacEachren (1992), route-based environmental learning is the most common way for 
humans to “learn” an environment. This means that we learn about our landscape through the 
experience of “walking” (in) it. It also means that certain features become points of reference used in 
the process of learning these routes. In the case of outstanding features in the landscape, it could be 
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assumed that they functioned as references for people in the past. Furthermore, there are many 
ethnographic examples for “natural” elements being used as spatial references (Dary et al, 2002).  

According to Scholl (1996), in order to travel, humans need to familiarise themselves with a number 
of processes necessary for the acquisition of spatial knowledge. One of these involves understanding 
the dynamic, ever-changing relationship between people and objects that takes place while travelling. 
Another one is the establishment of object-to-object representations, i.e. of memorable existing 
objects encountered along a route, which are more stable and that help to anchor the cognitive map. 
Remarkable features in the landscape are of great significance because without them, navigation and 
representation are not possible. These landscape markers can be used for orientation purposes, whilst 
providing important information regarding our environment and the presence of other human groups. 
Historically, territories have been also marked by identifiable features in the landscape, informing and 
warning the traveller of spatial boundaries. In this manner, landscape markers have been not only 
instrumental in navigation, but have also played an important role as physical evidence of one of the 
most influential factors in mobility and movement – namely territoriality.   

 

2.6.III TERRITORIALITY, SOCIAL NETWORKS AND OTHER RELATIONSHIPS 

Territories may be thought of as conceptual spaces. However, it has been suggested that territorial 
behaviour is present in almost all living animals and that it is the result of survival behaviour.  
Biologists define the term territoriality as the behaviour whereby an animal claims and defends a 
specific geographic area against other animals (Malmberg, 1980). In the case of humans, territoriality 
has been seen as a key factor for the geographical division of space for reasons relevant to the 
acquisition and exploitation of resources. Moreover, it has been also argued that it is related to an 
aggressive instinct we share with animals (Sack, 1986). These ideas have been primarily taken from 
animal biological studies. However, from an archaeological point of view, the establishment of human 
territories may be the result of complex motivations that are not necessarily related to “instincts”, or 
aggression whatsoever. In fact, human territoriality may be motivated by a variety of reasons, most of 
which are not shared by animals. The exploitation of resources, but also the persecution of power, 
influence, and control can be some of the most common incentives. However, management, rights or 
power over space can be important not only under material aspects but also under religious and social 
ones. In this sense according to Casimir and Rao (1992: 20): 

As a strategy or system, the definition of territoriality is subjected to a series of rules that can be 
followed to a greater or lesser extent. A territory, for example, can be geographically defined as the 
property of a certain group, but its resources may be exploited by another group with the consent of 
the proprietary one. Another example is that of religious sites being shared by different groups. The 
rules applied to a territory may be flexible in many ways, but the establishment of boundaries 
constructs a clear idea of control and power over the specific spatial location. Consequently, 
territoriality must not be understood as the simple circumscription of things to space or defined 

“Human territorial behaviour is a cognitive and behaviourally flexible system which aims at 
optimising the individual’s and hence often also a group’s access to temporarily or permanently 
localised resources,  which satisfy either basic and universal or culture-specific needs and wants, 
or both, while simultaneously minimising the probability of conflicts over them.” 
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spaces, but as a relationship, in which circumscription is used with the intention of controlling, 
managing (resources, people, ideas, etc.) and satisfying necessities.   

The way in which territories are structured is closely related to the manner in which societies that 
establish them use the land, how they organize space and the meanings they give to places (Sack, 
1986: 2). According to this, it can be said that territoriality is socially constructed and its 
manifestation varies depending on its context and time. It has to be taken into account that many 
communities shift between territorial and non-territorial behaviour depending on diverse situations, so 
territoriality must be thought of as a flexible strategy (Casimir and Rao, 1992: 1). Other aspects more 
concerned with social factors, such as traditional sacred spaces, heritage, disagreements, search of 
power and disputes, can also motivate the establishment of frontiers or the adoption of different 
strategies. 

These strategies can be varied. It is well known for instance that to overcome adverse situations in 
which territoriality can play a major role, societies create social networks and alliances maintaining 
regional and long social ties. There are many ethnographic and archaeological examples in which it is 
demonstrated that social relations work as “safety nets” in times of uncertainty (Kelly, 1995). In the 
case of hunter-gatherer societies these bonds are crucial because they allow them not to fall into the 
risk of starvation or the increase of resource stress by having free access to neighbouring lands 
without encountering hostility when they arrive. In the case of other societies, these ties are equally 
important because the established social networks are normally governed by a series of rights and 
obligations defining the freedom of movement across any land. In this sense, failure to establish good 
social relations may trigger not only disagreements, but also consequences of greater relevance such 
as war.  

The manifestation of territoriality can have many different expressions. In present days, for example, 
legal rights over property are written, and physical boundaries such as fences are established. In the 
case of prehistory, the marking of territories may have required the communication of verbal 
agreements through a setting of landscape markers (natural or created), or by the construction of 
physical barriers such as walls to protect confined spaces (e.g. settlements).  

In terms of mobility, territoriality is an influential factor because it renegotiates the way that space is 
used and perceived by people within and outside the group that determines the “boundaries”. In 
addition, the way in which territoriality is manifested, serves as information about the group claiming 
a territory. This information has a direct influence on the decisions that people make regarding their 
direction of movement. In presence of territorial behaviour, a group practicing residential movement 
or migrating for any reason will have to settle in a previously inhabited area, or to establish 
agreements with previous or current residents (See effects of territoriality in the use of space in Table 
1).   

In the case of travellers, the use of markers such as stelae, paintings or carvings serve as information 
about the groups inhabiting the area. Decisions regarding direction of movement depend on the 
traveller’s relationship with the group claiming the territory. Territorial markings are not of exclusive 
use as advertisers of an entire group. Markers made of stone, wood, and other materials can also be 
employed to divide areas within the same group as is the case of herding lands for many communities 
in the Himalayas, India and Africa (Rao, 1992).  
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Unfortunately, the evidence of territoriality is not always available to archaeologists and it can be 
really hard to recognize whether certain objects or elements were used to denote some form of 
territoriality. Thus, two of the main problems encountered in the archaeological study of territoriality 
as an influence for mobility and movement are (1) recognising the evidence for the practice of 
territorial behaviour and (2), defining with precision the area under control of the group. In this sense, 
studies on settlement patterns can be useful to establish a probable range of action. In addition, it is 
necessary to look at the evidence of potential interaction with other communities, as well as landscape 
markers and their possible role as configuring elements of territoriality. 

 

2.6.IV VISIBILITY 

Visibility can be addressed as a complex factor, due to the fact that it can be seen as an independent 
variable particular to each human being, having also a strong cultural constituent. Visibility has been 
lately of importance in archaeology due to its known role in the structuration of human landscapes. 
According to Wheatley and Gillings (2002: 3) visibility is a cognitive or/and perceptual factor that has 
served “...not only to inform, structure and organize the location and form of cultural features, but also 
to choreograph practice within and around them”. Many past societies created structured visual 
arrangements of their own settlements, monuments or landscape with respect to contemporaneous or 
pre-existing sites or monuments, relevant elements of the landscape, and astronomical orientations 
(Wheatley and Gillings, 2002: 3). 

In terms of social stratification and inter-group relations, visibility may be used not only as a 
statement of prestige, but also as a means of security, control over resources or as a defensive 
strategy. In any case, linked to ideas of what is explicitly or intentionally visible or hidden, visibility 
had a specific meaning to past societies using sometimes features and even the environment to create 
a specific effect. 

The study of visibility in archaeology has experienced a boom since the use of GIS (Geographic 
Information Systems) became common due to the enormous facilities that this tool provides for the 
analysis of large amounts of data (Wheatley and Gillings, 2002). With it, a series of theoretical, 
pragmatical and methodological considerations have been addressed, due to the fact that like mobility, 
visibility can be approached as an affordance in terms of its complexity, being dependent on the actor 
and on the environment. Accordingly, visibility may depend on factors such as the presence and 
amount of vegetation, weather and visibility conditions, movement, visual acuity of the individual and 
physical properties of objects or the surroundings, to mention just a few. 

It has been strongly argued that archaeological research has had the tendency to prioritize vision over 
other senses. Although this could be true, it can also be said that in most cultures the visual 
appearance of a place has been regarded as the most frequently remembered or described (Wheatley 
and Gillings, 2002: 201). This observation does not go to show that senses are not deeply cultural and 
historical; the cultural basis of the senses has been emphasized by research on sensory perception 
(Friedman and Gillings, 2007). It is for this reason that we need to consider vision as specific to each 
society or group, and that it is only one of the many sensory modalities. 

Several studies are exploring now the role that the senses play in structuring and understanding the 
world (Hamilakis et al, 2002; Skeates, 2010). In any case, mobility is also thought to be a central 
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component of the ‘perceptual system’ and the same considerations and critiques regarding visibility 
studies apply to visibility while moving, complicating matters more. An example of this is that the 
view and surrounding environment change dramatically when we are moving. So visibility cannot be 
considered only from a fixed point in the landscape and this implies methodological complications. At 
the same time, our perception of surroundings also changes when we move. Because our perspective 
is not the same within different points in the landscape, features can appear more visible from certain 
points than others. Moreover, it is difficult to clarify from how far certain cultural objects could be 
seen or recognized - something that depends on the characteristics of the features in question but also 
upon other factors. 

As occurs with human movement, human vision is part of a complex set that interacts with other 
factors, engaging with other senses from which it cannot be separated. Recent critiques regarding the 
study of visibility in archaeology have addressed that the inseparability of the senses renders their 
division unwise, and that it would be better to encounter them as a unique ‘sensorial envelope’. 
Performing analyses in GIS, this perspective attempts to identify the “…area around a given location 
from which all the senses are engaged” (Friedman and Gillings, 2007: 10). In terms of methodology, 
the application would be possible if we created a catchment around the individual, within which all 
the senses could be operating (Friedman and Gillings, 2007). 

Although this approach seems sensible, there is still the need to establish which would be an 
appropriated range for these catchments because each sense, has a different range (we may see further 
than we hear or smell) and they may depend upon other factors as well (the smell of something 
burning can depend on wind direction, or the range of the peal of a bell can depend on its size and the 
quality of its fabrication). Furthermore, sensory stimuli are experienced differently by different 
people. It is acknowledged that senses such as hearing or smelling could have been of great 
importance during a journey (e.g. to pay attention to noises would be a good way to avoid dangers, or 
the smell of fire or of food being cooked would be an indicator of a near village or camp), but in the 
case of travelling an unknown route, it is thought that vision would play an special role. This is 
supported by ethnographic examples which have shown that, while travelling unknown segments, 
people will normally try to sharpen their vision in order to recognize further segments of the path, and 
they would even try to reach prominent geographical points in order to extend their visual range over 
the landscape. This is not to say that we do not have to take into account the totality of the senses, but 
it is suggested that for studies on mobility, visibility should be regarded as deeply important. 

Psychological studies have demonstrated that when we travel unknown segments or along difficult 
terrains, our senses seem to be more engaged and we pay more attention (Augustyn et al, 2008). The 
role of visibility in this process is instrumental. The identification of landmarks and possible paths, the 
location of next segments to travel and the recognition of travelled segments, are highly dependent on 
vision. Consequently, for the study of movement on a landscape scale, investigating possible visual 
relationships, patterns and structuration between a route and the landscape, can produce invaluable 
information regarding the ways in which past societies perceived their landscape. 

2.7 LANDSCAPE MARKERS 

The variables and factors presented above are of great importance for the study of human movement 
in general. However, apart from them there are also other elements that, although related to influences 
such as terrestrial navigation and territoriality, deserve to be explored separately because of their 
importance. There are two types of evidence related directly to the process of movement at a 



 
30 CHAPTER TWO 

landscape scale. The first one is constituted by landscape markers that have been fundamental in all 
societies, playing a primary role in territoriality and terrestrial navigation. Although markers can be 
thought as “straightforward” evidence, the motives and ideas behind them are far from simple, and 
their study is imperative in order to understand the dynamics of long distance movement. In the case 
of archaeology, although their possible use has been implied in much research, there has never been a 
particular investigation, exploring exactly these features and they have never been defined in the 
context of archaeological studies. The other kinds of evidence are roads and paths. Their function can 
be regarded as somewhat obvious. However, behind their layout and construction there are many 
aspects related to cultural, social and even physical factors. Consequently, their study is as crucial as 
markers when identifying the social practices of which movement is part. These particular elements 
are thought to be the most relevant related to movement at a landscape scale, and they constitute the 
main empirical basis of this research. 

 

2.7.I  THE DEFINITION AND CHARACTERIZATION OF LANDSCAPE MARKERS  

According to linguistic theories, we are able to construct meanings only through the conception and 
interpretation of signs. They can be defined in several ways and from a simple point of view, signs 
can have the shape of any object, image, sound, words or acts. However, they only become signs 
when we invest them with meaning (Peirce 1931-58, 2: 172). Landscape markers constitute signs, but 
they differ from other signs because they have the purpose of communicating exact ideas of the 
communities that created them in relation tospace, providing information regarding the environment 
or milieu. Because of this, landscape markers recurrently have the characteristic of being outstanding 
features and they can be interpreted only by the individuals, groups or communities that create them 
or that share a familiar system of conventions.  

In order to understand the meaning of features that act as markers in the landscape or simply to 
identify them as so, it is necessary to know or to recognize the reference system of the people that 
have invested them with such meaning. The reference system will be formulated taking into account 
the spatial ideas of the community that share them, and under their conceptions and relationships of 
space and boundaries. Since childhood, this reference system is learned in order to make sense of our 
world, allowing us to “read” the signs that our societies establish. For instance, in the contemporary 
world, a sign on the motorway stating “Welcome to Mexico City” acts as a marker in the landscape, 
indicating through written language not only an idea, but also an implied spatial relationship that 
means that we are entering into a different space, even if conceptual (in this case another State). In 
addition, there are also signs that do not use written language (e.g. road signs), and that although 
qualify as “abstract”, they also communicate spatial relationships. These types of signs are common 
now in almost all countries, and they have been developed and established using a “western” 
reference system, so wherever they are used, people from different nations usually understand them. 
However, we have to be aware that different societies can have different reference systems. This is to 
say that, what is considered as a marker for one society, may not act necessarily as such in others. For 
example, travelling through the Mayan area, a tourist may only see a gigantic tree called Ceiba and 
accept it as such, but for many local groups it actually constitutes a very important marker in the 
landscape not only in a spatial sense, but also in a symbolic way. In this case, the traveller and the 
local people have a different reference system. 
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Fig. 2.6 Ceiba of Puntún, Costa Rica.Photo Arcelia García. 

What is usually common in almost all markers is that they tend to have a “permanent” and 
outstanding character for the societiesthat regard them as such. In this sense, a marker can be any 
distinctive shape, feature or object (natural or constructed) in the landscape. Consequently, features 
that range from mountains and trees, to monuments and graphical expressions can be used with this 
purpose. Because of this variability, its conceptual permanence as a marker will only be understood in 
relation to the “life” span of the reference system to which it is subjected.  

There are natural features with a geological time-scale like mountains that can act diachronically as 
markers for human societies. Outstanding natural features may actually become so through time if 
they prove to be useful for this purpose and if the society or group involved decides to invest them 
with this meaning. On a human time-scale, there are other features that can also act as almost 
“permanent” markers. For instance, features created during Late Prehistory such as megalithic 
monuments, rock art or engravings, have the characteristic of being “permanent” in a human time-
scale, in the sense that they may have acted as such for several generations, being identifiable, even 
when they lose their original meaning after some time (Fig. 2.7). In this case it is possible that even 
when the original meaning is lost, these features continue to play an important role due to their 
location or new ideas and meanings granted to them. 
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Fig. 2.7 The life span of a megalithic monument and its encounter in time with the space-time paths of three 

humans beings  

Although meaning is the indispensable component of a landscape marker, there are other important 
physical characteristics that almost all human societies seek in them. Markers are often highly visible, 
have a very distinctive shape, or convey certain socio-cultural significance (Golledge, 1999: 17). 
Consequently, landscape markers are physically recognized as such because they attract our attention 
due to their shape, uniqueness or meaning. Acting as anchors, markers help in the organization of 
spatial information, allowing the transformation of space into a layout (Golledge, 1999: 17). Because 
of these characteristics, markers are useful for several purposes that range from the recognition of 
travelled segments and navigation through the landscape, to the definition of boundaries.   
In the case of past societies, taking into account ethnographic experiences, it is possible to hypothesise 
about the existence of natural landscape markers. However, regarding the specific study of prehistoric 
Europe it is more feasible to work with “human-made” manifestations, even when they are 
problematic to identify. This is the case throughout Europe of megalithic monuments and specific 
places near bodies of water in which hoards or offerings were deposited during the Bronze Age. These 
offerings for instance, constitute other types of markers, despite their contextual circumstances of not 
being specifically “visible”, they are nonetheless conformed by physical objects that symbolically 
mark certain spaces, and they comprise a geographical yet mental marker in the imaginary of the 
society that creates it.  

 

2.7.II EXPLORING POTENTIAL USES OF LANDSCAPE MARKERS 

Throughout history, markers in the landscape have been used for different purposes. Two of the most 
obvious have been as waypoints or aids for terrestrial navigation and as landmarkswith territorial 
connotations.  
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Acting as waypoints and primarily connected to long distance movement, either whilst travelling 
through a new route or going back to a previously visited site, markers are vital as spatial references 
to overcome essential problems such as getting lost. Taking into account that survival throughout a 
journey during prehistory could depend on a series of factors (e.g. skills to survive, to hunt, to find 
water, or the resources the person carried), getting lost probably had serious consequences. It is 
interesting to notice that the solution to this problem adopted by different societies was the same (the 
use of markers) probably due to the shared mental structure that humans have regarding terrestrial 
navigation and the construction of cognitive maps. Consequently, markers began to be used serving as 
references and offering guidance as waypoints.  

Although one of the primary benefits of the use of waypoints was to avoid getting lost, it was not the 
only one. In terms of terrestrial navigation, the consideration of waypoints was (and still is) essential 
because it is from their recognition and identification that the direction of movement is normally 
decided. Accordingly, used as waypoints, markers were critical for the identification of (1) potential 
hazards either along or off-route, (2) necessary changes of direction, (3) the point of destination and 
(4) distances covered (Golledge, 1999: 19).  

At present, wayfinding research has also shown that a community always counts with a primary set of 
anchors, and on a local scale, there are markers that serve as “internal” waypoints for that community. 
This is to say that each group or society will always recognize certain primary waypoints that are set 
because they are the most familiar, recognizable (due to their prominence, particular shape, etc.) or 
the best known in the area (Golledge, 1999: 19). As previously stated, for foreigners these anchors 
will not act as waypoints unless there is a shared reference system, or they have enough information 
that allows them to recognize these features as reference points in the landscape.  

A different problem that diverse human groups have expected to avoid through the use of landscape 
markers is territorial conflict. Ethnographic experiences have shown that human groups usually not 
only have a profound knowledge of their own physical environment in terms of geography, but also of 
their spatial delimitations (e.g. limits of their own village or region). These limits may be related to 
the extent of the area in which they carry out their usual activities, or to the knowledge of their 
surrounding geographical region (that can include areas outside their daily routine). However, when 
these limits are defined by the presence of other groups, diverse spatial constraints can emerge, and 
these will normally depend on the relationships established between the groups. The constraints can 
range from restrictions in the use or exploitation of resources and land, to constrictions of movement 
and rights of way. Consequently, the use of landmarks is one efficient way of communicating their 
presence and claiming certain space.  

Regardless of the diverse concepts of territoriality, human groups tend to mark the spaces they 
inhabit. When a society is actually willing to show some sense of belonging with respect to this space, 
it is usually done through landmarks. In these cases, landmarks work as “advertisers” or points of 
information about the groups inhabiting the area or the use of certain space. We have also to be aware 
that territorial markers are not exclusively used to “announce” the use of space by a different or entire 
group. Landmarks can also be employed to divide areas within the same group or as advertisers of 
certain resources (Rao, 1992).   

Landmarks can also help to inform not only local people, but also travellers about these 
appropriations of space. In terms of movement, landmarks play an instrumental role because the 
decisions about the direction to take while travelling may be influenced by the relationship that the 
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traveller has with the group claiming the territory. As we will see later, it is not easy to identify 
territoriality among prehistoric societies; however, the analysis of landscape markers can be one of the 
keys to its study. 

 

2.8 ROADS AND PATHS: DEFINITION AND CHARACTERIZATION 

Roads and paths constitute some the most important archaeological evidence of movement. This is not 
only because their study can provide us with spatial information regarding social relationships and 
past layouts. As discussed before, all material traces that are left by human societies are profoundly 
related to their social structure, ideas and values. Paths are no exception and the way they were laid 
out, their direction, shape and even their construction are defined by these factors along with the 
physical variables mentioned in the first part of this research, such as topography. Because of this, 
they can provide insights into the social, economic and political organizations of the societies that 
used them.  

In general, it can be said that the formation of paths occurs through the repetition of a journey along 
the same specific spatial intersections. This is to say that they are plotted “trails” developed by 
repeated movement through time along a given space. The routes that are followed can be chosen 
according to diverse criteria, but it is necessary to consider their repeated use and consequent 
development. The layout results in paths with specific delineations that are in relation to particular 
conditions and necessities of movement required by the societies who utilize them. 

In one of the now classic studies regarding ancient paths, Trombold (1991) pointed out a series of 
guidelines for their study. According to this scholar, routes can be divided into the formal and 
informal. Formal routes can be defined as purposefully planned and constructed. They are normally 
associated with organized social systems and they usually display evidence of engineering and 
maintenance. They can be identified because they are associated with constructed elements such as 
kerbs, roadbeds, pavements, sidewalls or drainage, and they are habitually characterized by a 
definable width, construction and a tendency to straightness (Trombold, 1991: 3). Roads and 
causeways have been defined as the two primary sub-divisions of formal routes (Trombold, 1991: 3). 
On the other hand, informal routes have been defined as not involving any or almost no labour in their 
creation, which is the case for paths and trails. Also, according to this author, informal routes tend to 
be highly redundant, presenting many alternative routes that are characterised by their highly irregular 
layout usually determined by their tendency to avoid natural obstacles.  

The establishment of these sub-divisions is linked to an evolutionary approach which has considered 
that more “complex” societies (e.g. from chiefdoms to states) are the ones that usually developed 
roads, while all others made use of paths and trails (Trombold, 1991: 4). The primary reason alleged 
for this difference has been that roads are meant to facilitate political integration, while informal 
routes were still used regularly. However, it has also been proven that the presence of a road network 
is not an automatic indication of societal complexity. This is because whilst some societies with less 
developed technical skills may have had the feasibility to construct a road in determined terrains, not 
all complex societies constructed them, even if they could (Trombold, 1991: 4).  This has been useful 
in establishing certain parameters for the study of roads and other aspects have also been considered. 
Accordingly, a micro- and a macro-morphological dimension for the study of roads and paths is 
recommended (see Trombold, 1991: 4-5 for an extensive discussion on this). In addition, it is 
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necessary to consider that roads can involve further aspects than the mere functional, relative to 
symbolic aspects of society. There are many cases in which roads have been constructed according to 
the ideas and societal preconceptions of a culture. This is the case, for instance, of the Mayan paths 
related to celestial meanings (Carrasco Vargas, 1993). This is the most difficult aspect to investigate 
as this may not be evident in a material form or in the actual path. 

 

2.9 ASSESSMENT: THE COMPLEXITY OF HUMAN MOVEMENT AND ITS EVIDENCE  

The archaeological study of the processes and variables of movement, as well as the evidence on a 
landscape scale described above has been largely ignored, firstly, because of the difficulty implied in 
the recovery of data from non “static” fixable locations (e.g. settlements), but mainly, because of the 
fragmentation of the material elements that can be regarded as evidence of movement on a landscape 
scale. Traditionally, archaeological studies of movement and mobility have focused on derivatives of 
movement such as the distribution of trade items and settlements, avoiding the complexity of the 
whole action (Branting, 2004:13). What time-space paths really can illustrate is not only the final 
destination of an object, but precisely the possible trajectory and path that it followed, depicting the 
whole action. With them, it has been intended to demonstrate and appreciate, albeit in a very abstract 
way, how the ‘live corporeality’ of humans and their societies is present in space and time, despite the 
fact that human and social sciences have sometimes neglected it (Hägerstrand, 1982:323).  

The importance of movement as one of the main expressions of this corporeality has not been 
considered in archaeology until relatively recent times and as a consequence, the study of its 
processes has been largely ignored. A reason for this might be the lack of a more holistic approach 
considering all the “spheres of movement”. The introduction of a simple model (Fig. 2.8) within 
studies concerning movement might be very useful in order to bear in mind the whole process as 
explained in later chapters. Human movement on any scale is composed of two phases (or spheres) 
and the materiality inherent within them. Any activity can be conceived as a project that humans 
undertake in which movement constitutes one necessary factor that makes it possible. This is to say 
that every project carried out in our world involves movement on different scales. Human movement 
starts with the idea or intention of accomplishing a project (Phase 1). Once the idea has been 
conceived, the ‘action’ of movement takes place (Phase 2) involving physical, social and ideological 
variables or factors that influence it. The materiality that can be associated with human movement can 
be also related to both phases.  
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Fig. 2.8The composition of human movement 

While some of this materiality can be associated with the actual ‘action’ of movement (e.g. the 
formation of paths, the creation and use of landscape markers, etc.), others can be part of the 
completion of the project and therefore associated with the idea, the final goal or intention of the 
movement (e.g. traded or commerce goods, transported resources, vehicles, etc.). It could be said then 
that all human projects are related to movement; movement is developed in order to accomplish any 
project, and all movement is not only associated with certain forms of materiality, but it also leaves 
material evidence in spite of being visible to us or not.  

The analytical framework proposed by time-geography, can illustrate how these phases interact and 
how the actions and processes that take place “inside” the prism of time-space or in the trajectory of a 
time-space path, are always associated with the materiality that must be understood relative to both, 
the processes that generated it and its spatial location. This is to say that all the parts or spheres 
composing the movement have to be taken into account.  

Despite the fact that human movement could be thought of as highly complex because of all the 
variables which influence it, it can also be observed that, in fact, all projects because of their internal 
logic demand a section of time-space that has to be more or less sequenced in a specific order (Pred, 
1981: 10; Lenntorp, 2004:224) and therefore, human movement is always primed by certain local 
order. This is to say that for instance, the planning of a project will take place first before the 
movement, and only after the movement starts certain materiality will be associated with it.  

As previously stated, it has to be considered that the very goals (motivations) of movement, the 
action, and therefore the specific material culture related to it, is always interrelated to the individual’s 
social structure, his/her way of thinking and environment. In this manner, human movement – and 
material culture associated with it – is ‘delimited’ in a sense and therefore, it can be approached in a 
scientific way. It has to be accepted that the patterns that past societies left visible can be used to 
establish certain knowledge about their thinking and organization. It is conceded that from the 
material culture or architecture, specific and individual perceptions, sensations or feelings cannot be 
extracted. However, this does not mean that more general statements cannot be formulated from it; 
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after all, patterns become patterns because certain conceptions following specific ideas are reproduced 
and shared by several individuals or societies through time.  

For that reason, criteria and methodologies for recognizing movement archaeologically must be 
developed hand-in-hand with a theoretical understanding of movement and its components. In this 
sense, it becomes necessary to explore the “background” of the societies that we are intending to 
study, taking into account not only the economic and social processes that were taking place, but also 
technologies and means available at each particular time. It is also essential to identify the 
combination of all these variables and their role in the spatial and temporal dimensions of human 
action. This is to say that, so far, we have discussed how movement is composed by an idea or 
motivation, the actual action, and the materiality that is associated with it. However, it is also 
necessary to understand that all this takes place in a temporal dimension and in spatial context which 
can be termed as “landscapes”, and that these are as dynamic as movement itself.  

 
Fig. 2.9 Theoretical model of human movement 

 

In this sense, the complexity of human movement lies precisely in its own dynamism, in which many 
variables and factors -human-based or not-play an important role in its development. Furthermore, it 
is impossible to have full access to past landscapes in an empirical way. However, the consideration 
of the model above should help us to note and grasp aspects that are visible but not necessarily 
obvious to us, observing relationships that otherwise would escape our perception.  

By way of conclusion, it can be suggested that there are many aspects in the development of 
movement that are common to all societies, and that can be understood scientifically in a general way. 
Nevertheless, in order to obtain specific knowledge regarding this social process in the societies in 
which we are interested, it is necessary to gather information and evidence not only regarding their 
practices, but also within their own landscapes. Accordingly, the next section firstly outlines general 
aspects of the way that European and Iberian societies from Late Prehistory practiced movement on a 
landscape scale along with the technology available to them. Secondly, as an introduction to the 
analysis of the empirical record of our study area, key archaeological evidence of movement at a 
landscape scale and theoretical issues concerning its study are also discussed. 



 

 

 

 

 

 

 
 
 

Empirical Basis 
 

 
The least movement is of importance to all nature.  

The entire ocean is affected by a pebble. 
Blaise Pascal 
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Chapter Three 
EVIDENCE OF MOVEMENT ON A LANDSCAPE SCALE  

3.1 WAYS OF COMMUNICATION  
 

3.1.I TERRESTRIAL TRANSPORTATION  
 

The region of the Iberian Peninsula constitutes the second most mountainous zone of Europe (after 
Switzerland) and its abrupt topography is highly fragmented. Due to this peculiar characteristic, its 
communication routes have played a very important role in its historical development. While its 
particular wealth (in terms of resources) made it an attractive location and the fact that it constitutes a 
“bridge” not only between the Mediterranean and the Atlantic, but also between Africa and Europe, 
made diverse regions of this Peninsula compulsory passageways in the regional and international 
networks of trading and communication. This was particularly evident towards the end of the Bronze 
Age and Protohistory, becoming obvious during Antiquity and the Middle Ages. In this manner, it can 
be said that certain regions of Iberia developed dynamics particularly related to long distance 
movement, which depended upon diverse methods of communication.  
 
The first method of communication that humans experienced was terrestrial and towards the 
beginning of the Palaeolithic, it is possible that regular pathways were already in use. Although it is a 
controversial idea that the first long distance paths followed were those traced by animals, it has been 
generally accepted that the paths created by humans are always in relation to the environment, social 
necessities and technological developments, making it probable that some of these paths were firstly 
developed following game trails (Rodanés Vicente, 1999: 20). It is also well known that humans have 
always looked for the best settlement locations, and the earliest human paths outlined must have been 
used to access resources such as water and food. The use of social networks also had a direct impact 
on the routes of communication used, and the development of regular pathways at a larger scale, must 
have started from the establishment of several communities and contacts between them.  

Technological innovation also influenced the way in which communication routes were laid out.  The 
domestication of pack animals, the invention of the wheel and carriages, had a profound impact on 
communications due not only to the advantages they represented in terms of time and capacity to 
carry, but also to the construction of paths. The use of animals for terrestrial transportation changed 
the social interaction of all societies and knowledge of the world. However, this development evolved 
differently in diverse regions and the evidence available is a highly debated topic among specialists.  

 

3.1.II  FLUVIAL AND MARITIME COMMUNICATION  
 
The development of technologies such as canoes and boats facilitated the use of rivers and the sea as 
efficient ways of communication. Although fluvial and maritime navigation were extensively used 
during prehistory and their research surpasses the aims of this study, it is considered necessary to 
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 make reference to them even if briefly, due to the important role that they played in human 
communications.  

Maritime navigation was an extended practice during prehistory, probably first occurring with the 
expansion of groups of modern humans 50,000 years ago through the Levant and the Mediterranean 
as part of a wider process of colonization across Eurasia and into Australia, in which a maritime route 
throughout the Asian littoral should have taken place (Lahr and Foley 1998; Spriggs, 1997; Leavesley 
2006). Although the possibility of maritime navigation by early human groups is highly debated due 
to a great amount of evidence suggesting a terrestrial expansion into Europe and Mediterranean North 
Africa (Broodbank, 2006), there is archaeological evidence at Fontana Nuova in Sicily suggesting 
that sea crossings took place over the Strait of Messina during the early Upper Palaeolithic (Chilardi 
et al 1996). 

Later evidence of what can be already thought of as seafaring activities have demonstrated that long 
distance navigation was already practiced during the 11th millennia BCE. This is suggested by several 
pieces of obsidian found in the cave of Franchthi (Gulf of Argos in Greece), dated from 10,900–
10,800 BCE cal., coming from Melos, a Mediterranean island almost 150 km away by sea (Renfrew 
and Aspinall, 1990). Regarding later stages, the spread of the Mediterranean Neolithic as a maritime 
phenomenon has been largely discussed, and currently, this theory enjoys great popularity among 
scholars due to recent revisions of older excavations and the reinterpretation of evidence from this 
period. In general, this theory favours the idea of the coastal introduction of Neolithization, where the 
southern Peninsulas (from Thessaly and southern Greece to southern Italy, Catalonia, Andalucia and 
Portugal), acted as portals (Broodbank, 2006: 214).  

During the Bronze Age the evidence of boat construction and highly developed maritime navigation 
was imminent in some parts of Europe. However, in Iberia this seems not to be the case, or at least 
there is less evidence of it. In any case, the importance of terrestrial routes may have had equal 
significance as they remained the principal means of communication inland.  

In the case of fluvial navigation, it is probable that during all Late Prehistory not only the widest 
rivers were used (e.g. Ebro, Duero, Tajo and Guadalquivir), but also rivers of moderate flow. This 
way of communication was not only important in terms of the amount of transportable resources 
possible to be carried, but also because of the improvement that is represented in terms of time and 
social networking over the terrestrial method. However, due to the particularly poor conservation in 
the entire peninsula of materials such as wood, the evidence for their existence seems to be limited to 
rock art representations interpreted as boats. 

 

3.2 TRANSPORTATION METHODS AND TECHNOLOGY  
 
The transportation methods that past societies had are of great importance due to the fact that many of 
the social aspects that we study are related in one way or another to them. Trade, migration, social 
networking, interaction and modes of subsistence, to mention just few, are some of the subjects that 
deal with transportation (Branting, 2004: 12). In terms of human movement, transportation played a 
central role in the development of communications and social interaction. The growth of technology 
for this purpose had also a high impact on methods of travelling, exchange of ideas and trading, due to 
the enhancement they brought in terms of time saving, loading capacity and comfort for travellers.  
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It is probable that throughout all prehistory, the most common means of transportation was pedestrian, 
and the practice of specialized activities such as trading, may have been mainly dependent upon 
human locomotion, making use of a diversity of carrying devices. The domestication and use of 
animals such as oxen, donkeys and horses, was the first step in the development of more specialized 
and systematic ways of transportation, and the use of these animals was not limited to their direct 
function as utilitarian or pack animals. Horses and other “transportation related” animals also played a 
significant function in the social and symbolic conception of the world. In this sense, their adoption 
for transportation and their later use with carts and even in warfare cannot be seen as a phenomenon 
that occurred immediately after the horse was available to these societies. In fact, there is no evidence 
in Western Europe of their use with traction purposes before the second millennium BCE (Renfrew, 
1998:269).  

Evidence of horses can be found throughout all of Europe since the Palaeolithic, and indications of 
their interaction with humans come from the same period as suggested by rock art in several places. In 
the particular case of Iberia, wild horses along with deer were the most represented animals in cave art 
(Altuna, 2002) and their early use as a food resource is suggested in several European sites such as 
Dereivka in Ukraine (see the evidence of horses as food resource in Appendix A).  

Although it is clear that the use of wild horses as a food resource can be traced back to as far as the 
Neolithic Period in Central Europe, the available archaeological evidence so far does not seem to 
support its full domestication in terms of controlling their handling and breeding, nor their use for 
transportation until the second millennia BCE (Levine, 2004). In fact, there is more evidence for the 
previous use of oxen rather than horses as draft animals towards the beginning of the Chalcolithic 
(2500 BCE radiocarbon date) (Piggot, 1983: 42).  

In any case, the use of horses can be seen as one of the major catalysts for change in societies at the 
end of the Chalcolithic and the beginning of the Bronze Age. They had a primary function not only in 
communications but also in the emergence of social inequality. Because of this importance closely 
related to human movement, it is fundamental to take into account the major aspects of the role that 
these animals played in prehistoric communities.  

 

3.2.I PACK , DRAFT AND MOUNT ANIMALS  

 
Beasts of burden played a crucial role in transportation and trade during prehistory. In the case of the 
Iberian Peninsula, donkeys were first introduced with the arrival of Phoenicians during the Early Iron 
Age, and their use was extended during the late stage of this period (Liesau, 2005). Consequently, it is 
certain that oxen and horses were first used as draft and pack animals.  

The evidence that addresses the use of horses as mount or draft animals can be quite complex, ranging 
from morphological changes in the structure of the bones and the presence of pathologies, to the 
development of diverse enamelware related to mounting and drafting. There is also an extended 
debate regarding whether material culture related to certain activities can give us an insight about the 
use of this animal.  

If the use of bit wear is accepted as a sign of the use of horses for riding purposes, it can be said that 
the first evidence available for riding comes from the Botai and Tersek cultures of northern 
Kazakhstan dating from 3700-2900 cal., BCE. Concerning Central Europe, extensive research has 
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suggested that the Carpathian Basin may have been one of the first regions to receive the 
domesticated horse diffusing from eastern or south-eastern Europe during the Chalcolithic (3300-2700 
cal. BCE) and Early Bronze Age (2700-2200 cal. BCE) (Greenfield, 2006: 221).  

The case of southern Iberia is particularly interesting because according to recent available DNA 
analyses, it can be suggested that today’s horses still have a North African origin, and they do not 
seem to share a genetic relationship with North European breeds present in northern Iberia (Royo et al, 
2005:667-668). Although certain considerations regarding these analyses must be taken into account, 
it is possible to argue that the south of the Iberian Peninsula was a local point of horse domestication, 
and some researchers have suggested that this local domestication may have taken place in the 3rd 
millennium BCE (Uerpmann, 1995). The high presence of horse remains in southern Iberian 
Chalcolithic sites mentioned in Appendix A, suggests that these societies were already using these 
animals as a food resource, and is possible they were used for transportation and riding as well. The 
expansion and active trading (or exchange) at long distance that the societies from the Chalcolithic 
seem to adopt in contrast with the Neolithic period, is one of the arguments in favour of the use of this 
animal as transportation. Nocete Calvo (2006) for example, argues that the high proportion of horses 
discovered in Cabezo Juré should be interpreted in terms of their use as draft animals for the 
exploitation of copper mines. However, there is no direct evidence related to drafting (e.g. parts of 
harnesses or bone deformation) in the specimens examined. On the other hand, there is interesting 
evidence from Valencina de la Concepcion showing through the analysis of metacarpals that bovids 
were used as draft or pack animals (Lazarich González, 2005: 355). In this sense, it is also possible 
that oxen played a significative role in transportation as seems to happen during the Iron Age in north-
western and central Iberia (Alvarez-Sanchís, 1993). 

Schematic Art is another interesting type of evidence showing the use of horses in Iberia. This kind of 
art can be found abundantly in Sierra Morena (Andalucia) and in the Mediterranean Coast. It has been 
argued that the rise of this style started towards the end of the Neolithic and it was fully developed 
during the Chalcolithic (Whitley, 2001: 495). Although the representations of draft animals such as 
oxen or horses are scarce, there are some examples that have been interpreted as “domestication” 
scenes such as the cases of Peñapascuala and Villar del Humo in Cuenca or as depictions of riding 
horsemen such as the ones in Virgen del Castillo (Ciudad Real) (Figs. 3.1-3.3), and Los Angostillos 
both in Segovia (Lucas Pellicer, 2004: 102).  

  

Fig. 3.1 Interaction scene from Peñapascuala. 
(Image courtesy of José-Manuel Benito Álvarez) 

Fig. 3.2 Scene from Villar del Humo, Cuenca.  

 

In any case, it has to be taken into account that Schematic Art was used over a very long period of 
time and developed by many different societies having a large regional variation, and due to the 
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difficulty inherent in the assignment of precise dates to this sort of evidence, it should be approached 
with caution.  

 

Fig. 3.3 Scene of horseman riding from Virgen del Castillo. (Lucas Pellicer and Rubio de Miguel, 1990: Fig. 10-
16) 

Whilst the evidence available regarding the use of horses during the Spanish Chalcolithic is scarce, 
the evidence from the Bronze Age seems to be variable.  

The earliest evidence in Iberia of a horse bit (made of bone) was found in Fuente Alamo (Almería) 
which dates precisely from the Early Bronze Age (1300 BCE), similar to others that Luis Siret found 
in the same place in previous excavations (Arteaga and Schubart, 1980; Lucas Pellicer and Rubio de 
Miguel, 1990; Mesado Oliver, 2003: 179). Other evidence of horse bits from the same period come 
from Numancia and Palencia, however, because of their characteristics there are still some doubts 
regarding their chronology, but there is general consensus supporting the idea that they are consistent 
with the Bronze Age examples (Lucas Pellicer and Rubio de Miguel, 1990: 441). For Southern Iberia 
more extensive evidence concerning how horses and oxen were controlled and ridden is only 
available for the Late Bronze Age. Evidence from this period such as the representation of chariots on 
warrior stelae could imply the use of this animal with this purpose as well.         

 

Fig. 3.4 Bronze Age horse bit from Fuente Alamo (Arteaga and Schubart, 1980, Fig. 12-0) 

   
Evidence for later periods such as the Iron Age seems to suggest full control of horse domestication 
and a deep understanding of the material culture associated with it. Furthermore, some of the bits and 
other paraphernalia identified for the early stages of the Iron Age appear to come from Bronze Age 
tradition. It seems that towards the end of the second millennia, the use of horses as mount and draft 
animals was already widely extended. This is relevant because of the improvement these animals may 
have brought to communications, as shown by physiological studies (see Table 2). However, this is 
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not the only improvement that the use of horses could bring to prehistoric people. The control of other 
types of animals and the development of activities such as herding, could have been significantly 
improved by the use of horses, however this is another topic that still needs to be researched.  

 

3.2.II THE DEVELOPMENT OF WHEELED VEHICLES IN THE IBERIAN PENINSULA  
 
The development of the wheel produced logically, a great change in human life, and the wheel’s 
origin and spread have been highly studied (Anati, 1960; Littauer and Crouwel, 1979; Piggot, 1983, 
1992; Clutton, 1992 and Littauer and Crouwel, 2002).  One-piece wooden wheels were probably first 
used on wagons for agricultural purposes and for the transportation of products at short to middle 
distance ranges. Later, wheeled vehicles became a symbol of power and status and along with horses, 
played a very special role in the symbolic world. This has been demonstrated by the specimens found 
in burial contexts in regions such as Mesopotamia (Quesada, 2003). The available archaeological 
evidence regarding their use is varied, ranging from actual surviving wooden wheels, to carved 
depictions and rock art.  

The introduction of wheeled vehicles to Eastern and Central Europe seems to have happened towards 
the end of the 4th millennium BCE (see Appendix B for a discussion on this). However, in the case of 
Iberia the available archaeological evidence seems to suggest that it was not until the end of the Late 
Bronze Age that wheeled vehicles started to be used. The representation of chariots on Warrior Stelae 
and rock art seems to be the earliest evidence at hand for their presence in this area. Although, both 
elements (stelae and rock art) present serious difficulties in terms of the definition of their chronology, 
comparisons with data from other European sites regarding chariots, have led to the idea that those 
represented in the south-western Iberian Warrior stelae are from Mycenae tradition, and that the 
knowledge of their existence was spread through Mediterranean contacts (Fernández Miranda and 
Olmos, 1986: 98; Joya Guerrero, 1998: 83-84; Celestino Pérez, 2001: 230). 

 

  

Fig. 3.5 Representations of chariots in diverse Warrior Stelaes 
classified by region (According to Celestino Pérez, 2001) 

Fig. 3.6 Chariot in the Estela de Ategua 

 

The establishment of the chronology of the stelae has been achieved through the typological study of 
their carved elements and by making comparisons between the depictions and actual objects. 
According to Celestino Pérez (2001: 197-210), the peak moments in the expansion of the stelae may 
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have occurred during the 10th and 9th centuries BCE. Taking these dates into account and also that 
some of the datable fibulae are represented along with the chariots on some of these stelae, it could be 
said that the introduction of the idea of wheeled vehicles in eastern Iberia is at least that old. However, 
the oldest available physical evidence for a chariot in the Iberian Peninsula dates from the 
Orientalising Period. This chariot was found at the necropolis of La Joya (Huelva) and was dated 
between the 8th or 7th centuries BCE (Joya Guerrero, 1998: 83). This lack of satisfactory material 
evidence of chariots for prehistory, has led to the suggestion that their depictions on the Warrior 
Stelae and the scarcity of related riding objects, do not correspond to real chariots and their actual use 
during the last stage of the Bronze Age (Celestino Pérez, 2001: 232). 

Although of the stelae discovered to date, 21 have representations of chariots (Celestino Pérez, 2001: 
213), some authors discard not only their possible real use as light chariots, but also the idea of these 
representations as depictions of transport vehicles because of the substantial difference in shape with 
vehicles built for these purposes (normally of four wheels). In this sense, authors like Celestino Pérez 
(2001: 230) think that the depictions of chariots on the Warrior Stelae corresponds to an imported idea 
linked to other objects as elements of prestige and status, used as part of new funerary rituals and 
conceptions regarding death. This idea comes also from the interpretation of the Warrior Stelae as part 
of funerary elements.  

 

 

Fig. 3.7 Estela de Ategua (Museo Arqueológico de Córdoba), MAC. 

 
Although the above argument seems plausible, it has to be considered that some contexts such as Ria 
de Huelva, have provided evidence that suggests an earlier use of the chariot. In this case, a rein ring 
found in this offering was dated through C14 for the LBA (13th BCE) (Ruíz-Galvéz, 1995). In 
addition, the Catoira wheel from Pontevedra in north-west Spain was dated from 1720±45 BCE 
(Chapman, 1990: 122) also supporting this idea.  

Despite this evidence, it is acknowledged that there are no findings related to chariots in south-west 
Iberia datable to the Chalcolithic or Early Bronze Age, at least until now. It could be argued that the 
lack of evidence in places such as Sierra Morena could be related to the limited research carried out 
and the poor conservation conditions to which archaeological findings are subject in the area. 
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However, if this were the case it would be expected that at least some evidence may be found in the 
future, such as metal pieces used in the build of the chariots.  

From our point of view, it is clear that it is necessary to obtain further evidence before we can imply 
the common use of wheeled vehicles before the LBA in the south of the Iberian Peninsula for 
transportation or any other purpose. However, this is a topic that could be considered still open for 
debate. It is interesting to notice that there is a great amount of schematic art representing chariots and 
sleds. Although this type of art presents the same problems regarding the establishment of robust 
chronologies, it is generally accepted that these representations correspond to the first “metallurgical” 
cultures. Images of vehicles such as those at Peñón de la Cabra and Puerto Palacios in Almadén de la 
Plata or at Capilla in Ciudad Real seems to be less related to symbolic, religious or social status 
depictions (as that claimed for the Warrior Stelae), even having examples of chariots with four wheels 
(Caballero Kling, 1983).  

 

  

Fig. 3.8 Peñón de la Cabra in Almadén de la Plata.  Fig. 3.9 Puerto Palacios in Almadén de la Plata. 

 
This kind of chariot could be representing a more “mundane” or daily life use for them. Moreover, the 
details of the chariots depicted in the rock art are very different from those on the Warrior Stelae. This 
makes us wonder if these representations could be actual depictions of real chariots being used at that 
time. Although this idea could be imported, the fact that it makes reference to an object that could be 
of great use, could suggest the possibility of its actual construction or implementation in the real 
world. It is interesting to notice that for the time when the Warrior Stelae were developed, the use of 
horses was fully in practice so the “adoption” or implementation of chariots would be quicker and 
easier. Nevertheless, it is true that for the adoption of vehicles not only the domestication of horses is 
necessary. The existence of certain organization and the development of suitable paths would also be 
needed. In this sense, archaeological excavations will have to pay more attention to possible surviving 
evidence of these elements. While it is accepted for now that according to the data of Ria de Huelva 
the actual use of chariots and therefore the construction of roads with the necessary characteristics for 
their use, could date from the 8th century BCE, it can be safely said that for the LBA in the south-
western part of the Peninsula, the most common types of terrestrial transport were probably horses 
and transportation by foot.  
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3.3 MATERIAL CULTURE AS EVIDENCE OF MOVEMENT . PORTABLE 

MATERIALITY : TRADE AND EXCHANGE  
 

Defined by Karl Polanyi (1957: 266) as “the mutual appropriative movement of goods between 
hands”, trade can be expressed by a great diversity of forms and encompass a huge variety of 
purposes. To trade something can be seen as the agreed exchange of any product in order to obtain 
something that we do not have but that the “other” does have, and which normally is out of our reach 
due to its unavailability, a consequence of diverse reasons. This activity can take place under the 
consideration that the item to be exchanged is of the same value as the article that is going to be 
received. From this point of view, trade is used with economic purposes, however, it can also be used 
to reinforce social ties and the goods traded can play very different roles (Renfrew, 1975: 4).  

The importance of trading lies not only in the direct benefits that the knowledge of objects or 
materials different to the familiar can bring to a society, but also in its process, that implies the 
establishment of social relationships through information exchange. In terms of archaeology, the 
identification of foreign objects in a given society provides us with a hint not only of their spatial 
range of action, but also of the complexity of their entanglement with their surroundings and other 
human groups. 

In the case of Iberian prehistory, some specific material evidence has been used traditionally as 
‘identifiers’ of trading and ideas exchanged at diverse scales. This is the case of the Warrior stelae and 
the so called bell-beaker package. The study of evidence such as the distribution of beaker pottery in 
Europe has played an important role in the development of theories regarding human movement 
during prehistory. However, theories and models of the possible routes of movement derived from 
these studies are far from simple due to the diversity and spread of evidence regarding this 
phenomenon throughout the continent. The study of this particular phenomenon is beyond the scope 
of this research so only some general aspects will be addressed in this section. However, specific 
evidence of subsistence modes, trade and exchange materials are presented for the study case in 
further sections. In addition, an overview of the evidence of other interesting materials with an 
explanatory potential for movement such as ornaments, stone tools and diverse types of rocks is 
considered as well.  

As an introduction, it could be said that the archaeological evidence gathered up to now in southern 
Iberia suggests that during the Chalcolithic diverse societies had agro-pastoral activities as their mode 
of subsistence. A mixed practice of pastoralism and agriculture seem to have been present in large 
regions of southern Iberia. Although in the last years it has become evident that some regions might 
have relied more in one resource or another (i.e the lower Guadalquivir or Guadiana Valleys as 
mainly agricultural and Sierra Morena as pastoralist) (García Sanjuan, 1999; Cámara Serrano, 2001; 
Díaz del Río, 2004). These modes of subsistence probably made both movement and contact 
necessary activities between different groups for their survival. Within these local contacts, the 
exchange of objects and communication of ideas must have been common. Because of the amplitude 
of its geographical distribution, it has been argued that the bellbeaker package and especially its 
pottery was precisely a product of these dynamics. There has been a long-standing debate about the 
possible origin of the diverse stylistic variants of this pottery. While some authors sustain that only the 
Maritime variant could correspond to a similar idea in the diverse parts of Europe where it appears 
(Del Rincón, 2007:285), some others continue to suggest that the beaker pottery became a widespread 
phenomenon through groups of metal prospectors (Sempere Ferrándiz, 2006: 64). It has now become 
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clear that the bellbeaker pottery should really be understood in its diverse and particular contexts since 
it has been demonstrated that the presence of its varied styles and types does not necessarily constitute 
evidence of contact with remote locations, but on the contrary, they were products of local or regional 
production (Odriozola Lloret et al, 2007). In this sense, an interesting and alternative explanation to 
the traditional idea of the diffusion of this style through people working as metal prospectors, has 
been proposed by Brodie (1997) and Vander Linder (2007). These authors have argued that this 
phenomenon was not connected through a single economic network, suggesting that the observed 
geographical pattern was reproduced through several diversified networks on a small scale. This is 
supported nowadays by a great number of studies all over Europe, showing that the production of 
bellbeaker pottery was normally made with local clay, including in this case the Iberian Peninsula 
(Millán and Arribas, 1994; Odriozola Lloret et al, 2007). It has also been demonstrated that the 
extension of the bellbeaker pottery must have implied a direct transfer of knowledge and therefore the 
movement of potters (Van Linder, 2007:347). In this sense, it has been proposed that the knowledge, 
practices and ideas corresponding to the bellbeaker style may have been extended through the 
mobility of people practicing marriages between different groups at a local level, and emerging from 
this is a global phenomenon that is actually a product of a chain of networks (Van Linder, 2007:349). 

Other traditional ideas regarding the so-called beaker package have also recently been challenged. 
The concept of bellbeaker pottery being exclusive to mortuary assemblages and the whole package 
related almost exclusively to male characters has been heavily criticized. Brodie (1997) offers a well-
sustained explanation for the expansion of beaker pottery, arguing that contrary to being related to an 
elite male-dominated cult, rather it could have had female connotations through the communication of 
social practices and cultural knowledge. In this case, it may be possible that these societies carried out 
strategies such as directional marriage in which women could have been the holders of knowledge 
regarding beaker pottery. In addition, it has been demonstrated that this style of pottery appears not 
only in contexts with connotations of great prestige but that they were also used for purposes other 
than drinking alcoholic beverages (Brodie, 1997: 299-300). This idea served to establish that 
traditional hypotheses of these ceramics exclusively connected to elites and male drinking rituals are 
becoming unsustainable. In addition, it should be mentioned that knowledge and cultural exchange 
could not only be carried through marriages between different groups. As seen in the first chapter, 
individuals also carried out long distance movement, as the analyses of oxygen isotopes has 
demonstrated in the cases commented before regarding Germany, the Amesbury archer in the UK and 
the example of Ötzi. We also have to remember that pastoralist practices involve a high degree of 
movement even if carried out on a regional scale, so knowledge could also travel with them. Despite 
this, certain kinds of knowledge such as skills in metallurgy or pottery are rarely acquired through 
simple demonstration, so in this case a qualified practitioner probably had to show his/her skills to 
others in a process that may have taken some time and therefore, it may have involved at least a 
period of stay with the learning group (Brodie, 1997: 306-309). This also depends on the skills of the 
persons receiving that knowledge. In the case, for instance, of an experienced potter, the transference 
of new knowledge involving learning new styles or the integration of new raw resources, the process 
would not be slow. This means that the acquisition of the bellbeaker style could be captured and 
developed fairly quickly in any area. 

Other interesting evidence for later periods is the Mycenaean pottery found in sites like Llanete de los 
Moros (Córdoba), Cuesta del Negro (Granada), Carmona, or Coria del Río (Seville) in LBA contexts 
(Chapman, 1991: 34; Almagro Gorbea and Fontes, 1997). Although the route by which the vessels 
reached Andalucía is unknown, they constitute solid evidence of the contacts between groups of this 
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area and the eastern Mediterranean, as well of the existence of wheel-made ceramics previous to the 
Orientalizing period.   

 

3.3.I ORNAMENTS , STONE TOOLS, RAW MATERIALS AND “ RARE”  ROCKS 
 
Pottery has not been the only material object clue to identify human movement in the 3rd and 2nd 
millennia BC. Other artefacts and raw materials such as axes, chisels, adzes, hammers, amber 
ornaments, ostrich eggs, ivory, diverse metals and rare rocks were extensively traded or moved with 
economic and symbolic purposes. Some of these objects have been classified as utilitarian or non-
utilitarian, and it has been normally assumed that utilitarian objects are made from local materials. 
However, “local” is an ambiguous concept as it depends on the scale that is taken into account. 
Contacts with areas located 100 km away from a settlement can be judged as “local” if, for instance, 
we are considering trade between larger regions. In this sense, scale is an important factor and it will 
be discussed in the next sections. Although there are many other objects and materials that were 
traded in southern Iberia to those mentioned here, for the purpose of this research the above-
mentioned set is considered representative of the variability involved. 

Amphibolite artefacts such as axes and adzes have been found on Chalcolithic sites such as Zambujal, 
Liceia, and Pragança (Portugal). Petrographic and geochemical studies have established that the 
sources of this green-grayish metamorphic rock are between 100 and 150 km away from these sites, in 
the upland areas of Ossa Morena (Portugal) and Sierra Morena (southwestern Spain) (Lillios, 1997). 
The presence of this evidence in these lowland sites suggests a series of economic and social 
dynamics established with the highlands and constitutes clear evidence of movement. The frequency 
of these contacts is not known, however, based on the different proportions of amphibolite tools found 
at the sites, it has been argued that the acquisition of this material was unequal, becoming a probable 
factor contributing to the emergence of social inequality (Lillios, 1997: 158).  

In the case of the already mentioned Cueva de Nerja (Malaga), towards the end of the Late Neolithic 
and all the Chalcolithic, polished stone axes became very common and the distance people covered to 
obtain the raw materials for their manufacture did not  exceed 200 km (Harrison and Orozco Köhler, 
2001: 118). Another case is Cueva de la Carigüela (Granada), where early Neolithic axes were made 
from materials gathered from Sierra Nevada (10 km away). However, although scarce, there are 
examples of materials that come from Sierra Morena  (100 to 150 km away) and the use of this source 
seems to become regular during the Chalcolithic (Harrison and Orozco Köhler, 2001: 118).  

According to recent research, oolitic limestone was used to make blades and other tools that were part 
of an extensive network between diverse sites towards the beginning of the 3rd millennium BC in 
south-western Iberia (e.g. Cabezo Jure, Valencina de la Concepcion, Carmona, El Gandul, Cañada 
Honda, Amarguillo, El Negron, La Molina, Ecija and Antequera amongst many others) (Nocete Calvo, 
et al 2005: 65).  This study took into account only sites where this material was not present in its raw 
form, and that were located more than 300 km away from any potential source, showing that the 
acquisition of this material was a product of long distance movement (Nocete Calvo, et al, 2005: 64). 
From this study they interpreted that the presence of these blades since the fourth millennia B.C. at 
sites near the Guadalquivir Valley, corresponded to the dynamics between farming and herding 
societies that exploited the potential sources of this material from the Betic Mountain Range.  
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Similarly, greenish stones such as variscite have been related to long distance movement by 
geochemical research. Only ten geological deposits of this type of rock are known in Europe, five of 
them located in the Iberian Peninsula: (El Bostal, San Vicente de la Cabeza and Palazuelo de Las 
Cuevas (Zamora) in the north-west; Encinasola (Huelva) in the south-west; and Can Tintorer 
(Barcelona) in the north-east) (Querré, et al, 2007; Odriozola Lloret et al, 2010). As an example of 
this it can be mentioned that many of the beads located in north-eastern Iberia and the French 
Pyrenees have been characterized by PIXE analysis (Particle-Induced X-Ray Emission Spectrometry) 
as originating from the Neolithic mines of Can Tintorer in Catalonia (Blasco et al, 1992; Querré et al, 
2007).  

The circulation of variscite and other green stones covers all Iberia and it seems to maintain its 
importance in the Neolithic and the Copper Age, reaching with the same intensity into the Bronze Age. 
Examples of this are sites such as Dolmen de Alberite (Cadiz) where variscite beads were found 
between an adze, a gouge and other imported objects. According to mineral and petrological analyses, 
these stone tools could be originally from southwest Iberia, more specifically from the zones of Sierra 
Morena in its part of Seville, Huelva, Badajoz, or the Alentejo (Portugal) (Domínguez-Bella and 
Morata, 1996: 198). Other examples of variscite beads and green stones have been found not only 
along all the valley of the Tajo River (Bueno Ramírez, et al 2005), but also on other sites such as 
Camino de las Yeseras (Madrid), Monte da Morá (Lugo), Cabezo Juré (Huelva), and Fuente Álamo 
(Almería) (Vázquez Varela, 1983; Ramos Muñóz and Giles Pacheco, 1996; Pozo, et al 2002; Nocete 
Calvo, 2006; Liesau et al, 2008). Although there is the need for more specialized analyses to 
determine the origin of these samples, it is clear that Sierra Morena could be a source of many more 
objects and that the west of Iberia was indeed, the main source of ores during antiquity (Ruíz-Galvéz, 
1997: 95).  

The exploitation of metals seems to gain importance during the Copper Age and in settlements like 
Cabezo Juré, La Pijotilla and El Amarguillo II have provided substantial evidence of metallurgic 
processes in the southwest (Hunt Ortiz, 2011: 217). The presence of metal objects on sites where no 
metallurgic activity has been recorded seems to point to the circulation and exchange networks in 
which these societies engaged. Towards the beginning of the Bronze Age these activities become not 
only frequent but also more specialised. Sites like Peñalosa and Siete Piedras in the southeast present 
a strong participation on metallurgic extraction and processing where all the domestic spaces seem to 
be related to these activities. In the southwest sites like El Trastejón, Gil Marquéz, La Traviesa, Santa 
Marta II, La Papúa II and Puerto Moral have been also related to the exploitation of this resource 
(Hunt Ortiz, 2011). The silver objects found in the funerary context of La Papúa might be further 
evidence of contacts with other regions as the production of this metal has not been recorded on this 
area. Towards the end of this period, mines like El Chinflón, La Sultana-San Rafael or La Redondilla 
(also in the southwest), testify to certain extent the constant extraction of metals during this period. 
However, in the area of western Sierra Morena the absence of sites in direct relation to mining suggest 
still a casual and not specialized exploitation (Hunt Ortiz, 2011).   

Another of the most interesting raw materials traded or moved during prehistory in Iberia is quartz. Its 
importance seems to be related to the memorial of ancestors and maybe to a symbolic delimitation of 
space. There are several studies of the use of quartz in the Iberian Peninsula. An extensive analysis of 
its use in northwest Spain was carried out by Fabregas and Rodríguez (2008) and a more recent 
review of several cases can be consulted in Forteza González and others (2008). The monocrystal of 
quartz found in the Dolmen de Alberite in Villamartin (Cadiz), constitutes one of the most impressive 
examples and is a good illustration of long distance movement of materials or objects during 
prehistory. This quartz has a dimension of 20 x 7 cm and studies using X-ray diffraction have 
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established that its origin could be the geological deposits of pegmatite rocks in the Central System 
within Madrid Province (Domínguez-Bella and Morata, 1996: 199). Another fascinating case directly 
related with our research as discussed later, the Dolmen del Palacio III in Almaden de la Plata 
(Seville). The structure excavated on this site revealed a complex of three different structures with 
diverse chronology: a passage grave, a tholos from the Copper Age and a cremation barrow dating 
from the Iron Age. The tholos contained almost 200 items and among them, 6 quartz objects were 
found. These objects were possibly a product of exchange as one of them is chalcedony, which is not 
found in the region and it could come from some of the current sources located in Badajoz, Toledo or 
Almeria (Forteza González et al, 2008). With respect to the Iron Age structure, a small hoard was 
discovered. The objects from this offering are exceptional as exemplified by the green prase quartz 
located together with a carnelian bead, crystalline quartz, amber beads and three silver rings among 
others. Both the carnelian bead and the prase quartz are extremely rare and the latter was of 
exceptional beauty, probably constituting a special object because of its outstanding characteristics 
(Forteza González et al, 2008: 149). These offerings express the special significance of the location 
where they were found. 

Although towards the beginning of the Bronze Age the production and circulation of stone tools 
seems to decay (Harrison and Orozco Köhler, 2001: 120), it seems that there is continuity, not only in 
the use of these “rare” rocks, but also in the conception of them as highly significant in a symbolic 
way. At the same time, the mentioned findings consolidate the evidence of connections between 
Sierra Morena and other parts of the Peninsula, as it is possible that the green quartz came from some 
of the sources that have been located in Badajoz or Cordoba. In addition, carnelian also is an exotic 
mineral for this region, constituting a chalcedony variety that cannot be found in the Iberian Peninsula 
(Martín de la Cruz, et al 2005: 508; Forteza González, et al 2008: 149). Another example of carnelian 
but in the form of a pendant dated to the end of the second millennia BC, has also been found in 
Sierra Morena at the site of Los Castillejos (Cordoba) (Martín de la Cruz et al, 2005).   

Ivory objects are located in pre-bellbeaker contexts in Andalucía and southern Portugal, but it is 
towards the beginning of the bellbeaker horizon and the Bronze Age that its presence increases 
(Barciela, 2002: 81). This is testified by the abundance of ivory buttons, beads and figurines, as well 
as beads made of ostrich eggshell from the Magreb area (North Africa) (Harrison and Gilman, 1977). 
Prehistoric sites of southeast Iberia such as Calvari d’ Amposta, Gatas, El Argar, Cerro de las Viñas, 
Villaricos, Los Millares, Almizaraque, Matarrubia, Marroquies Altos and Fuente Alamo have 
provided the majority of this evidence that ranges in date from the Late Neolithic to the Late Bronze 
Age (Schubart, et al 2000; López Padilla, 2006). Other south-western sites like Valencina de la 
Concepción and areas such as Valencia and La Mancha have also provided evidence for the use of 
this material. Elaborate objects and ivory in raw form have been found at Bronze Age sites such as La 
Encantada (Ciudad Real), La Morra del Quintanar (Munera) and Acequion (Albacete). Ivory artefacts 
related to diverse manufacturing phases in El Acequión have suggested it was an ivory workshop, 
although more excavations are needed to confirm this (Barciela, 2002: 82).  

Several authors have argued that the introduction of ivory in the form of objects or raw material could 
have been taking place through eastern Andalucia (Harrison and Gilman, 1977; Pascual Benito, 1998) 
and it is interesting to notice that, while in southeast Iberia there seems to be an intense circulation of 
ivory objects, in the southwest this kind of evidence is scarce. Nevertheless, this could be a product of 
the relatively small number of excavations and research that has been carried out in this area. Ivory 
objects from later periods (Iron Age and Orientalising) such as combs, beads, statuettes and awls have 
been located at the south-western sites of Setefilla, Osuna and Carmona (Mas García, 1987). This 
could mean a continuity of these networks. 
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Other contacts with North Africa can be established not only by objects but also by the presence of 
African livestock in the Iberian Peninsula during the Bronze Age. DNA studies have confirmed the 
existence of African cattle, however, it is not yet clear if these specimens were products of an earlier 
incorporation of the African specimens to Iberian stock or that this contact is related only to this 
period (Anderung, et al 2005).  

Materials and resources such as salt and amber represent evidence of diverse contacts as well. Salt, for 
instance, constitutes a little researched but interesting case. According to Weller (2002), salt could 
have been mined during the Neolithic in some parts of Spain such as at Cardona at the northwest of 
Barcelona, and in addition, it could be obtained through the evaporation of seawater in all the 
Mediterranean. Its ease of production could make it an ideal product for trading apart from its use, 
necessary in the human diet and for the maintenance of herds in a healthy state. In the case of the 
societies from Sierra Morena, salt must have been an important resource due to their economy based 
mainly on herding activities, and it will be interesting to find out which sources they used. It is 
possible that littoral lagoons located near Seville served for this purpose (Enggass, 1968). However, 
this topic will have to be researched in depth to demonstrate that it could constitute a traded product 
between regions in the case of Sierra Morena.  

Regarding amber, there are many examples from the Neolithic dispersed throughout the Iberian 
Peninsula with particular frequency in Catalonia (Rovira i Port, 1994). This material could be the 
result of trading networks being present during the Chalcolithic in many Iberian areas such as the Tajo 
River basin (Bueno Ramírez, et al 2005), in eastern Iberia (Chapman, 1990) and towards the last 
stages of the Bronze Age, probably as a product of contacts with the Mediterranean world (Ruíz-
Galvéz, 1997). Although this material might have been the product of long distance contact with for 
instance the Baltic region (which is one of the main sources of amber in the world), there are also 
sources in Sicilia, France, and several parts of Catalonia such as Alicante (Rovira i Port, 1994: 68-69). 

The above discussion suggests that in Iberia since the Neolithic, certain objects and materials were 
circulated through diverse networks and may suggest that certain preferences for specific objects can 
be observed for different periods. The movement of these materials as raw or finished products 
constitutes evidence for travelling or journeys carried out by individuals or groups from one region to 
another. To have contact and mainly to exchange material culture creates ways of communication and 
interaction that implies receiving and sharing ideas and concepts with other people. Both actions are 
inherent to human behaviour and can also constitute central factors in terms of survival and the way 
society is structured. Differential access to diverse artefacts or resources has been seen as one of the 
main pillars of social inequality. In this sense, trade and exchange can link people but can also divide 
them. During European Late Prehistory, this becomes obvious between the end of the Chalcolithic 
and the beginning of the Bronze Age. However, a further question remains. Whether the movement of 
these objects is only product of exchange or it is accompanied with the migration of specific people 
such as merchants (as seem to happen in the Mesoamerican case), or is product of individual 
exchange and travel, is a question that needs to be investigated in each case. Regarding mobility 
studies, trade and exchange are essential aspects due to the evidence they offer as proof of human 
movement, but mainly, as an important source of information concerning the relationships and links 
that could have been sustained between individuals or groups. On a landscape scale, carrying out 
these activities had a great impact on how the dynamics of movement were developed. Because of 
that, trade and exchange of materials have to be thought of as deeply influential actions for movement 
as the way social networks are created is related to how routes are laid out. In this manner, the next 
section examines the evidence that might allow us to test whether the megalithic monuments and 
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other symbolic places served also as landscape markers for these societies having also a profound role 
in human movement.  

 

3.4 MATERIAL CULTURE AS EVIDENCE OF MOVEMENT .  FIXED MATERIALITY : 
LANDSCAPE MARKERS AND ROADS 
 
The relationship between social practices and materiality, how humans engage and construct their 
social worlds through their activities and behaviour, and how they interact with the material world, 
have been topics largely discussed in archaeology. Following the notion that culture can be seen as 
something that we learn, but that is also inculcated in an ongoing process within societies, it could be 
said that social practices are embedded in our material culture and that all elements constructed, such 
as monuments, play a fundamental role in the continuation of such structure. The materiality derived 
from threshold moments such as shifts towards sedentism, has been deeply explored by 
anthropological sciences. However, the specific materiality left by past societies related to a 
phenomenon such as movement at a landscape scale has never been studied as a whole. As stated at 
the beginning of this research, some of the archaeological evidence of movement is closely 
intertwined with the ideas, aims, purposes or goals of the practice of movement. This palpable 
evidence of an activity that can be thought of as ephemeral can help us to understand more about 
relationships, social aspects, modes of life and subsistence of past societies. In the case of this 
research, the evidence for trade, exchange and presence of ornaments, stone tools, raw materials, rare 
rocks and others, can serve as a basis to understand interests of these societies and specific locations 
as points of departure or destination for movement. However, it is also necessary to analyse other kind 
of evidence that might be related to movement on a landscape scale. 

 
3.4.I MEGALITHS AS LANDMARKS   
 

Along with studies of social organization and territoriality, diverse research has been focused on the 
investigation of how past societies established and claimed spaces. However, little attention has been 
paid to understanding how these groups actually made visible, or necessarily obvious to others, that 
they were occupying certain space or claiming the use of certain resources. 

Saxe’s (1970) hypothesis 8 was the first theory based on ethnographical research that proposed that 
cemeteries were used to claim rights over land and resources. From this perspective, many other 
studies followed, building a strong basis for it (Goldstein, 1976; Bloch and Parry, 1982; Charles and 
Buikstra, 1983). In archaeology, the limited research about these topics was derived as a discussion to 
counteract other theories (such as diffusionism). In the first stage, archaeologists borrowed from 
Saxe’s anthropological perspective, the idea of a connection between territoriality and monuments. 
An example of this was the research by Fleming (1973), Renfrew (1976) and Chapman (1981), the 
first archaeologists in the English-speaking world to suggest the idea of a possible link between 
megalithic monuments (principally funerary ones) and territories. Some authors then proposed that 
monuments may have acted as territorial markers only at the very beginning, when the construction of 
megalithic monuments was supposedly motivated by pressure exerted by the extension of farming 
societies over Mesolithic groups, initiating the use of monuments as legitimizing markers or symbols 
of solidarity between groups (Sherrat, 1990; Rodríguez-Casal, 2006). Later, further theories began to 
explore other possible uses of megalithic monuments at a landscape scale. Thus the use of megaliths 
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as advertisers of key points and natural areas of transit (considering the presence of groups with 
different subsistence modes) was suggested (Kirch, 1990; Criado Boado, et al 1990-91; Galán 
Domingo and Martín Bravo, 1991-92; Patton, 1992; Criado Boado, et al 1994; Galán Domingo and 
Ruíz-Galvez, 2001; López Plaza and Salvador Mateos, 2002; Murrieta Flores, et al 2012-In Press). 
Close to these conceptions, other theories considered the possible use of monuments as markers of 
natural features with a symbolic value (Tilley, 1993; 1994; 1996; Wheatley and Murrieta Flores, 
2008: 31).  

These theories have enriched discussion relative to this phenomenon and they have offered different 
perspectives. From them, at least two distinct notions can be identified: (1) that megaliths may have 
become markers because of their symbolic connotations and/or the significance held by the place, 
events, ceremonies or rituals conducted there, and (2) that in terms of movement, megalithic 
monuments tend to meet physical characteristics that markers in the landscape normally have in order 
to accomplish their function.  

In the specific case of Spain, several studies have also concluded that the use of funerary monuments 
could be related to territoriality (Hernando González, 1997; Oliveira Jorge, 1998; Rodríguez-Casal, 
2006). These studies have acknowledged that megalithic tombs were indeed intended as funerary 
elements, however, analyzing them from a landscape perspective, it can be observed that the 
ideological and symbolic connotations they involved could also make them operate well beyond their 
primary function. This seems to be reflected not only in their physical characteristics, but also in their 
spatial location and distribution. One of the strongest arguments supporting this idea is the 
observation of changes in burial practices that took place towards the end of the Neolithic (Ribe et al, 
1997).  

Evidence regarding previous practices in southern Iberia suggests that before the Late Neolithic, 
individual burials were more common. Nevertheless, towards the latter stages of that period, the 
construction of collective or multiple burials began to be carried out, experiencing a period of 
“blooming” towards the beginning of the Chalcolithic. This change in custom and tradition has been 
seen as an indication of a process in the symbolic transformation of death. Accordingly, in this 
process the ritual performed at a funerary site was the method through which the individual became 
the ancestor, and the actual monument became a reference to it (Hernando González, 1997: 88-89).  

In light of this and other archaeological evidence, some studies have argued that when there was no 
necessity to defend a territory, the separation between the living and dead was clear, but with the 
incorporation of agricultural practices (and when the land became the principal means of subsistence 
or production), death began to be used as a method for property claiming or “social truth”, 
legitimizing the occupancy of a determined land (Chapman, 1995: 33; Hernando González, 1997: 93-
94).  

In addition, in the ethnographic perspective it has also been claimed that sedentary societies are those 
that tend to exhibit territorial behaviour, defending the resources necessary for their survival (Charles 
and Buikstra, 1983). Furthermore, archaeological studies have normally assumed that a sedentary and 
“peasant way of life” was what allowed the emergence of an innovative form of ritual, reflected in 
megalithic architecture (Rodríguez-Casal, 2006: 9). Subsequent to these ideas, the main linkage 
between monuments and territoriality in Iberia has been based on the notion that the increasing 
adoption of agriculture at the end of the Neolithic, led to an enlarged population and therefore to 
demographic pressure, resulting in the promotion of boundary delineation where the monuments were 
used as legitimising statements for tenancy or land exploitation. It has been precisely with this idea, 
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that some of the monuments in northern Portugal have been interpreted as territorial markers (e.g. 
dolmens of Chã de Parada 1, Chã das Arcas or Madorras 1) (Oliveira Jorge, 1998).  

Although this theory has a logic and solid grounding, there is the need to consider that the desire to 
“mark” a space is not only intrinsic to state, sedentary or agricultural societies. Non-sedentary and 
semi-agricultural societies also organized themselves to construct and erect remarkable monuments 
associated with social memory and space linkage (e.g. the totems of the Tlingit Indians of Alaska, the 
burial mounds of eastern Kazakhstan and the megalithic structures of Göbleki Tepe in south eastern 
Turkey) (Thornton, 1991; Schmidt, 2000; Frachetti, 2008; 2008a). Unfortunately, in archaeological 
studies, the diverse functions these monuments may have are often condensed and expressed in vague 
terms. Moreover, their possible territorial function is treated as implicit, and the implications that 
different modes of subsistence could have in the way monuments were used, is normally overlooked. 

Although it seems that towards the end of the Neolithic and the beginning of the Chalcolithic one of 
the principal modes of subsistence was agro-pastoralism, in the case of southern Iberia, there are 
almost no specific studies targeting the identification of residential areas. Neither is there clarification 
as to what extent agricultural practices were coexisting with other modes of life. As a result, research 
has usually worked under the assumption that the primary mode of subsistence of megalithic societies 
was agricultural (Llavori de Micheo, 1988-89; Baldellou, 1994; Baldellou and Utrilla 1999; Utrilla 
and Calvo 1999; Hernández 2000: 139). However, it is interesting to notice that even when the Iberian 
megalithic monuments were in their heyday, caves and rock shelters were used as residences and 
burial places, co-existing with them. In consequence, it is highly probable that there was a seasonal 
occupation of these places and that people practiced a mixture of strategies, implying that agriculture 
was not the only way of life. This could be reflecting a diversified and peripatetic exploitation of 
resources as has been observed in the case of some Valencian groups (Fairén Jiménez, 2004:28) and 
the Tajo River Basin communities (Bueno Ramírez, 1988; Galán Domingo and Martín Bravo, 1991-
92). A further example of this can be clearly observed in the megalithic societies of Sierra Morena in 
south western Spain, where the evidence suggests that they practiced an economy with strong pastoral 
foundations (Moreno Rey, 1998: 27).  

In the study of landscape markers the distinction between these economic practices becomes relevant 
due to the differences that diverse groups may have regarding how they establish territoriality (if any), 
and how this affects their movement patterns. It should be remembered that mobile societies also 
establish ownership rights and territorial claims, making use of both funerary elements and sacred 
sites with this purpose (Kuznar, 2003). However, instead of demanding a specific piece of land (as is 
normally the case in sedentary societies), their claims are usually connected to the use of resources 
(Wendrich, 2008: 514). This observation is highly relevant because if our intention is to analyse the 
possible role of megalithic monuments as landmarks, then we must ask what they meant to mark: 
whether this may be land, resources, space, sacred or other places because this may have a significant 
influence in the spatial location of the markers. Furthermore, as Ingold (1987) already pointed out, we 
have to take into account the fact that tenure is different to territorial behaviour, which is mainly a 
form of communication to convey information regarding the location of people that are dispersed in 
certain space and therefore, monuments could be transmitting information about the presence of a 
group rather than making a statement regarding property.  In other words, the locations where 
monuments are sited could be seen as places in the “mental maps” of these societies, and not 
necessarily as owned areas that needed to be defended, even when these places where actually being 
used by a particular group (Chapman, 1995: 47). As can be noticed, our hypotheses regarding how 
these monuments were used are highly dependent on the nature of the subsistence mode of the 
communities in each case, and how they conceived “territoriality” if any existed. Consequently, to 
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identify if megalithic monuments were used as (territorial) landmarks it is necessary to investigate the 
economic practices of the societies that built them.  

It is generally acknowledged that we are still at some way away from reaching a full understanding of 
how territories were used and conceived by people in Iberian prehistory. Nevertheless, what is 
possible to asseverate now about megalithic monuments, is that they were located at strategic points 
in the landscape, and certainly, that they may have acted as markers. This is suggested not only by 
their visibility and prominence, but also by the role they played historically as outstanding features in 
areas such as Galicia. In the case of Sobrado dos Monxes, megaliths were used as monitoring outposts 
from the Roman period (Gómez Vila, 2005) and towards the beginning of Medieval times right 
through until the 19th century, they were seen as valuable territorial references for legal arguments in 
relation to property (Martínón-Torres, 2001; 2006; Gómez Vila, 2005). 

 
3.4.II MEGALITHS AS WAYPOINTS  
 
As said before, territoriality has not been seen as the only reason for the particular location of Iberian 
megalithic burials. Although the emergence of megalithic tombs seems to be related to the first 
evidence of a clear wish of the community to delimit its space, they have also been associated with 
crossing places and signs (Galán Domingo and Martín Bravo, 1991-92; Andrés Ruperéz, 1999; Galán 
Domingo and Ruíz-Galvez 2001: 264; Gómez Vila, 2005: 407). In this sense, mobility has been 
considered to be one of the main variables influencing the location of mounds and megaliths, which 
might have been used as waypoints (Criado Boado, et al 1994: 39). This has been supported by 
research and field observations in several areas of Iberia (north west and south west) suggesting that 
megalithic monuments tend to be located along certain routes (Martínón-Torres, 2001; Gómez Vila, 
2005; Murrieta Flores, 2007).  
 
Throughout history, engineers, archaeologists and travellers have made interesting observations 
giving support to this theory. Toward the end of the 19th century, Silvelo (1887 in Gómez Vila, 2005: 
406) affirmed that megaliths were found along Roman paths and that they were normally positioned 
on both sides of the road. Later, as a consequence of early research tracing the Antonine route, Diaz 
Sanrujo (1906 in Gómez Vila, 2005: 406) stated that the presence of megalithic monuments was a 
strong indication of the existence of ancient paths, arguing that the most favourable crossing places in 
a watershed would be the ones with megalithic monuments near them. He also declared that this 
assertion was so accurate that the new roads were actually being constructed identifying these places. 
Later, during the early 20th century and after some decades of discussion of these theories, another 
case arose also in Galicia, making a strong and attractive proposition due to its scientific character. In 
his archaeological research, Maciñeira (1943 and 1947 in Gómez Vila, 2005: 407) documented 87 
monuments along 40 km of both sides of the Camino Real (royal pathway), finding traces of wheel 
tracks in diverse sections of the excavation along the road. In addition, he observed a relationship of 
intervisibility between the monuments and the road, concluding that in a landscape with little 
vegetation, these monuments were in fact acting as waypoints along the route.  

The idea of an association between historical pastoral routes and megaliths has been sustained not 
only because of the strong transhumant tradition of the Iberian Peninsula, but also by the 
archaeological record pointing to the practice of mixed economies (with an important emphasis in 
pastoralism) in Late Prehistory. Empirical observations in the field and recent spatial analyses have 
led to the suggestion that monuments could have played an important role as waypoints for pastoral 
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activities, and perhaps also for transhumance, due to the reiterative association observed between 
megaliths and transhumance routes (Criado Boado, et al 1990-91; Criado Boado, et al 1994: 39; Galán 
Domingo and Ruíz-Galvez, 2001, Murrieta Flores, 2007; Wheatley et al, 2010).  

Transhumant pastoralism constitutes a strategy that involves the movement of cattle, travelling long 
distances between different altitudes to carry out seasonal exploitation of pastures in the mountains 
during the summer, and the pastures of the lowlands during the winter (Ehlers and Kreutzman, 2000: 
16). This activity appears recorded in Iberia during medieval times, and it has been argued that its 
practice during prehistory is improbable because it was a specific phenomenon, product of historical 
circumstances of the middle-ages (Chapman, 1979; Walker, 1983). It has also been claimed that the 
practice of transhumance had to imply the movement of large herds to be profitable, requiring 
complex social and economic conditions (Vega Toscano et al, 1998: 120). Because of this, it has been 
argued that the conditions necessary for carrying this kind of activity were only possible after the 
Roman conquest and never before, due to the ethnic diversity and social fragmentation that Iberia 
experienced during late prehistory (Vega Toscano et al, 1998: 120).  

In this manner, although we agree that the activity of transhumance itself cannot be extrapolated to 
prehistory, it can be suggested that short distance transhumance (also known as trasterminancia) was 
possible, i.e. carrying out journeys in a “vertical” motion between valleys and mountains within the 
same region or “friendly” territories. To sustain this kind of activity agreements, political relationships 
and even kinship between communities were probably needed in order to allow for free access and 
transit through diverse regions and the maintenance of routes. For some authors, there was no real 
necessity for this practice before the Middle Ages, arguing that there could not have been any kind of 
mechanism regulating a transhumant cycle that required travelling through various regions within 
diverse ethnic affiliations (Walker, 1983; Sánchez Moreno, 1998). However, the type of organization 
that could be required for the practice of short distance transhumance was already present in the 
Chalcolithic. In any case, it cannot be denied (in the light of the archaeological evidence) that this 
practice comes from a much more ancient tradition than medieval times. The  connection between 
historical paths and monuments has been further underlined by experiments carried out in Galicia 
(Sánchez Moreno, 1998; Gómez Vila, 2005), where the observation of free-wandering livestock has 
confirmed that the transit areas of these animals tends to coincide with the location of megaliths, 
having as a background theory that these seasonal movements were also a natural behaviour of 
animals during prehistory, and later adopted by pastoralist societies (Sánchez Moreno, 1998; Gómez 
Vila, 2005: 408).  

At the same time, studies have emphasised the relationship of monuments not exclusively with 
historical routes, but with transit zones in general, such as studies carried out in Aranga, Monfero, La 
Coruña, and Lugo (Galicia) that have established an entailment between mounds, paths and privileged 
communications zones (Criado Boado, 1991; Criado Boado, et al 1990-1991: 33-34; Eguileta Franco, 
1994; Villoch Vázquez, 2001; Gómez Vila, 2005). The region of Cantabria has also been prolific in 
terms of observed associations between menhirs and passageways in watersheds such as Collado de 
los Sejós (Santander) (Bueno Ramírez et al, 1985). A similar association has been observed for 
megalithic monuments in the Tajo River Basin (Galán Domingo and Martín Bravo, 1991-1992) where 
their location seem to be related to “vados” or crossing points along the river. In this sense, although 
some of the evidence collected until now indicates that megalithic monuments were located on the 
sides of possible transhumance routes, in other cases it seems clear that the megaliths could also be 
located at crossing points, acting as “nodes” or waypoints along routes, marking or even 
commemorating a specific locus of transit and spots where rivers can be crossed.  
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The location of the monuments is only one of the characteristics observed that is deeply related to the 
theories of why and how megaliths played the role of landscape markers. In addition, visibility has 
been regarded as an important component of these theories.  As said before, visibility is one of the 
central components of human perception and with respect to travelling, is one of the most important 
senses for orientation and terrestrial navigation. A marker in the landscape would normally have the 
characteristic of being outstanding or at the very least, identifiable by some means by the culture that 
produced it.  

Another of the characteristics that have lead archaeologists to conclude that megalithic sites were used 
as landmarks or waypoints has been their monumentality. Prehistoric societies seemed to maximize 
this effect, constructing them in visible or prominent points of the landscape such as hills and crests. It 
seems that they even enhanced their visibility in some examples, using white quartz for their 
construction (Bueno Ramírez, 1987).  Visibility studies using GIS methodologies have made 
significant progress and they could establish if, for instance, megalithic burials could have had visual 
relationships with transhumance routes and therefore, whether they could be playing the role of 
waypoints or not. In this manner, the identification of visual strategies could be important not only to 
establish certain connections between landscape features, but also to answer whether or not the 
megaliths could be acting as waypoints. If this were true, the monuments should have been visible 
along the traditional routes and therefore, an accordingly strategic location from a landscape 
perspective should be expected.        

Regarding monumentality, it is obvious that the construction of a megalithic monument required a 
major investment. It could be argued that there was surplus labour invested in the construction of 
these monuments and therefore a difference or variability can be noticed between the investment that 
was devoted to this task in diverse parts of Europe (Chapman, 1995: 46). However, the scale of the 
monuments may not have a simple relationship with “surplus” labour because they may have been 
constructed by several communities joining efforts and/or the process of construction may have taken 
a long time. Nevertheless, it is true that the size of megaliths in the Sierra Morena is rather modest 
compared to the monuments of Valencina de la Concepcion in the Guadalquivir Valley or the 
Antequera dolmens which are massive, indicating that the labour and resources used for their 
construction was different.  

This makes us wonder if in terms of movement the monuments could have been seen and used in the 
same ways in these different regions. The monumentality of the dolmens of Antequera and Valencina 
de la Concepcion compared with those in the Sierra Morena, could be suggestive of other kinds of 
social organizations and access to a larger scale of labour, but also of a different impact at a landscape 
level. The differences in size of the megalithic monuments probably had repercussions in the way a 
traveller perceived or understood the landscape and the role of the monuments within mobility. 
However, this is a question that only comparative analyses of the megaliths and studying visibility 
and mobility of diverse regions may solve.   

To sum up, recent research dealing with megalithic monuments in the Iberian Peninsula emphasised 
the existence of a geographic correlation between the distribution of megalithic monuments and 
possible paths or routes (Galán Domingo and Martín Bravo 1991-1992; Criado Boado and Vaquero, 
1993; Galán Domingo and Ruíz-Galvez, 2001; Murrieta Flores, 2007). In addition, research 
approaching the possible role of megalithic burials as territorial landmarks has been explored, 
although less frequently (García Sanjuán, et al 2006a; Wheatley, et al, 2010). Despite the fact that 
from these studies knowledge regarding the function of the megaliths has grown, it is necessary to say 
that arguments in literature regarding the function of megaliths as markers seem often to be mixed and 
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to some extent vague, usually claiming they played both roles, as landmarks and waypoints. There is 
practically no example in which authors appear to explore any of these concepts or their implications 
when talking about landscape markers. This is relevant since although megaliths may have functioned 
as both, waypoints and territorial landmarks, depending on the concepts of territoriality and reference 
systems, there could be substantial differences between them and their locations. This could be 
reflected in the archaeological record and therefore, is an important consideration to be analyzed 
alongside both roles.  It is essential to notice that research carried out in different zones of Iberia using 
diverse methodologies, has arrived at similar results concluding that late prehistoric communities 
might have used their monuments as landscape markers.  

It is beyond reasonable doubt that megalithic monuments were constructions intended to be noticed 
by people, but also to remain as part of the memory of groups and the landscape for generations. For 
these societies, megalithic monuments (funerary or ritual) constituted established milestones. As such, 
they were not only present in their social imagination because of their communal and symbolic 
connotations, but also because of their monumentality, they formed part of society’s physical reality 
as principal components of their established landscape. Acting as pillars of memory and also as 
remarkable features, megaliths could in addition function as meeting points and as places for 
celebrations. However, in their study, although the conceptual idea of the use of megaliths as 
landmarks or waypoints has been explored, it remains necessary to implement robust methodologies 
to make comparisons between regions in order to establish if different dynamics of their uses can be 
observed. In this manner, general and specific questions must be explored:  

• Can we detect specific spatial patterns and (physical and spatial) characteristics in the 
monuments that can be identified as particular to landscape markers in Southern Iberia? (e.g. 
prominent placement along routes, strategic locations, availability of specific resources, 
visibility, or all of these).   

• If this is the case, can we elucidate their possible uses as waypoints or landmarks? i.e. are 
they related to natural transit zones, historical routes, strategic transit points or associated with 
particular resources or land? 

Finally, cultural patterns expressed in megalithic sites are useful indicators of shifts and continuity in 
society. It is interesting to notice that towards the beginning of the Bronze Age, the burial pattern 
changed again, this time on the way to a de-monumentalization of funerary practices, introducing the 
use of burial cists. This shift indicates a new transformation in the way death was considered. This 
makes us wonder about the possible implications this had regarding the use of megalithic monuments 
as markers in the landscape: 

• Does this transformation also signify a change in the way funerary sites were understood and 
used spatially?  

• Were other communication mechanisms such as rock art or engravings being used as markers 
at the same time as the megaliths?  

• Did other mechanisms begin to take place during the Bronze Age, substituting the way 
societies marked their boundaries?  

Some researchers have pointed out that this could be the case of the warrior stelae (García Sanjuán, 
2011). This type of monument and others such as rock art and engravings might also have played an 
important role as markers in the landscape. Unfortunately, in our study area the information about 
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these elements is still very scarce. However, we acknowledge and consider it where available and 
therefore a discussion about their possible role as landscape markers is given in Appendix C.  

 
 

3.4.III THE STUDY OF PREHISTORIC PATHS AND THE CASE OF SOUTHERN IBERIA  
 
It has been during the past few years that most of the literature regarding the study of ancient roads 
during historical periods for southern Spain has been produced (MOPTMA, 1993; 1993a; Moreno 
Gallo, 2006; IETC, 1993; Menéndez Pidal, 1992; Ariño Gil et al, 1992; Magallón Botaya, 1983; etc.). 
Almost all studies have mainly remained focused on the Roman period and among the most popular 
topics are road construction systems, their related architecture, and itineraries followed during historic 
times. However, regarding paths during prehistory little has been attempted due to the difficulties 
inherent in their study. 
 
Although the analysis of roads and paths may seem straightforward, in practice this is rarely the case. 
To begin with, the differentiation between formal and informal routes can be extremely complicated. 
While during a certain period a road can serve as such, it might degrade into a path or trail due to lack 
of maintenance. In the same fashion, a route can include sections of (constructed) road and path 
combined. In addition, a path can be maintained or it can involve certain degrees of construction in 
terms of, for instance, clearing foliage (Trombold, 1991: 3). In prehistory their simple recognition can 
be further complicated due not only to their destruction and the lack of written sources, but also 
because the paths have normally been subject to several reuses. Some of the most common problems 
for prehistoric paths are the lack of excavations and survey, the complications of establishing their 
chronology, all the intrinsic difficulties in their identification, and the recognition of their changes 
through time. Consequently, available archaeological evidence of prehistoric roads is usually rare.  

In some parts of Europe such as Sweden or the United Kingdom, a number of prehistoric paths have 
been exceptionally well preserved due to particular conditions of their context (humidity, type of soil, 
etc.) (Taylor, 1982; Wright, 1988; Hindle, 1993). However, in Iberia this has rarely been the case and 
only a few examples of Iron Age paths with wheel marks such as La Joya Guerrero, Casa de Soto or 
Castillo de la Oreja have been preserved (Muñoz López-Astilleros, 2002). As already commented, 
prehistoric societies of south-western Iberia depended and practiced diverse degrees of mobility. 
Communication, herding activities, transportation of goods and trading between communities could 
only be performed by “travelling” and therefore, certain routes must have been preferred over others 
for a variety of reasons including the avoidance of natural obstacles, the search for specific river 
crossing points, availability of water, adequate corridors for pack animals, etc. Although prehistoric 
people created paths and trails and even possibly roads, no prehistoric path has ever been identified in 
southern Iberia, but this could largely due to the fact that there has not been any research with this 
specific goal. Under these circumstances we have to draw upon other evidence such as the use of 
natural corridors, locations of settlements, evidence of trade, long distance movement of objects or 
materials, and the presence of landscape markers. The study of all these elements along with the 
analysis of regional traditional paths and routes seems to be the most sensible approach for the 
identification of prehistoric routes in southern Iberia.  

Regarding the theories about the development of paths, some researchers have suggested that it is 
possible the routes used by prehistoric communities followed trails that were laid out through the most 
accessible areas (Criado Boado et al, 1990-1991; Muñoz López-Astilleros, 2002). Other theories have 
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proposed that while during the Neolithic and Chalcolithic, paths may have been laid out through river 
valleys following the configuration of settlement patterns, towards the beginning of the Bronze Age it 
is probable the paths followed previous routes, but that the location of the settlements changed, 
making use of strategic points of the landscape and becoming related to the paths through a notion of 
visual control of routes and transit (Muñoz López-Astilleros, 2002; García Sanjúan et al, 2006).    

In addition, the apparent relationship observed between transhumance routes and prehistoric elements 
has served to propose that these routes may be following older paths (Andrés Ruperéz, 1999; Cruz 
Berrocal, 2004; Fairén Jiménez et al, 2006; Murrieta Flores, 2007; Wheatley et al, 2010). In fact, 
paleoenvironmental analyses of sites such as Laguna de las Madres and El Acebrón in Huelva have 
established that a “Dehesa” landscape (man-made grassland) was already present in the 4th millennia 
B.C (Galán Domingo and Ruiz-Galvéz, 2001: 266). This means that a purposeful exploitation of the 
Mediterranean forest for herding activities was already taking place at early stages of Late Prehistory 
in the Iberian southwest. According to archaeological evidence, several Iberian sites dating from the 
transition between the 4th and the 3rd millennia and well into the Chalcolithic (e.g. Las Pozas in 
Casaseca de las Chanas, Polideportivo Martos, Dehesilla, Paralejo, Nerja, Castillejos de Montefrio, 
Abrigo del Molino del Vadico) specialized in herding activities practicing transterminancia (short-
distance transhumance) and the exploitation of secondary products (Navarrete Enciso, 1986: 116; 
Riquelme Cantal et al, 1991-1992; Vega Toscano et al, 1998; Galán Domingo and Ruiz-Galvéz, 2001: 
266). It has also been observed that later, during the 2nd millennia, LBA sites (e.g. Cogeces del Monte, 
Almenara de Adaja, Tordesillas and San Román de la Hornilla) were normally related to traditional 
herding routes.  

The archaeological evidence from these sites suggests that these societies made complementary use of 
valley and mountain resources, but always practicing short-range trips as demonstrated at the Cogotas 
site of Tolmos de Caracena (where aside from shifting from cultivation, herding activities seemed also 
to be regular) (Galán Domingo and Ruiz-Galvéz, 2001: 271). Recent research has also shown how the 
use of Mastiff dogs for the control of herds was already taking place in Iberia during the latter stages 
of prehistory (Iron Age), and how historical sources described their use not only as work partners and 
companions, but also as protection for the herders (Vega Toscano et al, 1998: 118) (Table 3).  

All this evidence demonstrates that herding practices were common during Late Prehistory. As said 
before, although it is unlikely that the practice of transhumance itself was already taking place at 
earlier stages, it is probable that a series of independent routes for transteminancia, or short-distance 
transhumance, were first developed evolving later into larger networks.  In this sense, the value of 
transhumance routes as archaeological elements has been recognized by several scholars (Cruz 
Berrocal, 2004; Fairén Jiménez et al, 2006; Murrieta Flores, 2007).  

In terms of movement during prehistory, it is considered that the study of historical paths related to 
herding is essential at least for Iberia. This is because the archaeological evidence has suggested that 
the movement of herds over considerable distances was taking place from early times. Due to 
evidence of this early practice, an analysis of possible correlations between prehistoric elements and 
historical paths will allow us to investigate if they could be following earlier layouts. In fact, further 
aspects regarding the nature of the paths can be explored, clarifying, for instance, whether they made 
optimal use of the landscape in regards to contributing factors such as travel time or the energy cost 
consumed while travelling (Murrieta Flores et al, 2012-In Press).  

In order to offer answers clarifying how prehistoric paths could have been laid out, questions need to 
be focused on the evidence that each specific area to be researched offers:  
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• Which are the earliest roads and paths that can be identified in the archaeological record of 
our study cases?  

• What is the evidence available for the diverse periods of Late Prehistory regarding the modes 
of subsistence and what can this tell us regarding their mobility?  

• Can a spatial correlation be established between natural transit zones, historical paths and 
prehistoric elements? 

• Could the historical paths be laid out from earlier traces?  

• What is the logic behind the layout of traditional routes?  

• What kind of variables and factors influenced their layout?  

Finally, a study looking at specific areas integrating different spatial analyses to determine natural 
transit zones, settlement and funerary patterns, material evidence of movement and landscape 
markers, will offer information regarding the possible layout and purpose of prehistoric routes. In 
order to explore the questions posed here, in the next chapter we introduce a specific case study, 
delving into the evidence of movement of Copper and Bronze Age societies, developing new theories 
regarding their possible patterns of movement, and analysing how these archaeological elements 
played a profound role in them.  

 



 

 

 

 

 

 

 

 
Case Study 

 
 

Many a trip continues long after movement in time and space have ceased.  
John Steinbeck 
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Chapter Four 

WESTERN SIERRA MORENA AND THE DYNAMICS OF MOVEMENT 

DURING LATE PREHISTORY 
 
DESCRIPTION 

SPATIAL CONTEXT 

4.1 THE ENVIRONMENTAL CHARACTERISTICS OF THE STUDY REGION 
 

The diverse aspects of the environment in which a society lives have a significant weight in human 
processes. For instance, the climate, lithology and geomorphology deeply influence the topographic 
configuration and edaphology, which constitute crucial variables in the development of human 
activities. These characteristics are also of great importance in processes of movement and travelling. 
Therefore, it is deeply relevant to take into account environmental factors (such as lithology, 
hydrology, topography, soils and weather) of the studied areas. Western Sierra Morena (Andalucía) 
was selected as a case study due to the differences that present with the surrounding localities in 
environmental terms and socio-cultural development. Peculiar social and economic dynamics took 
place in this area during Late Prehistory being apparently related to its particular conditions in terms 
of geography, climate and location. 

In general terms, Sierra Morena is a mountain range of 400 km that crosses from east to west the 
entire northern extreme of Andalucia (southern Spain). This sierra is also part of the southern ridge of 
the Iberian Massif (Macizo Hespérico) constituting the zone of contact between the central plateau 
and the Betic Depression. It was formed during the Hercinian cycle and was when its relief was 
shaped, acquiring a northwest-southeast orientation and its abrupt geological character (Moreno Rey, 
1998: 17). Sierra Morena is also singular due to the large amount of valleys and ranges interleaving 
between each other, its asymmetrical appearance and the great variety of its mineral resources. 
Despite its wealthiness in these terms, it has been also characterised by the poverty of its soils, and the 
roughness of its terrain has been one of the contributing factors for its quick and deep processes of 
erosion. 

In this case study, our interest is centred on the western area of Sierra Morena that comprises the 
northern region of the Huelva province and part of north-western Seville. These regions are known as 
Sierra de Huelva and Sierra Norte de Sevilla (Table 4). Comprising 5261 km2, this case study 
considers all Sierra de Huelva but only one of the municipalities of Sierra Norte de Sevilla (Almadén 
de la Plata) and therefore, the study area will be referred as Sierra de Huelva or western Sierra 
Morena.  
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Fig. 4.1 Andalucia and the study Area: western Sierra Morena 

To the north, Sierra de Huelva is outflanked by the middle basin of the Guadiana River and Tierra de 
Barros; to the west it collides with flatter areas like the valleys of the rivers Chanza and Guadiana, and 
to the south, is delimited by the valleys of the Tinto, Odiel and Guadalquivir rivers (García Sanjuán, 
1999:92). The highest and largest range within Sierra de Huelva is Sierra de Aracena (915 m) which 
is surrounded by mountain ranges of less altitude (between 500 and 700 m) such as Sierra de 
Hinojales, Sierra del Viento, Sierra del Alamo, and Sierra de Aroche. This last range includes Sierra 
de las Contiendas (Moreno Rey, 1998: 18). Towards the north, Sierra de Huelva meets the plateau and 
to the south the altitude descends towards the coast (Fig.5.1). This gives Sierra de Huelva a concentric 
configuration that has great influence in its climatological and biological conditions (García Sanjuán, 
1999:92).   

 

Fig. 4.2 Topographic profile N-S of  western Sierra Morena 
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In terms of geology, Sierra de Huelva is located within two of the five geological zones of the Iberian 
Massif: the Ossa-Morena and the South-Portuguese zones. The area of Ossa Morena is complex due 
to the high degree of metamorphism occurred during the Precambric and the Palaeozoic. The units 
that shape it have a structural axis (nw-se) (Vera, 1994: 4). The geological structure of the widest area 
of Sierra de Huelva is the result of a series of orogenic phases represented by rich outcrop 
manifestations including a high percentage of granite, slate, quartzite, limestone, pyrites and schists 
between others (García Sanjuán, 1999: 91; Recio Espejo et al, 2002; Moreno Rey, 1998: 18).   

 

 

 

Fig. 4.3 Sierra de Aracena. Photos by the author. 
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Regarding hydrology, the fluvial network of western Sierra Morena is highly developed and it 
contributes to the three great fluvial basins of the area: The Guadiana, Guadalquivir, Tinto and Odiel 
(García Sanjuán, 1999: 92). The principal rivers of the region are the Rivera de Huelva, Rio Chanza, 
Rio Odiel, Rio Tinto (Sierra de Huelva), Rivera de Cala and Rio Viar (Sierra Norte de Sevilla) 
(Garrido Morillo and Romero Macías, 2005). The number of streams within this fluvial network is 
large due to the high rate of rainfall. The high degree of impermeability of the soil (characterised by 
its geology conformed by slates and other non permeable components), make a highly developed 
superficial drainage, that for the same reasons, make groundwater scarce. Although very abundant, 
creeks and streams are nsot constant, and some of them fade out towards the beginning of summer 
(Moreno Rey, 1998: 18). The erosive action of this fluvial network has had a great influence in the 
poverty of the soils in the area, creating the typical rock outcrops that are characteristic of this part of 
Sierra Morena.  

 

 

Fig. 4.4 The main rivers of the studied area 

 

On the subject of climate, western Sierra Morena is Mediterranean subcontinental with cold winters, 
and is highly determined by its orographic diversity (Alaminos Ternero, 2001: 110; Junta de 
Andalucía, 2009: 34). The isolation created by the surrounding relief and altitudes make its weather 
quite extreme. The average temperature during the year is in the environs of 16ºC. The aestival season 
is very dry taking place between June and September with an average temperature of 24-26ºC. 
Towards January and during the winter, the temperature can fall below 6-7ºC (Moreno Rey, 1998: 
19). Although rainfall in this region is not regular, the volume of precipitation can reach around 
800mm3 per year (Alaminos Ternero, 2001: 110).  
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The intensity of rains concentrated mainly during autumn and winter, feed rivers and streams that 
normally accomplish very short journeys along extremely steep slopes. This confers upon rivers great 
erosion power, sweeping the superficial materials and leaving shallow, poorly developed skeletal soils 
(Table 5) (Alaminos Ternero, 2001: 110). In addition, the rough configuration and steepness of its 
relief favours a high degree of erosion. Slates and granites confer upon the soils a high level of 
acidity, resulting in poor potential for agricultural exploitation (García Sanjuán, 1999: 92). Only the 
flatter areas or valleys have developed some deposits accumulating clay soils, usually of fluvial 
origin.  

In general, it can be said that the joint characteristics of slope, rainfall and weakness of the soils have 
been the predominant factors influencing the classification given to the area by international 
organizations in terms of its agricultural potential. Soils of western Sierra Morena are classified either 
as soils with moderate usability or as marginal or unproductive soils, without any area classified as 
excellent or of good usability (García Sanjuán, 1999: 92). This has determined the vegetal and animal 
species that can be found and therefore, it has had great influence in the historical and social 
development of human groups in this region. In the case of western Sierra Morena, the poverty of the 
soils has conditioned to a great extent the economic use of the resources, and animal husbandry, has 
been historically the axis of the economic dynamic of its communities. 

 

4.2 THE PALEOENVIRONMENT OF SOUTHWEST IBERIA 
 

The paleoenvironmental research carried out in the area of the flatlands of Huelva have pointed out 
that during the Atlantic period (5500-3000 BCE), the landscape was composed of a forest of oaks, 
cottonwood trees and poplars, being in average 20-30% more humid than later periods. After the 
Atlantic, at the beginning of the Subboreal period (3000-500 BCE), there was a considerable decrease 
in the oak population and evidence of charcoal, heather and other ruderal species indicates a 
transformation of the environment (Martín de la Cruz, 1994: 203-204). These changes experienced in 
the region were in function not only of the local development of species, but also of human activities 
connected in this region to the dehesa system. Dehesas were developed as a type of woodland 
management and there is evidence of its practice since prehistoric times in south-west Iberia 
(Stevenson and Harrison, 1992). It is probable that the creation of dehesa landscapes was deeply 
related to modes of subsistence during late prehistory in western Sierra Morena, and the activities that 
characterise the use of this environment were probably fundamental to the patterns of movement 
developed at that time. The dehesa system can be described as an ecosystem of human creation for the 
management and effective exploitation of agricultural, livestock and forestry resources in a space 
where the environmental conditions are hostile (Martín Galindo, 1966). It constitutes an 
agrosilvopastoral system where dense forests are cleared and woody vegetation is controlled in order 
to create and maintain grassland spaces (San Miguel Ayaz, 1994). It can be classified as a semi-
natural type of ecosystem. But from the management perspective, it can be seen as a system of soil 
use, oriented to the simultaneous and combined production and maintenance of domestic animals as 
livestock, wild animals as game, wood, firewood, coal and cork (Fernández Rebollo and Porras 
Tejeiro, 1998). In this sense, the land conformed by dehesas can be considered as a resource of 
diverse uses: as grassland, hunting land, agricultural land and forest supplies (Cuevas Benítez and 
Torres Ortíz Alvarez, 1999).  
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The main characteristic of the dehesa is the presence of trees, grass and shrubs, and all of them play 
an important role in the ecosystem. Trees for instance, allow the long term fertility of the soil (for 
vegetation species see Table 6). They help principally to “fix” important nutrients to the soil, having a 
great influence in the quality of the grass and the necessary minerals for the diet of herds such as 
potassium and phosphorus (Gómez Gutiérrez, 1992). They also provide basic resources such as wood, 
acorns and charcoal amongst others. Shrubs and the herbaceous stratum give shelter to domestic and 
wild animals. This dynamic is what marks the use of the dehesa landscape and the pastoral activities 
of Sierra Morena. There is also great diversity in the qualities of grassland which can determine 
patterns of movement in the practice of herding. The pasture known as vallicares for instance, 
constitutes grass that is located in thalwegs (vaguadas) and that is of great value for herders due to its 
strategic importance during summer times (Penco, 1992).  The bush stratum in dehesas tends to be 
very rich presenting species such as mastic arbutus (lentisco madroño), thyme (tomillo), and rosemary 
(cantueso) (Montoya, 1993). Although many of the plants composed by this stratum are not edible by 
domestic animals, they have an important function, protecting them from cold and giving shelter to 
useful wild species such as boars, deer, rabbits and great diversity of birds. In any case, much of this 
stratum is also used in areas of steep slope to stabilize and reinforce soil nutrients (Gómez Gutiérrez, 
1992).  
 
In terms of the activities developed in dehesa systems, herding can be seen as the principal one and 
there are two main types of livestock that are used in it: ruminants and monograstric animals (De la 
Mora González, 2009). Both of them make the most of grassland, low tree branches and crops. Within 
the first group, beef cattle, sheep and goats are the main domestic animals. The second group is 
mainly composed of pigs. This animal exploits acorns and other seeds from diverse trees in an 
efficient way. Wild animals such as partridge benefit also from this type of resource and others such 
as rabbits and horses, benefit mainly from grassland and shrubs (De la Mora González, 2009). 
Although in the present, agricultural practices such as the cultivation of cereals help to enhance diet 
on herds, in the past, cycles of exploitation of the grasslands for domestic animals were deeply related 
to seasonality.  

In the case of Iberia, dehesa systems can be seen as a natural solution learned, adopted and developed 
gradually since prehistoric times. Evidence of this are the three main palynological studies carried out 
in the flatlands of Huelva that have concluded that between 4000 BC and 1900 AD, several phases of 
land-use and woodland management took place (Stevenson, 1985; Stevenson and Moore, 1988; 
Stevenson and Harrison, 1992). According to the pollen diagrams obtained from two different mires 
in this study, there was a continued human exploitation of the land with a progression from simple 
dehesas developed by Chalcolithic and Bronze Age societies to mature ones, exploited by societies 
from the Iron Age onwards (Stevenson and Harrison, 1992: 227). 

During the 1st phase (4000-2500 BCE) anthropic management was identified in Laguna de las Madres 
and El Acebrón. During the same period paleofaunal studies have also identified in other sites such as 
Papa Uvas, a diversity of herded animals and evidence that might be connected to woodland 
management (Martín de la Cruz, 1994:204). During the 2nd phase (2500-1600 BCE) of Laguna de las 
Madres, evidence of the combination of certain vegetation species was interpreted as evidence of a 
full implementation of basic dehesa systems. For the 3rd stage (1600 -500 BCE) the palynological 
record showed a widespread destruction of the forest that probably meant a regression in the dehesa 
system of the area. Finally, during 500 BCE a well defined oak peak related to high concentrations of 
ruderal species was interpreted as a clearly identifiable full dehesa system (Stevenson and Harrison, 
1992: 243). 
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It must be acknowledged that the environmental processes that occurred in the flatlands of Huelva can 
be particular to the researched sites, and that specific palynological studies have to be carried out in 
order to define more precisely how prehistoric communities used their particular environment. For 
instance, paleobotanical studies performed in Guadajira and Cerro del Castillo de Alange (Guadiana 
Middle Basin) show some differences from the identified species in Laguna de las Madres, El 
Acebrón, El Trastejón and La Papúa II (Sierra de Huelva) (García Sanjuán, 1999:55-57). However, it 
is relevant to point out that in all cases the presence of Quercus, Cruciferae, Liguliflorae and Plantago 
is constant and more importantly, the amounts of pollen found in all of them seem to be related to 
anthropic activities that may be linked to dehesa systems. Further palynological studies of the 
settlements of Pocito Chico (Cadiz) and Carmona (Seville) both dated for Copper Age, have also 
demonstrated the presence of a grassland landscape of human creation. In other sites (with 
Neolithic/Chalcolithic dates) such as Cantarras and Las Viñas in the coastal plain, an agropastoral 
exploitation of the environment with a direct impact on the forest have also been recognized (López 
Sáez et al, 2001:47; Llergo López and Ubera Jiménez, 2008: 2371). The data from these sites suggest 
that agropastoral activities were taking place in several parts of south-western Iberia at the same time 
between the 4th and 3rd millennium BCE. This seems to be supported also by paleoenvironmental 
evidence available for western Sierra Morena, such as the cave of La Sima (Constantina) and Cueva 
de los Covachos (Almadén de la Plata) in our study area. These studies have suggested that in this 
area there was already a modified environment during 4600±200 BC, due to agropastoral activities 
(Rodríguez Vidal et al, 2001; Rodríguez Vidal et al. 2003).  

In any case, it is relevant to take into account that depending on the geographic region, in some sites 
there could be a larger exploitation of agricultural resources, while in others, herding activities could 
have more relevance. However, there seems to be also certain variability within periods in some 
regions such as western Sierra Morena, where the paleoenvironmental research suggests an increasing 
preference for a herding economy and the adaptation of the environment for this activity towards the 
beginning of the Bronze Age. It has to be also considered that so far, palynological research 
performed in areas of modern dehesas have demonstrated that they tend to match the fossil pollen 
spectra. Many of the species present in it, corresponds to events related to periods of destruction of the 
forest, action that match the management processes of dehesa systems.  

 

4.3 THE EMPIRICAL RECORD OF WESTERN SIERRA MORENA 
 

The quality and characteristics of the archaeological record available for Sierra Morena has been 
dependant on the research carried out in the area. In past years, research regarding Late Prehistory 
focused primarily in funerary evidence and therefore, little was known about other phenomena. In 
recent years there has been an increase in research looking to understand settlement patterns and to 
expand the record of Chalcolithic and Bronze Age archaeological sites. The research carried out 
within diverse projects from the University of Seville, specifically by Pérez Macias (1994), García 
Sanjuán (1999; 2000; 2003; 2004; 2005; 2006; 2011), García Sanjuán and Hurtado Pérez (1997), 
García Sanjuán and Vargas Durán (2002; 2004), García Sanjuán and Wheatley (2006), García 
Sanjuán et al (2002; 2004; 2006; 2006a), have greatly contributed to the knowledge of late prehistory 
in western Sierra Morena.  
 
Although in recent years the availability of archaeological information has grown, a more elusive task 
has been to establish a clear chronology of the empirical record available. Despite an increase in the 
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number of excavations being carried out, the sites with absolute chronology in western Sierra Morena 
is still low. In fact, C14 dates for Sierra de Huelva and Sierra de Sevilla are only available for the sites 
of El Trastejón, La Traviesa, Palacio III (Sevilla) and El Chinflón. Only the last counts with an 
absolute chronology from the Copper Age, although from these sites, Palacio III constitutes a funerary 
monument that present several reuses, dating at least from Chalcolithic times. Despite the limited 
amount of absolute dates in Sierra Morena, other dates are available from multiple sites distributed 
within Southwestern Iberia (Table 7). In the specific case of western Sierra Morena, approximated 
chronologies have been assigned through the analysis of datable ceramics applied to the majority of 
the sites, and this has been the method of chronological adscription widely held for all archaeological 
sites in Southwestern Iberia. Even though it is recognized, that one of the most important limitations 
for any kind of spatial analysis in archaeology, is precisely the lack of certainty in the definition of the 
contemporaneity of the sites or features to be evaluated, until further research using absolute methods 
of dating is available, we will have to continue working with relative chronologies.  

The empirical data used in this research has been recorded in diverse seasons of fieldwork that began 
in 1988 and that have continued until now, carried out by the University of Seville (Spain) and the 
University of Southampton (UK) (García Sanjuán et al, 2002; García Sanjuán and Vargas Durán, 
2002; García Sanjuán et al, 2004; García Sanjuán et al, 2006a). In addition, the Odiel Project (Nocete 
Calvo et al, 1993; Nocete Calvo, 1994) has explored aspects related to metallurgy and exchange. The 
diverse projects have targeted different goals achieving to record around 388 sites in total within the 
area of Sierra de Huelva (5027.2 km2), integrating them into a formal geodatabase.  

Our study area contains 203 sites recorded as Copper Age (CA) (c. 3100-2100 BCE) (including 
settlements, funerary monuments, rock art, lithic workshops, mines and menhirs); 152 sites from the 
Early Bronze Age (EBA) (c. 2100-1550 BCE) and 43 from the Late Bronze Age (LBA) (c.1550-850 
BCE). Within these sites only La Traviesa (EBA) (García Sanjuán, 1998), El Trastejón (EBA-LBA) 
(Hurtado Pérez, 1990; 1991; 1992), Chinflón (LBA) (Pellicer Catalán and Hurtado Pérez, 1980), 
Cabezo de los Vientos (Piñón Varela, 1987; Cassinelo, 2003), La Lancha (CA) (Pérez Macías et al, 
1988), Monte Acosta (CA) (Pérez Macías, 1993), La Papúa II (EBA) (Hurtado Pérez et al, 1999), El 
Castañuelo, San Salvador, Palacio III (CA-LBA-IA) (García Sanjuán and Wheatley, 2010), El 
Becerro, Tres Aguilas (EBA) (Pérez Macías, 1996) and La Parrita have been excavated. 

 

Fig. 4.5 The study area and all the locations recorded 
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In the case of the Chalcolithic, a total of 60 settlements can be identified dating them through relative 
methods before 2100 BC. The majority of those located in the area of Picos de Aroche and Sierra de 
Aracena were identified from the Carta Arqueológica de los Picos de Aroche and other field surveys 
(Vargas Durán, 1986; Pérez Macías, 1987, 1994, 1996). Most of the settlements on the side of Zufre, 
Castillo de las Guardas and Almadén de la Plata have been located through field survey (Barrionuevo 
Contreras and Salas Alvarez, 1990; Hurtado Pérez and García Sanjuán, 1996; García Sanjuán, 1999; 
García Sanjuán and Vargas Durán, 2001; García Sanjuán et al, 2002, 2004, 2006; García Sanjuán and 
Wheatley, 2006) and there are recorded until now 3 caves (Cueva de los Covachos, Cueva del Risco 
Nogal and Cueva Mora de la Umbría) that served as habitats during this time. 

Regarding the funerary monuments, 113 megaliths and megalithic cists have been included in the 
study. Only a few menhirs (4) and sites with rock art (2) have been recorded, and although it is known 
that they are not the only existent, they are the ones with exact coordinates available. This research 
took into account mines (21) and lithic workshops (22), due to their importance in terms of movement 
as sites of resources exploitation. Although these sites have the same chronological limitations due to 
the lack of absolute chronology, research currently in progress will soon clarify many aspects 
regarding mining in the zone during this period (Costa Caramé, 2010). 

 

 

Fig. 4.6 Chalcolithic sites 

 

With respect to the Bronze Age, a total of 58 settlements have been recorded. Thirty-three have been 
identified as Early Bronze Age, while 25 of them correspond to Late Bronze Age. For the EBA a total 
of 95 funerary sites were identified. In addition, 21 lithic workshops and 46 mines are also recorded 
for the Bronze Age.  
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Fig. 4.7 Bronze Age sites 

The spatial database available for this region is not exempt from problems (see Table 8), but the most 
difficult to solve regarding the empirical data available, concerns to the lack of C14 dates and that the 
consideration of contemporaneity between sites is still subject to typological analyses. Therefore, the 
possible results from any research will be affected by this factor. García Sanjuán (1999: 115-116) 
already addressed this problem, and although he and other researchers have produced a new series of 
absolute dates for a diversity of sites, there is still much to do. As the same scholar pointed out, only 
well informed and justified hypotheses will allow us to analyse this data.  

 

 
SOCIAL CONTEXT 
 
4.4 SETTLEMENT PATTERNS 
 

4.4.I THE COPPER AGE (3100-2100 BCE) 
 

Research carried out in Southwestern Iberia has suggested that towards the beginning of 3100 BCE, 
there was a major shift in the settlement pattern previously observed during the Neolithic, marking the 
transition into the Copper Age. During this period there was not only a general growth of population, 
but also new settlements were established in places where there were none before. Although the 
archaeological record seems to support the idea of a general demographic growth in southern Iberia, 
there are differences in the social dynamics within diverse regions that can be observed through their 
settlement and subsistence patterns.  

At a regional scale, western Sierra Morena acts as a kind of border area in many aspects with respect 
to its surroundings. In terms of its material culture and mainly in its pottery, the Chalcolithic sites of 
western Sierra Morena seems to share many characteristics with the ones in the Guadalquivir Valley, 
eastern Andalucia and the southwest in general (Pérez Macías, 1994: 4). However, its difference with 
the neighbouring regions seems to be more related to the particular environment of the sierra reflected 
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in their activities of subsistence, closely associated to pastoralism in comparison with the mainly 
agricultural character of the adjacent valleys.    

Regarding settlement patterns, according to García Sanjuán (1999:57) diverse sizes of settlements for 
the Chalcolithic have been recognized in Southwestern Iberia, and they could be divided in fortified 
and unfortified settlements (Table 9). In addition, other types of settlements such as caves and 
permanent or seasonal camping areas have been also recorded. At a local scale and focusing in 
western Sierra Morena, the size of the settlements seems to be diverse, but according to the analyses 
of settlement patterns carried out by the same author two main settlement sizes can be identified for 
this period. On the one hand there are small habitats (between 100m2 and 900m2) that seem to be 
occupied by a small number of people (between 10 or 20). They cannot be considered as villages but 
more as family units, and that generally, do not present funerary structures or walls associated to them 
(García Sanjuán and Hurtado Pérez, 1997:94; García Sanjuán, 1999: 120). This is the case of Cerro 
del Brueco, Santa Bárbara, Castillo de las Guardas, etc. On the other hand, there are bigger 
settlements between 900m2 and 8000m2 that could have sustained 20 to 150 individuals such as Los 
Castillejos, Cerro Montés, Alto del Naranjo, etc. They seem to be associated with funerary structures 
and some of them, have elements related that could be interpreted as fortifications (such as Castillo de 
la Sarteneja and Cabezo de los Vientos). Within this group there are four outstanding settlements in 
terms of size (Cerro Librero, La Traviesa, Cerro del Cojo and Cerro del Borrero). According to García 
Sanjuán (1999: 140) these sites may have constituted settlements of first hierarchic order, due not 
only to their geographic position, but also to their association with both funerary and wall structures.  

García Sanjuán (1999: 139) has concluded that the majority of the settlements for this period are 
located in areas classified as relatively suitable for agriculture and they seem to be associated with 
megalithic monuments. This has lead to the interpretation that these communities had better access to 
resources (García Sanjuán, 1999:139).  However, this seems to be variable as there are other sites that 
are located in harsh soils such as Castillo de Maribarba, Cerro Moriantes, Alto de la Caba, Sierra 
Herrera, etc. Some of these sites have been interpreted as places for territorial control and others have 
been associated with possible sites of mineral exploitation (García Sanjuán, 1999:140).    

 

4.4.II THE EARLY BRONZE AGE (2100-1550 BCE) 
 

Towards this period, settlement dynamics started to change in western Sierra Morena. It seems that 
the population grew but the number of settlements decreased. Settlements expanded in size and the 
population started to be more concentrated in particular habitats (García Sanjuán and Hurtado Pérez, 
1997:96). As in the Chalcolithic, there is a diversity of sites where the people decided to establish 
their settlements, some of them with an archaic tradition that seems to remain, and is precisely in 
these places where some agricultural exploitation is palpable. However, according to García Sanjuán 
(1999) the archaeological record also suggests that a preference for places with fewer facilities in 
terms, for instance, of proximity to main rivers began to be evident. Apparently, these communities 
searched and favoured characteristics that seemed relatively unimportant before, such as locations 
with certain degree of defensibility and visual control of their surroundings. Although the reasons for 
this could be various, one widely accepted hypothesis is that this may have constituted a new strategy 
related to a more strict control of resources and/or land than previously observed.  
 
In Sierra de Huelva, three different types of settlement have been identified for this period (García 
Sanjuán, 1999:141-142). In first place, there are very small settlements located in soils that were not 
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suitable for agricultural purposes and near to streams. This is the case of Piedra Jurada, Las Pedreras 
and Pico de las Palomas. Their lack of association to other factors such as visual control or height, and 
their possible relationship to one mine have lead them to be understood as possible sites for copper 
exploitation (García Sanjuán, 1999:141-142). However, it is also possible that they constituted 
herding stations. The second type is also located in unfertile soils and they are of bigger size (7000m2-
15000m2). Their possible population has been calculated between 200 and 500 individuals and 
examples of these sites are La Bujarda, La Traviesa II, El Trastejón and Puerto Moral between others. 
Some of these settlements are positioned in places of considerable height, they present a strong 
possibility of visual control and also possible evidence of defensive structures. Some of them have 
been also related to metallurgy and in some cases (La Traviesa and La Papúa), their burials presented 
prestige goods such as silver (García Sanjuán, 1999:142). The third type is constituted by the caves of 
Los Covachos II, Cueva del Monje de Alájar and Cueva de la Mora de la Umbría. These seem to have 
been long occupation settlements, at least since the Chalcolithic (Romero Bomba and Rivera Jiménez, 
2004; Alvarez García, 2007).  

 

4.4.III THE LATE BRONZE AGE (1550-850 BCE) 
 

Towards this period, many of the characteristics that were primed before were sustained, but some 
others seem to be emphasised. In this case there are small settlements (>1000m2) that appear to have 
three different functions. Located in places with no agricultural potential and in elevated hills, the first 
type has been interpreted as possible sites of territorial control. The second type has similar 
characteristics in terms of their location, but they have been associated with mines and metallurgic 
processes (as Chinflón and Cerro Masegoso). These sites seemed to have a small population and they 
have been interpreted as seasonal camps. The third type distinguished is constituted by sites located in 
places with better possibilities of agricultural activity, such as Cerro del Castillejo de La Umbría and 
Cerro del Castillejo de Jabuguillo (García Sanjuán, 1999: 143). 
 
Settlements of bigger size (5000-50000m2) were located in places of little accessibility, and the 
majority are in soils unsuitable for agriculture (as Solana de la Cabeza, La Corte and El Trastejón). In 
this manner, during the LBA a change in settlement patterns with respect to previous stages is 
accentuated. The occupation of caves (such as Peña de Arias Montano) continue during this period 
and seems to be sustained even into the orientalising period (Pérez Macías, 1996b: 105). While most 
of the characteristics observed for the EBA in the preferences for the election of settlements remains, 
a very important distinction from it is that the biggest settlements are located in places of indubitable 
strategic position in terms of accessibility and visual control, and they seem to be divided having 
political ranks (García Sanjuán, 1999: 144). This has been interpreted as evidence of a clear desire for 
spatial delimitation because it is during this period that greater differences in social, economic and 
ideological dynamics are observed. 

 

 
4.5 SUBSISTENCE MODES  
 

In previous sections it has been already explained that the environmental conditions make western 
Sierra Morena generally unsuitable for agricultural exploitation. In comparison to the flatlands of 
Huelva, Badajoz and Seville, this part of the sierra represents an agriculturally limited environment 
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and therefore, communities living there have had to adapt to these circumstances. Although the 
general dynamics of its settlement pattern has been explained above, more detailed analyses 
concerning also modes of subsistence have been carried out for this region. These analyses are mainly 
based on the current soil use of the region, and although it is impossible to extrapolate current 
conditions to the past, the minimal paleoenvironmental research carried out in the area seems to 
support the results that García Sanjuán (1999) obtained as explained next.  

Although in comparison to the sites of the Bronze Age, the settlements from the Chalcolithic (such as 
Los Castillejos, Alto del Naranjo and Cerro Borrero, etc.) are by far in percentage located in soils of 
some possible agricultural use (25 to 50% of their catchment area), many of them (such as Castillo de 
la Sarteneja, La Traviesa II and Loma del Montón de Trigo) are located in areas traditionally 
dedicated to pastoralism or dehesa systems (García Sanjuán, 1999:148).     

In the case of the Bronze Age as stated before, the settlements were located in places used mainly for 
herding and woodland exploitation (García Sanjuán, 1999:146). EBA sites like El Trastejón, La Papua 
II, Puerto Moral, La Traviesa II, etc., had in their catchment areas between 40 and 93% of dehesa 
lands, while others such as Tres Aguilas, Cerro de la Alcornocosa, Sierra de Santa María amongst 
others, allocated between 88 and 100% of woodlands. Only four sites, Cueva del Monje Alájar, 
Calares, San Sixto and Cueva de la Mora de la Umbría were located in places that are suitable for 
agriculture and it is interesting to note that these sites may have been occupied since the Chalcolithic 
(Pérez Macías, 1994; García Sanjuán, 1999:146).  

In the case of the LBA, settlements were located primarily in soils that are used as dehesa, woodland 
and grassland areas. In fact, 90% of the catchment areas of the settlements fall in soils within these 
categories (García Sanjuán, 1999:148). While sites such as El Trastejón, La Papúa II, Las Pedreras 
and La Corte are located in dehesa terrains, other sites like Cerro de Hornillos, San Cristobal, Cerro 
del Castillejo de la Umbría, Chinflón, etc., are located in woodland and grassland areas (García 
Sanjuán, 1999:147). 

In the case of Sierra de Huelva, the species recorded in the pollen analyses of El Trastejón and La 
Papúa II show that during the EBA there were still low levels of anthropization (García Sanjuán, 
1999:158). However, towards the beginning of the LBA this seems to change and in the site of El 
Trastejón, vegetal species such as Plantago and Gramineae were already present (García Sanjuán, 
1999:152). In the case of La Papúa, there is also a high level of Erica, Cistus and Plantago (García 
Sanjuán, 1999:158). Although the presence of grassland does not necessarily represent direct evidence 
of the practice of pastoralism, these species are normally associated with the degradation of the 
primary forest by anthropization. In addition, they are also related to dehesa environments and they 
suggest that these soils could be exploited for herding activities. In any case, it is interesting to note 
that edaphological analyses have suggested the presence of cattle in this site during the same period 
(García Sanjuán, 1999: 160). Moreover, there is a low representation in the samples of growth species 
of cereals, making improbable the existence of cultivated areas around this settlement (García 
Sanjuán, 1999:154).  

Although there is a relatively abundant presence of querns in the habitats of Sierra Morena and this 
could be seen as evidence of agricultural activities, it could be argued that they do not necessarily 
constitute evidence of the cultivation of cereals. In this case, is probable that the exchange of 
agricultural products was carried out to later process the cereal in the places that received the 
products. In any case, it is necessary to take also into account that querns may not be related 
exclusively to the process of cereals. This area of Sierra Morena has traditionally produced flour from 
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acorns that in present times are used to feed animals, but that has been also used for human 
consumption since prehistory in the form of bread and other products such as liquor, cookies and in 
historical times as a substitute of coffee (Pérez Macías, 1996:128; Pereira and Garcia, 2002). It is also 
important to remember that it is from this mountain range that comes one of the most important and 
ancient pastoral traditions and legends of Iberia, as testified by archaeological research and the several 
early historical sources describing myths related to this activity, such as the herds of Gerión (Carriazo 
y Arroquia, 1973; Estevez Escalera, 1983; Torres Ortíz, 2002, Almagro-Gorbea, 2005). This data in 
combination with the high proportion of arboreal and herbaceous species that are associated, not only 
with human action but also to dehesa landscapes, can support the idea of the practice of an economy 
more related to herding activities during the Late Bronze Age.  

From a general perspective, it is important to bear in mind that in Sierra Morena little has been 
excavated, and that the recovery of faunal evidence has been hampered by the high acidity of the soil. 
This makes the pollen and edaphological analyses the only data available to understand the possible 
subsistence modes of these communities until now. Although scarce, the data at hand for the sites of 
El Trastejón and La Papúa suggests that during the Bronze Age there was already certain level of 
anthropization and that agriculture was practiced on a limited scale in the area. Furthermore, these 
paleovegetation studies are coherent with information from other sites pointing out that in south-
western Iberia, paleoenvironmental data seems to closely match historical types of soil use 
(Stevenson, 1985; Stevenson and Moore, 1988; Stevenson and Harrison, 1992). Taking this into 
account, it can be said that during Late Prehistory the economic dynamics from the mountain region 
and the neighbouring alluvial plains were relatively different. There is enough evidence to suggest 
that in both regions they were practicing mixed economies. However, in western Sierra Morena the 
activities carried out for subsistence were predominantly related to herding activities. This is 
fundamental because mobility constitutes an essential part of pastoralism, having a major impact in all 
aspects of the societies that practice it. 

 

EVALUATION 
 
4.6 THE MOBILITY OF THE LATE PREHISTORIC COMMUNITIES OF WESTERN 

SIERRA MORENA 
 

4.6.I MODES OF SUBSISTENCE AS EVIDENCE OF MOBILITY 
 

Although prehistoric modes of subsistence in Sierra Morena have been approached in the past (García 
Sanjuán, 1999; Pérez Macías, 1986), the degree of mobility of these communities has never been 
explored. In general terms, the main study on settlement patterns carried out in Sierra de Huelva, 
concluded that communities of the Copper Age seemed to prefer areas of better agricultural potential 
than Bronze Age ones (García Sanjuán, 1999:264). In the case of Sierra de Huelva, it is necessary to 
remember that even if the soils that have been considered in the present to have certain potential for 
agriculture, they are still sub-optimal for this activity. The extreme poverty of the soils in this sierra 
and the paleoenvironmental studies shows that it is unlikely that Chalcolithic groups sustained an 
economy exclusively based in agriculture, and is more probable that a mixed agropastoral economy 
was in place. It has to be also remembered that in south-western Iberia herding activities gained 
importance during the Chalcolithic as demonstrated by the archaeological record, where the 
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exploitation of animals and secondary resources began to be common. This has been shown by 
osteological evidence and artefacts related to the process of secondary products. Although it is hard to 
know to what extent preference was given to pastoral or agricultural activities, the fact that 
Chalcolithic settlements were mainly located in places relatively suited to agriculture could be an 
indication of a comparably greater dependence on agricultural resources, or of a seasonal practice 
where mobile pastoralism might have allowed these groups to stay for certain seasons in valleys with 
agricultural potential and return to the mountains during other times of the year. 
 
Although during the EBA there were still a considerable number of settlements located in soils of 
better quality, this inclination suffered a shift towards the beginning of the LBA. During this period, 
settlements were located in areas with very little or no potential for agriculture and that have been 
historically used as grassland and dehesa environments. Traditionally, this shift in settlement patterns 
has been addressed as caused, among other things, by an increasing social differentiation that evolved 
into a tense dynamic between different groups, leading to the wish to settle in more secure positions 
(García Sanjuán, 1999: 120).  Nevertheless, it might be also possible that this change is due to shifts 
in the mobility patterns of these herding societies, where the adoption of different strategies of 
movement could lead them to establish their settlements in different places.  

Based on more flexible resources, this mode of subsistence probably gave them certain independence 
allowing the establishment of their habitats in any kind of location, not necessarily related to 
agricultural potential. This change however, appears to be gradual and it could be deeply connected to 
the ability of the Bronze Age societies living in the sierras, to manage their environment in a more 
convenient way. This seems to be suggested by the paleoenvironmental research and the studies of 
modes of subsistence carried out in El Acebrón, Laguna de las Madres and Papa Uvas where herding 
techniques, knowledge and masterization of the environment experienced further development only 
with time, leading finally towards the end of the LBA to an improved understanding of the dehesa 
systems. In the case of western Sierra Morena, it is possible that the gradual creation of the dehesa 
landscapes was related to the dynamics of movement of these pastoral groups and the sierra’s own 
environment.  

The necessity of cereals may have been fulfilled by small scale agriculture and the practice of 
exchange with other regions more suitable for agricultural production, such as the Guadiana or the 
Guadalquivir Valleys. This is suggested by the samples recovered in important sites of the sierra such 
as El Trastejón, where cultivated species (barley, wheat and lima beans) were consumed, but whose 
trace is almost absent from the polinic record. This suggests that either these products were cultivated 
near the settlement in small amounts (the reason why they were not in the record), or that this site was 
inserted in an exchange network that allowed it to access this kind of resource (García Sanjuán, 
1999:70). In this sense, subsistence practices of Bronze Age societies in western Sierra Morena may 
have been more mobile than previously thought. 

Taking into account the variability of the settlement pattern, the high number of seasonal habitats (that 
do not seem to be related to metallurgy), the lack of evidence pointing to an alternative mode of 
subsistence such as cultivated plants, and the ethnohistorical evidence of a predominant transhumant 
tradition present at least since the Iron Age, it is possible to suggest that during the Bronze Age these 
communities practiced a mode of subsistence primarily based in pastoralism.  

In the case of western Sierra Morena it has been demonstrated that none of the plants and types of 
grass that constitute the diet of ruminants produces enough food for long periods of time (De la Mora 
González, 2009). In this sense, the historical solution to this natural conditioning has been 
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transhumance. Ethnographic experiences show that mobile pastoral societies do not wander around 
without an aim. In environments such as mountains, they normally carry out movements that are 
deeply related to seasonality. During these movements, they look for pastures in the valleys during the 
winter and they return to higher altitudes searching for fresher climates during the summer, 
accomplishing what is spatially known as the pastoral orbit (Frachetti, 2008).   

According also to ethnographic research, depending on the conditions, transhumant groups can make 
use of pasturage in an intensive way, carrying out journeys that are short but not uniform, practicing 
pendular migrations that in some occasions can range from 50 to 150 km within the areas that are 
usually used by them (Shahrani, 1979). In the case of western Sierra Morena, many areas of pasture in 
the internal valleys are available. In this manner, for prehistory it could be possible to suggest that 
during the summer (as practiced during early historical times), some cultivation of legumes and 
cereals around the camps or settlements took place, and during the winter, journeys with the herds to 
the nearest valleys and thalwegs might have been performed, carrying out what was described in the 
previous chapter as short distance transhumance. The presence of sites that seem to have a long 
occupation that continued throughout the entire Bronze Age such as El Trastejón, seems to point to 
the idea that these habitats acted as more permanent settlements where maybe one part of the 
population remained constantly hunting, gathering and carrying out some agriculture, while 
depending on the season, others travelled with the animals. The high number of habitats with a 
seasonal character seems to be indicative of this practice. However, we also need to take into account 
that (1) possible variability in climatic conditions where change might occur from one year to another 
(and therefore availability of resources) may have been influential in the establishment of these 
seasonal camps and (2) that these small camps might have been also occupied by other groups with no 
connection to the bigger settlements, but these questions can only be solved through further 
excavations. In any case, it is possible to suggest that the communities in western Sierra Morena 
carried out short distance transhumance, and it has been argued that communities of other sierras such 
as Sierra Segura practiced this type of pastoralism during prehistory as well (Vega Toscano et al, 
1998).  

In the case of western Sierra Morena, pastoralism must have started in the Neolithic and the necessity 
of pasturage may have been one of the main motors for movement. As explained in the previous 
chapter, the idea that megalithic monuments may have served as guidance for prehistoric herders 
working as waypoints in the landscape has been around for some time. This hypothesis has been 
derived from field observations and some archaeological research linking the megalithic monuments 
with historical transhumance routes (Fairén Jiménez et al, 2006:56, Vega Toscano et al, 1998:120; 
Vega Toscano, 1993).  

As said in the past chapter, in order to navigate through the landscape people need to recognize 
familiar places and in this vein, landscape markers become a fundamental tool. The presence of 
markers as references has proven necessary for the recognition of the elements in the landscape that 
are familiar, not only for local people but for foreigners as well and in this sense, burials have been 
regarded as possible aids in terrestrial navigation. However, we also need to consider that the 
integration of monuments to the journeys within the pastoral orbits may have had more than one 
explanation. In some cases such as the Afrin Su Kemer, shepherds visit and remember old monuments 
because their herds (in this case composed mainly of goats) lick salt from architectural structures, 
obtaining from them a vital resource and therefore, local shepherds make certain monuments a regular 
stop on their circuits because they are significant to their animals (Greaves, forthcoming). In this case, 
the shepherd’s route, his understanding of it, and the construction of his cognitive map is mediated by 
the relationship with his animals. In other cases, it has been also recognised that the presence of 
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socialised spaces such as cemeteries and places of ideological and symbolic significance are likely to 
be visited during herding activities. Consequently, it is also possible that the relationship observed 
between transhumance routes and burial monuments is related to their role as markers in the 
landscape, not only as waypoints but also as important places of social memory.  

 

4.6.II TERRITORIALITY AND MOVEMENT IN WESTERN SIERRA MORENA 
 

 
As stated earlier, although there is still much to research regarding the possible practices of 
territoriality that prehistoric communities may have had, the conception of megalithic monuments 
acting as possible landmarks had been largely discussed. Although this topic has been approached 
also by Iberian scholars, little has been done to develop possible theories explaining the material 
record or to test this hypothesis empirically.  
 
It is very difficult to delve into the possible expressions of territoriality that Chalcolithic communities 
in western Sierra Morena may have had. The diversity of settlements seems to reflect different aspects 
of the social, economic and political dynamics of these communities. On one hand, there are 
settlements that seem to be located in places with “better” agricultural potential, but that do not have 
any constructive structure associated to them. Due to their spatial extent it is probable that they 
accommodated small groups, or they were used as temporal camps for herders. On the other hand, 
there are settlements not only bigger in size, but also significantly outstanding in terms of relevance 
regarding their positions and associated constructive elements (García Sanjuán, 1999:140). This is the 
case of Cerro Librero, La Traviesa, Cerro del Cojo and Cerro del Borrero that have a prominent 
position in the landscape, a considerable size and they are related to funerary structures and walls. In 
addition to these settlements, there are other sites such as Castillo de la Sarteneja or Cabezo de los 
Vientos that have what has been interpreted as defensive structures, and there are many others which 
location could be related to territorial control and defensibility. All these characteristics and the 
existence of possible fortified settlements could be seen as the wish of some of these groups for a 
territorial definition, where the megalithic monuments may have played the role of landmarks.  

As seen in the second chapter, the logic behind the definition of territorial boundaries during 
prehistoric times may be related to many different factors. From a functional point of view markers 
could be representative of boundaries related to exploitable resources, to areas of daily activities 
(among other things) and therefore, it is highly complicated to establish parameters that may reflect 
spatially any territorial behaviour with precision. Despite this, it is important to remember that modes 
of subsistence are deeply related to forms of territoriality and in this vein, something that has not been 
considered in the case of Iberia before, has been that for many mobile pastoral societies: “…the 
concept of ‘territory’ takes on a unique definition, in that their movements are almost always confined 
to an ‘orbit’ that is regular and repetitive from year to year. This orbit exists as a conceptual space, 
which may define a large-scale territory, but is experienced incrementally over time as groups pass 
over it” (Frachetti, 2006: 133).  The habitats or settlements that are established by these societies have 
normally a seasonal character. The majority are revisited and the paths followed act as a thread 
connecting the sites that are used by these communities in ecological or social terms. In this manner, 
the pastoral orbits can be seen as the spatial boundaries established by these groups, and within 
them many important locations in social and economic terms are formed.  
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So far, theories concerning the possible use of megalithic monuments and territoriality have generally 
understood the monuments as the centre of territories. However, the “territories” of pastoral 
communities are comprised by the whole orbit, this is to say, formed by all: habitats, cemeteries, 
monuments and pathways. In this sense, in order to understand the possible territoriality that these 
communities had, it will be necessary to take into account what has been normally treated in 
archaeology as separated spaces or locations (habitats, monuments, pathways and graphical 
expressions), integrating all of them in our models. Accordingly, we need to consider that megalithic 
monuments probably constituted only one part of the pastoral orbit, being a joint element that helped 
in the construction of social identity and territories. In this sense, in the case of the Chalcolithic it is 
possible that practicing a mixture of strategies involving small scale agriculture and short distance 
transhumance, these communities regarded all the elements mentioned as part of their territories.   

 

Fig. 4.8 The pastoral orbit through space and time  

In the case of the Bronze Age in western Sierra Morena, there was an evident change in settlement 
pattern where the habitats began to be located on higher terrains, with soils less suitable for 
agriculture and far away from primary resources such as water. During the EBA, while the largest 
settlements seem to be related to some agricultural production, the smallest settlements seem to be 
established in areas that could not support large groups for long periods in terms of agriculture. In 
addition, the high occurrence of cemeteries without any apparent association to permanent settlements 
might be related to the fact that the pastoral societies invested some effort in those areas and they 
were visited more frequently (due to symbolic or traditional ideas), but the establishment of major 
habitats were not feasible or affordable in those places. In this sense, the high number of small and 
seasonal camps might be related to a more intensive practice of short distance transhumance during 
this period, and the places regarded as socially important were used as funerary sites, but they were 
not necessarily related to permanent settlements.  

In the case of the LBA, there seems to be a significant decrease in the number of habitats. However, 
more than half of the settlements recorded correspond to small habitats that could be interpreted as 
satellite habitations or seasonal camps of people from the larger habitats. An apparent presence of 



 
80 CHAPTER FOUR 

sites with social rank and their location in sites with very difficult access and strong visual control of 
their surroundings have been interpreted as possible evidence of a territorial structure with sharper 
defined boundaries, where the election for the places to settle seemed to respond to diverse economic 
and political criteria (García Sanjuán, 1999:144). As said before, it is possible that the increasing 
emphasis on pastoralism and knowledge of dehesa systems that these societies had gathered during 
this period, allowed the election of sites not necessarily related to agricultural potential, and the 
practice of short distance transhumance is probably related to the variability observed in the sizes of 
the settlements recorded. In this vein, the establishment of new habitats can be related to the further 
specialization in herding resources where it is possible that the pastoral orbits integrated old and new 
social spaces such as cemeteries. It is also possible that the characteristics observed in these sites, 
tending to be located in places that had certain visual dominance over passageways and particular 
routes, maybe deeply related to its pastoral activities, having the desire to control the transit of certain 
materials, goods and resources. 

Nevertheless, the establishment of camp location and territoriality may have been also related to 
ideological concerns. This has been also observed by ethnographical research where the protection, 
for instance, of women from neighbour communities (that may be seen as dangerous in terms of 
sexual predation), can determine aspects of territoriality and the position of the camps or settlements 
in pastoral communities (Pastner, 1971). In any case, the control and rights of way in crossing points 
may have also constituted a serious factor for these societies and is possible that they experienced a 
continuous tradition in the use of megalithic monuments as important elements in the landscape. 
Regarding this, archaeological research has suggested that these monuments were also reused by later 
communities for territorial delimitation.  

Social memory is one of the most important aspects in terms of the continuation or permanence of a 
monument. In this sense, megalithic burials were not only regarded as symbolic spaces, but also as 
spatial references by later communities as demonstrated in the cases of the reuse of Palacio III by Iron 
Age communities (García Sanjuán, 2005a) and the historical documents of territorial disputes during 
medieval times (Martinón Torres, 2000; 2001; 2006). Their use as territorial markers by later 
communities shows the characteristics of relevance in the landscape that the megalithic builders 
searched for their setting, and this evidence may be useful to elucidate the logic behind their location. 
It must be taken into account that in a period where there is an imminent process of social change and 
territorial restructuration such as the Late Bronze Age, other ways of marking space seem to emerge, 
and this may have been the case of the warrior stelae and the weapon votive deposits. Although as 
discussed in the previous chapter, archaeological research has recently emphasised that their tradition 
may come from more ancient practices, unfortunately for our specific study area only two stelae have 
been discovered and therefore, any spatial analysis involving them is impossible for now.  

What is actually possible given the distribution of archaeological sites (including settlements, 
monuments and cemeteries, the location of the areas most suitable as pasture resources, and all the 
considerations described in this section), is to create models attempting to reconstruct not only the 
patterns of movement, but also the extent of the mobility that these societies may have had. This will 
be done in the next chapter through the implementation of spatial analyses through computational 
approaches. 
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4.6.III RESOURCE EXPLOITATION, EXCHANGE AND MOBILE PRACTICES 
 

Other determinant factors in the dynamics of movement are resource exploitation and exchange. The 
degree of movement that a community carries out depends on factors such as closeness to the 
resources, whether these resources are further transformed in situ or carried back to the place of 
settlement and finally, whether they are for local consumption or exportation.  
 
According to the available evidence, it seems that in the case of western Sierra Morena the dynamics 
of movement for resource exploitation during all Late Prehistory were mainly restricted to a local 
scale. The archaeological record in western Sierra Morena so far suggests that during the Copper Age 
there is no systematic exploitation of metallurgic activity and only few metal objects have been 
recorded for this period (García Sanjuán, 1999: 165; Hunt Ortiz, 2011). This contrasts with the 
surrounding regions where the extraction and process of metals seem to be constant. In addition, the 
evidence of metal objects in western Sierra Morena is very low in comparison with other regions. As 
said, there is no evidence in any of the settlements of Sierra de Huelva indicating the practice of 
metallurgic production for this period, and although some of the sites are located near to points of 
possible mineral extraction, it has not been proven that they were used by these communities. The 
lack of this kind of evidence in western Sierra Morena offers a huge contrast with the communities 
located at both borders of the Sierra (such as Cabezo Juré, San Blas, La Pijotilla and Amarguillo II), 
where evidence of copper processing is attested (Hunt Ortiz, 2011). While near to the Guadiana 
Basin, objects related to copper extraction and processing have been found in several sites such as the 
mines of Rui Gomes, Monte do Judeu and Cabezo Juré (Nocete Calvo et al, 1997), in the case of the 
Guadalquivir Valley, sites such as El Armadillo and Valencina de la Concepción (Rodríguez Bayona, 
2008) have provided the same kind of evidence. One explanation could be the insufficiency of 
archaeological research in the area, but it is also possible that the lack of evidence is the result of the 
limitation of the sierra communities to generate surplus and workforce to start a more or less 
systematic exploitation and elaboration of metallic artefacts from these resources. An alternative 
explanation could also be that these communities not only have ideological differences with the 
communities from near valleys, but also that they were interested and focused in other types of 
resources. As herding communities, they may have been more involved in the exploitation of pasture 
for their animals and in the exchange of secondary products. 

Although the exploitation of metals was not extensive, the circulation of other resources such as 
variscite seems to have been important. The mine of Pico Centeno in Encinasola might have been one 
of the primary resources of this rare rock during this period and its trade was common, possibly 
reaching farther areas (Odriozola Lloret et al, 2010). The tholos of Palacio III (Almadén de la Plata) 
have provided a series of quartz objects that may have been product of exchange with neighbouring 
regions (Forteza et al, 2008), and it is possible that stone tools and other green stones such as variscite 
found in other Chalcolithic sites (such as Dolmen de Alberite, Camino de las Yeseras, Fuente de 
Alamo, Cabezo Juré, etc.), may have come originally from western Sierra Morena (Domínguez-Bella 
and Morata, 1996: 198; Ruíz-Galvéz, 1997: 95). In this sense, it is interesting to observe that despite 
the fact that there seems to be almost no consumption of imported resources or objects, apparently 
there may be certain “exportation” of them. In any case, the local character of the social and economic 
dynamics of the societies from Sierra Morena during this period is accentuated by their comparison 
with the adjacent valleys, which even had contact with northern Africa and other European sites 
(Harrison and Gilman, 1977; Schumacher et al, 2009). 
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Towards the EBA it seems that there are more communities involved in metallurgic production in 
western Sierra Morena, but the number is still low. Only on the sites of El Trastejón, Puerto Moral, 
Tres Aguilas and Santa Marta II conclusive evidence related to metal production such as melting pots, 
moulds and kilns have been found (García Sanjuán, 1999: 165; Pérez Macías and Rivera Jiménez, 
2004:71; Hunt Ortiz, 2011). The majority of the metallic objects and prestige items such as daggers 
and ornaments has been found in funerary contexts as grave goods. This is the case of El Castañuelo 
II, El Trastejón, Puerto Moral, La Traviesa II, and San Sixto (García Sanjuán, 1999: 166). Luxury 
silver objects which represent an innovation in metallurgic practices have also been recovered from 
the necropolis of La Papúa, Las Arquetas, Calañas, Los Praditos and El Becerrero (Pérez Macías, 
1983: 224; García Sanjuán, 1999: 166; Hunt Ortiz, 2011: 239). However, according to the evidence 
available today is unlikely that the production of silver was local and isotope analyses have suggested 
that they match the mineralisation of the sud-portuguese zone, but also the ones in Cerdeña (Hunt 
Ortiz, 2011: 239). In either case, this would be suggestive medium or long-distance movements. The 
lack of direct association of permanent settlements to mineralizations and the evidence pointing to the 
processing of metallurgy in few settlements suggests that in western Sierra Morena there was no 
centralized or organised production of metals. All this, suggests that in terms of metallurgy and 
mineral resources the communities living here probably acted more like occasional extractors of 
materials and perhaps producers of objects in a rather small scale, which were possibly used as 
exchange materials, rather than as consumers of them (Pérez Macías, 1996b: 107). This may be 
supported also by the fact that, although there seems to be an increment in activities related to 
metallurgy, few metallic prestige goods (weapons and personal ornaments) have been recovered from 
funerary contexts (García Sanjuán, 1999: 203; Hunt Ortiz, 2011). However, it seems likely that Sierra 
Morena was still the source of many other mineral and rocks allegedly exported to other sites.  

Further evidence of contacts with foreign regions has been found in the site of El Becerrero where six 
turquoise beads were discovered (Amo y de la Hera, 1975). The nearest sources of this material are 
located in Castille, Catalonia and Galicia (Mineralogy database, 2010). In addition, a coral bead found 
in the necropolis of La Traviesa could suggest either the existence of contacts with groups of the coast 
(that on that time must have been around 80 km away from this site), or that this community carried 
out activities there (García Sanjuán, 1999:204). Samples of malachite found in El Trastejón for this 
period are not consistent with the mineralizations found in the south-west characterised by 
archaeometallurgic studies (Hunt Ortiz, 2003: 386). In both cases, these facts can be seen as 
indications of the connection that the Sierra de Huelva communities had with other regions. 

In terms of transportation, the presence of horses and pack animals is documented in the southwest 
since the Copper Age in the site of Cabezo Juré (Nocete Calvo, 2006: 652), and their use may have 
changed the way prehistoric communities accessed and distributed resources. Although transportation 
by river must have been also carried out, there is no evidence until now concerning prehistoric 
navigation in the rivers of Sierra Morena. In any case, any type of transport may have changed the 
dynamics of movement. The accomplishment of faster trips is not necessarily searched by all 
societies, but in terms of proximity to sources, a way of carrying them may have been really 
convenient. In sites such as La Corte and San Cristobal, metal processing was carried out from molten 
or raw mineral that was apparently transported from relatively far away locations. This was also the 
case for instance of El Trastejón, where the metallurgic activity may have been connected to mineral 
extraction from the area of Cala (Hunt Ortiz, 2003: 386; Hunt Ortiz, 2011). Travelling from this 
settlement to Cala is not easy due to the difficulty of the terrain and the inaccessibility of the 
settlement. It takes at least two hours following a straight line and one following the Hierro River 
(García Sanjuán, 1999:171). In cases like these, the use of pack animals could change their dynamics, 
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having an impact on the performance of production and even on the possible exportation of resources 
and finished products. There is still little evidence regarding the use of animals, however, experiments 
modelling several means of movement (by foot, alone or accompanied by herds, horse and chariots) in 
Sierra de Huelva could be used to understand the inner dynamics of exchange, resource exploitation 
and route layout. 

The specialisation of the groups of western Sierra Morena in pastoralism must have given them 
further resources to exchange. The presence of loom weights in settlements like El Trastejón indicates 
the practice of wool processing and textile manufacturing, becoming probable that these and other 
products were exchanged maybe for agricultural resources with the communities in the near valleys. 
Regarding this, it would be interesting to investigate in future research if this kind of evidence appears 
more frequently in the archaeological record of the sierra than the near valleys. This could be a further 
indication of their specialization in pastoral resources.  

Salt must have been another important resource to exploit and exchange. In the case of pastoralism, 
salt not only becomes an essential component in the diet of herds, but also for the preservation of  
meat and fish that later can be commercialised or consumed during travelling periods. A remarkable 
observation regarding this is that Sierra Morena is precisely one of the regions from which the most 
antique tradition in cured ham comes from (Rubio de Miguel, 1988). Although the exploitation of salt 
during prehistory has been little researched, the nearest salt resources to Sierra Morena were the 
wetlands from the lower Guadalquivir, and it is possible that it constituted an important source of 
exchange with the sierra communities (Escacena Carrasco and Rodríguez de Zuloaga, 1988; Escacena 
Carrasco et al, 1996). 

Towards the LBA the recurrence of votive deposits of bronze objects that is really well known in 
other areas of the peninsula and Europe appears to be unknown in Sierra de Huelva. Only the case of 
the deposit found in Ría de Huelva provides some information regarding the fate of the metal 
resources exploited or products that were being possibly made in this Sierra (Montero Ruíz et al, 
2007). Towards this period metallurgy seems to experience a significant expansion among the western 
Sierra Morena societies, focusing in the extraction and process mainly of copper as testified by the 
evidence found in the mine of El Chinflón and many others (Hunt Ortiz, 2011: 237). While evidence 
of the production of this metal have been identified in Puerto Moral and El Trastejón, silver slag was 
recovered in the habitat of Tres Aguilas and the mine of El Platón, both located in the mining region 
of the Tinto River. Towards this period, sites in this sierra such as El Trastejón, Sierra de la Lapa, La 
Corte, Cortalagos and Sierra del Castillo seem to be associated to extraction points and although the 
evidence of these activities grows with new excavations and surveys, only the mine of El Chinflón, 
has offered solid evidence of this (Hunt Ortiz, 2011: 237). This makes it evident that other strategies 
rather than only metallurgy played an important role in their societies and this could be the case of 
secondary products from animal resources (Pérez Macías, 1996b: 104; Pérez Macías and Rivera 
Jiménez, 2004:68). As said before, the location of the main settlements seems to be also in connection 
with other variables and interests such as areas of good communication and the control of their 
passageways (Pérez Macías and Rivera Jiménez, 2004: 80). This is the case, for instance, in the 
settlements of Cerro de San Cristobal (Sierra de Aracena), Solana de la Cabeza and Cabezo del 
Castillo (Picos de Aroche). In the first case, the settlement is located in the summit of one of the 
highest peaks in the area, having a great visual control over the surrounding areas. In the case of 
Solana de la Cabeza, the site seems to control the important passageway of Umbría de Valdesotella, 
which is the only access point north-south of the area, and Cabezo del Castillo has also a strategic 
location that may have allowed the control of Pasada del Abad, a narrow passageway that constitutes 
the only entrance to the Aroche plains (Pérez Macías, 1983:217; Pérez Macías, 1996b: 104). As 
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pastoralist communities, transit must have been important in many ways. It has been said that herding 
societies tend to engage in exchange and communication networks. In this sense, it is probable that 
groups in Sierra de Huelva wanted not only to reach neighbouring regions along with their herding 
products, but they probably needed to control passageways in order to exchange mineral and livestock 
resources with neighbouring areas such as the Guadalquivir or Guadiana valleys, with accessibility 
becoming a fundamental factor in their daily activities. 

It is difficult to know which may have been the direction of flow or recurrence of these movements. 
However, it is interesting to address that settlements from the LBA in western Sierra Morena has 
hardly been related to commercial activities with the tartessic world, or have provided objects from 
the orientalised sphere (Pérez Macías, 1996b: 105). In this sense, it seems that they had mainly local 
dynamics of subsistence, and in terms of exchange and movement of resources, they were possibly 
quite oriented to the exterior rather than practice a regular importation of foreign resources to their 
own communities. This does not mean that they did not consume foreign objects, but in comparison to 
other regions the recurrence of non-local materials is scarce. Regarding this, it has been argued that 
the metallurgic productions of some of the sites of western Sierra Morena such as El Trastejón 
focused mainly on copper and that the presence of bronze can be understood as an importation (Hunt 
Ortiz, 2006: 389; 2011). In any case, the main local character (in terms of movement) that groups 
were still experiencing during the LBA, is made evident by the contrast with the neighbour areas of 
the southwest, which were experiencing long distance contacts from earlier periods, activity that 
continued and was increased towards the beginning of the Iron Age (Belén Deamos et al, 1995: 162).  

The differences between the adjacent areas and Sierra Morena in terms of their access to goods, 
settlement sizes, resource exploitation and construction of monuments amongst other things, makes it 
obvious that the communities on the sierra lived in different conditions and practiced a different 
strategy to those in the valleys (more focused in agricultural activities). As previously stated, although 
Sierra Morena has been highly recognised by its mineral resources, it has been also characterised by 
the poverty of its soils and the harshness of its environment. This could result in a series of social 
dynamics between regions that may be reflected in the archaeological record. It has been observed 
that in the northern side of the sierra, in the area of the Guadiana River, settlements that are not 
fortified tended to occur in the very edge of the river, while the fortified settlements, are present 
precisely in the border between the very productive flatlands of the basin and the beginning of the 
Sierra (Enríquez Navascués, 1990). This could be interpreted either as a “frontier” between territories 
of politically organized groups, or simply as single communities that tried to defend the products and 
lands that were sensibly more fertile than those of the sierras (García Sanjuán1999:61). However, in 
the southern side of the sierra, the flatlands of the Guadalquivir Valley and the border area with Sierra 
Morena do not present any fortified settlements (Cruz-Auñón et al, 1992). If is thought that these 
communities were organized and practiced some form of territoriality manifested by the presence of 
walls, it is possible to suggest either that the groups of Sierra Morena had better relationships with the 
ones on the Guadalquivir Valley, or that they may have constituted part of the same group of 
communities, having agreements that they did not have with the groups of the Guadiana River. 
However, it must be imagined that the practice of different strategies among groups does not mean 
that they were in opposition.  

Ethnographic studies in Iran have provided clear examples of how pastoral systems engage in 
dynamic relationships, adapting themselves to their environmental conditions. The Yomut Turkmen 
group for instance, constitutes a nomadic pastoral society from the Gurgan Plain and they maintain an 
internal division, forming two subgroups called chomur and charwa (Irons, 1974: 636). They sustain a 
collaborative relationship in which the first group primarily practices agriculture and the second is 
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dedicated to herding activities. Although both groups rely on a certain degree of mobility, the charwa 
have a strong grounding in seasonal migration. In this sense, the dynamics between complementary 
groups is well known and in the case of late prehistory in western Sierra Morena it is possible that 
collaborative relationships took place between the communities of the sierra and the adjacent valleys. 
In the case of the LBA it has been observed that many of the communities of the Chanza River Basin 
shared more characteristics in terms of their pottery styles and decoration with the settlements from 
the estuary of the Tajo River than with the communities of the Guadalquivir valley, where these styles 
are not frequent at all (Pérez Macías, 1996b: 104). Unfortunately, at the stage where archaeological 
investigation is now, is not possible to clarify entirely these issues. However, from these observations, 
it is important to point out that in terms of mobility, these dynamics may have affected directly any 
flow of movement. Maybe in the future with further excavation, it could be possible to identify for 
instance, whether the exchange of the materials obtained regularly from Sierra Morena during this 
period tended to favour more the neighbours on one side of the Sierra.  

 

4.7 NATURAL CORRIDORS, PREHISTORIC AND HISTORICAL ROUTES 
 

On a regional scale, because of its position, Sierra Morena constituted a crucial area in terms of 
movement, acting historically as an inevitable passageway between the Central Plateau and the 
southern flatlands. Although the perception of Sierra Morena predominantly as a physical barrier has 
been being really unjustified as it numbers many corridors, it is true that the nature of its geographical 
structure has determined and favoured movement along certain passageways and routes.   
 
As commented in the previous chapter, unfortunately in Sierra Morena prehistoric paths has never 
been identified. In the first place, there has never been a project whose aim was to locate this kind of 
evidence and secondly, to do this would be extremely difficult due to the fact that because of the 
configuration of the sierra is highly probable that they were reused, leaving little evidence of their 
existence. Arguing that is possible that the strong transhumant tradition of this region comes from 
prehistory, it could be said that the movement of prehistoric groups with their animals may have 
created a path layout that was possibly continued by later communities in the form of the later 
historical routes and therefore, their study may give us some insights to earlier mobility patterns. 
Although this theory can be seen as exaggerated at first sight, it can be argued that the physical 
conditions of the sierra made its topography a difficult terrain, so movement along certain corridors or 
places that are naturally more suitable for transit may have been used since prehistoric times. Despite 
that a direct relationship between historical and prehistoric paths can only be proven through 
excavations, it is possible to explore the logic of structuration behind the historical paths that are still 
preserved. As said before, it has been also suggested that megaliths tend to coincide with historical 
routes and this connection might be suggesting an early trace of the paths. However, this is a theory 
that must be tested and we always have to remember that the types of roads and motivations behind 
their construction may vary from one society to another. In any case, a short review of the historical 
routes will introduce us to the complexity of the accessibility of the area and more importantly, an 
analysis of the evolution of the road network will allow us to identify also the most important nodes.  
 
In order to study the historical paths of western Sierra Morena, there are five main sources and 
periods that must be taken into account. During them, the major changes or developments in the 
configuration of the communication network took place. Regarding the latest stages of protohistory, 
the oldest information we have available about possible prehistoric routes in Andalucia comes from 
the first Greek and Roman chroniclers concerning the Punic Wars. Later on, the descriptions of the 
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empire and the itineraries followed in both, the campaigns for the Roman occupation of the territory 
and the civil war afterwards, also described for the greater part the paths followed and the settlements 
established along them. After this period, there is much valuable information from the itineraries 
followed and described by the Arabic and Christian historical sources. During the early and middle 
age, the Roman roads were widely used, but new itineraries were also followed. These paths played a 
very important role also in the revolts which occurred during the reconquest of the southern territories 
by the Christian kings, as testified by some of the historical sources describing these events. At the 
same time and still during the Middle Ages, the development of transhumance routes was already an 
important matter throughout Iberia. The first official records of the routes and the activities carried out 
by herders comes from 1273, when the king Alfonso X (The Wise) established the Honorable 
Consejo de la Mesta de Pastores. Despite of being the first official mention of the matter, it is 
probable that this activity was being carried out centuries beforehand, and it is most likely that the 
layout of many of the routes was being already used. Towards the 15th century, many works were 
already written describing accounts of the road network available. Finally, during the 18th and 19th 
centuries there are a series of accounts by travellers and geographers who wrote, many times based in 
the descriptions of previous centuries, about the paths and roads of Iberia. In this manner, the 
evidence for roads in Iberia is quite extensive and for reasons of space in this section we will cover 
briefly the evidence from prehistory to the Roman arrival. However, in Appendix D a comprehensive 
analysis of the roads of western Sierra Morena from this period until the 19th century can be also 
consulted. 
 
In the case of western Sierra Morena, the most significant route in historical terms crossing our study 
area is the path known as Ruta de la Plata (Silver Route). The first references that we have about it 
come from some stories of the second Punic war, where it is described how Hannibal, in order to 
obtain the control of the Iberian territory, travelled from the Guadalquivir valley to Salamanca, using 
possibly this route in his first incursion towards the north of Iberia (Corzo Sánchez and Toscano Gil, 
1992: 21). Although the routes and paths established during Tartessic and Iberic times are little 
known, it is probable that these societies centred the greater part of their attention on the roads that 
allowed them to transport the mineral resources from Sierra Morena to the Guadalquivir Valley and 
the coasts (Corzo Sánchez and Toscano Gil, 1992: 19). Unsurprisingly, the main nodes of the Silver 
Route within Sierra Morena have been traditional points of mineral resource exploitation since 
prehistory. Because of their strategic and economic importance, it is also possible that the main routes 
followed were quite stable in order to secure and control the availability of these resources, remaining 
used in the centuries afterwards as seems to be the case of the Silver Route. This road remained a 
critical pathway to cross Sierra Morena in its western part, and its importance was depicted in the 
Roman itineraries that have survived. But this route was not the only path followed by the 
Phoenicians. Local paths were also used in order to enable local populations to incorporate them to 
their trade system. According to literary sources such as Livy, the Phoenicians made use of local 
herders as informants during their incursions in Iberia (Alfaro Giner, 2001:222). They were used as 
guides due to their knowledge of the diverse populations of the regions. They were also regarded as 
important because of the information that they provided, but mainly because of their familiarity with 
the routes, which demonstrates that there was already at that time an established path network by the 
endemic pastoralist populations (Alfaro Giner, 2001: 222). 

With the Roman conquest it has been argued that roads were a fundamental factor in the 
establishment of the colonies and the process of Romanization. However, the construction of these 
roads as stated above did not start from scratch. Many of these paths were already laid out and many 
of them were adjusted to the new necessities and subjected to Roman standards. In this sense, is 
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possible that many of the previous paths were just paved. Resultantly, it is important to bear in mind 
that the quick advance that the Roman armies carried out in this territory, was only possible because 
of the routes previously existent as is stated by Livy, and it is highly probable that the routes followed 
and paths built during the Romanization of Iberia, were laid out from earlier indigenous paths. These 
probably have a pastoral origin, which would be continued throughout the centuries to come (Alfaro 
Giner, 2001: 218). For an historical analysis of the routes in western Sierra Morena see Appendix D.  

Once the epistemological and empirical basis of this research is established, it is considered necessary 
to explain the means through which the hypotheses that we built in this and the past chapters can be 
investigated. As stated at the beginning of this research, the main aim of this study is to investigate the 
mobility that the late prehistoric societies of south-western Iberia had in relation to their modes of 
subsistence and the possible patterns of movement in which they incurred. As will be explained in the 
next chapter, spatial technologies and specifically Geographic Information Systems are thought to be 
among the best approaches available today to tackle these difficult tasks. However, there is also the 
need to have a critical approach towards them as the tools available are not exempt from theoretical 
and methodological difficulties as will be seen next.  

 



 

 

 

 

 

 

 
 

Experiments and Analyses 
 

 
Change means movement. Movement means friction. Only in the frictionless vacuum of a nonexistent abstract 

world can movement or change occur without that abrasive friction of conflict.  
Saul Alinsky  
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Chapter Five 
DEVELOPING COMPUTATIONAL METHODS FOR THE STUDY OF 
MOBILITY  

5.1 SPATIAL TECHNOLOGIES AND THE ANALYSIS OF MOVEMENT IN 

ARCHAEOLOGY 
 

As demonstrated throughout this research, movement in human societies constitute a highly 
complex activity. The chosen methods for its study will be greatly dependent on the scale, 
evidence and the specific aspects of movement we are researching. To select adequate tools 
for its analysis is not always an easy task. Even with spatial technologies at our disposal, the 
variables that affect human movement are so intricate and varied that so far, we have been 
able to explore only certain aspects of it. In the case of prehistoric societies this becomes even 
more obvious due to the common lack of more substantial datasets, where the unavailability 
of paleoenvironmental data, C14 dates and extensive excavations among many others, makes 
the modelling of the dynamics of movement a difficult enterprise. Nevertheless, as 
technology has advanced, more tools have become available, making it possible to approach 
these phenomena with certain robustness.  
 
One of the main pitfalls in the use of spatial technologies -and specifically GIS for the study 
of human movement- is precisely that these tools have not been necessarily developed to deal 
with highly complex social phenomena such as cognition. In this sense, they are not designed 
to consider factors of importance such as human behaviour, social variables, or essential 
abilities of living beings such as perception. Even if they were developed hand in hand with 
anthropologists, psychologists or social scientists, this limitation is probably not likely to 
change soon, as this is mainly due to the core structure of computing processes where 
quantification is a prerequisite for any analysis and obviously, many of the variables that we 
look to understand are not necessarily quantifiable. Despite this, technological developments 
such as Geographic Information Systems and Agent Based Modelling have been of great use 
within archaeology, allowing us not only to explore bigger datasets in a more efficient way, 
but also to carry out spatial analyses on scales that were prohibitive before. In this sense, the 
development of specific tools within GIS such as Visibility analysis, Cost Surface Analysis 
(CSA) and its derivatives such as Least Cost Paths (LCP) have been of great use in the past 
years to explore a series of archaeological questions related to movement. As seen in the next 
section, in the past decade there have been a series of interesting examples of their use. 
However, the bridge between these technologies and the theoretical aspects behind movement 
is not a smooth one. Because these tools are based on the analysis of quantifiable data, 
important social-based factors that are thought of as influential to movement are commonly 
ruled out. In this context, there is still a long way to go in the development of computational 
models for the study of social phenomena and particularly for human movement. However, in 
combination with a robust theoretical approach, spatial analyses and specifically computing 
modelling constitute one of the best solutions available nowadays to explore mobility patterns 
at a landscape scale. In this manner, the aim of this section is to explore and address the 
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concepts behind the methodologies used and developed in this research for the study of 
movement.  
 

5.2 THE ANALYSIS OF SPACE AND THE USE OF GIS FOR THE STUDY OF 

MOVEMENT 
 
As said in Chapter 2, the study of mobility in our discipline is still young and it has only in 
recent decades that research about movement has gained some strength. Most of the early 
studies were performed within the frame of ethnoarchaeology and they were related to hunter-
gatherer societies. However, these pioneering studies on mobility and the concepts derived 
from trying to explain the diversity observed in its practice were in part what lead 
anthropology to question the role of the spatial dimension in human societies. During the 70s, 
along with geography and other sciences, our discipline addressed concerns asking what 
space is and what is the role that plays in the archaeological enquiry. Classic examples of this 
view were the first studies within New Archaeology such as the research by Binford (1968), 
Clarke (1977), and Hodder and Orton (1976). In these studies space was considered as the 
“physical” frame for human actions and the environment was in a way the “provider” of 
resources, often addressed as the reason for cultural changes. The first criticism from these 
studies directed at previous research, was the intuitive way of exploring and interpreting the 
archaeological data in which the results, were normally extensive descriptions of the materials 
and static categorizations of the cultures studied. The search for explanations of social and 
cultural actions rather than just descriptions of the traces left by the studied societies, lead this 
group of archaeologists to look for techniques and procedures more related to natural sciences 
with the idea that cultural phenomena was deeply related to the notion of environment, 
importing to the discipline models of causal explanation. Following in part the models 
proposed by the current of New Geography, the environment was seen by processual 
archaeologists as determinant to explain cultural changes as adaptive responses to it. These 
changes were reflected as patterns imbued in space and were therefore susceptible to being 
recorded and subsequently analysed by the archaeologist. In this context, Site Catchment 
Analysis (SCA) borne as one of the main representative tools of Spatial Archaeology. Applied 
to study a diversity of cultures and times such as the Palestinian Natufian by Vita-Finzi and 
Higgs (1970) or the Greek Paleolithic by Higgs et al., (1967) amongst others (i.e. Higgs 1972; 
Jarman 1972 and Vita-Finzi 1978), the models developed have as their premise that access to 
resources of the environment would condition the development and ways of life of the human 
groups. For example, tessellation was one of the most simple but conceptually powerful 
expressions regarding spatial allocation used in archaeology during that time. The so called 
Thiessen polygons were created from a distribution of points representing for instance 
settlements, and the space was divided containing each point in single polygons. These 
polygons represented the closest space to each specific point and this was used in archaeology 
to characterize and define territories with correspondent implications in terms of resource 
exploitation and movement. The idea behind this and other analyses (e.g. central place and the 
X-Tent model) was the implementation of geometric and quantifiable models of a neutral 
space, having the economic factor as a principal and functionalist explanation of the 
emergence of certain human phenomena and their recurrence.  
 
Although addressed in this way, space was seen only as the framework for human activity and 
as a controlled and abstract dimension that it could be treated as static and non problematic, 
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the development of these ideas for the modern study of movement through spatial 
technologies was crucial. Today, it is acknowledged that with a positivist background, such 
previous research would not consider the social or symbolic dimensions of space and human 
phenomena, focusing only on what they considered to be measurable, obviating its richness 
and cultural complexity (Criado Boado, 1999: 5). However, their search for quantifiable and 
scientific methods of explaining certain social realities has bequeathed us the use of a series 
of tools (materialised now in spatial technologies) that can be used to explore in a robust way 
not only the human construction of space, but also some of the most complex social 
relationships derived from it.  
 
As expressed at the beginning of this chapter, it is undeniable that the use of mathematical 
and computational models in archaeology still relies in the analysis and weight of quantifiable 
and observable factors. However, the introduction of Geographic Information Systems has 
allowed us to explore social phenomena in a more holistic way than the first models 
developed by Spatial and New Archaeology. In any case, it needs to be acknowledged that 
none of the models that we can develop here will be a depiction of real past processes that 
account for all the influences that affect human movement. They do, however, constitute a 
robust attempt to understand some of them, and how they interplay in the societies of our 
interest. It is also true that is not possible at present to include all social complexity in our 
models. Nevertheless, from the studies of mobility carried out using GIS in the last decade 
(i.e. Madry and Rakos, 1996; Bell and Lock, 2000; Llobera, 2000; Mlekuž, 2004, 2010, 2012-
In Press; Fairén Jiménez, 2004a; López Romero, 2005; Fairén Jiménez et al, 2006; Llobera 
and Sluckin, 2007; Branting, 2004; Fábrega Álvarez, 2006; Fraccheti, 2006, 2008; Fiz and 
Orengo, 2008; Murrieta Flores et al, 2012-In Press; Fábrega Álvarez and Parcero Oubiña, 
2007; Wheatley et al, 2010; Herzog and Yépez, 2010; Verhagen, 2010; Verhagen and 
Jeneson, 2012-In Press; Lock et al, 2011; Murrieta Flores, 2011), it has been established that 
the application of some specific tools and methodologies in conjunction with a robust 
theoretical background, can lead us to a better understanding of the patterns we observe.  
 
Within GIS, there are a series of spatial analyses that can be employed to investigate human 
movement and some of the most regularly used are the previously mentioned Cost Surface 
Analysis, Least Cost Paths and Visibility Analysis. Cost Surface Analysis (CSA) can be 
considered as the main current tool in GIS to analyse movement in archaeology and its 
conceptual basis and use in our discipline can be traced also to the 1970’s with the 
development of Site Catchment Analysis (SCA) (Vita-Finzi and Higgs, 1970). As explained 
further in following sections, CSA has been mainly used to explore the costs of travelling 
through a specific landscape and it can be also used to simulate Least Cost Paths.  
 
In a relatively similar way to SCA, the results achieved through a CSA could be considered as 
catchments as well. However, this analysis differs significantly from the original SCA 
because it allows one to determine the “cost” of travelling through a surface considering not 
only Euclidean distances, but also more complex factors (Fig.5.1). In contrast with SCA, CSA 
allows the Cartesian spatial properties of the data to be replaced with more complex cost 
surfaces which integrate relevant properties of the terrain that can be assigned by the 
researcher (Wheatley and Gillings, 2002). Through the establishment of certain parameters, it 
also allows the incorporation of conceptual properties that are not necessarily “physical” or 
part of the environment (such as ideas that a society can have regarding certain place). In 
addition, cost can take diverse forms measured in terms of time, energy expenditure or others. 
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Fig. 5.1 Comparison between a cost surface derived from CSA in and simple tessellation of the same 
points. Note the difference in terms of allocation.   

The ability to introduce a diversity of variables can be seen as a significant step forward. 
However, the analysis still relies on the notion of economic behaviour. Despite this, as seen in 
a series of interesting articles and innovative experiments (Mlekuž, 2004; 2005; 2010; 2012-
forthcoming), cost surfaces can have a wider analytical use in archaeology. In any case, it is 
true that in order to achieve this we need to integrate them with theories of particular 
relevance. In the specific case of this research and in accordance with the archaeological 
evidence available, late prehistoric societies of western Sierra Morena might have practiced a 
mobile mode of subsistence called short distance transhumance. A theoretical model of 
movement was developed in Chapter 4 considering and introducing the notions of affordances 
and Time Geography within the particular concept of pastoral orbits. These theories are 
regarded as of great relevance particularly in the case of western Sierra Morena due to its 
mountainous environment, their pastoral mode of subsistence and the possible degree of 
mobility that these prehistoric societies experienced. As explained next, these specific 
characteristics make spatial analysis an ideal tool for exploration of the possible 
“affordances” encountered by these societies.    
 
We have already seen that, the concept of affordances makes reference to the 
complementarity between animal and environment and to all action possibilities that the 
environment offers. These possibilities are independent upon the actor but still related to his 
capabilities (Gibson, 1986: 127). In a sense, the decision to follow a pastoral strategy and the 
creation of a determined pastoral orbit is deeply related to landscape affordances, where a 
specific environment (such as an intricate mountainous region) is in combination with 
particular physical, social and cultural characteristics (of the societies that lives there) 
emerging as a possible solution in a specific time and space. Through CSA we can explore 
not only the complexity of these decisions, but also the weight and influence of the factors 
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that affected this particular mode of subsistence where movement plays a crucial role. As 
discussed in Chapter 2, although a person can take an infinite number of directions when 
performing movement thus creating new potential space-time paths, his movement will be 
always limited by constraints acting upon him. According to Hägerstrand (1970: 12), these 
limitations of human spatial activities can be categorised as ‘capability’, ‘coupling’ and 
‘authority’ constraints. Capability constraints can be described as the physical limitations 
experienced by individuals due to human biological constitution (e.g. the impossibility of 
being in two places at the same time, or to traveling continuously without rest or food). 
Whilst coupling constraints can be referred to as the necessity of being in a particular place at 
determined time in interaction with other people with whom a certain task is shared or whose 
execution depends on others, authority constraints can be defined as the limitations imposed 
by certain institutions or people such as territorial boundaries (Carlstein, 1982:24). All these 
constraints make a space-time volume known as the “prism”, depicting an area of possible 
action in space and time where all the possible trajectories might happen (Carlstein, 1982:38-
39; Mlekuž, 2010) (Fig. 5.2).  
 
As observed in ethnographic cases, transhumant herding societies follow strategies that are 
usually defined by a combination of social, economic and environmental factors. However, 
although the practice of mobility allows them to have certain independence from some of 
these conditions, the accomplishment of their pastoral orbits is always defined by seasonality 
and the constraints pointed out by Hägerstrand. In this manner, because of the inherent nature 
of movement (where temporal and spatial constraints apply) and due also to the nature of 
pastoral orbits (where seasonality and specific places are regarded as essential within their 
patterns of movement), CSA and other spatial techniques are ideal to explore the combination 
of the elements that shape possible affordances in human movement. More specifically, they 
can help us to explain the patterns we observe in the location of habitats and symbolic sites 
and to explore through a series of experiments, not only some of the most important variables 
that might have influenced the way these societies practiced movement and the logic behind 
the placement of their symbolic sites, but also the possible routes they followed. 

 

 

Fig. 5.2 Time-space prism and range of action in the pastoral orbit. 

Pursuant to this and demonstrated in the next chapter, through spatial analyses we can explore 
interesting questions related to these societies, from investigating the seasonal character of 
pastoralism and the significance of certain places such as monuments, to the importance of 
the availability of certain resources. Through these tools it is expected to shed light (1) on the 
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weight that natural corridors of transit may have for these societies, (2) the possible role of 
funerary and symbolic monuments in terrestrial navigation and spatial definition, (3) the 
relevance and weight of herding resources in their patterns of movement, and (4) the possible 
continuation of pastoral traditions throughout Late Prehistory. Each of these questions 
requires the development of specific models using diverse spatial analyses.  

Although the methodology of deriving cost surfaces and their combination with other 
analyses could be seen as a straight-forward process in terms of their implementation in any 
GIS software, spatial analyses usually imply several theoretical and methodological 
considerations that have to be taken into account. Each hypothesis under test will require the 
creation of specific models that involve a combination of techniques and usually the 
development of more particular methodologies. In this manner, the next section deals with the 
general concepts and methodological aspects behind the analyses used in this research. 
However, the specific developments derived from them of tacking particular issues are also 
later explained in each of the experiments carried out in Chapter 6.  

  

5.3 CONCEPTS BEHIND THE SPATIAL ANALYSES USED IN THIS RESEARCH  
 
5.3.I MORPHOMETRIC ANALYSIS 
 
As explained in Chapter 2, the topography of the terrain can be declared as among the most 
important variables to consider in the study of human movement. The analysis of its 
constitution will be highly relevant due to its influence on how we move. In the field of 
geography and GIS, a method of digital representation of real topography was one of the most 
important concerns of previous decades, and the development of Digital Elevation Models 
(DEM) was the solution to this (Fig. 5.3).  
 
A DEM is a raster image, composed by a grid of cells representing altitude values in each pair 
of x and y coordinates depicting a real terrain. From the visual assessment of a DEM we 
could immediately make certain judgments regarding its topographical configuration 
classifying it for instance, as “hilly” or “flat”. Although useful, these descriptions are rather 
subjective, so in order to identify specific features in the landscape we need a way of 
describing it in a more systematic way. In this case, Morphometric Analysis constitutes the 
best approach to describe the geomorphometry of the surface (Wood, 1996: 112). 

 

Fig. 5.3 View S-W of Sierra de Aracena in a DEM. 
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In Experiment 1, further explanation demonstrates that one of the main objectives in the 
specific case of this research was to explore certain properties of the landscape such as the 
configuration of natural corridors and their role and possible influence in the late prehistoric 
societies of south-western Iberia. In order to model these corridors, the identification of 
particular points of entrance to the study area was considered as a pre-requisite. In this 
manner, morphometric analysis was used as part of our first experiment permitting us to 
classify the morphometry of the terrain, identifying the points of optimal access into the study 
area. This was used later on as departure nodes in the simulation of Least Cost Paths. 
 
Morphometric analysis makes use of six types or representations of morphometric 
characteristics: planes, ridges, peaks, passes, channels and pits. They actually constitute 
morphological interpretations but they can also be described in measurable parameters, giving 
us a more objective way of determining the morphometry of the terrain. In order to classify 
these different features, it is necessary to make a subdivision of all points in the surface 
represented by the DEM. Using this technique, if we represent a determined point in the 
landscape in the form of cells as it is in an elevation model, we will have that each cell (or 
specific point) will be always surrounded by eight other cells (Fig. 5.4).  

 

Fig. 5.4 Representation of a point in the landscape in a DEM and its elevation values. 

 
The morphometric features then, can be described by the relationship between the central cell 
and its adjacent neighbours (Wood, 1996: 112) (Fig. 5.5). 

 

 

Fig. 5.5 The morphometric types (After Wood, 1996: 112). 
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To calculate the morphometric features in a GIS, a local window is “passed” over the DEM, 
deriving the change in gradient of the central cell in relation to the neighbouring cells through 
a bivariate quadratic function: 

 
Z = ax2+ by2 + cxy + dx + ey + f 

 
Where x, y and z are the local coordinates and a to f constitute quadratic coefficients (Evans, 
1972). In order to perform this calculation, the basic components of morphometric analysis 
are taken into account. These are the first and second-order derivatives of the DEM such as 
slope steepness, cross-sectional curvature, maximum and minimum curvature, profile 
curvature, plan curvature, longitudinal curvature and Gaussian curvature. All these parameters 
are taken into account to calculate the diverse morphometric features which can be described 
in this way: 

 

Fig. 5.6 Morphometric feature description (Taken from Wood, 1996:113) 
 
The result of this analysis will be a raster image with the feature classification: 
 

 

Fig. 5.7 Feature classification in Morphometric Analysis. 
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It has to be also taken into account that geomorphic phenomena are dependent on scale 
(Evans, 2003). This means that the characteristics observed of determined point or area of the 
surface will vary when the calculation of the feature is performed with different spatial 
resolution or spatial extent (Houshang and Quiel, 2009: 336). In this context, spatial 
resolution refers to the size of one of the cells in the grid, while spatial extent will constitute 
the area taken into account to measure the morphometric feature (the size of the window 
multiplied by the DEM resolution) (Houshang and Quiel, 2009: 336). A channel or a pass 
then, can be observed at diverse spatial extents going from few meters to several kilometres. 
This will be relevant due to the fact that the calculation of morphometric features will depend 
precisely on both, the spatial resolution of the DEM and the spatial extent that we use to 
identify them.  
 
The spatial resolution of the DEM might not be related to the scale of the morphometric 
features that we intend to identify so there is the need to apply a multi-resolution size window 
instead of a single one (Houshang and Quiel, 2009: 337). This is to say that if we apply a 
unique window of 3 x 3 to our raster that has for example, a resolution of 30m, the only 
represented features will be the ones covering 90m on the ground. In this sense, it has been 
recommended to use windows at various sizes in order to identify the desired features in a 
more robust way (Wood, 1999). The particular parameters used in our case are explained in 
Experiment 1 in the next chapter and the software used to perform this analysis was Landserf 
2.3. 
 

5.3.II COST SURFACE ANALYSIS  

 
Cost Surface Analysis is considered to be the main tool in our research due to its multiple 
applications that can be used to explore diverse hypotheses. From the four experiments 
carried out in this research, three of them used CSA. As explained in detail in the next 
chapter, in the case of Experiment 1, CSA was used as a previous method to modelling 
natural corridors within the study area. In Experiment 2 it was used for the calculation of 
Least Cost Paths in order to explore the logic behind the layout and construction of historical 
pathways. While Experiment 3 made use of visibility analyses, Experiment 4 once more used 
CSA to investigate the mobility patterns of the prehistoric societies of the studied area in 
terms of time and energetic cost. Furthermore, a derivative analysis called Flow 
Accumulation was also developed to investigate specific relationships between movement, 
pathways and the location of habitats and symbolic sites. 
  
As said before, the idea behind Cost Surface Analysis in the study of human movement is to 
model the possible costs in which a person can incur while travelling. In practical terms, CSA 
assigns a cost to each cell of the map, allowing us to determine the expenditure of travelling 
from one point to another. In order to create a cost surface there is the need to establish the 
associated “cost” or impedance of crossing the landscape. This is commonly known as the 
“friction surface”, which determines the nature of the analysis and it can be understood as the 
raster map representing the cost of traversing certain terrain (Wheatley and Gillings, 2002: 
154). In other words, this surface is a relative cost based on one or more quantifiable variables 
from the landscape, which are defined by the researcher (Bell and Lock, 2002: 86-87). 
According to this method, the cost can be measured in relative units, energy expended, time 
of travelling, monetary costs or others (Fig. 5.8). 
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Slope Degrees Relative Cost 
0-2°              = 1 
2-5°              = 2 
5-10°            = 3 
10-15°          = 4 
15-88.09°     = 5 

Fig. 5.8 Example of a slope surface reclassified into a friction surface depicting a relative cost to 
traverse it like effort expended or energy. In this example we assume that the steeper the slope, the 
higher the cost will be. While to travel through a flat or almost flat surface (0-2° slope) the cost in 

which we incur is of 1, to traverse a slope of 80° will cost 5.              
 
There are several methods or cost functions that can be used to create a friction surface and 
derive friction values. As has been pointed out by Herzog (2010), other important derivative 
analyses from cost surfaces such as LCP, rely precisely in the way the friction surface is 
calculated. Almost all the archaeological examples using cost surface analysis have relied on 
slope as the main determinant of cost. However, in recent times there have been several 
studies trying to incorporate other influences related to social and/or independent variables 
developing complex surfaces (Fairén Jiménez, 2004; Fairén Jiménez et al, 2006; Murrieta 
Flores, 2007; Murrieta Flores et al, 2009; Frachetti, 2008; Fiz and Orengo, 2008). The cost 
functions can be varied and they can depict relative costs or true cost values based for 
instance, on real physiological experiments. It must be taken into account that the results of 
the cost surfaces will be profoundly related to the cost function used and the variables 
considered in them. As it will be seen in Experiment 2, research carried out by Herzog (2010) 
has demonstrated that there are some considerations that we need to take into account when 
creating or using a cost function to analyse movement. Once the cost of traversing the 
landscape is established, a source cell or point is selected to calculate the cost surface. The 
source location acts as a node from which the analysis begins calculating the cumulative 
value of travelling across the entire surface, passing from this node to the adjacent cells that 
have an assigned cost value for each of them. During this process, the next cell with the 
lowest values is searched repeatedly until each of the cells has a cumulative cost value 
assigned (Lee and Stucky, 1998). The result is a raster image depicting the cumulative cost of 
traversing from one geographical point to other parts of the landscape (Fig. 5.9). 
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Fig. 5.9 Cost calculated in kilocalories to traverse a region from a specific point in the landscape. 

 
As expressed before, mobility is not a simple concept and to model it, we must consider that 
cost surfaces are far away from being accurate models of the real world. There are many 
factors that affect how the costs are calculated and therefore how mobility is modelled. The 
most explicit example of this is the direction of movement and the effort involved in it. For 
instance, walking over a mountain, to reach a final destination from a source location cannot 
involve the same effort as walking the same path in both directions. This is to say that if the 
final destination is positioned on a steep hill and we have to walk uphill to reach it, the 
amount of energy, effort or time expended will not be the same if we are walking back 
towards the source location downhill (Fig. 5.10).  
 

 

Fig. 5.10 Walking uphill will not require equal effort as to walking downhill. Photo by Ariadna Torres. 
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In this sense, slope will not produce a uniform force in all directions and if we move “uphill” 
all the force will be applied in this direction only (Bell and Lock, 2002: 89). If we move 
directly uphill we will encounter full resistance, while if we move perpendicular to the terrain, 
the resistance encountered will be lesser (Bell and Lock, 2002: 89). Following this logic, 
direction of movement will become a crucial element when mobility is modelled. Regarding 
this, different GIS can implement diverse algorithms which may or not take direction into 
account (Wheatley and Gillings, 2002: 152). Depending on this, these models are known as 
anisotropic or isotropic.  
 
Whilst isotropic algorithms take into account the cost of moving over a surface but do not 
consider the direction of movement, anisotropic algorithms take into account both factors 
(Wheatley and Gillings, 2002:152). To introduce anisotropy into a GIS model is not a trivial 
task. In order to derive an anisotropic cost surface (that takes into account the magnitude of 
the friction and direction of movement), is necessary to implement an anisotropic function 
within the model. The implementation of such analysis involves the same requirements as a 
regular isotropic CSA. It will need to consider also the source points from which the cost is 
calculated, an appropriated function to estimate the relationship between expenditure and 
slope, and other variables that might influence this cost. However in this case, it will also 
have to take into account the direction of movement. This is to say forces and friction. As 
explained before, in cost models the friction can be expressed as a relative value using as 
reference a base cost. For example, if we consume 250 calories in walking across flat terrain 
and 500 calories walking in a harsher terrain at the same speed of movement, it can be said 
that, whilst walking in the flat terrain has a friction value of 1, the harsh terrain has a friction 
value of 2. Nevertheless, if we walk downhill through such a slope that our energetic 
expenditure was 125 calories, the friction value would be 0.5. In anisotropic models and this 
specific example, frictions that are less than 1 are actually considered forces (Eastman, 2006: 
262). A single raster image is not able to describe how forces and frictions act in different 
directions. In this sense, we need to include in our model the information that describes (1) 
the magnitude of forces and frictions (expressed sometimes as relative quantities depending 
on the model), and (2) the direction of those forces and friction (expressed for instance as 
azimuths or slope degrees). This relationship will also need to be modelled using a function 
that relates the magnitude and direction with the cost of movement (Conolly and Lake, 2006: 
217; Schneider and Robbins, 2009: 52).  
 
Modelling the variation in the effective friction/force as a function of direction can be 
difficult because within GIS, the magnitude raster normally describes only the direction and 
magnitude of the steepest descending slope, while the values “in between”, are not 
represented (Eastman, 2006: 263). In other words, if we face slope directly we will feel the 
full strength of friction, while if we turn in the opposite direction away from the slope, the 
friction will be transformed into force, acting also to its maximum extent. However, between 
these two, a series of intermediate values will be also present. If we traverse the slope moving 
progressively in a direction away from the greatest friction, the friction will decrease until we 
reach 90º where the effect of the slope will be neutral. In the same fashion, if we move over 
90º facing away from the slope, frictions become forces until we reach the extreme force at 
180º (Fig. 5.11). Subsequently, we need a function that allows us to create a model in which, 
when we move uphill or in extreme slopes downhill, the slope can be calculated as an 
increasing friction or force, whilst when moving laterally, the friction can be calculated as 
zero 
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Fig. 5.11 Moving through a slope from the maximum friction to the maximum force. Note that we are 
considering here the aspect (direction) of slope, so we depart from 0 (due north) to 360 in a full circle. 

The anisotropic function used in the energy cost models of this research is the one 
implemented within the software Idrisi Taiga, and is one of the best and widely used 
algorithms used to calculate anisotropic costs:  
 

effective friction = stated frictionf 
Where:   
f = coskα 
k = a user-defined coefficient 
α = difference angle 
 
In this function α measures the angle between the direction of the greatest friction and the 
direction from which the friction (or force) is actually acting (Eastman, 2006: 263). The user-
defined coefficient k makes the function increasingly direction-specific. The higher this 
coefficient is, the friction will act to its maximum at 0º and the force will take its full effect at 
180º, neutralizing all other angles. In this sense, a sensible user coefficient needs to be chosen 
according to each study case. Through this method it can be said that the simulation of 
movement is more accurate and leads to a better representation of real movement, although 
indeed, other factors such as the function through which we calculate the cost of movement, 
needs to be taken into account as well and each specific case will be explained further in the 
next chapter.  
 
In the case of this research both kinds of model were used. Whereas in the first experiment an 
isotropic model was developed, for the rest of the experiments where costs were explored, 
anisotropic models were applied. As described in depth in the next chapter, this decision was 
reached due to the specific goals of each experiment. In Experiment 1 we used an isotropic 
model because our intention was to assess properties related to the accessibility of the 
landscape given by its purely environmental characteristics. However, in the rest of the 
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models we explored human movement and the evidence related to it (such as pathways) and 
therefore, the implementation of anisotropy was regarded as important. 
 
To reiterate, cost models can explore all types of costs including time. Models measuring 
costs in terms of time have been also widely used in geography and urban planning. 
Widespread examples of time models used nowadays would be the function implemented for 
instance in Google Maps to calculate the time to get from one point to another, or calculations 
of time expenditure travelling in between subway stations.  
 
In the case of this research, an anisotropic time cost model was also created as part of 
Experiment 4. As in the case of energy cost models, a function is also used to calculate the 
cost, but in this case it will be measuring the time expended to travel depending on the speed 
of movement and other factors like the topography of the terrain (Fig. 5.12).  

 

 

Fig. 5.12 Raster image depicting the time expended in hours to traverse the landscape. 

 
These models can be implemented in any GIS software and in our case we made use of ESRI 
Arcgis. As explained further in the next chapter, the so called hiker’s formula developed by 
Tobler (1993) can be used to determine the walking speed that can be reached in specific 
terrain and later on calculate the time spent to traverse it. In this case anisotropy can be also 
taken into account. An equivalent to the idea of frictions and forces used in the Idrisi software 
is also found in Arcgis. In this software the difficulty of moving uphill or downhill  is 
calculated from one cell to another, but is controlled by a “vertical factor” which takes into 
consideration any “vertical” element that may affect movement (in this case slope).  The 
vertical factor acts as a multiplier depicting the cost of traversing the landscape in any 
possible direction. The difference with Idrisi software is that this can be controlled through a 
series of vertical factor functions (or graphs) which characterize how cost is defined in 
relation to the vertical relative moving angle (slope). To determine the vertical factor in 
movement between one cell and another using the DEM, the slope between them is calculated 
(ESRI, 2010). That slope is regarded as the vertical relative moving factor that is plotted on a 
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graph identifying the value used in the distance calculations for the cell to cell movement. 
This establishes the vertical factor from the centre of the cell where we start, to the cell of 
destination (ESRI, 2010). The larger the vertical factor is, the more difficult it becomes to 
move. One example of these graphs is the symmetric linear vertical factor and it helps us to 
illustrate here how the vertical factor is managed. The graph is composed of two linear 
functions relative to the slope. They are symmetrical and both lines intercept at the vertical 
factor. The function is modified by the slope in such a way that the steeper the angle becomes, 
the larger the vertical factor is. It is called symmetrical because it mirrors the negative vertical 
moving angle (Fig. 5.13). There are many other default functions that can be applied and this 
is only one of them. In the same way, an equation can be used to create a tailored vertical 
factor. Applying for instance Tobler’s hiker function in a spreadsheet, the vertical factor can 
also be calculated for each slope degree creating an anisotropic travel time cost model and in 
the case of this research, this was the approach taken (Fig. 5.14). 

 

 
Fig. 5.13 Graph of symmetrical linear vertical factor. Taken from ESRI 2010. 

 

 

Where x = slope in degrees 

 
x=slope deg.  

y= km/hr 

Fig. 5.14 Tobler’s hiker formula and derived graph. Notice how at 0° the function computes 5.037 
km/hr. 
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As commented before, CSA constitutes a prerequisite in order to carry out a derivative 
analysis called Least Cost Path, which is applied to find the least cost route between two 
locations. LCP has been also widely used in archaeology mainly to simulate possible routes of 
communications used by past societies (Bell and Lock, 2000; Fairén Jiménez et al, 2006; 
Ortiz Díaz, 2006; Murrieta Flores, 2007; Fiz and Orengo, 2008; Matsumoto, 2008; Murrieta 
Flores et al, 2009). However, in Experiment 1 we shall explore how LCP analysis can be also 
used not necessarily to localise prehistoric paths, but to analyse wider properties of the 
landscape that are relevant to movement. 

 

5.3.III LEAST COST PATH AND FLOW PATH ANALYSIS  

 
Least Cost Path Analysis (LCP) is a derivative of CSA and it consists of the calculation of the 
most optimal route of traversing a landscape, where optimality is defined in terms of the cost 
inputted in the model. The calculation of Least Cost Paths in archaeology can help us to 
evaluate different hypothesis about the past. In the case of this research, it will allow us to test 
the influence that areas of natural accessibility had in the location of funerary sites and 
habitats, to explore the logic behind the historical road layout in our study area, and the 
weight that specific factors such as the availability of resources might have had in the 
definition of symbolic places for late prehistoric societies. 
 
In methodological terms to calculate LCP, the GIS software requires two different types of 
information. The first will be a layer containing the source locations and destinations (nodes) 
from which the cost will be calculated, and the second will be a cost map from each of the 
nodes previously calculated as explained above with CSA. Once the cost surface of a given 
node is obtained, the LCP of reaching that specific node can be calculated from any other part 
of the landscape. The pathway designed will be the cheapest route relative to the cost defined 
in the cost surface inputted. 
 
As with CSA, in the case of LCP there are diverse functions that we can use to calculate 
them. However, their particular result will depend on the way the cost surface algorithm 
manages the calculation of the least cost within the raster. This is to say that calculating the 
LCP from a point A to B, the algorithm in CSA will start at A summing the cost in all 
directions in each step, choosing always the cell with the least cost increment each time. In 
the long run, we will arrive at B having recorded the overall least cost to get there (De Smith 
et al, 2007: 143). In this sense, in almost all software CSA is a form of spread algorithm from 
which to calculate the LCP, the immediate neighbouring cells are used. This calculation can 
be done in several ways making use, for instance, of the simple 4 neighbouring cells 
technique, the queen’s move which uses 8 cells, or an implementation called knight’s move 
where the function allows going one step up and one diagonal, approaching better 
resemblance to a real optimal path (De Smith et al, 2007: 143) (5.15). However, it has to be 
taken into account that the implementation of algorithms such as the knight’s move depend on 
the in-built capabilities of the GIS software.   
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a 

 

b 

 

c 

 

d 

Fig. 5.15 The real optimal solution is a straight line (a). However, notice the difference in Least Cost 
Paths calculated within a (b) 4-cell algorithm, (c) 8-cell algorithm or queen’s move and (d) knight’s 

move (After Wheatley and Gillings, 2002). 

In addition to these considerations, another of the main issues in the calculation of LCP is the 
establishment of a point of origin and a point of destination. This means that with the 
traditional technique we are constrained as to make the LCP calculations it requires 
knowledge beforehand of where the route starts and where it ends. An interesting alternative 
to this is the use of a hydrological approach. Although, as its name indicates, this set of tools 
was developed to identify and work with hydrological formations, Flow Accumulation 
Analysis can also be used to identify paths in terms of topography, and using a weight factor 
it can compute the most optimal ways over a specific surface.  
 
The calculation of accumulated flow is undertaken in a similar way to LCP, calculating the 
cumulative value of traversing from one cell to another. However, this time it takes the 
cumulative flowing weight of the downslope neighbour cells based usually on the elevation 
raster. In more precise words, “...accumulated flow at any model element is the sum of flow 
arising from that element and flow arising from all contributing neighbouring elements, each 
weighted according to the proportion of flow it contributes” (Tarboton et al, 2009: 2002). In 
this manner, considering only the topography of the terrain, this analysis will provide a raster 
image with all optimal accumulated flow paths considering upslope and downslope. This is 
achieved through a previous calculation of the direction of flow which represents the actual 
direction of accumulation (Fig. 5.16).  
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Fig. 5.16 Flow direction and flow accumulation as computed in Arcgis software (Taken from ESRI, 

2011). 

 
This is obviously optimal for the simulation of water flow. However, in the case of modelling 
mobility, instead of using only an aspect map from the slope, a weighted raster considering 
not only topography, but also the cost of traversing the landscape given certain variables can 
be used to calculate the direction of the flow in a cost raster. The result of this modification is 
a map indicating the direction of flow from cells with a higher cost towards the ones with a 
lower cost. From this “cost-flow” direction, the accumulated paths can be then computed. 
This variation of the hydrological approach was suggested by Fábrega Álvarez (2006) and it 
has been used to model mobility successfully in some archaeological studies (Fábrega 
Álvarez and Parcero Oubiña, 2007; Frachetti, 2008). This technique has the advantage of not 
requiring points of destination. In comparison to the traditional LCP, with Flow 
Accumulation Analysis it is only necessary to establish points of origin.  
 
In the specific case of this research both techniques LCP and Flow Accumulation are used in 
different experiments due to the specific goals of each of them. As we will see in the next 
chapter, in the case of Experiments 1 and 2 the data and the purpose of the experiments 
allowed us to establish starting and ending points and therefore LCP were used. In the case of 
Experiment 4, the adaptation of a hydrological technique was thought necessary due to the 
hypotheses of exploration and considering the nature of the activities practiced by 
transhumant societies. In order to investigate the mobility practices of these groups it had to 
be considered that they usually rely upon the search for resources that can be widely 
distributed over the landscape having many points of destination, and therefore, the flow 
accumulation approach was used.  

 
 

5.3.IV VISIBILITY ANALYSIS: BINARY, HIGUCHI AND DIRECTIONAL VIEWSHEDS 

 
Visibility and the visual relationships of elements within the landscape have always been a 
topic of concern in archaeological research. However, it has only been with the popularization 
of GIS in this discipline that possible patterns of visibility or intervisibility, visual dominance 
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or even orientations have become more accessible subjects of research. As explained in 
Chapter 2, visibility is an essential variable to consider in the study of certain hypotheses 
regarding movement. It study is not only fundamental because it is the primary sense that we 
use in the recognition of the landscape while travelling, but also because it is indispensable in 
terms of terrestrial navigation.  
 
Although it constitutes a very well-known factor, visibility is thought of as complex because 
it is dependent upon the actor (such as the physical acuity of the individual’s eye), but also on 
many other “external” variables such as lighting and the presence of vegetation. Wheatley and 
Gillings (2000) addressed very thoughtfully the most common problems involved in GIS 
visibility analysis dividing them into three different categories: pragmatic, procedural and 
theoretical issues. In this case there is no point in discussing again these problems as they can 
be consulted in the original article. In this manner, it must be acknowledged that, as in the 
case of Cost Surface Analysis, any viewshed analysis constitutes merely an analytical tool. As 
such, it numbers so many limitations that we cannot include in it all the possible variables at 
play, but its potential to solve certain specific questions is indubitable, as they would be 
impossible to answer through other means.  
 
In the case of archaeology, in several studies visibility has been used to explore possible 
spatial associations between site location and the importance of visual properties of the 
landscape. In this kind of research it has been argued for instance, that visibility from places 
such as Iron Age hillforts or the intervisibility of long barrows might have played a 
substantial role in their location (Madry and Crumley, 1990; Gaffney, Stancic and Watson, 
1995; Wheatley, 1995; Llobera et al, 2004; Zamora Merchán, 2006; García Sanjuán et al, 
2006). In addition, authors like Fisher (1991, 1994, 1996,) and Fisher and Farrelli (1997) have 
also addressed the main critical issues concerning GIS visibility analysis and several attempts 
have been made since then to overcome some of its major problems (i.e. Lake et al, 1998; 
Wheatley and Gillings, 2000; O’Sullivan and Turner, 2001; Llobera, 2003, Llobera et al, 
2004; Ogburn, 2006, Llobera, 2007a, Paliou et al, 2011). Although a concise tool or particular 
methodology that could overcome all of them is still unavailable, one of the most important 
lessons learned from early archaeological studies on visibility has been that, in order to test 
specific hypothesis and to achieve a robust implementation of this analysis, its combination 
with rigorous quantitative methods such as statistics is essential (Fisher and Farrelli, 1997).  
 
In the case of this research, visibility analysis was used in Experiment 3 to test the particular 
hypothesis addressed in Chapter 3 regarding the possible use of megalithic monuments as 
waypoints for terrestrial navigation. In methodological terms, viewshed analysis in the 
context of this study can be understood as the mathematical definition of visibility across a 
landscape, using line-of-sight (LOS) algorithms. By means of a DEM, the analysis 
interpolates a straight line between a source point and all other cells within the DEM, 
identifying the ones that, according to height, can be seen from the source point holding 
intervisibility (Wheatley and Gillings, 2002: 205) (Fig. 5.17). 
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Fig. 5.17 Line of Sight (LOS) between an observer point (black dot) and a target (red dot). Represented 
in green are the parts of the landscape that are visible from the standpoint of the observer. The blue dot 
denotes the point of obstruction and parts of the topography that are not visible are represented in red. 

 
The cells that fall under an uninterrupted LOS are classified as visible and a value of 1 is 
assigned to them, the others are classified as not visible and they will have a value of 0. In this 
manner, the viewshed map will be a binary raster image in which the values of cells are either 
1 or 0 (Fig. 5.18). There are also other variants of this analysis such as Multiple, Cumulative 
and Total viewsheds. While Multiple viewshed comprises the simple union of two or more 
binary viewsheds (Ruggles et al, 1993), the Cumulative viewshed introduced by Wheatley 
(1995), consists of the algebraic sum of two or more binary viewshed maps, where each of the 
cells record the number of points from which it is visible. A Total viewshed (Llobera, 2003) 
or Isovist field (Batty, 2001) is the calculation of the cumulative viewshed from every single 
cell within a map, and it can be created using two different methods that allow us either to 
create a map in which each cell records the number of other map cells from which it is visible, 
or to record the number of other map cells which are visible from it (Conolly and Lake, 2006: 
228).  
 

 

 

Fig. 5.18 Binary Viewshed. 
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The Binary viewshed is the simplest form of visibility analysis, but all of them assume perfect 
clarity and visibility. However, only in rare cases these conditions are accomplished in reality. 
As mentioned before, there are a series of problems related to these analyses that range from 
theoretical concerns to methodological and technical issues (Wheatley and Gillings, 2002; 
Conolly and Lake, 2006; Paliou et al, 2011).  
 
Some of the most important problems in visibility analysis are related to software 
implementation. Different GIS can use different algorithms to calculate LOS and therefore, 
the results obtained from them can be quite different. Another issue software related issue is 
the implementation of the estimation of the curvature of the earth (Conolly and Lake, 2006: 
228). Another potential methodological problem is what has been called the edge effect. As 
intervisibility decays with distance and it is only calculated for the cells that fall witin a radius 
specified from the viewpoint, there is the possibility of underestimating the possible LOS that 
occurs with other cells outside the boundaries defined for the study area artificially truncating 
the viewshed (Wheatley and Gillings, 2002: 209; Conolly and Lake, 2006: 229). The solution 
suggested by these authors has been to choose wisely the study area making sure that (1) the 
groups of sites analysed constitute a genuine spatial cluster (Wheatley and Gillings, 2002: 209) 
and (2) carrying out the analysis on a region that extends the area by a “...buffer zone of the 
same width as the maximum viewing distance” (Conolly and Lake, 2006: 229). In addition to 
this, intervisibility and reciprocity will also have to be considered. Taking into account the 
heights above the ground of the observer and the target, it might be possible that whilst from 
the location of the observer the target is visible, from the location of the target the observer is 
not. In this sense, the parameters established regarding heights must be carefully selected and 
the hypothesis to test this must always take into consideration this issue.  
 
Other relevant difficulties include the facts that normal visibility calculations usually do not 
take into account the possible vegetation present and also that they rely on the DEM accuracy. 
Regarding the visibility of vertical and natural elements such as vegetation or buildings, the 
problem has not relied only in the acquisition of paleoenvironmental data for extensive study 
regions, but also in its computational implementation within GIS. Several researchers have 
looked at solving these problems by developing different solutions (Llobera, 2007a; Guth, 
2009; Paliou, 2009). However, there are also other specific issues to consider. Regarding the 
actual physics of human vision, an investigation of accuracy or visual acuity in people from 
the past is undoubtedly a really difficult task. Nevertheless, it is possible to take some of the 
modern parameters as reference. As explained in Chapter 2, one of the most important issues 
regarding visibility has been to clarify the physical conditions under which human vision 
works.  
 
As said before, amongst the most influential factors in human vision we can cite visual acuity 
or the capacity to see high contrast detail at the center of the eye. This is normally measured 
as Snellen fractions (20/20 in optimal conditions). There are diverse forms of measuring 
visual acuity, but recognition acuity has been regarded as the most relevant when identifying 
distant objects within a landscape and it refers to the ability to recognize a determined 
stimulus. This is the most common measurement for eyesight and its limits are measured in 
terms of “…the visual angle occupied (or subtended) by the target within the field of vision of 
the observer, which accounts for both object size and distance from the viewer” (Ogburn, 
2006: 406) (Fig 5.19).  
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Fig. 5.19 The relationship of the visual angle with the distance and size of the target. (From Ogburn, 

2006: 406) 

 
The minimum threshold in the visual angle for the recognition of a small target is 0.5”, while 
the maximum for recognition acuity is 30”. However, regular vision has been defined as 
presenting an equivalent of 1’ of arc (Ogburn, 2006: 406). This measurement will be relevant 
for modeling visibility while moving, but other factors, such as visual range (that becomes 
influenced by environmental circumstances), also need to be considered. Lighting and 
atmospheric conditions can have a great impact. Some studies have suggested that, depending 
on the air quality (measured in relation to the particles floating in the atmosphere), in places 
such the U.S, the visual range can go from 150±45 Km in optimal conditions to 23-39 Km in 
poor conditions. However, site-specific circumstances will have to be taken into account 
(Ogburn, 2006:407). Additionally, the particular characteristics of objects can play an 
important role as to whether people can see them or not and if so, how well. According to 
Ogburn (2006: 407) the human eye can notice really small contrasts in brightness -in which 
differences as low as 2% can be perceived. Red or bright white objects can be easily caught 
by the human eye and so can abnormal or unusual shapes. Some studies have covered in 
greater detail how vision is affected, proposing some methods of overcoming the difficulties 
mentioned above through different approaches and the creation of diverse types of visibility 
analysis such as probabilistic, fuzzy and Higuchi viewsheds and visibility in 3D spaces 
(Fisher, 1994; Loots et al, 1999; Wheatley and Gillings, 2000; Ogburn, 2006; Paliou et al, 
2011). These forms have led to greater improvement in the understanding of general 
uncertainties related to weather conditions, atmospheric haze, clarity, vertical features and 
DEM errors among others. 
 
Within archaeology, other particular methodologies have been developed seeking to explore 
particular characteristics of the landscape and their relationships with determined features. 
For instance Wheatley and Gillings (2000) suggested a GIS method to establish a series of 
distance classes, looking to classify in a more objective way the traditional binary viewshed 
into visual ranges. Based in the research of Tadahiko Higuchi (1983) who looked at 
understanding visibility in landscapes, these authors developed further one of the eight visual 
indexes proposed by him (Visibility/Invisibility, Distance, Angle of incidence, Angle of 
depression, Angle of elevation, Light, Depth, textural density and gradient), focusing on the 
effects of distance addressing its influence in visual decay. This distance index refers mainly 
to the fact that the quality and the way in which a view is presented to us, is highly dependent 
upon distance from the observer. As Wheatley and Gillings (2000: 15) pointed out: “Higuchi 
sought to determine a standard index that quantified and communicated this effect of 
longer/shorter distances”. In this effort, he looked to establish an object for observation that 
could be compared and from which a series of classes could be established. Previous research 
in urban environments used the human body as scale, however in the case of landscapes, to 
find an appropriated object could be more difficult due to their complex characteristics such 
as spatial openness, possible haziness, etc (Wheatley and Gillings, 2000). Higuchi selected 



 110 CHAPTER FIVE 

the tree as the standard object and he divided the given view in 3 ranges:  foreground, middle 
ground and background.  
 
In this index, Higuchi established that at a short distance range (or foreground) trees would 
have to be recognized as individual entities and the observer could, for instance, see clearly 
the leaves of the tree. At a middle distance, the detail would be lost and the trees would 
become part of the wider landscape. At this range the topography of the terrain becomes 
important and we are able to see the “forest” rather than the trees. Finally, in the case of the 
long distance (or background) range, the observer could identify a wooded area but nothing 
more, where the texture becomes uniform and there is no sense of depth (Higuchi, 1983: 12-
14) (Fig. 5.20).  

 

 

Fig. 5.20 Ranges established in the Higuchi viewshed. At short range, individual trees and details are 
recognizable, at middle range the forest is distinguished as a mass, and at long-distance range the forest 

becomes part of the background losing any distinctive identity. Photo by Chuck Szmurlo. 

 
Llobera’s work on visual landscapes took a similar theoretical approach, but taking into 
account archaeological evidence on prehistoric barrows as the point of reference rather than 
trees (Llobera, 2007b). As in Higuchi’s case, he also established foreground, middle ground 
and background ranges calculating distance from angles but based on the possible influence 
that the features (in this case the barrows), might have in relation to the amount they occupy 
in the field of view of a person (Llobera, 2007b: 58). In his research, this author has extended 
Wheatley’s (1995) work on visual patterns looking to understand not if intervisibility between 
archaeological elements was intentional or not, but to explore how visibility patterns emerge 
and operate in a given landscape (Llobera, 2007b: 57). The ranges defined by this author are 
based on the types of activities that can be associated with the barrows at various distances 
from them.  
 
Through the implementation of this kind of analysis the possible visual relationships between 
the viewpoint and other elements within its field of view can be examined (Wheatley and 
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Gillings, 2000: 19). While looking, for instance, at the field of view from a settlement features 
that are within a short distance can be regarded as integral to the everyday life of people from 
that settlement, and elements in the middle range could be thought as part of the scenic 
landscape. At a long-distance, features may be visible but not individually identified, forming 
part of the wider background (Wheatley and Gillings, 2000: 19). The implications in the 
identification of visual ranges in movement are varied. To investigate the visual ranges within 
the fields of view of prehistoric settlements can help us to understand characteristics of 
importance for these societies in the structuration of the landscape, such as elements or areas 
of more immediate use or symbolic significance. In the case of movement, the use of the 
concept behind the Higuchi viewsheds can be immensely useful, since by using it we can test 
the visual impact and possible roles that certain archaeological elements (such as funerary 
monuments) might have within the landscape. As said at the beginning of this chapter, one of 
the main objectives in this research was to test specific characteristics of visibility possibly 
associated to the role of megalithic monuments as waypoints in terrestrial navigation. 
Although it was not possible to implement all the methodologies seen here, two approaches 
were developed in order to test the specific hypothesis of our interest. An approach similar to 
Higuchi’s index was thought as necessary in order to create visual ranges from the funerary 
monuments to explore in specific the visual proximity of corridors to these archaeological 
features. However, as explained further in Chapter 6, a particular methodology following 
Llobera’s example was developed for this case using the megalithic monuments as measure 
instead of trees. While intervisibility, depth of invisibility, distance and the angles of 
incidence, depression and elevation are factors considered in this study, accounts of lighting 
and textural density are not part of it due to the important role that vegetation cover plays in 
these aspects. The current available data regarding the vegetation cover could be used, 
however, it was considered as with CSA, that paleoenvironmental data would be more 
suitable and therefore we suggest the incorporation of these aspects as a future improvement.  
 
Another interesting development implemented in this research is that of Directional 
viewsheds which have been used by several scholars (Wheatley and Gillings, 2000). The 
application of this kind of analysis in GIS constitutes a derivative from the traditional 
viewshed analysis, and it aims to identify whether the field of view from a certain point in the 
landscape gives preference to a specific direction due to the configuration of the topography.  
The exhibition of a pronounced directionality in the fields of view from a viewpoint can be of 
great significance in certain cases. In this research, the identification of possible relationships 
between preferent directions of view from monuments and other elements such as natural 
corridors might help us to test the possible use of megaliths as waypoints in terrestrial 
navigation. In other cases, preferences in the location of certain settlements or sites due to 
prominent visibility over certain areas might be also identified through this technique.  
 
In general, it can be said that although the use of spatial analysis is not new in archaeology, its 
potential for the study of movement is still under development. As demonstrated in this 
chapter, the methodologies are far from reflecting the full complexity that human movement 
can reach, and the combination of a series of techniques will be highly dependent on the 
questions we ask. However, although these models cannot be regarded as depictions of reality, 
they can help us to understand some of the patterns we observe. In the next chapter, we will 
see how the application of each of these analyses is intended to answer very specific questions 
and also how they are tailored to the study area in question.  
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Chapter Six 
EXPERIMENTS 

6.1 INTRODUCTION  
 

Modelling the dynamics of movement of prehistoric communities in the region under study is a 
difficult task. To start with, there are several limitations to the analyses that can be carried out. One 
problem is the scarcity of useful evidence and the lack of research on paleoenvironment or modes of 
subsistence. Another important problem to face is the small amount of C14 dates accessible for this 
area and therefore, it is assumed that the sites might be contemporary. In this sense, all the results 
from the models I created are subject to evaluation and their aim is not to so much to reflect the reality 
of these societies as to lay the basis for the study of the mobility of these groups.  

Diverse hypotheses based on the ideas presented earlier were tested through a series of methods such 
as spatial analysis and statistics. To examine them, well established methodologies were used, and 
others were specifically developed for this research. Four different experiments testing our hypotheses 
were conducted, analysing (1) the importance of natural corridors for prehistoric and historical 
societies, (2) the variables and factors that influenced the layout of the historical routes and the 
possibility for the identification of prehistoric paths, (3) the potential use of waypoints during late 
prehistory and (4) the possible role of landmarks in the prehistoric pastoral orbits. 

 

EXPERIMENT ONE 

6.2 ASSESSING THE INFLUENCE OF NATURAL CORRIDORS OF TRAN SIT 
 
Through time, societies have not only learnt how to use resources from the environment, but they 
have also acquired specialised knowledge, adapting to it. Mountain regions are often very special 
environments due to their diversity, strategic significance and marginality. Mountain contexts are of 
great importance not only for their richness in natural resources and their great biodiversity, but also 
because of their peculiar socio-cultural dynamics, whose development has often tended to be at the 
margins of the centres of political power. Although these observations could be seen as only valid for 
historical contexts, it can be argued that these peculiarities can also be observed during prehistoric 
times. In the specific case of western Sierra Morena, previous studies in settlement patterns have 
pointed out the differences between the mountain environment and the adjacent valleys, concluding 
that people there lived in conditions marked by economic austerity and lower population densities. 
This marginality can be also extended to movement in these regions, where mountain ranges regularly 
constitute mighty obstacles (due to their natural configuration), that play a central role in strategy, 
commerce and travel. Movement in these environments is frequently localised and accommodated to 
the nature and steepness of the terrain. Travelling through natural passageways and optimal routes 
such as mountain passes and internal valleys is regular in these regions, and although the optimal 
employment of the landscape does not always norm in human societies, in certain special conditions 
such as these, the search for optimality can have serious advantages. In this way, the configuration of 
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western Sierra Morena might have shaped both the very forms of transit through the mountains and 
the historical routes of communication that traverse Andalucia. Because of this, in the current research 
great relevance has been given to assess the topographical accessibility of this terrain, and identify in 
a robust way specific features of the landscape that are relevant for movement such as passageways, 
crossing points and natural corridors.  

The identification of such areas allowed us: (1) to examine the role that natural accessibility might 
had played for prehistoric societies in the location of their settlements and symbolic places; and (2) to 
determine through the examination of historical and modern paths, to what extent zones of optimal 
accessibility have been used through time in the establishment of communication routes. 

 

6.2.I PARAMETERS AND TECHNICAL DEVELOPMENT OF THE EXPERIMENT  
 
In order to define the natural areas of transit within the study area a specific methodology was 
developed with GIS (Murrieta Flores et al, 2009). This had as its primary goal to identify potential 
areas of natural transit, taking into account only natural factors such as the slope of the terrain and 
certain natural barriers such as rivers. For this, I combined three different spatial analyses. Firstly, it 
was necessary to undertake a Morphometric Analysis of the terrain, identifying the natural 
passageways into the study area. Once identified the points from which our study area was accessible, 
they were used in a Cost Surface Analysis as nodes for the simulation of least cost paths crossing the 
entire region. These were calculated in terms of easiness to walk through diverse slope steepness 
while travelling. Finally, from these results, the number and density of paths in each area was 
observed through a Line Density Analysis, that identified the areas of natural corridors and the most 
suitable parts of the landscape for transit in western Sierra Morena.  

For the morphometric analysis, I used a Digital Elevation Model with a spatial resolution of 10m. The 
objective of this analysis was to identify the features classified as “passes” since they were regarded 
as the most suitable points of access to the study area. Following the methodology proposed by Wood 
(1996; 1999) explained in the past chapter, and because our interest was to identify the morphometric 
features at a local scale, four  local windows were used at sizes of 3 x 3, 5 x 5, 25 x 25 and 65 x 65. 
These windows represented features covering 30m, 50m, 250m and 650m. Although in a general 
sense these are arbitrary sizes, it was considered that the areas of access to the study area and usable 
passageways through the most abrupt parts of the terrain, would be located within these sizes.  

Morphometric analyses were carried out making a classification of the landscape and identifying each 
of the features described above.  
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Fig. 6.1 Example of the morphometric analysis of Sierra Morena and the classification of its features passing a 
local window of 25x25m. 

The results from the diverse spatial extents were compared and the ones set at windows of 3x3, 5x5 
and 25x25 were used to identify the points from which our study area can be accessed. These spatial 
extents were selected because the features detected in them constitute passageways that are wide 
enough for comfortable transit, making these zones more likely to be used as points of access into the 
study area. Thirty-six of these locations were recorded as points in a vector format in order to carry 
out the Cost Surface and Least Cost Path analyses (Fig. 6.2). 

 

Fig. 6.2 Points of access defined in the morphometric analysis. 
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After the morphometric analysis was done and the points of access to the study area were identified, a 
Cost Surface Analysis was conducted in order to later calculate Least Cost Paths (LPC) between the 
recognized points of access. As said before, this had as a goal to distinguish the most accessible areas 
in the region 

In the context of this particular experiment, cost can be understood as the cumulative cost implied to 
traversing the terrain taking into account slope steepness from a concrete geographical starting point 
to another. In this sense, the cost depends on two variables: linear distance and friction. In other words, 
cost can be understood as the linear distance modified by friction. As said before, friction values 
depend on several factors and although topography is an essential component concerning movement, 
it must be remembered that cost surface analysis relies on the abstract concept of cost, and 
consequently, does not model the real world in a precise way (Murrieta Flores, 2007: 69). In some 
cases however, as it will be explained next, the use of slope as the only determinant factor for 
movement can be used depending on the hypothesis to test.  

In the case of this experiment, because I was looking to identify only the natural passageways, I 
decided to create an isotropic model -see Chapter 5- and the only factors I took into account to create 
the friction surface was the slope of the terrain and the rivers that cross the study area. All the raster 
information used for this experiment has a 10m resolution and the software used for this part of the 
experiment was IDRISI Taiga1.  

The calculation of the friction surface entailed the assignment of relative friction values (ranging from 
1 to 1,000) to the diverse angles of slope and to the rivers, taking into account the impedance to cross 
them. Although I am aware that in certain circumstances, rivers may facilitate of movement (through 
the use of boats), they can also hinder it by constituting natural/physical barriers for those travelling 
by land. However, not all the rivers constitute the same kind of barrier. Wider and deeper rivers can 
be greater obstacles than shallow or temporary ones. The model took into account this circumstance, 
classifying the rivers and assigning diverse friction values to them according to their volume and 
width, considering as seen next the friction values derived from the topography.  

In order to assign friction coefficients to different classes of slope, I had to find an empirical 
relationship between the steepness of the slope and the effort that one would have to expend 
overcoming it, and express this in an equation. The functions physiologists use the most are the ones 
depicting the relationship between slope steepness and energetic expenditure. Following Schneider 
and Robbins methodology (2009), I made use of information taken from physiological experiments 
carried out in the Middle Mountain environments of Nepal. From this study it has been established 
that in this region the average walking speed is around 384 meters per hour, while the average slope is 
of 20˚ (Schneider and Robbins, 2009: 59). If it is taken into account that the regular speed of walking 
in a flat surface is 5,000 meters per hour and flat surfaces have a slope of 0˚, it can be estimated that 
the cost of travelling across a 20˚ slope is 13.02 times higher than to walk in a 0˚ slope. In this sense, a 
relative friction value of 1 to 0˚ slopes and a value of 13 to 20˚ slopes can be assigned (Schneider and 
Robbins, 2009: 59). As Chapter 2 proposed, it was also needed to consider that the relationship 
between slope and movement is not linear. This means that in the presence of slopes between 40˚ and 
50˚, walking is almost impossible. Taking into account this information, a simple polynomial equation 
can be used to describe this relationship (Schneider and Robbins, 2009: 59): 

                                                 

1 www.clarklabs.org 
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Y= .031X2 - .025X + 1 

Where: 

Y is Friction 

X is Slope 

This means that for a slope of 0˚ the friction is 1, for a slope of 20˚ the friction is around 12.9, at a 
slope of 40˚ the friction takes a more prohibitive value of 49.6 and when slope increases towards 45˚, 
there is an exponential increase in friction as depicted in figure 6.3. 

 

 

Fig. 6.3 Plot of the polynomial equation used. 

A raster calculator was used to perform these operations in GIS, manipulating the slope image so as to 
transform it into a friction surface. An additional friction surface for the rivers was created taking into 
account 4 types of rivers. Classes 1 and 2 are considered seasonal rivers that are easy to cross so a 
friction value of 2 was assigned to them. Class 3 rivers were classified with a value of 11 as they are 
wide and usually deep, while class 4 were given a value of 1,000 as they are impossible to cross on 
foot in any season. Following this, both rasters were overlaid to obtain a definitive image for this 
experiment. This was used as the final friction surface to calculate the cost distance raster of each 
node to cross this landscape (Fig. 6.4). It has to be mentioned that one of the disadvantages of the 
friction values assigned to the class 4 rivers is that their floodplains and valleys would be immediately 
discarded as passage zones. However, it was taken into account that they normally constitute natural 
corridors for transit.      
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Fig. 6.4 The friction surface used in this experiment depicting relative cost units in terms of energy 
expended. 

The cost distance rasters were created from the nodes selected in the morphometric analysis. They 
were produced taking into account the friction surface, and calculating the value of the accumulated 
least relative cost of getting from each specific cell to the nearest source (Figs. 6.5 and 6.6).  

 

Fig. 6.5 Cost (in relative units) expended to get to node no. 9 from any point of our study area. 
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Fig. 6.6 Example of cost distance rasters from 4 different nodes. 

 

In order to carry out the Least Cost Path analysis an additional “direction” raster needs also to be 
created per node in order to identify the way “back” to the nearest source. During this process the 
algorithm assigns an identification code (from 1 to 8) to each cell indicating which one of its 
neighbours is on the least cost path back to the source (Fig. 6.7). In total, 36 cost distance and 36 
direction rasters were calculated for this experiment. The software used for the creation of the cost 
and direction rasters was Arcgis 9.3.  

 

Fig. 6.7 Direction raster of node no. 9 of our study area.   
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Once the cost surfaces were obtained, the LCP analysis was conducted. For this, I used the same 
software (Arcgis 9.3), which carries out this operation implementing Dijkstra's algorithm (1959), 
which finds the shortest path from a source node to a target node. A total of 1476 paths were 
simulated (Fig. 6.8).  

 

Fig. 6.8 The LCP calculated.   

 

Once the LCP were calculated, two other analyses were carried out. As said before, the main idea of 
this experiment was to identify the areas that are most accessible by taking into account the 
topography of the terrain, i.e., where the least of the costs traversing the terrain has incurred. 
Following this logic, the most accessible areas would have to be those in which a higher number of 
paths can be identified. To identify these areas then, I created a grid of 1 km cells covering all the 
study area. The number of paths crossing each cell was counted creating a grid depicting the most 
accessible zones (Fig. 6.9). Additionally, a line density analysis was also performed. As its name says, 
this analysis calculates the density of linear features in the surrounding area of each raster cell, giving 
us very similar results as expected (Fig. 6.10). 
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Fig. 6.9 Grid with the count of paths crossing each 1 km cell.   

 

 

Fig. 6.10 The Line Density Analysis depicts the density of linear features passing in the neighbourhood of each 
raster cell.  
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6.2.II RESULTS: THE IMPORTANCE OF ACCESSIBILITY IN PREHISTORIC AND HISTORICAL 

SOCIETIES 
 

The development of this methodology allowed us to generate a model that shows the most accessible 
areas of transit in terms of the paths simulated, taking into account the roughness of this particular 
terrain and the impediment of crossing certain types of rivers (Fig. 6.11). One of the first interesting 
observations made from the morphometric analysis, was precisely the fact that many of the points of 
entrance to the study area classified as “passes”, coincide with the location of the modern and 
historical roads. This gives us a clear idea of the importance of these morphometric features for the 
establishment of routes of communication in general.  

 

Fig. 6.11 Accessibility zones in our study area. 

 

Paying attention to the constitution of western Sierra Morena, it can be concluded that due to its 
configuration, the easiest direction of transit is NW-SE and that there are four main “entrances” that 
can be immediately identified2: these are the valleys of the Rivera de Huelva, Múrtigas, Chanza and 
Viar rivers (Fig. 6.12).  

                                                 

2 A series of guide maps locating the specific sierras, municipalities and rivers can be consulted at the end of the 
section.  
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Fig. 6.12 Main entrances to western Sierra Morena: a) Múrtigas River; b) Rivera de Huelva; c) Chanza River 
and d) Viar River. 

 

Although the limitations of the available archaeological record must be taken into consideration, it is 
interesting to note that these areas or natural corridors were heavily used during prehistory in general. 
During the Copper Age there was a concentration of settlements in the valleys of the Viar and Chanza 
rivers, towards the EBA there was apparently a denser occupation of the upper course of the Rivera de 
Huelva. In any case, examining the results from the analysis at a glance, it can also be observed that 
the majority of sites and monuments, independently of their chronology, appear visually to fall within 
the areas identified as natural corridors (Fig. 6.13). 

 

Fig. 6.13 All the late prehistoric sites recorded and natural corridors. 

In order to test this observation, and to examine the possible role that natural accessibility may have 
played in the location of settlements and places of high symbolic value in late prehistoric societies, I 
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conducted statistical tests of significance. By these means, the spatial relationship between settlements 
or funerary monuments and natural corridors was investigated, clarifying whether these sites are 
closer to the natural corridors than it could be expected by matter of chance alone. 

The statistical analysis used was the non parametric Kolmogorov-Smirnov test of one sample, which 
is appropriate for analysing two sets of observations. The general purpose of this test is to determine 
whether a difference between the means of two samples is statistically significant. In this manner, the 
test is based in the maximum difference between two cumulative distributions (sample and 
population) that determine by its significance if the sample deviates notably from the population. In 
other words, it allows us to know if the relationship between them is random or not and therefore if 
there is something to explain (Corder and Foreman, 2009: 26). 

The procedure followed for these analyses with the aid of GIS was to establish a distance index from 
the natural corridors identified creating buffers each 500m, observing how many archaeological 
elements occurred within each index. From this, the areas calculated are taken as the background 
population and the cumulative frequency is derived, while the cumulative frequency of the number of 
archaeological cases per index is also derived. Finally the maximum differences (Dmax) between both 
cumulative frequencies are calculated. The maximum value is compared with a given critical value 
that is determined depending on the level of significance established. If Dmax exceeds the critical 
value, the null hypothesis proposed can be rejected (i.e. Ho= The Copper Age settlements are 
randomly distributed with respect to the natural corridors).  

As said before, the idea behind this test was to investigate the relationship between the natural 
corridors and (1) the Chalcolithic Settlements, (2) the EBA Settlements, (3) the LBA Settlements, (4) 
the Megalithic monuments and (5) the EBA Funerary monuments. In this case, because the sample of 
the LBA funerary monuments is too small, I chose not perform any statistical test. In this sense, 
following the method described above, five different tests were carried out at a general spatial scale, 
assessing the whole study area. The spatial association was investigated at two levels of significance. 
The first set of tests was performed at a significance level of 0.05. At this level, as it will be seen next, 
the null hypotheses in all cases were rejected, so in order to investigate how close  this relationship is, 
it was decided to do the test at a level of significance of 0.1 and the tables derived from these analyses 
can be consulted in Appendix E. 

In all the cases the null hypothesis was rejected at both significance levels. The results of these tests 
indicate that the spatial association between natural corridors and late prehistoric sites is unlikely to be 
a matter of chance, suggesting that the sites tend to occur close to corridors. In order to quantify this, 
taking into account the distance indexes created for the statistical test, the number of settlements and 
monuments that “fall” in the closest indexes to the calculated paths were counted. It needs to be taken 
into account that the routes calculated are simple linear features and that real area of transit such as 
valleys can be wide. Therefore a width of 1500m from the calculated paths was considered as the 
areas of transit. In this manner, while 73.33% of the Copper Age settlements are located in areas of 
natural transit, in the case of the Bronze Age this coincidence is even bigger, with 81.25% for the 
EBA and 87.5% for the LBA. In the case of funerary monuments this relationship seems to shift. 
For the Copper Age the association between natural corridors and megalithic monuments is 
emphasised with 88.24% of them falling within the areas of transit, while in the case of the EBA the 
coincidence between funerary sites and corridors is 75% and for the LBA is only of 33% (Fig. 6.14). 
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Fig. 6.14 Settlements and monuments within the natural corridors. 

These figures are very meaningful in terms of modes of subsistence, social interaction and movement. 
A high coincidence between settlements and corridors was an expected observation in general, as it is 
likely that human societies will locate their settlements at reach of communication areas. However, 
our results that show a contrast in apparent preferences were consistent with the observations made by 
other researchers in terms of identified differences between the Copper Age and EBA settlements 
(García Sanjuán, 1999; Pérez Macías, 2010: 275-276).  

A weakest association between natural corridors and Copper Age settlements might be explained 
through the observation of their settlement pattern and its comparison with the Bronze Age societies. 
While during the Chalcolithic only 25% of the settlements were associated with land that had been 
used and regarded historically for pasturage and herding activities, for the EBA there seems to be a 
substantial increment in the preference to inhabit this kind of land (65.62%). This might mean not 
only that these groups were looking more regularly for spaces that were suitable for herding, but also 
that they were performing seasonal movements and therefore, a stronger relationship between their 
settlements and natural corridors can be observed. If it is assumed that these communities practiced 
mobile pastoralism, the way mobility was carried out might have changed through periods. In this 
scenario is possible that during the Copper Age groups might have practiced seasonal agriculture 
along with their herding activities. Moreover, towards the Bronze Age, as the networks become 
extended and the trading and exchange of several resources and products such as metals, secondary 
products and rare rocks increases, these societies may have been able to trade agricultural products, 
thus giving emphasis to these aspects locating their sites even more related to natural areas of 
communication.  

The strong relationship between Bronze Age settlements and the areas of natural accessibility, seems 
to contradict in a way the argument proposed by other scholars suggesting that in Iberia, where social 
inequality increased towards the beginning of the Bronze Age, the desire for places to settle with 
better characteristics of defensibility might have increased. From our point of view, in sedentary 
societies this would be usually the case. However, in the case of western Sierra Morena, with a mode 
of subsistence more related to pastoralism, it is probable that many of the sites identified as temporal 
camps or settlements were related to their pastoral orbit and therefore, they present a stronger 
relationship with natural corridors. This might have been the case in the election of some caves as 
shelters such as Cueva de la Mora de la Umbría (Aracena). This cave apparently served as a 
permanent settlement during the EBA and towards the LBA, it became a sporadic or maybe seasonal 
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shelter (Martínez Rodríguez and Lorenzo Gómez, 1992: 198). This kind of use has also been observed 
in other mountain environments, where the combined use of caves as pens for sheep and residence for 
herders during Late Prehistory has been documented (Mlekuž, 2005). Although excavations are 
needed, it is exciting to note that those cases are regularly related to pasturage and accessibility areas 
as Cueva de la Mora de la Umbría is. In addition, it must be considered that in comparison to the rest 
of Andalucia, the caves of Sierra de Huelva seem to present the most important periods of occupation 
towards the Bronze Age (Martínez Rodríguez and Lorenzo Gómez, 1992: 199), a situation that could 
be related to the increase in herding activities and seasonal mobility.  

It is of great interest to observe that in the case of important passageways with prehistoric settlements 
such as the Múrtigas River Valley, it has been concluded that after the Chalcolithic and despite their 
location in places better suited for agriculture, the settlements were not reused (Pérez Macías, 
2010:274). This seems to emphasize further a change in needs towards the Bronze Age, and possibly 
the specialization in a mode of subsistence more oriented to a pastoralist strategy. As said before, 
although more paleoenvironmental research is needed, it is interesting to observe that a great part of 
the EBA sites are associated with soils that have been traditionally used as pasturage for herding 
activities. This is the case of El Trastejón, Puerto Moral, La Grama, Santa Catalina and Cerro Librero 
I that are also located within the defined natural corridors of the Rivera de Huelva River, which 
constitutes one of the most important passageways in this area, and the main natural corridor leading 
into the “inner” part of Sierra de Huelva. In this manner, the increasing importance of commerce 
during this period, the potential proliferation of herding activities and the enterprises that comes with 
them, might be some of the factors explaining why during the Bronze Age, a larger number of 
settlements and seasonal camps are located in areas of natural corridors.    

In relation to the funerary monuments, two remarkable results emerged from this analysis: (1) that the 
hypothesis expressed since the 1970s pointing to a relationship between megalithic monuments and 
natural corridors can be finally accepted for western Sierra Morena, and (2), that this relationship with 
funerary monuments seems to be also sustained for later periods, at least for the EBA. 

While the possible reasons for these relationships will be explored through further analyses in the next 
sections, it is of great interest to observe that the majority of the megalithic monuments are located in 
a range of 500-1000m to the calculated LCP, and the EBA funerary monuments are located even 
closer, in a range of 0-500 m. Taking into account that the range between 0 to 1000m is only 20.86% 
of the total studied area the proximity of the monuments seems even more emphasised.  
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Fig. 6.15 Prehistoric sites within the distance range (meters) to the natural corridors. 
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Although the percentage of EBA funerary sites that coincide with the corridors (75%) seems to be 
smaller than in the Chalcolithic case (88.24%), the number is still high. This might be interpreted as a 
possible continuation in the symbolic role of funerary monuments for these communities, and 
although a drastic drop in the relationship with LBA monuments (33%) is also observed, this seems to 
be due to the small sample available. In any case, the strong spatial relationship recognised for the 
megaliths seems to be consistent with the idea that they are often located in visible and traversable 
areas, and it also emphasises their possible role as landscape markers.  

Related also to this, is the remarkable coincidence between historical paths and natural corridors As 
said before, whether or not prehistoric monuments in southern Iberia were associated with historical 
routes has been a matter of much debate. This association has been obviously intriguing due to the 
different chronologies of both archaeological elements. What is clear from this first experiment is that 
the monuments are definitively associated with areas of natural transit. Although the logic behind the 
layout of the historical routes has not been analysed in depth yet, their connection to funerary 
monuments may be due to the fact that some parts of these paths follow the most accessible areas in 
the landscape. Therefore what it is observed, is in reality the relationship of the monument with the 
natural corridor which happened to be used by the historical route at a later time. This might be the 
explanation why in some cases, a spatial relationship between historical routes and funerary 
monuments can be confirmed and in some others not (Wheatley et al, 2010). In this sense, in the 
context where the spatial relationship with historical paths has been impossible to establish, it would 
be useful to test if the monuments are related to natural corridors instead. In this case it must be taken 
into account that, although there are many variables and factors that influence how we establish a path 
layout, in mountain environments these options are significantly more constrained. Therefore, it is not 
surprising that the historical routes follow, at least in some sections, natural corridors and that these 
might have been used by earlier societies.  

To know the nature of the logic behind the layout of historical paths becomes thus fundamental for 
understanding the relationships observed. In our case, from the examination of the simulated paths it 
was confirmed that many of the historical routes match exactly the LCP. This demonstrates that there 
is always certain logic of optimality behind their outline. Although the layout of the modern routes is 
quite different from the historical paths, the first ones also tend to fall within the areas defined as most 
accessible in the experiment. However, there is still an interesting differentiation that can be made 
between them. While 89.21 % of the transhumance routes fall within the areas of accessibility, only 
80.03 % of the modern roads are within them. This might suggest that both historical and modern 
societies made use of the natural “accessibility” of the landscape, but in the case of the historical 
groups this use seemed to have been even more desirable. This is probably connected to the fact that, 
not counting with technology such as cars or engineering that allowed them for instance, to create 
shortcuts cutting through hills, they looked for places of natural and better accessibility within the 
mountains. In any case, it is also of relevance to observe that the layout of the historical routes is still 
used extensively by modern motorways (even if located only few meters away from the historical 
ones), reaffirming the constant role and reuse that paths have had through time in this environment.   

Such is the case of some important passageways, such as one of the southern entrances to Sierra de 
Sevilla through the Viar River valley. This is a traditional herding region and the transhumance route 
called El Cordel del Pedroso in use already during the Late Middle Age, goes through the natural 
corridor which is still used as the modern access from the southeast to Almadén de la Plata (Fig  
6.16). 
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Fig. 6.16 Historical route of El Cordel del Pedroso and the LCP simulated. 

 
The same can be said of the mountain pass crossing N-S the municipality of Cortegana towards 
Aroche, that goes through the eastern part of Cumbres del Castillo and the western area of Sierra 
Pelada. It is appealing to observe that this is the same ridge through which the modern N-433 highway 
and the transhumance route called Cañada Real de Medellin pass (Fig. 6.17). 

 

 

 

Fig. 6.17 Mountain pass through Cumbres del Castillo. 
 
Another similar case is the natural corridor that crosses the municipalities of Cumbres de San 
Bartolomé, Cumbres de Enmedio and Cumbres Mayores, where the routes of Vereda de Encinasola to 
Cumbres Mayores, and parts of Vereda de las Cumbres de San Bartolomé a Cumbres Mayores and the 
Cañada Real de Soria coincide exactly with the LCP (Fig. 6.18). 



 128 CHAPTER SIX 

 

 

Fig. 6.18 Historical Routes and LCP of Cumbres de San Bartolomé, Cumbres de Enmedio and Cumbres 
Mayores. 

 

 

This seems to happen also in lower altitudes were the LCP again followed the transhumance routes as 
is the case of the Vereda de Sevilla in Rosal de la Frontera (Fig. 6.19).  

 

 

Fig. 6.19 Comparison between the historical routes of Vereda de Sevilla and the LCP. 
 

There are many examples like these and more than 35 cases of coincidence between the defined 
natural corridors and transhumance routes were found. This is the case of the historical paths of 
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Vereda de Cabezas Rubias to Paymogo (Santa Bárbara de Casa3), Vereda de Camino del Cerro 
(Cabezas Rubias), Vereda de Almonaster to Cabezas Rubias, Vereda de Aroche a la Nava, Vereda de 
Aroche to Jabugo (Cortegana), Vereda de la Sierra Pelada, Vereda de Cefiña to la Contienda 
(Aroche), Vereda del Mayordomo and Vereda del Camino de Aracena to Santa Olalla (Zufre) to 
mention just a few. 

Finally, an interesting perspective derived from all these observations is that places where natural 
corridors, historical paths and prehistoric monuments converge, constitute  parts of the landscape that 
are highly likely to have been used by prehistoric communities. Therefore, they could be targeted for 
archaeological investigation. Because it has been a common practice for all societies to reuse the 
paths already established, the presence of these three elements might be attesting to the possible 
fossilization of a route, at least in those specific segments. It can be argued that historical 
transhumance routes had a specific purpose, so their layout must have been quite unique to the social 
and economic needs of the societies that created them. However, in this case there are many segments 
where the roads tend to follow the natural corridors, and if in these parts the monuments are strongly 
associated with them, it is possible to think that these segments might be part of older paths. The 
identification of the fractions where the historical routes might be following natural corridors and the 
identification of monuments associated with them becomes crucial for the potential identification of 
prehistoric paths. In addition, the experimentation with several models of cost surfaces might help us 
to better understand the logic followed in the outline of the historical routes. 

 

EXPERIMENT TWO 

6.3 ANALYSING THE LAYOUT OF HISTORICAL ROUTES AND IDENTI FYING  

POSSIBLE PREHISTORIC PATHS 
 
As said previously, there are many factors that determine how and which direction a route follows.  In 
the case of western Sierra Morena, an understanding of these main factors might help not only to 
identify prehistoric paths, but also to understand the historical dynamics of movement within this 
landscape. 

As explained in the above section, the recurrent relationship observed between funerary monuments 
and transhumance routes it might be better explained as a relationship between the monuments and 
the segments of the routes where a natural corridor was actually followed. Where these three 
elements converge it is possible to think that we might be witnessing the fossilization (or 
continuation) of a prehistoric route. Although this observation was derived from the results of the first 
experiment and many coincidences between the simulated paths and the historical paths were found, 
the previous analysis was not specifically designed to assess to what extent historical routes such as 
transhumance pathways actually followed natural corridors. In this manner, I considered of interest to 
create a further experiment in order to identify the specific segments in the transhumance routes that 
go through the most accessible parts of the landscape. As the first goal of this section, this part of the 

                                                 

3 The transhumance routes may pass through several municipalities, so those listed here in brackets refer to the 
geographical parts where the LCP and the historical routes match.   
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experiment will allow us to identify the confluence of the three elements mentioned and propose 
future lines of enquiry.  

On the other hand, historical transhumance routes have been regularly thought as simple linear layouts 
which logic is primed by optimality (Cruz Berrocal, 2004: 241). Although as said before, in mountain 
environments this behaviour could be expected, the study of the factors influencing these layouts can 
prove of use to understand the historical development of this landscape.   

One method that can be used to understand the factors behind the outline of historical routes, is to 
generate cost models simulating diverse path networks reflecting different variables, and then 
compare them with the actual transhumance routes. The creation of these models will allow us to 
weight how much one or more variables influence the  configuration of these paths. Because in these 
cases our intention is to analyse ‘human developed’ routes rather than natural corridors, the 
complexities inherent to human movement need to be taken into account. This include considering the 
already explained problem of anisotropy –see Chapter 5-. Although the ideal would be to carry out 
experiments also testing the importance of each variable possibly influencing the path layout, because 
of limitations of time and space, this will be recommended as further development within this work. 
However, the experiment in this section will establish the foundations of this kind of research 
question, developing a methodology to assess how similar optimal paths are to historical routes 
exploring how important independent variables might have been in the development of the road 
network, investigating specifically in which segments the transhumance routes follow natural 
corridors, and the possible identification of prehistoric paths.  

 

6.3.I PARAMETERS AND TECHNICAL DEVELOPMENT OF THE EXPERIMENT  
 

A robust way to identify the potential areas where prehistoric paths might be present, and to 
experiment with the possible factors influencing the layout of the historical routes, is to carry out Cost 
Surface and Least Cost Path Analyses once more. As said before, these new goals require the 
“objectification” of much more complex processes. In the first experiment, movement was modelled 
as an isotropic surface, that is to say, without taking into account the direction of movement. In this 
second experiment the function to calculate the friction surface was different from the one used in the 
first experiment. This is because as already explained, in real situations when we walk in mountain 
terrains the obvious friction that we confront is slope, and any increase in its steepness will also 
increase our effort to overcome it. Moreover, the effect that slope has on travelling depends on the 
direction in which we are moving. As regular itineraries, any path including the transhumance routes, 
can be travelled mainly in two directions, and although the slope degree of the diverse segments of the 
route is the same in both directions, the cost in which we incur while traversing them will vary 
depending on whether we are walking upwards or downwards that slope. To model the direction of 
movement is beyond the capability of a simple cost surface analysis. Thus the introduction of new 
information was needed in order to convert the simple model into an anisotropic cost surface analysis 
as explained in the past chapter (Schneider and Robbins, 2009: 52). 

The idea behind this experiment is to identify potential parts of prehistoric paths through the 
recognition of the confluence of three elements which in conjunction might constitute evidence of 
them. That is to say, places where historical routes closely match natural corridors and where 
prehistoric monuments are also present. In order to identify these places the calculation of LCP from 
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the points of departure or crossroads of the actual transhumance routes crossing the study area was 
needed, as well as a comparison of the results with the historical paths. The first step was to calculate 
the possible cost incurred by people travelling by foot from these nodes through an anisotropic model 
of movement.  

Several studies in archaeology (such as Bell and Lock, 2000, Van Leusen, 2002, or Llobera and 
Sluckin, 2007) have applied diverse cost functions looking for the best approximation to the 
cost/slope relationship observed in physiological studies (Minetti, 1995; Minetti et al, 2002). 
However, many difficulties regarding the modelling of this relationship have been also addressed. In 
recent research, Herzog (2010             ) has undertaken an analysis of the most used cost functions for 
the calculation of LCP with very interesting results. Apart from the lack of consideration of 
anisotropy in some models, one of the main problems has been that, although travelling from one 
point to another will always involve a positive cost (regardless of whether we are walking uphill or 
downhill), the majority of slope dependent functions always transgress this requirement, assigning 
negative cost values to downhill slopes (Herzog, 2010: 431). Another important issue has been that 
the majority of the approaches have not considered that the minimum or optimal relationship between 
cost and steepness in real cases as seen in the second chapter is found at gradients of 10% (5.71º),. 
This is precisely the case for instance, in the use of some quartic and quintic polynomial functions, 
where the minimum cost has been given at a gradient of 17.7% (10.04º) for the quartic function and at 
15.25% (8.67º) for the quintic (Herzog, 2010: 433). The basic, but important issue with these 
approaches is that they do not closely match the values obtained from real-based experiments on 
energetic expenditure and therefore, the LCP derived from them will be further away from depicting 
the real process of human movement. To solve this, an alternative sixth-degree polynomial function 
adjusted to the energetic cost values found in the physiological study by Minneti et al (2002), has 
been suggested by Herzog (2010: 433): 

 

Cw = 1337.8 x6 + 278.19 x5 – 517.39 x4 – 78.199 x3 + 93.419 x2 + 19.825 x + 1.64 

Where: 

Cw is cost of walking in J/(kg m) 

x is slope 

 

It has been concluded that this function does not have any of the disadvantages seen in other cost 
functions and that it presents the minimum cost at a 10.5% gradient, fitting the real experimental data. 
In this manner, because in this and further cases within this research the intention is to model as 
accurately as possible the relationship between cost/slope and other variables in human movement, I 
decided to make use of the suggested function to generate the friction surface in this and the 
subsequent experiments. 
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Fig. 6.20 Plot of the 6th degree polynomial function used in radians. The function uses the mathematical slope. 

In this case, the rivers were again taken into account as possible factors of impediment for movement. 
However, this time I also considered historical fords and bridges allowing the algorithm to consider 
these parts within the rivers as crossing points. The aim of this was to give more flexibility to the 
model, matching better possible historical conditions.  

 

 

Fig. 6.21 Example of the friction surface of rivers and fords. 

 

Taking into account all the considerations above, an anisotropic model was created using the method 
within Idrisi Taiga explained in chapter 5. The friction surface created took into account the 
topography of the terrain, rivers and crossing points within them. From this image, cost surfaces were 
calculated for each starting and end point of each of the transhumance routes within the study area. 
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Two different LCP were calculated from each route, one from the starting node and another for the 

return. A total of 270 paths were calculated and then compared with the transhumance routes.  

 

Fig 6.22 Friction surface. 

 

6.23 Transhumance routes and nodes used in the experiment. 
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Fig. 6.24 Example of cost surfaces from different nodes depicting energetic cost of movement. 

 

 

Fig. 6.25 Cost surface of node 199. Cost of walking in Joules / (Kg m). 

A comparison of the historical routes with the LCP, allows assessing the degree of similarity between 
both. The correspondence between paths could be observed through a simple visual assessment. 
However, this does not allow a robust, and to some extent, objective evaluation of their 
correspondence.  
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Fig. 6.26 Historical paths and LCPs. 
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In order to quantify the degree of similarity between paths, it was necessary to develop a specific 
methodology within GIS. Because of all the technical steps that this required, a workflow model was 
created to automate the whole process. The first task was to define the criteria for “similarity” 
between routes. It was considered that this could be measured in the form of percentages through the 
development of an analysis that by making a spatial comparison between the historical routes and the 
LCP, would allow us to calculate what percentage of the LCP has spatial correspondence to the actual 
transhumance route, and establish a degree of similarity between them. 

Within the methodology developed, the first issue to consider was that the available data regarding the 
transhumance routes had the format of a vector layer of simple lines. However, because the 
information regarding the width of each of the historical routes is actually available, the real width 
was assigned to the routes and they were used as “buffers” for the analysis. Once this became 
established, the LCP were overlaid with these buffers and the parts where the historical roads and the 
calculated routes coincided were identified. From this, the portion of LCP coincident was “extracted” 
and its length estimated. Using this data and considering the total length of the historical route, the 
percentage of the LCP that coincides with the actual route was calculated.  

A 50% of coincidence between the paths or more was considered meaningful and indicative of a 
strong importance of the independent variables addressed in the model such as the topography of the 
terrain and the accessibility dependent on other factors, such as crossing points in rivers. For the 
identification of concurrence between monuments, historical routes and natural corridors, I took into 
account only the monuments that have proximity of less than 500 m to the places where the routes 
match. 

 

6.3.II RESULTS: HISTORICAL ROUTES AND THE POSSIBLE IDENTIFICATION OF PREHISTORIC 

PATHS 
 

As explained at the beginning of this section, this experiment aimed (1) to explore the degree of 
similarity that the calculated LCP might have with the historical routes and assess to a certain extent 
the importance of the variables of movement included in the model and (2), to identify the 
combination of elements that might serve as indications of the fossilization of prehistoric routes. 

The results show that from a total of 139 historical routes analysed, almost all of them  (121) 
presented some degree of similarity with the LCP calculated. While 34 presented between 20 and 
49.9 % spatial similarity, 87 presented more than 50%. From those, 28 ranged from 50 to 69.9 % and 
59 presented an extraordinary spatial similarity of more than 70%. 
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Fig. 6.27 (a) Totality of the historical routes analysed. (b) LCP calculated.  



 138 CHAPTER SIX 

 

Fig. 6.27 (c) Parts where the LCP and historical routes coincide. 
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Fig. 6.27 (d) Degree of coincidence between LCP and transhumance routes.  

 

Taking into account the results of the previous experiment, it can be affirmed that the layout of the 
historical network strongly coincides with natural corridors. However, it is important to note that 
while in some cases the calculated and historical routes are almost identical, there are some others in 
which where the LCP does not coincide with the historical routes, the deviation tend to be quite 
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significant. This is deeply interesting as in these cases, it was observed that the archaeological 
funerary monuments particularly those dated for the Copper and Early Bronze Age, present a closest 
spatial relationship with the paths calculated than with the historical routes. This confirms the remarks 
made in the first experiment, and that the observations made in the past centuries regarding the 
relationship between prehistoric monuments and herding routes, can in fact be explained as a 
relationship between monuments and natural corridors where is observed that when the monuments 
coincide with the transhumance routes, this tend to be in the parts that the historical path is using a 
natural corridor.  

 

 

Fig. 6. 28 Experiment Results: (a) The settlement of Cabezo de los Vientos and funerary monuments in relation 
to LCP (red) and the nearest historical route Vereda de Trocha de los Peros (green). (b) Copper and Early 

Bronze Age sites of Aracena in relation to the LCP and the historical route of Rivera de las Huelvas. 

It was also important to observe that usually, where the transhumance routes deviate from the LCP, 
they normally lead to an historical town, later joining on the LCP once more.  
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6.29 The route Cañada Real de Medellin o Soriana and the historical town of Aroche.  

 
This means that during historical times, walking through the least expensive routes in terms of 
energetic cost was of such importance that these paths were chosen in some parts of the journeys. This 
is not implying that historical societies only considered the energetic factor itself, but that they made 
use of the less physically demanding routes within the landscape. Moreover, it was also observed that 
calculated paths (although cost effective in terms of energy), are not necessarily the most effective in 
terms of time. This seems to be another variable governing the layout of the historical routes in this 
area. Where the transhumance routes deviate towards a town, they seem to follow more “direct” paths 
and logic of less time consumption. In addition to this, it is also clear that in many examples the 
historical routes followed closely the river shores due to the need of herds for water and were deeply 
influenced by rights of way and land ownership. For this reason, a combination of variables made the 
actual layout of the historical routes. Nevertheless, some factors might have been of more weight than 
others.  

A significant difference observed in the behaviour of the prehistoric sites and the historical ones in 
relation to the calculated LCP, is that while for prehistoric times the paths that seem to be preferred 
are the ones that are energetically less expensive, in later periods preference is given to other kinds of 
efficiency more related to time consumption, and possibly, to technological developments such as 
chariots or the use of horses. This observation is significant as in terms of herding during prehistory, 
the pastoral orbit would have been performed seasonally taking into account other variables such as 
symbolic sites, social activities and availability of resources, so time consumption as understood in 
historical times was probably not a major factor, as long as the animals reached more or less on time 
the desired pasture. This is very interesting in terms of the study of time perception in past societies. 

The difference between periods in the importance or the variables involved in the construction of a 
path layout is relevant in the study of prehistoric movement as time has been regarded in many 
occasions as the main condition in computational models and CSA for prehistory. In this manner, at 
least for Iberian Late Prehistory, it can be suggested that these societies probably did not regard time 
in the economic sense that is trying to perform more efficient trips in terms of velocity. Rather easier 
paths in terms of physical demand or energy saving seem to have been chosen more often.   

Regarding the second objective of this experiment, the methodology developed has allowed us to 
identify the parts in which historical routes, natural corridors and monuments overlap. As said before, 
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these cases might be indicative of the continuation of prehistoric routes and it might be worth 
investigatiing further the presence of a possible prehistoric network. In the case of the Copper Age, 
coincidences between these elements were identified in the next cases: 

 

Site Historical Route & LCP Distance 
La Alcalaboza II VEREDA DE PORTUGAL A SEVILLA 102.54 
La Portilla CAÑADA REAL DE MEDELLIN O SORIANA 14.34 
Llano de la Belleza VEREDA DEL CHANZA 137.83 
Cerro de las Liebres VEREDA DEL VALLE 500.087 
El Alamito I y II VEREDA DEL CAMINO DE SANTA BÁRBARA 316.21 
Los Azulejos I, II y III VEREDA DE SEVILLA 83.29 
Pico del Moro VEREDA DE ZALAMEA 342.53 
Zufre CORDEL DE LA RIVERA DE LAS HUELVAS 88.94 
Dolmen de Palacio V CORDEL DE EL PEDROSO 57.6 
Dolmen de Palacio I CORDEL DE EL PEDROSO 227.49 
Dolmen de Palacio II CORDEL DE EL PEDROSO 156.37 
Túmulo de Barras CORDEL DE EL PEDROSO 67.98 
Túmulo de la Sarteneja CORDEL DE EL PEDROSO 21.87 
Dolmen del Cerro de Los Pavones CORDEL DE EL PEDROSO 497.11 
El Chaparral II CORDEL DE CASTILBLANCO AL PEDROSO 218.16 
La Via VEREDA DE LA RIVERA DE CACHAN 455.19 
La Pasada del Abad (Menhir) VEREDA DEL CHANZA 25.055 
La Alcalaboza III (Menhir) VEREDA DE PORTUGAL A SEVILLA 247.89 
Mnhir de Cabezas Rubias (Menhir) CAÑADA REAL DE MEDELLIN O SORIANA 56.17 
Los Azulejos IV (Rock art) VEREDA DE SEVILLA 166.37 
Los Aulagares (Rock art) VEREDA DE CALAÑAS 317.15 
*Coincidences between Cooper Age Sites, LCP and Historical Routes 

 

 

Fig. 6.30 Megalithic monuments located near coincidences between LCP and historical routes. 

In the case of the EBA, the coincides identified were:  
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Site Historical Route & LCP Distance 
El Riscal VEREDA DE BARRANCO A CUMBRES MAYORES 604.98 
La Rangela CORDEL DEL CAMINO DE JEREZ DE LOS CABALLEROS 334.47 
Majada del Guijarral VEREDA DE LA TROCHA DE EN MEDIO 44.73 
La Alcalaboza IV VEREDA DE AROCHE A ALMONASTER 213.79 
La Nava VEREDA DE LA NAVA 479.55 
Valle Limajo II VEREDA DE LA MURTIGUILLA 228.09 
Valle Limajo I VEREDA DE LA MURTIGUILLA 47.12 
Cañalengua CORDEL DE LA RIVERA DE LAS HUELVAS 397.75 
Los Dominguez CORDEL DE LA RIVERA DE LAS HUELVAS 129.6 
Cerca del Cojo CORDEL DE LA RIVERA DE LAS HUELVAS 241.71 
Los Villares CORDEL DE LA RIVERA DE LAS HUELVAS 55.82 
Casa de La Vega CORDEL DE LA RIVERA DE LAS HUELVAS 154.31 
Dehesa de La Puente I CORDEL DE LA RIVERA DE LAS HUELVAS 295.87 
Dehesa de la Puente II CORDEL DE LA RIVERA DE LAS HUELVAS 335.8 
El Alamito III VEREDA DE TROCHA DE LOS PEROS 316.21 
Barranco de Panduro VEREDA DE TROCHA DE LOS PEROS 294.37 
Mayorazgo VEREDA DE GIL MARQUEZ A ESCALADA 2.15 
Cerro del Moro VEREDA DE GIL MARQUEZ A ESCALADA 184.04 
La Umbría VEREDA DE LA UMBRIA 399.84 
*Coincidences between Early Bronze Age Sites, LCP and Historical Routes 

 

Fig. 6.31 EBA funerary monuments located near coincidences between LCP and historical routes. 

 
Although in these cases further exploration through remote sensing techniques in the surrounding 
areas of these monuments might be useful to identify possible evidence of prehistoric routes, this has 
the implicit complication that these areas has been heavily reused through time. In any case, the 
importance of these results lies in the fact that the areas identified are the most likely to exhibit 
evidence for prehistoric routes if any at all. Future projects looking at these monuments can take this 
into consideration.    
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From these results other observations were also made. In this case, the majority of the Chalcolithic 
sites associated with the confluence of natural corridors and historical routes are prominent megaliths 
(such as La Pasada del Abad, Dolmen del Llano de la Belleza, La Alcalaboza II and III and La 
Portilla).  

As said before, it is now known that monuments of both periods tend to be located close to natural 
corridors. Moreover, it is considered of significance that the specific monuments identified in this 
experiment are located in crucial areas of entrance towards the sierra. In the case of the Copper Age 
monuments, three out of the four menhirs recorded for this study area (La Pasada del Abad, La 
Alcalaboza III and Menhir de Cabezas Rubias) are located in these zones of confluence, and it is 
appealing to note that relatively recent research has pointed out that the dolmen of Llano de la Belleza 
(also within the identified sites) might have been built reusing pre-existent menhirs (García Sanjuán, 
Rivera Jiménez and Wheatley, 2005). This could give further support to the theory that these 
monuments might have acted as landscape markers perhaps advertising crucial passageways. 
Nevertheless, an extensive research including the menhirs from the Portuguese side should be also 
conducted in order to explore further these observations. In any case, even in the area of the Murtigas 
River where there is almost a total absence of funerary monuments as observed already by Pérez 
Macías (1987: 39), the only dolmens recorded in the area (Temeca Amarilla), seems to have occupied 
an important place within the landscape. Although destroyed towards the beginning of the XX century 
(Pérez Macías, 1987), these dolmens dominated one of the most important corridors of the region and 
part of the Murtigas River.  

Of relevance is also the fact that for both periods the areas within the coincidences identified seem to 
have been of importance for pastoral activities. For instance, in the case of the Chanza River and 
Sierra de la Contienda, the surrounding areas had optimal conditions of pasturage as proved by the 
presence of herding and transhumance at least since historical times in this specific area (Pérez 
Macías, 1994:133). The same applies to the areas of Rivera de Huelva river, the Andevalo and the 
Viar River where the majority of the coincidences were found for both periods. In the specific case of 
the adjacent area of the Rivera de Huelva, near the Arroyo Castañuelo, the coincidence between EBA 
funerary sites and natural corridors is outstanding and is highly possible that this area constituted part 
of the herding itineraries (Fig. 6.32). In this sense, these places might have worked as central points in 
the pastoral orbits.  
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Fig. 6.32 The EBA monuments and settlements near Arroyo Castañuelo (Aracena)  in relation to the LCP 
calculated. 

Although the results obtained through this experiment seem to strengthen the theories regarding the 
use of the monuments as landscape markers, possibly as waypoints or as landmarks, these are ideas 
that still need to be tested. Accordingly, the next experiment explores the first of these possibilities by 
trying to answer whether the monuments of this region could have been used as waypoints within 
terrestrial navigation according to the ideas developed in Chapters 3 and 4.   

 

EXPERIMENT THREE 

6.4 THE POTENTIAL USE OF WAYPOINTS DURING IBERIAN LATE PREHISTORY  
 
As explained in Chapter 3, several theories trying to explain the observed empirical 
association between megalithic monuments and corridors have been expressed over the years. 
The previous experiments suggest that this relationship is sustained when explored through robust 
spatial and statistical methods. One possible explanation of the association between megaliths and 
pathways is that the former might have served as waypoints for terrestrial navigation due to their 
distinctive shape and size. 

As discussed in Chapter 2, there are many factors that can influence how humans move. However, 
one of the main and most important prerequisites to navigate while travelling is the use of vision. 
Visibility thus becomes a critical factor when it comes to terrestrial navigation, because it is through 
vision that we can identify the markers or waypoints (including celestial bodies) that allow us to make 
decisions regarding the next direction to take. In order to investigate whether the megalithic 
monuments could have acted as waypoints, it is necessary to establish whether they were actually 
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visible from possible travelling routes rather than merely be close to them. The visibility of the 
monuments becomes essential as in this case, the possible spatial relationships between waypoints and 
travellers (and therefore the cognitive maps that are constructed), are generated in a dynamic way as 
the observer moves along a route. The aim of this experiment then, is to investigate the possible visual 
patterns of these monuments by means of a visibility study analysing the relationships between the 
natural corridors and the monuments as the traveller moves along the paths. 

Although this seems straightforward in a sense, it is necessary to take into account two specific things: 
Firstly, that due to the observed close spatial relation that the monuments sustain with the corridors, 
the visibility patterns detected might be product of a cross-correlation. That is to say that they might 
be visible from the corridors because they are close to them, or they might be close because from 
those positions they are visible. Both connotations can have important implications in the 
interpretation of the patterns left by these societies. In the first case it might imply that the monuments 
could have been built eventually along the paths for practical reasons like the transportation of 
building materials. In the second case, it could imply that the monuments were located near pathways 
with the purpose of being visible during symbolic or traditional activities, like ceremonial processions, 
or mark stations within herding orbits. Although this is a complex question that will probably not be 
solved in this research, the following analyses can provide some pointers to fresh ideas. Secondly, to 
consider many aspects of terrestrial navigation that are deeply related to movement it is also necessary. 
While it is possible to confirm through a GIS based visibility analysis whether the monuments are 
visible from the routes or not, mapping the visual changes that occur within the landscape in those 
terms, will not necessarily reveal specific perceptions of the landscape while travelling. Therefore, 
there is a series of concerns related to the way we move that need to be addressed regardless of the 
possibility of including these aspects in the model. First of all as discussed earlier there are some 
occasions in which a waypoint may be acting as such only when the traveller is walking towards one 
direction while travelling. For instance, coming from a valley towards a narrow mountain passageway, 
a waypoint can be revealed before the entrance announcing the corridor. However, coming out from 
the same passageway might allow us to perceive the waypoint only when we get to open space, and in 
this case, the feature might be acting as a one-way waypoint. That is to say, only for the people that 
are walking from the valley towards the mountain pass. In this sense, the identification of the 
predominant direction from which the monument is visible, will be crucial in understanding or 
identifying any pattern that might give further indication of its use as marker for terrestrial navigation. 
From this perspective, if they are acting as such, it would be expected to find certain degree of 
coincidence between the natural corridors and the dominant directions in the viewshed. However, this 
does not come without difficulties, as humans do not necessarily move only along a narrow path (in 
the way it is represented for instance in GIS). People navigating within the landscape can make an 
“extra” effort to go relatively far away from the usual path in order to have a more extended visual 
range. In this sense, we should be able to calculate viewsheds not only from points. However,  
calculating viewsheds from areas is not currently possible in the available GIS packages, where 
visibility is normally generated from single points or raster cells. This problem may be sorted by 
generating viewsheds from the vertices of polygons and then adding the maps. Another way to solve 
this problem can be to calculate what has been called a total viewshed (Llobera et al, 2004), where the 
view from each single cell in the raster is calculated resulting in a map of all possible viewsheds 
within the landscape. However in this case, due to the extensive computing resources this takes and 
the extent of our study areas, I decided to leave this further implementation for future research.  

Another consideration to make is that in order to navigate, people do not necessarily need to maintain 
visual contact with the waypoint. Due to our ability of path integration (as discussed before), it is 
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actually enough to see it once in order to know in which part of the  journey we are, and whether we 
need, for instance, to change direction. Despite this, features created purposefully for terrestrial 
navigation usually tend to be strategically located to be as visible as possible. In this sense, it can be 
explored not only how constant the view of a monument is within the rate of visual change along a 
route, but also to identify those locations over which one or more features have visual impact. This 
can help us understand the visual structure of the megaliths from corridors, allowing us to 
comprehend whether there was intentionality behind the location of these monuments that could be 
related to both visibility and movement. In addition to this, as it has been extensively discussed in the 
past -see Wheatley and Gillings, 2000 for a complete discussion- visibility is also dependent on 
vegetation, visual decay with distance and atmospheric conditions among many other things. In this 
specific case, despite the fact that it could be argued that a Dehesa landscape was in formation 
towards the Copper Age, there are no paleoenvironmental reconstructions for the entire region and 
therefore, I can only include the topography of the terrain in the model. Regarding visual decay with 
distance, I do not count with appropriate information about all the variables of importance for the 
study areas such as air particle density, moisture or levels of lighting during different periods of the 
year. However, a modified version of Higuchi viewshed analysis (Wheatley and Gillings, 2000) was 
also developed in order explore in a simple way at what visual ranges the corridors might have been 
from the monuments and therefore, to understand whether they might have formed part of a person’s 
experience while travelling.  

A further difficulty related to the nature of the archaeological record is that, lacking radiocarbon dates 
for the majority of the sites, it is not viable to know which monuments were built first and, therefore, 
how their possible visual impact within the landscape changed or whether this happened in relatively 
short periods of time.  In the case of the transition between the Copper and the Bronze Age 
differences are more obvious. However, in the case of the Early and the Late Bronze Age, changes in 
the visual structure in the landscape given by man-made features might not have been necessarily that 
evident. In this sense, the results obtained in this experiment are conditioned by these factors.   

 

6.4.I PARAMETERS AND TECHNICAL DEVELOPMENT OF EXPERIMENT THREE  
 
As explained in the previous chapter, visibility is subject to important factors related to scale (such as 
distance). Because visibility decays with distance, and due to the fact that to navigate people have to 
be within a “close” range from a waypoint in order to see it, a sub-regional scale was chosen to carry 
out this experiment for the identification of possible patterns of visibility. Following the 
recommendations made by Wheatley and Gillings (2002: 209) regarding the selection of study areas, 
it was decided to perform spatial statistics to divide the entire region in groups of monuments.  

In order to select the study sub-regions, a Kernel Density Analysis was carried out. This method is 
used to calculate the magnitude per unit area of points and identify possible clusters. In this analysis it 
has been considered important to establish an appropriated neighbouring search radius in terms of 
distance between points because it influences how the kernel density is performed. In order to do that, 
a spatial autocorrelation test (Moran’s I) was carried out establishing a statistically significant distance 
search radius. From the results obtained, the peak of the Z score (which measures how intense the 
cluster is) was chosen and used as search radius for the Kernel Density analysis (Fig. 6.33). The 
quadratic kernel function described by Silverman (1986: 76) is the one used for the analysis. In this 
case, I measured the density of megalithic monuments and the distance of the peak Z score obtained 
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from the autocorrelation test was of 25,200 m.  The output indicated five major clusters. In reality the 
Aroche area (western cluster) shows a more consistent concentration in its northern part, and for this 
reason as well as for analytical purposes, it was decided to create a sixth group (Fig. 6.34).  

 

Fig.6.33 Z Score of the megalithic monuments. 

 

Fig.6.34 Result of the Kernel Density Analysis identifying the magnitude of points per km2. 

 

In this manner, the sub-regions established are: Almadén de la Plata (Group 1), Castillo de las 
Guardas (Group 2), Aracena (Group 3), Zalamea la Real (Group 4), Aroche (Group 5) and Santa 
Bárbara de Casa (Group 6). It also has to be said that the region of the Murtigas River could not be 
considered within this analysis due to the fact that there is only one monument recorded in that area 
(Fig. 6.35). 
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Fig. 6.35 The 6 groups defined for the visibility analysis. 

 

From the original raster, a DEM with a resolution of 10m was extracted for each sub-region. To avoid 
edge effects, a margin of distance from all sites of at least twice the maximum radius established for 
the visibility analysis was considered.  In order to approximate more accurately human vision, the 
vertical angle range considered was between +10 and -15 degrees as suggested by the results from the 
physiological studies cited in the last chapter.  As explained also in that section, visual range depends 
on factors such as light and atmospheric conditions. Taking into account our field observations, the 
examples given regarding visibility in optimal and non-optimal conditions, and that I do not count 
with specific information related to these conditions for the study area, it was decided to use a 
relatively moderated range of visibility for this study. While in optimal conditions it has been 
established that a range between 23-39 Km is acceptable (Ogburn, 2006), in management and 
archaeological studies the visual ranges used have been more conservative (15-18, 3-6 Km) 
(Wheatley, 1995; García Sanjuán et al, 2006). For this reason, I decided to use a threshold of 3 km, 
assuming a theoretical maximum viewshed of 28.2 km2. The same threshold was established in a 
previous visibility analysis that has been carried out so far also in our study area (García Sanjuán et al, 
2006), allowing us in any case to compare results.  
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Fig. 6.36 Cumulative viewshed and parts of the landscape from which the monuments are visible within a 3 km 
radius from them. a) Almadén de la Plata, b) Castillo de las Guardas, c)Aracena, d)Zalamea la Real, e) Aroche 

and f) Santa Bárbara de Casa. 
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As said before, the idea behind this experiment was to test whether the megalithic monuments could 
acted as waypoints for terrestrial navigation. According to the theory developed on landscape markers, 
to fulfill this condition, monuments are expected to present one or more of the following 
characteristics: (1) they should be more visible from the natural corridors or passageways than the rest 
of the landscape, (2) the dominant direction of their fields of view should be orientated towards the 
natural corridors and (3) that they are located in a distance range from the corridors that makes them 
more likely to be visible and therefore used as waypoints. In order to test these ideas, three different 
spatial analyses were developed. However, as it will be shortly explained in order to implement them, 
other considerations had to be made as. 

In the case of the first characteristic, a binary viewshed analysis could be used to test whether 
monuments are visible from the natural corridors or not. However, if they are also visible from many 
other locations within the landscape their visibility will not be seen as a determinant attribute in their 
role as waypoints for terrestrial navigation. This is not to say that in order to function as landscape 
markers, the monuments should only have to be visible from the routes. However, if they acted as 
waypoints, a closer visual relationship between monuments and routes should be expected, than 
between any random point in the landscape and routes. In order to test this, I conducted viewshed 
analyses and documented the parts of the natural corridors from which the monuments are visible (Fig. 
6.37). The same was done with a sample of random points, and later both cases were compared by 
means of an statistical test of significance. The purpose of this was to establish whether there is a 
difference between the two samples. The idea behind this is to investigate whether the monuments 
occur in locations that are more visible from the natural corridors than it would be expected by matter 
of chance alone.  

.  

Fig. 6.37 Segments of the natural corridors from which a particular monument is visible (in red). Dolmen de 
Gabino in Almadén de la Plata. 
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The size of the random sample used in each sub-region was established through the next formula 
(Yamane, 1967: 886): 

n=[(N) / (1+N*(e)2)] 

Where N is the population size, and e is the level of precision. Taking into account the number of 
monuments in each group and considering a margin error of 5%, the number of random points was 
established with a confidence level of 95%. 

The parameters set for the viewshed analysis were of 1.70 m as the observer height, 2 m as the 
monument height, and the radius used was of 3 km. Although a few of the monuments recorded in 
some of the study areas can reach more than 3 meters of height, it was decided to take a moderate 
value. Once we recorded the length of the paths from which each of the monuments and random 
points are visible, I applied a nonparametric statistical test (Kolmogorov-Smirnov) for its comparison. 
The use of this kind of test was decided due to the nonnormal distribution of both samples 
(archaeological and random) in all groups as shown by this example:  

  

Fig. 6.38 Distribution in the group of Almadén de la Plata of (a) the segments from which a megalith are visible 
and (b) the segments from which the established random points are visible. Note that the distributions do not fit 

a normal distribution indicated by the straight blue lines. 

 

The test chosen was the Kolmogorov-Smirnov test for two independent samples. This test is used to 
compare two samples and to determine if they differ significantly. It has the advantage of making no 
assumption regarding the distribution of the data, this is to say that the data can have a nonnormal 
distribution.  As in the first experiment, this one also involves the comparison of the two cumulative 
frequency distributions, but this time of two independent samples. In this case, if both samples are 
derived from the same population, the cumulative frequencies are expected to be either identical or 
very similar to one another (Sheskin, 2004:474). 
Taking the data obtained from the visibility analysis, the cumulative frequencies were derived for both 
cases (megaliths and random points) and the maximum distance (Dmax) was calculated (Fig. 6.39).  
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Fig.6.39 Example of Cumulative distribution of Group 2 (Castillo de las Guardas). In this case the size of the 
sample was of 22 for the archaeological cases and 22 for the random sample. 

As in Experiment 1, this value is then compared to a given critical value that is determined depending 
on the level of significance established. The formula to establish the critical values is as follows 
(Wessel, 2010): 

Dα=c(α) √(n1+n2) / (n1*n2) 

Where the n1 and n2 are the cases in each sample and the coefficient is given by the table: 

α 0.10 0.05 0.025 0.01 0.005 0.001 

C(α) 1.22 1.36 1.48 1.63 1.73 1.95 

 

If Dmax equals or exceed the critical value, the null hypothesis is rejected. In this case the null 
hypothesis set for all groups was: Ho= The megalithic monuments are randomly distributed with 
respect to their visibility from natural corridors. Following the method described, a total of six tests 
were conducted assessing each of the sub-regions established.  All of them were carried out at a 
significance level of 0.05 and the data derived can be consulted in Appendix E.  

These procedures were set as the base analysis in order to explore if significant relationships between 
the visibility of the monuments and the corridors can be observed. In addition to this, with the record 
of the segments of corridors from which the megaliths are visible, it is possible to explore certain 
characteristics between these parts of the landscape and the monuments. In this manner, profiles of the 
visual exposure to monuments from corridors were also produced from the visibility analysis. This is 
aimed at graphically visualising the continuity in the visibility of monuments along the corridors and 
to quantify in each of the sections how many megaliths might have been visible at the same time 
(Fig.6.40).  
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Fig. 6.40 Example of a profile of the visual exposure to monuments from a route in Almadén de la Plata. 
 

In the case of the second characteristic to explore, an analysis investigating the possible dominant 
directionality in the fields of view of the monuments was carried out to assess whether these are in 
places that favour or promote their visibility from the routes, or in other words, if they have a 
pronounced directionality in their fields of vision that could be related to the visibility of the 
monuments from natural corridors. The method followed here is the one proposed by Wheatley and 
Gillings (2000). The technical development was accomplished using ARCGIS software. The analysis 
consists of the calculation of a simple binary viewshed of the viewpoint (the monuments in this case), 
the calculation of its Euclidean direction, then the reclassification of this raster into directional zones 
(N, NE, E, SE, S, SW, W and NW). Finally, the binary viewshed is overlaid with the reclassified 
Euclidean direction in order to quantify the dominant directionality in the viewshed (Fig.6.41).  
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Fig. 6.41 a) Simple binary viewshed; b) Calculation of Euclidean Direction; c) Reclassification of Euclidean 
Direction; d) Overlap of viewshed and Direction; e) Graphic showing the predominant direction of the 

viewshed. 

 

A table with the results of this analysis was created for each group in order to quantify the 
predominant directions of view of all monuments. Once the dominant direction for each megalith was 
identified it was examined whether a natural corridor passed through it or not. This was used to 
calculate the percentage of monuments whose main direction of view is oriented towards a natural 
corridor. In order to investigate whether the coincidence observed between them could be a matter of 
chance, a 1-sample Chi-square statistical test was also conducted. The purpose of this was to identify 
in a robust way any possible pattern of visual structuration that might indicate a preference for the 
location of the monuments in places that favoured visibility towards and/or from corridors. This test 
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uses a set of observations comparing observed and calculated expected frequencies, estimating a chi-
square value based on the sum of these differences (Field, 2005: 686). The formula for chi-squared is 
as follows: 

 

Where n is the number of categories, Oi is the observed number of cases in category i, Ei is the 
expected number of cases in category i and χ2 is the symbol representing chi-squared. As in the K-S 
test, the resultant value is compared with a given minimum value required to reject the null hypothesis 
at certain significance level. In this case, a null hypothesis was formulated as: Ho= The natural 
corridors are equally distributed across dominant and not dominant fields of view of the monuments. 
The test was carried out at a significance level of 0.05. The results produced can be consulted in 
Appendix E. 

To test the third characteristic  mentioned, a Higuchi viewshed analysis was conducted. However, in 
this case instead of using the distance index proposed by this author (Higuchi, 1983), I created 
particular ranges for our study areas taking into account field observations and Llobera’s study 
(2007b). Higuchi’s example was taken for this experiment in terms of the methodology followed to 
establish distance ranges (measuring the angles that a particular object occupies in a field of view, 
deriving the distances from this). Moreover, instead of using as reference a natural element such as 
trees, I decided to take an archaeological element, in this case the megalithic monuments. This was 
thought as more appropriate, because I am interested particularly in the effect of distance on the 
visibility of monuments and not on the general landscape. 

The development and implementation of this method was considered of importance due to the 
significant information that it can provide in terms of the visual structuration of the prehistoric 
landscape. As explained above, in order to identify whether monuments acted as reference points, it is 
necessary to establish at what visual range the natural corridors are located from the monuments. The 
method proposed by Wheatley and Gillings (2000) was followed, but as said earlier, particular 
distance ranges were adopted for this case. The analysis consists of the calculation of the viewshed 
from the point of interest and its classification into meaningful distance ranges. As said in the 
previous chapter, only Higuchi’s and Llobera’s work have created certain examples and guidelines on 
the criterions followed to establish these ranges.  

The classification used in this case is based on a field experiment conducted by looking at a particular 
monument and its integration into the general landscape in a similar way to that established by 
Higuchi for the case of trees. Taking a monument with a height of 2.5m, the visual angle that occupies 
the monument in the field of view of an observer was measured establishing alpha (α). The distance 
ranges were calculated according to the field observations taking into account that the closer the 
observer, the wider the angle (for an exact description of the procedure see Appendix E) (Fig. 6.42). 
In this manner, the ranges were defined as follows: 

Short range: α larger than 0.3º. Activities closely related to the monument probably happened at this 
range. At a larger scale they act as reference points in the landscape and they are very well defined 
and their shape can be easily identified. A person can be recognized effortlessly in the surroundings.  
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Middle range: α from 0.08º to 0.3º . The monument can still be a reference point but is likely to 
appear more integrated into the wider landscape.  

Large range: α less than 0.08º. Although the monument can still be visible, it might start to fade with 
the surroundings. It will probably depend on the actual shape of the monument or its contrast to the 
surrounding landscape how easily is recognised.  

In this sense, the maximum distance in the short range will be of 478.01 m, in the case of the middle 
range it will be of 1,798.56m and the limit of the large range will be defined by the distance establish 
in the actual visibility analysis, which in this case is of 3,000 m.  

 

 

Fig. 6.42 Procedure to generate Higuchi viewshed. a) Binary viewshed; b) Calculation of Euclidean Distance; c) 
Reclassification to index established and d) Combination of both. 

 
 
6.4.II RESULTS: THE ROLE OF LANDSCAPE MARKERS IN TERRESTRIAL NAVIGATION DURING 

LATE PREHISTORY  
 
The results obtained from the statistical tests were very significant in terms of observable patterns. 
From the six tests conducted, to investigate whether megalithic monuments are randomly distributed 
with respect to their visibility from natural corridors, the null hypothesis was rejected in three cases at 
a significance level of 0.05. While the groups in this situation were Almadén de la Plata (Group 1) (25 
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monuments), Castillo de las Guardas (Group 2) (22 monuments) and Aroche (Group 5) (18 
monuments), for Aracena (Group 3) (16 monuments), Zalamea la Real (Group 4) (29 monuments) 
and Santa Bárbara de Casa (Group 6) (9 monuments), the null hypothesis could not be rejected.  

Although this appears to be an inconclusive result at first sight, delving into the results from the 
analysis suggests that in all cases the megalithic monuments are on average more visible from the 
natural corridors than from random points in the landscape. This is demonstrated by comparing the 
visibility of the random sample and the monuments, where it can be observed that the length of the 
segments from which they are visible is greater. Even in the groups where the null hypothesis could 
not be rejected, the megalithic monuments were visible for longer transects than the random points 
(Fig. 6.43). In the case of the Aracena group, while the total length of the segments from which the 
random points are visible is of 13,951.293 m, the total length from which the megalithic monuments 
are visible is of 70,550.484 m.  In the case of Zalamea la Real, the same phenomenon is observed, 
where the total length of the corridors from which the random points is of 6,040.666 m and of 
13,303.114 in the case of the megalithic monuments. For Santa Bárbara de Casa, the difference is also 
large with a total length of 2,120.460 m for the visibility of random points and 13,184.366 m for the 
monuments (Fig. 6.44). This means that in general, there is a larger visual exposure of the megalithic 
monuments along the natural corridors than other points in the landscape even if it cannot be saied 
that the relationship is statistically significant at a 0.05 level. 

This is obviously connected to the already proven spatial relationship between monuments and 
corridors and it could be thought of as an indication of their use as waypoints. However, if the 
megalithic monuments were acting as such for travellers that were not necessarily familiar with the 
landscape and their locations were intended as terrestrial guidance, they must have acted as a 
relatively regular system. In other words, along the route, at least one of the monuments would be 
visible at all or almost all times. This is related to the way terrestrial navigation is accomplished, 
where in order to follow a route we need to be able to connect spatially the diverse markers on the 
route. In order to test this, the visual exposure to the megalithic monuments along the routes was 
graphed, measuring for how long the segments have a visual exposure to the monuments in each 
group. For this, the number of monuments that are visible each 10 m along a path was recorded, 
generating a visual graphic of its exposure to them. Because there can be different corridors within the 
same region, in addition, particular graphs were generated for some of them.  
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Fig. 6.43 Comparison between the segments (m) of the path transects from which the monuments or random 
points are visible. 
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Fig.6.44 Segments of the natural corridors from which one or more megalithic monuments are visible. a) 

Almadén de la Plata, b) Castillo de las Guardas, c)Aracena, d)Zalamea la Real, e) Aroche and f) Santa Bárbara 
de Casa. 

 
Regarding the Directional Viewsheds, the general results are very interesting. Although in the first 
statistical analysis the relationship between general visibilities and the corridors in some of the groups 
could not be confirmed, in this case, the tests exploring the specific dominant directions in the fields 
of view of the monuments and their possible connection to corridors was statistically significant. This 
was the case in all groups with the exception of Santa Bárbara de Casa, where the null hypothesis 
could not be rejected. A closer look at the individual results of this analysis confirms that in 5 out of 
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the 6 groups, more than 80% of the monuments exhibit fields of view in which the dominant 
directions are the ones that coincide with the natural corridors identified in the first experiment. Again, 
this is the case of all groups with the exception of Santa Bárbara de Casa, where the dominant 
directions are related to a natural corridor in only 66.66% of the monuments. While in Almadén de la 
Plata 80% of megaliths present a relationship between predominant direction of view and corridors, 
for Castillo de las Guardas is of 86.36%. In the case of Aracena the coincidence is of 81.25%, for 
Zalamea la Real is of 80.95% and for Aroche is of 94.44% (Fig. 6.45). This result is interesting as it 
points to the idea that, towards the Copper Age the majority of the monuments within the sierra were 
built in locations from which natural corridors are visible. In fact, the results suggest that locations 
with a preferential view oriented towards the corridors were preferred (Fig. 6.46).  

 

Fig. 6.45 Percentages per group of monuments that present a field of view with a dominant direction towards 
natural corridors. 

 
 

The Higuchi viewsheds reaffirmed the observations made before pointing to a close visual 
relationship between monuments and corridors. It was of great interest to observe that the majority of 
the natural corridors “fall” into what it was defined as a visual Middle range (Fig. 6.47). This seems to 
be consistent also with historical routes, whose majority as in the previous case, also fall in this range. 
Nevertheless, there seems to be a closer relationship between monuments and natural corridors than 
between monuments and historical routes (Fig. 6.48). It is also worth mentioning that although the 
number of natural corridors that fall into the visual short range is lower, in the majority of the groups 
there is still a very high coincidence between them, where in up to 66.66% of the cases, a natural 
corridor passes through the shortest range. This is relevant because a close visual proximity to the 
corridors implies a greater chance of monuments being visible, and therefore, that they could be used 
as waypoints. However, a more consistent relation to Middle and Long ranges is observed in this case 
and this leads to other implications that will be explained next within the results for each group. 
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Fig.  6.46 Examples of directional viewsheds of La Portilla (above) and Pasada del Abad in Aroche (below). 
Note how predominant directions in their fields of view match the natural corridors. This is the case of the 

majority of the monuments in the studied areas. 
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Fig. 6.47 Results of the Higuchi Viewsheds. a) Percentage of coincidence between natural corridors  and visual 

distance ranges established and b) between Historical Transhumance Routes and visual distance ranges. 
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Fig. 6.48 Examples of coincidences between natural corridors and ranges of visibility for Dolmen de la Dehesa, 
Dolmen de Palacio III and Dolmen del Esparragal. 

 

6.4.IIA ALMADÉN DE LA PLATA (GROUP 1) 
 
The megalithic group of Almadén de la Plata has been the subject of different studies during the last 
decade. Among those studies Metacalf-Wood (2005) and García Sanjuán et al (2006), have already 
suggested that this group sustained interesting patterns where visibility seemed to have played an 
interesting role. Located along the Viar River valley (Fig. 6.49), this group dominated one of the most 
important natural entrances to western Sierra Morena and although only one of its monuments has 
been excavated (Palacio III megalithic complex), the research carried out in the area has already 
demonstrated a possible connection with the traditions of the Guadalquivir valley and a long term 
occupation and reuse of some of their monuments. This research has also pointed to the idea that the 
archaeological sites in this group presented a spatial and visual relationship with historical routes 
(García Sanjuán, 1999; Metacalf-Wood, 2005; García Sanjuán, 2005; Murrieta Flores, 2007; 
Wheatley et al, 2010). However, a possible connection to the mobility of these societies and the 
implications of this has never been explored before.  
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Fig. 6.49 Situation of megalithic monuments in Almadén de la Plata. 

As explained in the previous section, the first statistical test conducted for this experiment had the 
purpose of investigating the relationship between the visibility of monuments and natural corridors. In 
the case of Almadén de la Plata the results from this test allowed us to reject the null hypothesis, 
concluding that the monuments are not randomly distributed with respect to their visibility from 
natural corridors. One possible explanation of such connection may lie in their role as waypoints. As 
explained earlier, an argument in favour of this idea would be that, taking into account the visibility of 
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the monuments from the corridors, they would have to act as a visual network. In this manner, we 
should be able to “follow” the waypoints having visual contact with them throughout the route. From 
the general results it becomes evident that the visual exposure to the megalithic monuments from 
natural corridors is sustained for long transects along the routes, where an average of 1 or 2 
monuments are constantly visible and the “gaps” of visual exposure are not very large.  

If the whole group of monuments is considered as a possibly connected system or network, the two 
main gaps identified would be between the northern groups of monuments of San Bartolomé and 
Palacio (Fig. 6.50a), and between the southern monuments of El Chaparral III and Dolmen del 
Esparragal (Fig. 6.50b). In the last case, there is no visual connection between the corridor and any of 
the monuments for almost 7 km, while in the first case, despite having constant visual exposure to 
both groups of monuments, a considerable visual gap exists, extending along the piedmont in the 
elevation near Cerro Montés (Fig. 6.51). This contradicts the idea of a visual network. However, it 
needs to be considered that although many areas have been surveyed, it is also possible that 
monuments along these transects have not been found yet. In addition to this, elements not necessarily 
man-made could also have been considered waypoints acting as such in between monuments. This 
could be the case of the hill between the Palacio and San Bartolomé groups. In the specific case of the 
gap between El Chaparral III and Esparragal, the gap could be related to the fact that this part of the 
landscape is flat and it constitutes the entrance to the mountains. Therefore, the route to follow is 
relatively obvious and the location of a waypoint immediately after another might not have been 
necessary.  

Although these arguments may support the idea of the monuments acting as waypoints, it is also of 
great interest to observe that in this same transect, the dominant directions in the fields of view of the 
closest monuments to the corridor (Túmulo del Acueducto, Chaparral I and II), are in fact the only 
ones that do not actually “look” towards it (Fig. 6.52). The second statistical test performed in this 
case confirmed that the natural corridors tend to match the dominant directions in the fields of view of 
the monuments (Appendix E). If it is considered on account of this result that this characteristic might 
have been of importance for prehistoric societies, the fact that these three megaliths have a dominant 
field of view oriented towards another direction suggests that they might not have had a direct 
relationship with this specific corridor. However, all of them have predominant fields of view related 
to the transhumance route of Castilblanco to El Pedroso, which constitutes one of the paths leading 
from the Guadalquivir Valley to inner parts of the range through El Cordel del Pedroso, next to the 
Viar River (Fig. 6.53).  Despite that in terms of navigation they are not distributed through the 
transhumance route and therefore they cannot have acted as waypoints along it, their location could be 
interpreted as markers advertising the near proximity of the Viar Valley.  
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Fig. 6.50 Cumulative visual exposure to megalithic monuments from natural corridors of Almadén de la Plata 
and the longest gaps in visual exposure between (a) the San Bartolomé and Palacio groups and (b) El Chaparral 

III and Dolmen del Esparragal). 
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Fig. 6.51 Visual exposure of the megalithic groups of San Bartolomé and Dolmen de Palacio III from a segment 
of the natural corridor that runs along the transhumance route of Cordel del Pedroso. 

 

Fig. 6.52 Dominant directions of view of the monuments near to the main natural corridor of Almadén de la Plata. 
Túmulo del Acueducto, Chaparral I and II are the only monuments which dominant directions do not “match” the 

natural corridor. 



 166 CHAPTER SIX 

 

 

 

Fig. 6.53 Dominant directions of view of Tumulo del Acueducto, El Chaparral II and III and their relationship to 
the transhumance route of Castilblanco de los Arroyos and Castilblanco al Predroso. 

 
Further north, analysing the visual exposure of the natural corridor that runs next to the historical 
route of Cordel del Pedroso, up to six monuments within the Palacio group are visible at the same 
time during a long section (Fig. 6.54). In fact, it is precisely this segment from which the largest 
number of monuments is visible in western Sierra Morena. As said before, previous studies 
emphasised the visual importance of the settlements and monuments within this area. This can be 
regarded as significant in terms of the visual impact that megaliths and other prehistoric monuments 
(such as Bronze Age stelae) might have within the landscape (García Sanjuán et al, 2006; García 
Sanjuán, 2011) and the establishment of symbolic places possibly related to specific groups.  
However, in terms of terrestrial navigation, the fact that the monuments are grouped might be 
interpreted in a different way. Although the megaliths in this case are relatively distributed along the 
main corridor, many of them are clustered. This is the case of the Palacio and San Bartolomé groups. 
Considering that all of them could have been contemporary or not, in either case it would have been 
necessary to have several waypoints very close to each other if one of them was already visible from 
the corridor. Thus, the adjacent location of the monuments is perhaps more related to a symbolic 
recognition of particular places that acted as mnemonic markers for the same groups, families or 
households, but not necessarily as waypoints. This seems to be the case for monuments such as 
Palacio III where the excavations proved how the site had great relevance not only because its 
symbolic meaning endured from the Copper to the Iron Age, but also due to its hierarchic position 
within the surrounding landscape in terms of visibility (García Sanjuán et al, 2006). In any case, the 
present analysis confirmed that the visibility of the Palacio Group is regular along the natural corridor. 
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Fig. 6.54 Visual exposure of the megalithic group of Dolmen del Palacio from the natural corridor that runs 

along the transhumance route of Cordel del Pedroso. 

 
The continuous visibility of these monuments from the paths emphasises their significance in terms of 
the creation of a funerary and symbolic landscape, where the visual accessibility of the monuments 
seemed to have great importance. This is supported by the results obtained by the already mentioned 
statistical test conducted in order to investigate directional viewsheds. This analysis showed a 
significant relationship and how in this group, the majority of the dominant directions in the fields of 
view from these monuments are related to a natural corridor or to a transhumance route (Fig. 6.55a). 
This is particularly evident in the two main clusters of monuments in the area, Palacio and San 
Bartolomé. While in the case of the Palacio group, both the historical route and the natural corridor 
coincide with the dominant directions of the fields of view of the megaliths, in the case of the San 
Bartolomé group, it is the calculated natural corridor that matches them closely (Fig. 6.55a and b).  
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a  

 

b 

 

c  

Fig. 6.55 a) Predominant directions in the fields of view of all the monuments in Almadén de la Plata. b) The 
Dehesa de Palacio group and c)  the San Bartolomé group. 

 

In addition, the dominant directions in the fields of view of the settlements suggest a central 
connection with the corridors as well (Fig. 6.56). This is important as the preference for locations 
from which the natural corridors are visible seems not to be exclusive to megalithic monuments. In 
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any case, although it is acknowledged that visibility was not the only characteristic important in the 
location of relevant places for prehistoric societies, this analysis suggests that both settlements and 
monuments were located in places that favoured their association with natural corridors not only in 
terms of distance, but also in terms of visual relationships. This is also reinforced by the results of the 
Higuchi viewsheds from which it can be concluded that in 96% of the cases, the natural corridors are 
located at the Middle range of visibility from the monuments. This means that it is likely that 
monuments were visible from corridors due an intentional relationship of proximity between them. 
This is also supported by the fact that even in flatter and broader landscapes like the Viar Valley in 
which the options about where to walk are very broad, late prehistoric societies of this region chose to 
locate their monuments at close visual ranges to natural corridors (Fig. 6.57). 

The explanations for this might vary. In this particular case, the results point to: 1) a visual 
relationship not exclusive of monuments but also shared between settlements and natural corridors; 2) 
an apparent clustering of monuments; and 3) visual gaps along transects. This make difficult to prove 
that the patterns observed are a clear indication that the megaliths acted as waypoints for terrestrial 
navigation. However, there is no doubt that they acted as markers in the landscape and that in terms of 
visibility, they are related to natural corridors. This is also supported by the observation that there is a 
constant visual exposure to them along the routes and that their dominant directions in their fields of 
view tend to match closely the corridors. It is interesting to note that in previous studies it has been 
pointed out that the actual physical orientation of nine of the monuments in this region might have 
been related to astronomical observations, and that some of them were oriented towards the rising 
summer sun (Cruz-Auñón, García Sanjuán and Hoskin, 2001) which indeed might be related to 
transhumant activities (García Sanjuán and Vargas Durán, 2001). In this manner, despite the fact that 
they might not have acted as waypoints for travellers that did not know the landscape, it is very 
possible that they still functioned as markers and played an important role in the context of pastoral 
orbits. 

 

 

 

Fig. 6.56 Detail of the dominant directions of fields of view of the settlements near to the Dehesa del Palacio 
group. 



 170 CHAPTER SIX 

 

Fig. 6.57 Visual ranges of the megaliths along the Viar Valley and their correspondence with natural corridors. 

 

6.4.IIB CASTILLO DE LAS GUARDAS (GROUP 2) 
 
The group of Castillo de las Guardas (Fig. 6.58) is located in the pathway to Aracena, one of the most 
emblematic corridors leading into the sierra, very close to the west of the passageway that would 
become La Ruta de la Plata. As already mentioned in Chapter 4, this route has been of vital 
importance for the communication between the South and the Central Plateau for millennia, with the 
Aracena route constituting the main entrance to Aracena and to Aroche from the east. The first 
references to the Silver Route come from stories of the second Punic War and although little is known 
for Late Prehistory, it is highly likely that this route was used since very early stages. Near corridors 
such as the road to Aracena were probably heavily used too. This seems to be demonstrated by the 
distribution of megalithic monuments along corridors within the region. The archaeological 
information available regarding this area is very scarce, and while so far 22 monuments have been 
found, only one settlement has been recorded in this area (Salas and Barrionuevo, 2000).  
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Fig. 6.58 Megalithic monuments of Castillo de las Guardas. 
 

In terms of visibility, it is interesting to observe the close relationship that monuments from this group 
have with natural corridors. In fact, both statistical tests confirmed not only that there is a significant 
relationship of visibility of monuments from corridors, but also that the main directions in fields of 
view are also related to them. This is appealing, as in the previous case, it confirms that visibility 
between these locations might have been of importance.  
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As said before, the megaliths of Castillo de las Guardas are distributed near the Ruta de la Plata, along 
a natural corridor that forms one of the main axis of transit leading to Higuera de la Sierra and 
eventually to the very heart of western Sierra Morena. Their distribution along corridors could be an 
argument in favour of the waypoint theory. However, although at a first glance the visual exposure to 
monuments along corridors seems relatively constant, it is in fact more fragmentary than that 
observed in the first group (Fig. 6.59).  Furthermore, the majority of monuments are located in 
clusters within the natural pass that runs through Sierra Bermeja and Sierra Pajosa (Fig. 6.60). As in 
the case of Almadén de la Plata, in a valley surrounded by mountains were the pathway may have 
been fairly obvious, the presence of constant waypoints was probably not essential. As in the previous 
case, if  it is thought that the megaliths were contemporary, a clustered distribution is not optimal or 
necessary in terms of terrestrial navigation and in this sense, the locations of the monuments might not 
have been related to this function. Despite this, their constant visibility from corridors seems to be 
evidence of the importance in terms of social memory, not only of the specific locations of the 
monuments, but also of the actual corridors. The region of Castillo de las Guardas has always been of 
importance not only for its hunting, herding and mineral resources, but also its role as a 
communication hub between the Andévalo, Aracena and Guadalquivir Valley regions.  In this manner, 
it seems clear that the distribution of the megaliths of Castillo de las Guardas along this natural way of 
transit is indicative of the importance of this route, and despite the fact that the megaliths might not 
have acted as waypoints, they probably still acted as landscape markers. 

 

Fig. 6.59 Visual exposure to monuments from all natural corridors of Castillo de las Guardas. 
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Fig. 6.60 Distribution of the megalithic monuments and their visibility from corridors. 

 

This seems to be emphasized by cases like El Campillo or Lapa del Moro. Although there have not 
been formal studies about this, intervisibility of waypoints might be relevant in terms of movement. 
According to modern mountain guiding, when travelling in an unknown landscape and getting lost, 
people performing terrestrial navigation tend to approach closer to waypoints in order to reach 
visually further connexions within the system. Despite the considerable size or prominence of 
dolmens such as Lapa del Moro, the area from which this monument is visible is rather small. 
According to the viewshed analysis, this megalith is visible only within 3.5 km2 (12.7%) of a total 
area of 28.2 km2 considered within a radius of 3 km. In fact, calculating the Lines of Sight (LOS) of 
the monuments it can be confirmed that this particular dolmen is actually “hidden” from all other 
monuments (Fig. 6.61a and 6.62). However, it seems to be particularly visible from long transects 
along the natural corridors (Fig. 6.61b). If the observations recorded by mountain guides are true, the 
lack of intervisibility among the monuments could be a further indication that they did not act as 
waypoints in the landscape.  
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Fig. 6.61 (a) LOS analysis of Castillo de las Guardas and (b) Lines of sight of the dolmen Lapa del Moro. Note 
that there is no intervisibility between monuments but how the monument is actually visible from some transects 

in the corridors (Red=not visible; Green=visible). 
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Fig. 6.62 Profile examples of the lines of sight between (a) Dolmen El Castillo and Lapa del Moro, and (b) the 
eastern natural corridor and Lapa del Moro. (The black dot represents the observer). 

 

As in the previous case, the statistical test carried out investigating the relationship between the 
dominant directions in the fields of view of the monuments and the corridors confirmed that it is 
statistically significant. Only in the cases of La Adelfa, Rancho de Lozao and Rancho del Marques I 
the dominant directions in the fields of view were not related to a natural corridor. The relevance in 
the visual relation with corridors seems to be emphasised by the fact that, despite the close proximity 
between monuments, only few of them are visible from each other, while visual contact with the paths 
is clear. This relation is also indicated by the results of the Higuchi viewsheds where in 86% of the 
cases, the corridors are situated at a Middle range of visibility from the monuments (Fig. 6.63). As 
argued earlier, the reason for this relationship could be associated with the way herding trips were 
conducted and how as part of the places to visit during these journeys, the visibility of symbolic 
places in relation to corridors became important. It is very interesting to note that other authors (Galán 
Domingo and Ruíz–Galvez, 2001) have suggested that megaliths may have also worked as landmarks 
in fords and mountain passes, and this seems to be strengthened by this analysis. In 68.28 % of the 
cases the dominant directions of view coincided with parts of the landscape where fords potentially 
existed (Fig. 6.64). It must be taken into account that many of the rivers are seasonal or shallow 
enough to be crossed with the animals on foot and that without more detailed paleoenvironmental 
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research, is difficult to know whether the configuration of rivers is still the same. In this sense, the 
results are just preliminary until further studies are available. However, as documented in historical 
societies, fords were points of great importance in the configuration of the roads and they were 
regularly marked by signs or landmarks (Cabo, 1994: 157). Prehistoric monuments may have been 
used in the same way. In any case, if possible comparisons with historical times are regarded as valid, 
information about crossing points was mainly kept through oral transmission where the herders knew 
their own landscape.  In this manner, although it is probable that monuments were used as landscape 
markers by the people living within the region, the proximity of megaliths and the visibility of these 
important places might have been part of the daily pastoral dynamics in which movement was 
probably carried out by local people.  

 

 

Fig. 6.63 Note how the natural corridors pass through in the closest ranges of visibility. 
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Fig.  6.64 Predominant directions in the fields of view of all the monuments in Castillo de las Guardas. 

 

6.4.IIC ARACENA (GROUP 3) 
 

Further north from Castillo de las Guardas and in the heart of western Sierra Morena, Aracena 
constitutes one of the most important megalithic groups in the region (Fig. 6.65). Located by a series 
of field surveys, this group has been the subject of several spatial analyses (García Sanjuán, 1999; 
García Sanjuán et al, 2006).  

In this case, the fragmentation in the visual exposure to monuments from corridors becomes more 
obvious. This is due to the fact that, although they are associated in terms of proximity to natural 
corridors, they are obviously more scattered4. It is particularly noticeable that there is only one 
concentration of monuments in the area of the Aracena dam, while other monuments stand alone with 
the closest dolmens kilometres away. Thus, it becomes impossible to argue that all of them might 
have formed part of a visual network (6.66a). Although there seems to be constant visibility of the 
dolmens along some of the segments in this area (Fig. 6.66b), the presence of the modern dam makes 
this result uncertain. Its influence in any spatial analysis within the region was already addressed by 
García Sanjuán, et al (2006:188) in their visibility study, where they commented that the results 
obtained were affected by the integration of the water body to the topography of the terrain in the 
DEM. In our case, it is thought that any calculated LCP would have passed through the valley anyway, 
as the area affected by the dam was always lower ground. However, despite the fact that the historical 

                                                 

4 It is important to consider that this might be contingent on how archaeological surveys have been carried out. 
There could be cases in which monuments did not survive in the record. 
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routes of the region, like the natural corridors, tend to follow the river beds, the same problems in 
relation to the dam applied to our analyses. In this sense, as commented in previous sections, the 
location of natural corridors within this area was also affected by this factor. 

 

Fig. 6.65 Megalithic monuments of Aracena. 
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Fig. 6.66 (a) Visual exposure of monuments from all natural corridors of Aracena. (b) The distribution of the 
monuments and natural corridors. 

As seen in the results of the first experiment, although there is a spatial relationship in terms of 
proximity between monuments and corridors, in the statistical test conducted to examine the possible 
relationship between visibility and natural corridors the null hypothesis could not be rejected 
(Appendix E). Although it can be argued that this result might be also the product of the modern 
modifications of the terrain which affect at least five of the monuments, it cannot be said that there is 
a statistically significant difference between the visibility of megaliths from natural corridors and that 
from random points. Hence, due to the factors affecting the analysis, any interpretation concerning 
their visibility needs to be carefully considered. However, some useful observations can still be 
addressed.  

In general terms, there are almost no relations of intervisibility between the monuments (Fig. 6.67).  
The only megalith that sustains this kind of relationship with more than one monument is Coquino I. 
However, its visual relationship with the Monte Acosta group might be owed to the effects of the dam 
on visibility (Fig. 6.68). Similarly, the ample and constant visual exposure to monuments that the 
natural corridors near this group seem to have could be attributed to the same factor.  
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Fig. 6.67 LOS of the monuments of Aracena. Coquino I is the only monument with an intervisibility 
relationship with other monuments.  

 

 

Fig. 6.68 Visibilities of the Monte Acosta group. Note the effect of the dam in the analysis. 
 

In any case, even if this could be interpreted as an intentional visual relationship, in terms of terrestrial 
navigation it has to be considered that the Monte Acosta group is composed by burial mounds of 
small size (approximately 0.9-1.50 m). This makes them potentially less likely to be identified easily 
by people that are unfamiliar with this landscape, and if it is thought that the vegetation cover might 
have been dense, the chances are reduced even greater. Nevertheless, it can also be said that all the 
monuments in the Monte Acosta group seem to have a large field of view even towards the mountains, 
where the terrain could be regarded as more difficult to access in terms of visibility. In addition, they 
are located along the only mountain pass in the surroundings that allows a comfortable transit 
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from/towards the north in the direction of Arroyomolinos de León.  This might be suggesting the 
structuration of an open funerary landscape, where the location of these monuments in visually 
reachable points of the landscape might be of importance. This seems to happen often in historical 
herding societies where funerary monuments may act as points of remembrance not only for the 
particular group that erects the monument, but also for neighbouring groups. 

At a larger scale, a measure of the spatial accessibility of the Aracena group is also given by their 
proximity to natural and historical corridors that connect with Almadén de la Plata to the East, Aroche 
and Portugal to the West, the Central Plateau to the North and Castillo de las Guardas to the South. 
This was an observation already pointed out by Romero Bomba et al (1999: 43) and the results from 
the first experiment confirmed it.  

Despite the fact that a statistical relationship between the general visibilities of monuments and the 
corridors was not found, it was also observed that the dominant direction in the fields of view of the 
majority of the megaliths coincide with the corridors. As with the previous groups, a statistical test 
exploring this was also carried out in this case (Appendix E). The test showed a statistical significant 
relationship between dominant directions of view of the Aracena monuments and the corridors. 
However, in the specific case of the Monte Acosta group it is difficult to evaluate this outcome, as it is 
obvious that the analysis is affected by the dam (Fig. 6.69). Nevertheless, in the case of the other 
monuments far away from the dam like Dolmen de la Papúa, La Corchailla, Zufre, El Encinar and El 
Valle and Cerro de las Liebres this relationship is also sustained (Fig. 6.70).  

 

 

Fig. 6.69 Directional viewsheds of the Aracena monuments. 
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Fig. 6.70 Dominant directions in the fields of view of La Corchailla (left) and Zufre (right). 

In general, all the monuments seem to be located in strategic visual positions regarding the control of 
movement. While Zufre, for instance, is not only in the crossroad of several historical routes but it 
also overlooks part of the Rivera de Huelva River and its natural corridor, La Papúa dominates 
visually the Rivera de Montemayor, and is located in what could be regarded as a crossroads between 
the Sierra del Valle del Gato, Sierra de la Jabata and Sierra del Membrillo. This important crossroads 
would have allowed access from the north through the natural corridor along the Rivera de 
Montemayor to the Monte Acosta group and later on to the Rivera de Huelva River (Fig. 6.71). La 
Corchailla, is also located near to a crossroad whose southern natural path leads directly to Aracena. 
In this case, the dominant direction in its view field not only faces this natural corridor, but also the 
Rivera de Huelva River. In the case of Los Llanos and Risco Valdejudio, the dominant fields of view 
of these monuments point towards the natural corridor that connects the modern towns of Valdezufre 
and Higuera de la Sierra to the south. It is also of great interest to observe at a larger scale that this 
constitutes the same natural corridor that is related to the monuments in the area of Castillo de las 
Guardas. In the case of Cerro de las Liebres and El Valle, the monuments are located precisely on the 
natural corridors near the prehistoric mine of Cala, and while the dominant direction in their fields of 
view is oriented towards the corridor, Cerro de las Liebres dominates the mine and its surroundings.  

The strategic location of the monuments of Aracena in relation to movement is also emphasised by 
the Higuchi viewsheds. While 81.25% of the natural corridors fall within the Middle Range of view 
from the monuments, in the cases of La Corchailla, Cerro de las Liebres, El Valle, Coquino I,  Monte 
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Acosta I and Dolmen de la Papúa, the corridors fall in the shortest range of visibility from the 
monuments (Fig. 6.72a and b). Because the location of these monuments seems to be carefully 
thought in relation to crucial elements of human movement like crossroads and natural corridors, it 
seems possible to suggest that they acted as markers. However, because a statistical significant 
relationship between their general visibility and natural corridors could not be proved, and due to the 
visual fragmentation suggesting the lack of a visual network, is not possible to argue that they might 
have served as points of orientation for people navigating through an unknown landscape. In this 
sense, if they worked as some kind of sign, it was probably for people that were familiar with the 
region.   

 

Fig. 6.71 The location of Dolmen de la Papúa in a crossroad between mountain ranges. 
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Fig. 6.72a Higuchi Viewsheds of Las Liebres (north) and El Valle (south). 
 

 

Fig. 6.72b Higuchi Viewsheds of La Papúa. 
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6.4.IID ZALAMEA LA REAL (GROUP 4) 
 

Located in between two of the most important rivers of the region, the Tinto and the Odiel, this area 
has always been characterised by the richness of its mineral resources (Fig. 6.73). Its megalithic 
phenomenon is mainly known after the research carried out at the El Pozuelo group (Cerdán Márquez 
et al, 1952; Gómez Molina, 1978; Nocete Calvo et al, 1999; García Sanjuán and Linares Catela, 2009), 
Los Aulagares (Del Amo, 1971) and the exploration of some of its prehistoric mines. In this manner, 
Zalamea la Real constitutes an interesting case as, despite the fact that there is a relatively high 
number of monuments, no Chalcolithic settlements have been found yet. To the south and near this 
region, other important megalithic necropoleis with dolmens of considerable size have also been 
studied such as Los Gabrieles in Valvelde del Camino (Cabrero García, 1985; Linares Catela, 2006; 
2010). However, the majority of the monuments in Zalamea and its surrounding have remained 
unpublished. In addition to these impressive necropoleis, researchers like Pérez Macías et al (1988), 
have also recorded other “isolated” megaliths and clusters of less size. The importance of the area has 
been always attached to the exploitation of mineral resources such as quartz, copper and malachite 
since Late Prehistory. Nevertheless, its importance at a landscape scale is also related to the fact that it 
constitutes the first front of western Sierra Morena from the south and towards the Gualdalquivir 
Valley, and their monuments are located along one of the main axis of entrance to the inner parts of 
the sierra.  
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Fig. 6.73 Megalithic monuments of Zalamea la Real. 
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As demonstrated in the first experiment, the monuments in this area display a spatial connection with 
corridors. However, the statistical test investigating the possible relationship between visibility and 
natural corridors did not prove to be significant. In addition, this group has the smallest areas of 
visibility within their potential viewsheds (Fig. 6.74). This become evident in megaliths such as El 
Villar and Dolmen de la Lancha, where the areas from which the megaliths are visible are only 0.17 
km2 (0.60%) and 1.03 km2 (3.65%) respectively from their total possible viewshed of 28.2 km2.  

This also applies to their visibility from corridors (Fig. 6.75a). Although the monuments are still more 
visible from natural paths than the tested random points, the lengths of the segments from which they 
are visible is somewhat small in comparison with the other groups. While in general the monuments 
of Almadén de la Plata, Aracena, Castillo de las Guardas and Aroche seem to offer a higher visual 
exposure due to their position in relatively more open locations, this is not the case in many of the 
megaliths in the group of Zalamea la Real. The exceptions to this are located to the north, the 
monuments of Cerca del Cura, La Vía and El Tejarejo; to the west the Valle de las Sepulturas, 
Cumbre Zendala and Cabezuelas and to the south the Pozuelo group. In this last case, the cluster of 
megaliths is quite interesting in terms of visibility because although monuments like El Pozuelo 5 and 
7 have extraordinary fields of view and the cluster in general can be regarded as highly visible from 
its surroundings (Fig. 6.75b), they sustain almost no intervisibility (Fig. 6.75c). In fact, in some of its 
cases like El Pozuelo 3 and 4, their fields of view are rather small and outflanked by low hills, they 
have a relatively more confined and private aspect. The same is observed in other dolmens outside 
this group like Los Rubios, Cabezo de La Mata, Suerte del Aguila, Puerto de los Huertos and Dolmen 
de la Lancha (Fig. 6.76).  

 

 

Fig. 6.74 Viewsheds from all monuments within Valderde del Camino and the parts of the corridors from which 
they are visible.   
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Fig. 6.75a Viewsheds from all monuments within Valderde del Camino and the parts of the corridors from 
which they are visible.   

 

 

 

Fig. 6.75b Cumulative viewshed of the Pozuelo group. 
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Fig. 6.75c LOS of the Pozuelo group.  
 

 

Fig. 6.76 Dolmen de la Lancha seen from north, south, east and west. Note in the profiles how the monument is 
located in a depression of the terrain surrounded by elevated terrain, where practically the only way to see it (at 

least from these directions) is to approach to it. The location of many other monuments in this group such as 
Pico del Moro and El Villar present similar characteristics. 

 

The difference in the visibility of these monuments in comparison to the other groups is due to the 
particular irregularity of the terrain in this region, where the presence of major valleys is practically 
non-existent. However, the position of the monuments in rather hidden places seems to obey a 
purpose, as in spite of this, they are still located close to natural corridors and considerably near to 
rivers. This has interesting implications in terms of movement and their possible role as markers. The 
small number of recorded settlements for the Chalcolithic in this region might be a further indication 
of their temporal character, where the most visited permanent locations (in this case the monuments) 
might have remained those known by people with certain knowledge of the landscape. This may be 
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the case of those carrying out a pastoral orbit. As explained earlier, commemorative places are visited 
along the orbit, and as ethnographic experiences with transhumant herders have shown, the visit of 
either visually open spaces or quite spatially confined ones are usually favoured. This is due to the 
fact that they can be ideal to keep control over the animals either because they can be easily observed 
in open spaces, or because they become more manageable in restrained areas (Lasater, 2010). For 
instance, in the case of the El Pozuelo dolmens, they are not only located in traditional herding lands, 
but also some of the votive objects found might be depicting herding dynamics5. In this manner, the 
configuration of a sacred landscape marked by the presence of the ancestors might have been deeply 
related to daily life dynamics. It is obvious that in cases like the Pozuelo group, the location of the 
monuments indicates that they were probably intended to be not only visible, but also accessible. In 
this light they might have acted as landscape markers. However, in terms of terrestrial navigation, the 
rather visually “private” character in many of the megaliths of this region seems to indicate that they 
may not have acted as waypoints either.  

This seems to be supported by the fact that, as in the case of Aracena, the Zalamea group also presents 
several isolated monuments and some of them such as Dolmen de la Via are also relatively small. 
They are still visible from some segments of several natural corridors, but the visual exposure to them 
along the routes is also fragmentary. In addition to this, from all groups, the visual exposure in this 
one is the less consistent (Fig. 6.77).   

 

Fig. 6.77 Cumulative visual exposure of megalithic monuments from natural corridors of Zalamea la Real. 
 

Therefore, although that according to our parameters these monuments may have not been used as 
waypoints for people unfamiliar with the landscape, there is still a suggestive connection with 
pathways.  In terms of visibility, the rock carvings site of Los Aulagares is the most accessible of all 
the symbolic sites in the surroundings, and it probably had an important role in the symbolic and daily 
life landscape within the region, marking it for local people (Fig. 6.78a). This is indicated by the fact 
that it visually dominates the natural corridors, presenting the largest lengths of visible transects 
within the group (Fig. 6.78b). Although it has been suggested in the past that rock art sites and 
settlements were probably separated realms in terms of the symbolic and the mundane, some research 
suggest that they might have acted as settlements too (Bueno Ramírez et al, 1998: 116). This could be 

                                                 

5 This might be the case of the votive staff found in the dolmen number 3 which seems to be a symbolic 
depiction of a shepherd crook (García Sanjuan and Ruíz González, 2009). 
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consistent with the idea of the integration of symbolic sites within the pastoral orbit, where daily life 
activities and symbolic spaces would be mixed.  

While taking care of the animals, herders might have marked the landscape by carving motifs that 
could be associated with these locations. In this sense, the visual connection of this site with natural 
corridors could be integrating symbolic places into daily life activities. This might have helped them 
to reinforce and encourage memory and social identities. 

 
 

Fig. 6.78a Rock art from Los Aulagares, Zalamea la Real (photos: APZLR). 

 

 

Fig. 6.78b Transects in the natural corridors from which Los Aulagares is visible (in red). 

Although the chronology of these carvings is not entirely certain, some studies have suggested that 
they could originate in the Early Bronze Age. However, it is interesting to note that the absolute 
chronologies established for some of the megaliths in this region (such as La Venta and La Paloma) is 
quite late, where their construction and use seems to happened during the Copper Age and the Early 
Bronze Age (Linares Catela and García Sanjuán, 2010). In this manner, despite the fact that more 
archaeological research is needed, this place might once formed part of the prehistoric herding 
itineraries. This could be also suggested by the fact that the visual field of this site coincides with the 
pathways of the area and the dominant direction within its viewshed is oriented towards the natural 
corridor that passes close by (Fig. 6.79).  



 192 CHAPTER SIX 

 

 

Fig. 6.79 Predominant direction in the field of view of Los Aulagares. 
 

In fact, the statistical analysis conducted to test the possible relationship between the predominant 
directions in the fields of view of the monuments within this group and the corridors was significant 
(Appendix E).  In this case, 80.36 % of the total monuments presented a predominant direction in the 
field of view oriented towards one or more natural corridors. Although due to the arguments sustained 
above, it cannot be said that this might be due to the use of the monuments as waypoints, this figure 
suggests that they sustain a preferential visual relationship with areas of communication. This is the 
case for the great majority of the monuments. Dolmen de La Vía for instance, is located near to Los 
Aulagares in a crossroads between a natural corridor that leads to the town of El Campillo and the 
historical routes of Vereda de Portugal and Rivera de Cachan. Despite its relatively small size (Pérez 
Macías et al, 1988), is located in a strategic position so much in terms of the routes of communication 
as in terms of visibility. The dominant direction in its field of view covers both the natural corridor 
and the historical transhumance routes (Fig. 6.80). A similar case is the site of El Villar that is located 
to the south of the Odiel River in a visually confined position. It is surrounded by hills, but its 
dominant direction of view is oriented towards one of the main natural corridors of the region and the 
historical herding town of El Villar (Fig. 6.81).  
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Fig. 6.80 Predominant directions in the field of view of Dolmen de la Vía. 
 

 

 

 

 

 

Fig. 6.81 Directional viewshed of Dolmen de El Villar. 
 
As in the other cases, and as suggested by the statistical test, these relationships do not seem be 
random. However, it is also difficult to prove that the monuments in this area might have formed part 
of a visual network with navigation purposes. In terms of visual ranges, from all groups, Zalamea la 
Real has the lowest percentages of proximity to corridors (Fig. 6.82). While in some of the 
monuments like Los Aulagares, Cerca del Cura, La Via, El Tejarejo, Cabezuelas, and Cumbre 
Zendala the pathways are situated in their closest visual range, in others like Peñas Incas, Finca de los 
Covaches, Lomeritos, Los Rubios, Cabezo de La Mata, Mascotejo I and II the relationship is either 
more distant or nonexistent (Fig. 6.83). This suggests that although the location of the megaliths is 
related to natural pathways, movement along the corridors occurred at a more distant visual range 
than in other groups.  
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Fig. 6.82Comparison between ranges in the different groups. Note how Zalamea has the lowest percentage on 
proximity in any of the ranges. 

 

 

 

Fig. 6.83 Example of the visual ranges and the proximity of the natural corridors.   
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6.4.IIE AROCHE (GROUP 5) 
 

The monuments of Aroche are very interesting as they are located on the zone that could be 
considered the main point of entrance to Sierra Morena from its western extreme, where it meets the 
Guadiana river basin (Fig. 6.84). This area is not only important because it has one of the highest 
concentrations of Copper Age settlements recorded up to date in western Sierra Morena, but also 
because three of the only four menhirs identified so far in the whole study area are located in here.  

 

Fig. 6.84 Megalithic monuments of the Aroche group. 
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With an architectonic tradition related to central Alentejo and Extremadura, and different to those in 
Aracena (Piñón Varela, 1988; Romero Bomba et al, 1999: 42), it has been argued that the monuments 
in the Aroche group are highly visible from pathways. Effectively, this observation is supported by 
the results of the statistical test analysing the association between general visibility and corridors, 
where it was concluded that there is a significant relationship between them (Appendix E). In the 
same fashion, from the GIS analysis it can also be suggested that the visibility of megaliths from 
corridors is extraordinarily constant (Fig. 6.85). In fact, it could be said that from all groups, Aroche 
would be the most indicated to qualify as a possible visual network. This is obviously related to the 
fact that all of them are located in more or less flat terrains and along the valley of the Rivera de 
Chanza River and therefore, there are fewer obstructions in the fields of view. However, this is not 
only due to this reason, as it is also true that despite of the wideness of the valley, megaliths are 
located very close to the pathways that were identified as natural corridors, and that even the 
monuments that are found in rougher terrain and smaller river plains within the sierra such as Los 
Praditos I, Los Puntales, La Castellana III and Monte Chico are also highly visible from corridors.   

 

 

Fig. 6.85a) Transects in the natural corridors from which the megaliths are visible. b) Cumulative visual 
exposure to all megalithic monuments from natural corridors of Aroche. 

Previous studies have pointed out these spatial relationships. Despite the fact that he did not used 
formal spatial methods, in his study of the Aroche group, Piñón Varela (1988) argued that the 
societies that built these monuments seemed to have the intention of locating them in highly visible 
positions, connected to natural corridors. Drawing a comparison between the diverse architectural 
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styles and sizes, this author concluded that there seemed to be two different conceptions of funerary 
spaces within this region, one given by dolmens of larger dimensions like La Corteganesa and Llano 
de la Belleza located also in open spaces like the plains of the Chanza river, and other represented by 
smaller megaliths located in more confined spaces like Los Praditos, Monte Chico and others located 
on the Cabezo de las Sepulturas (Piñón Varela, 1988: 244). The results of our analyses support these 
interpretations, pointing not only to a relevant spatial association, where 13 out of the 18 monuments 
are actually located along natural corridors or in crossroads with historical paths or both, but also to a 
significant visual relationship. The difference between funerary spaces noted by Piñón Varela can also 
be extended in terms of the relationships sustained with natural corridors. In the cases of El Torrejón 
II, La Corteganesa, Dolmen del Llano de la Belleza, La Alcalaboza II and III, the megaliths have 
outstanding positions matching with extraordinary exactitude natural corridors and historical routes 
(Fig. 6.86). They are actually placed in strategic locations that can be regarded as the points of 
entrance to the heart of western Sierra Morena and the traditional herding regions of Cortegana and 
Jabugo. In this sense, they could have worked as references advertising these accesses through 
different corridors. In the case of La Castellana III, Los Puntales, Los Praditos and Monte Chico, the 
spatial relationship with pathways is not as close. However, they still present a substantial connection 
as they are visually accessible from the corridors. Regardless of the differences in sizes and their 
location in more open or restrained areas, what seem to be common among the megaliths of this area 
is their high visibility and their close connection to pathways. This is also the case of La Pasada del 
Abad and the dolmens of the El Torrejón and the Monteperro group that are also located along the 

traditional herding route of Vereda del Chanza. 

 

Fig. 6.86 The megaliths near the Rivera de Chanza river and their proximity to pathways. 

Although their use as waypoints within a visual network cannot be assured, these relationships 
indicate that it is highly likely that these monuments acted as landscape markers in some way. This is 
also suggested by the fact that from all groups, this is the one with the highest percentage of 
coincidences (94.4%) between the dominant direction in fields of view and pathways. The statistical 
test carried out investigating the relationship between dominant fields of view and natural corridors 
was statistically significant too, and there are some outstanding cases like Pasada del Abad, all 
dolmens in the Monteperro group, El Torrejón, Llano de la Belleza, La Corteganesa, and La Portilla 
where the coincidence is remarkable. La Portilla for instance, is located precisely on the crossroads of 
the important historical route of Cañada Real de Medellin and the natural corridor that eventually 
connects the Andevalo with the area of the Murtigas River. The visibility of this megalith is restricted 
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almost in its totality to this corridor and the dominant directions of view of the surrounding 
monuments also match closely the natural paths (Fig. 6.87).  

 

 

 

 

Fig. 6.87(a)The dominant direction in the field of view of La Portilla. (b) Dominant directions of the 
closest monuments to the west margin of Sierra Morena (right). 

In the same situation to the north of La Portilla, the monument of Llano de la Belleza presents a 
preferential direction in its field of view oriented towards the natural corridor (Fig. 6.88a). This 
monument constitutes one of the most emblematic megaliths of the region due to its dimensions (with 
a barrow of approximately 40m), and its extraordinary architectonic character (Hoskin, 2001). Recent 
investigations have led to think that the builders of this monument might have used or reused menhirs 
for its construction (García Sanjuán et al, 2005). This is very interesting not only because of symbolic 
implications that this might have, but also because the menhirs of La Alcalaboza III and the cromlech 
of Pasada del Abad present the same spatial and visual patterns. In both cases, they are also located in 
key parts of the landscape, matching the natural corridors with high accuracy and in places that can be 
considered as passageways. In the case of the cromlech of La Pasada del Abad, its visibility is also 
constrained mainly to the natural corridors that lead directly to the Chanza valley and to the south 
towards the Huelva plains (Fig. 6.88b).  
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Fig. 6.88 Dominant direction in the fields of views of a) Dolmen del Llano de la Belleza and b) Pasada del 
Abad. 

While menhirs have been mainly interpreted as phallic symbols related to fertility rites and the 
continuation of life (Monteagudo García, 2003: 26), cromlechs have been associated with 
astronomical phenomena (Calado, 2002; 2006). It is probable that these monuments were unmissable 
to any person travelling along the corridors due to their position and characteristics. In these terms, 
they might have acted as points of reference within travelling itineraries. However, their specific 
location in places within the landscape that were of essential importance in terms of movement, might 
have had also further meanings such as creating liminal spaces, marking or even “granting access” to 
areas of rich and varied resources like the Chanza valley.  

In any case, it is worth mentioning that in general, the main directions in the fields of view of the 
megaliths tend to match the pathways, suggesting that their visual accessibility to a person walking 
along the corridors was probably relevant (Fig. 6.89). It is highly probable that the activities that took 
place in the monuments and its surroundings were visually accessible from certain parts of the 
pathways, emphasising the symbolic importance of movement and the corridors in particular. This 
might have been related to ritual processions too. It is interesting to observe that through different 
periods and cultures there has been a regular connection between movement and spirituality. Both are 
linked to the idea of the acquisition of experience and knowledge of the world through travelling. 
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Although it is extremely difficult to confirm a specific practice during prehistory in this area, many 
cultures publicly worship their ancestors and/or the divine through rituals in places considered liminal 
and capable of facilitating the experience of the “otherness”. Spiritual stations as herding stations 
within a pastoral orbit are visited, and they usually form part of a network that can be related 
geographically to a system of beliefs. In this manner, although the effects of visibility of these places 
have never been studied, it can be said that they are at least spatially related to pathways. As 
demonstrated by the Higuchi analysis, this group exhibits the closest visual connections between 
monuments and corridors, where in up to 88.9% of the cases, a pathway passes through the closest 
visual range of the monuments (Fig. 6.90). In this manner, despite the continued visibility of the 
monuments along the pathways in this group, it cannot be said that they formed part of a visual 
network, and therefore, that they were used as connected waypoints along the landscape. However, it 
is plausible to suggest that they were effectively used as landscape markers, as their preferential views 
are oriented towards the routes, indicating with this the importance of their location for people 
moving along them. As said previously, this importance might be related to daily life activities. 
Studies conducted in the iconography of the carvings in some of the menhirs of central Alentejo, have 
shown possible representations of these activities in the forms of axes, staffs, goats, fish and oxen 
which seem to symbolize and reflect possible ideologies, conflicts and negotiations between the basic 
forms of life within these regions (Calado, 2002). In this manner, as possible part of the same tradition, 
the menhirs of the Aroche area, might have been a permanent way or constant remembrance of these 
activities in which movement played a crucial part.   

The possible symbolic importance of movement is emphasised further by the comparison of the 
relationships between settlements, monuments and corridors. Although in general, Copper Age 
societies within this sierra seemed to prefer sites strongly related spatially and visually to natural 
pathways, the location of their settlements was never as close to corridors as the megaliths are. The 
archaeological studies of the region have established the seasonal character of the settlements and 
they tend to be located in higher altitudes within the sierra (Pérez Macías, 2010). While  the richness 
in resources of the area, would have made this river valley a very attractive location as a herding 
station and the location of the temporal settlements or camps might have been related to places more 
protected, the visit of the monuments along the pastoral orbits might had a deeply symbolic 
connotation where death would have been seen as an important part of natural cycles and the 
dynamics of life, and therefore preferential stations or places to visit “on the move”,  along the 
herding itineraries.  

 

Fig. 6.89 The dominant directions in the fields of view of the monuments in this group. 
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Fig. 6.90 The visual ranges in this group. 

 

6.4.IIF SANTA BÁRBARA DE CASA (GROUP 6) 
 

The monuments of Santa Bárbara de Casa are located on the Andevalo plains close to the foothills of 
the south-western extreme of Sierra Morena. In terms of spatial analysis it constitutes a problematic 
case because the number of monuments and settlements recorded so far in the area is very small (Fig. 
6.91). However, as Castillo de las Guardas and Zalamea Real, these monuments are interesting as the 
economic and social dynamics in the area might have been different to other regions within the 
mountain range. Within the sierra, most of the settlements seem to have had a temporal character, 
however, the main Copper Age settlement identified in this area, Cabezo de los Vientos, was 
permanent and fortified (Piñon Varela, 1989). Furthermore, while in the majority of the cases the 
settlements have rarely been related to specific monuments, in the case of Cabezo de los Vientos, it 
has been established that the megaliths in the surroundings were probably related to it. The possible 
mode of subsistence of their builders is scarcely known and despite the extensive evidence regarding 
the use of the settlement, distinctive areas of activities, production or silos were not found. As said in 
previous sections, it has been established that towards the Copper Age the economic basis of these 
lands seem to have been mainly agricultural (García Sanjuán, 1999) and in these terms, the dynamics 
of movement might have been different too.   

In spite of the lack of further research, the presence of a permanent settlement such as Cabezo de los 
Vientos could be suggesting the practice of an economic subsistence less mobile in this region, and 
the fact that it is the only settlement in the surroundings could be indicative of its predominance in the 
region. In fact, it is of great interest to observe that the funerary monuments associated with this site 
like El Tesoro or El Bizco, are the least related in the area to corridors in terms of distance or visibility. 
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In this manner, the logic behind the location of the funerary complex near Cabezo de los Vientos 
might have followed different dynamics to the other megalithic complexes, probably more associated 
with the necessities and social structuration of this specific settlement.   

 

Fig. 6.91Megalithic monuments of Santa Bárbara de Casa. 
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With a funerary complex associated with a permanent settlement and few other monuments scattered 
within a large region, it can be said that the statistical test analysing the association between their 
visibility and corridors concluded that this association was not significant (Appendix E). Although 
some of them are located very close to natural corridors and they are more visible from corridors than 
random points in the landscape (such as El Alamito I and II, El Molino and Mehir de Cabezas Rubias), 
the visibility of monuments along corridors is obviously highly fragmented. This is due to their 
scattered distribution, making in this case also impossible to argue that they might have acted as a 
visual network (Fig. 6.92).  

 

 
Fig. 6.92 a) Transects in the natural corridors from which the megaliths are visible. b) Cumulative visual 

exposure to all megalithic monuments from natural corridors of Aroche. 

 

The limited information that we have regarding these monuments (as for the majority we only count 
with their spatial position and a brief description) makes very difficult any further interpretation. 
However, it is interesting to note that contrary to all other groups, and although that in six out of the 
nine monuments a coincidence was observed, the second statistical test carried out analysing a 
possible link between dominant directions of view and corridors, was not significant (Fig. 6.93). 
Something to take into account regarding this result is the size of the sample as only 9 monuments 
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have been recorded in this area. Nevertheless, this could also have further implications, perhaps 
suggesting a different tradition in which as mainly agricultural groups, a connection between these 
highly symbolic places and movement was not that important. It can also be said that there seems to 
be some link as according to the Higuchi viewsheds, the corridors at least in half of the cases pass 
through the shortest visual range of the monuments (Fig. 6.94). In the case of the El Alamito, a similar 
visual pattern as La Portilla (Aroche) or El Villar (Zalamea la Real) can be observed, where the 
monuments are located in a position that is visually confined in all directions except for the one 
through which a natural corridor passes. In this manner, although as in the other cases it cannot be 
said that the monuments in this region were used as waypoints within a connected visual network for 
navigation purposes, it is unquestionable that there is a spatial relationship with corridors. A further 
possible reason for this is explored in the next and last section.  

 

Fig. 6.93The dominant directions in the fields of view of the monuments in this group. 

 

Fig. 6.94 The visual ranges of the monuments in this group. 
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6.4.III DISCUSSION 
 

The assessment of the use of megaliths as waypoints has proven to be a difficult task, due to the fact 
that the models are relatively simple and the variables to take into account are complex. However, it 
can be said that the experiments were successful in the identification of a series of interesting patterns. 
The relationships observed between dominant directions in the fields of view and corridors in the 
majority of the groups and the high coincidence between general visibilities and pathways point to the 
idea that monuments were effectively landscape markers. However, they seemed not to be built with a 
focus on terrestrial navigation. It is certain that there is a visual relationship between the monuments 
and natural corridors, and that people familiar with this landscape might have been able to locate them 
easily. Although there is no single corridor where monuments could be regarded as part of a 
“complete” visual system in terms of continuous visibility, it must be taken into account that many 
other features in the landscape might have acted as intermediate waypoints, such as characteristic 
topographical features or trees. In this manner, it is acknowledged that counting with certain 
information such as verbal accounts or if given precise instructions, foreigners might have been able 
to use them as well in some occasions as points of reference while navigating through the landscape. 
In those terms, they might have been used as waypoints too.  

What seems to be certain is that the monuments marked vistas for people moving along the corridors. 
This seems to be confirmed by the fact that the megaliths are seen more often from the corridors than 
other points in the landscape and because the lengths of the segments from which they are visible 
within the paths are considerably larger. This outcome is also reinforced by the results from the 
directional viewsheds. The fact that the dominant directions in the fields of view of the megaliths are 
the ones oriented towards the natural corridors, suggests that the visibility of the monuments from 
them (and the other way around) was regarded as important in some sense. In this manner, the reason 
why these two features were visually and spatially connected might lay in the symbolic role that they 
probably played in the pastoral orbit. While carrying out these cyclical movements, mobile herding 
societies visit places they regard as significant in terms of symbolism and memory. These places are 
normally related to their seasonal cycles and therefore are located within their areas of movement. 
Some of them are visited through several generations and different groups can also have places in 
common where they can meet to exchange news, celebrate festivities, perform commerce, marriages 
or simply spend time with each other. Furthermore, the link between monuments and movement 
might be connected to the idea of permanence, helping to mark the pastoral orbits of different groups.  
In this sense, the association of monuments and corridors might find its explanation in the symbolic 
meaning of these sites and their use as landscape markers for generations. The possible meaning of 
the megaliths as the “houses” of the ancestors might have played an important role in the visits 
established during the pastoral orbits where the long use of sites like Palacio III in Almadén de la 
Plata or Valdelinares in Aracena, might constitute testimony of this. 

Although it is clear that distinctive locations with particular characteristics were chosen to build the 
megaliths in this region, it is also interesting to observe that in some cases they are close also to the 
sources of material from which the orthostats that compose them were taken. This is the case of 
monuments like Valdelinares in Aracena (Romero Bomba, 2001: 377). There also seems to be a 
component of economy and practicality when choosing these places, but the importance of this factor 
as determinant in the election of the sites can only be further explored through a detailed study about 
the sources of building materials. Moreover, it could be said that in many cases the monuments seem 
to be located close to rivers and fords. While as part of a herding itinerary these locations would have 
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many conveniences in terms of marking sources of water and crossing points in rivers, this could be 
also related to a symbolic meaning where the monument not only commemorates ancestors, but also 
the importance of movement in their way of living. It is of great interest to observe that while 
settlements seem to be seasonal, the only permanent features are precisely these monuments, which 
located along natural corridors, might have been used to celebrated the cycles of life and the temporal 
character of their actions, where movement knit together all meanings and representations.  

Therefore, although monuments might not have acted as waypoints in the same manner as the Roman 
“miliarium” did, it is very possible that they acted as landmarks in the same way that other societies 
later on would recognise the architecture of their own times. In the same way a pilgrim knows a parish 
and could identify a Christian church even if far away from home, it is possible that prehistoric 
communities utilised monuments as markers of important places within their landscape. Even if they 
occasionally acted as a point of reference for terrestrial navigation, it is unlikely that all of them 
constituted waypoints within travel “itineraries”.  

The location of important symbolic places throughout cultures and times has been usually attached to 
particular events, beliefs or social memories. Although nowadays the specific meanings of megaliths 
evade us, it is interesting to observe that seems to have been of importance can be still recognized in 
their locations. The constant observation of a spatial relationship between megalithic monuments and 
natural corridors could be something specific to the mountain environment of Sierra Morena. 
However, this connection might be related to the daily life dynamics of these societies. It is possible 
that hunting and herding itineraries were formed over time, where contacts with different groups made 
possible a “unified” idea in the symbolism of a megalithic landscape, which at the same time, took a 
unique and particular character in each region. This seems to have been the case of western Sierra 
Morena, where the megalithic phenomenon as well as other archaeological evidence is testimony of 
the contact between regions. Nevertheless, these contacts do not seem to be that extensive and the 
general day-to-day dynamics probably had a more local nature. This does not mean that they did not 
actually have extensive contacts with other regions. As said in Chapter 4, several stone tools and 
green stones such as variscite have been found in other Copper Age sites and they may have their 
origin in western Sierra Morena (Linares Catela, Odriozola Lloret and Hurtado Pérez 2010; Linares 
Catela and Odriozola Lloret, 2011).  

The differences observed in settlement patters as well as in sizes and styles of construction of the 
megalithic monuments between regions such as the Guadalquivir Valley and Sierra Morena, seem to 
support the idea not only of a differentiation in demographic numbers and access to resources, but 
possibly also on ideology and the construction of a symbolic landscape. It seems even possible to 
differentiate between regions within western Sierra Morena. However, what they may have in 
common is that their megaliths were built by groups formed of several families and the locations 
selected were always near natural corridors and possibly related to their herding itineraries. In this 
manner, during hunting and herding journeys, the places once regarded as special were chosen to 
become sites with an enduring character within social memory, where the megaliths would effectively 
become a physically permanent station among groups by marking the space symbolically.  

Later on, towards the Bronze Age the dynamics seem to change with the establishment of more 
permanent settlements like El Trastejón (Aracena). The de-monumentalization of funerary practices 
and the shift from collective to individual tombs marked a very significant transformation of the 
monuments in terms of social meaning. Nevertheless, in terms of cosmology these structures and 
places were still regarded as important in western Sierra Morena. This is evident in monuments like 
Valdelinares (Aracena), which due to its dimensions and constructive system could be regarded as 



 207 CHAPTER SIX 

related to a later period during the Copper Age, closer to the megalithic cists. The reuse through many 
generations of these monuments and sites like Valdelinares, Palacio III (Almadén de la Plata), El 
Pozuelo (Zalamea la Real), El Trastejon and La Papua (Aracena), are testimony of their role as 
markers and sites of power within the landscape. However, although there seems to be a continuation 
in the funerary patterns where monuments were reused or new ones were still located very near 
natural corridors, this coincidence decreased. Gradually, groups transformed into societies where 
individuals had more weight, emerging along with an increasing social inequality. The apparent 
establishment of a stronger mobile tradition, and probably the increment in commerce and exchange, 
seems to be the reason why a closer and growing spatial relationship between settlements and 
corridors can be observed towards the EBA and the LBA. With the presence of permanent settlements 
and the development of a society with more social inequality, both settlement and funerary spatial 
patterns changed. The way of carrying out the pastoral orbit probably did not involve families 
anymore, but one or few members, and while the funerary sites were possibly part of the itineraries, 
the settlements seem to have taken a more important role within them.   

 

EXPERIMENT 4 
 
6.5 PASTORALIST DYNAMICS : MOVEMENT , LANDMARKS AND TERRITORIAL DEFINITION  
 
As seen in previous chapters, megalithic monuments in Europe have been normally associated with 
the emergence of agriculture, and therefore, with a sedentary way of life. However, in the case of 
Sierra Morena it is unlikely that this was the case. In fact, although it is probable that the spread of 
megalithic constructions might be due to contacts among groups, their uses and meanings were 
probably tailored to the way of life within different regions. As said before, although it is feasible that 
in the valleys within the mountain ranges some agriculture took place, the main way of life was 
pastoral and therefore, these monuments were constructed by herders and formed part of their daily 
landscape. As perdurable human-made structures, megalithic monuments were possibly a unique and 
constant reminder of the cycles of life and ancestry. As such, they functioned as markers in the 
landscape imbuing it not only with their symbolism, but also with a real (and spatial) statement 
commemorating the time of the ancestors on earth. The role of megalithic monuments in the 
prehistoric landscape was very important, forming part of the daily social and economic life. This 
becomes evident from the results of the previous experiments where it can be confirmed that 
megalithic monuments in Sierra Morena were associated with corridors of movement and acted as 
landscape markers. However, it is important to clarify if that role is reflected in the studied landscape 
in a more specific way.   

As argued previously, megaliths may have formed part of herding itineraries, marking stations within 
what could be regarded as a “mobile” boundary. However, although for now it might not be possible 
to identify particular itineraries of single groups, the general patterns observed at a landscape scale 
might help us establish whether our hypotheses regarding a possible connection between mobility 
practices, funerary places and herding itineraries are valid. In addition, they might help us address 
new ideas regarding the economic and social dynamics of these groups. As said in the first chapter, 
the data obtained from the excavation of the monuments or settlements in this region have helped us 
understand some of these practices. However, due to the relatively few excavated sites, only modest 
information can be obtained regarding the mobile dynamics of these societies from a “site” oriented 
scale. Moreover, it is important to consider that herding groups constructed and interacted with the 
landscape in complex ways, having diverse spatial and temporal extents.  
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In reality, the difficulty in studying these communities lies in their dynamism, where contrary to 
sedentary societies,  the patterns left from the use of land and resources can be more variable. As 
ethnographic accounts have shown, the use of particular spaces by mobile societies is dependent on 
seasonality and the strategies taken regarding social interaction. Variables like climate, resources, 
topography, and political as well as social relationships will play a role in how they move and changes 
in the strategy followed. Archaeologically, the patterns of land use generated by mobile and semi-
sedentary groups can be difficult to grasp as there is the need to combine not only different data series, 
but also to think about them in terms of diverse scales and temporalities. In fact, the evidence left by 
mobile groups is actually built in what could be regarded as a continuum, in which the whole 
landscape is the playground. As it can be concluded looking at any space-time path of a pastoral orbit, 
the archaeology of these mobile societies will have to look for its different components both in space 
and time. Seasonal shelters, settlements, paths, social and economic stations, funerary and ritual 
monuments form part of scalar phenomena that can be understood as evidence of the activities that 
took place within a unique social landscape experienced by a mobile society (Frachetti, 2006).  

In a general sense, the pastoral orbit can be seen as the conceptual boundary of these movements 
which can be considered the larger scale within herding landscapes. As part of these orbits settlements, 
stations with resources such as water or grass and symbolic and social spaces are considered the 
components at small scale of the orbits while pathways are the main link or connection between them. 
As depicted in the time-space path of any herding orbit, it becomes evident that the components at the 
small scale are interwoven. In them, concrete actions take place at certain space and time triggering 
other future actions, but always forming part of the larger scale (the orbit) (Fig. 6.95). In this manner, 
in order to analyse the components of the pastoral orbit and its totality, it becomes necessary to 
understand the variables that have a role in it. Although the incorporation of some of these variables 
to create more complex models will be only possible through the integration of new archaeological 
data as they become available, the existing evidence today can allow us to discern different 
relationships in it. 
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Fig. 6.95 Scales and temporalities in the pastoral orbit: Journeys from the mountains to the valley. 

Credits in Appendix E. 
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In accordance with this, the purpose of this experiment is to explore the potential patterns of mobility 
of these groups during the Copper Age, their possible social and economic interaction, the specific 
role that funerary monuments might have played within them and the changes experienced towards 
the Bronze Age. For this, two different GIS models were created for each period. The first one 
constitutes a travel time model calculating the time expended to traverse western Sierra Morena from 
each of the settlements recorded. The second type is an energy-based model that seeks to understand 
possible costs of movement depending on the most important resources for herding societies.  

While from the time cost model it is possible to establish specific times expended during the journeys 
and possible walking thresholds areas, through the energy cost model I look to investigate the possible 
patterns of movement. In this model I look at the areas that could be regarded as parts of the pastoral 
orbits taking into consideration the use of pastures at diverse altitudes, the topography of the terrain, 
the availability of water and rivers as possible barriers. From the cost surfaces generated the specific 
objectives are: (1) to identify the areas in the surroundings of settlements that might have been more 
attractive to herders during different seasons, establishing possible ranges of immediate action; (2) to 
identify parts of the landscape that might become thresholds in terms of energetic cost of movement; 
(3) to identify the pathways that were most likely used in different seasons considering the availability 
of the best mountain or valley pastures and the energetic cost of movement; and (4) to identify any 
possible pattern in the location of the monuments with respect to these pathways that might indicate 
their use as landmarks in territorial definition. 

 

6.5.I PARAMETERS AND TECHNICAL DEVELOPMENT OF THE EXPERIMENT  
 

As discussed in past chapters, it is highly likely that short distance transhumance was the main mode 
of subsistence in western Sierra Morena during prehistory. Taking this into account, the main 
objective of the experiment is to assess ranges of movement within possible pastoral orbits during the 
Copper and Bronze Age and to explore the role of economic, social, and symbolic stations on it. In 
order to understand the experiment, the assumptions made in our spatial models have to be explained. 
Firstly, families or groups probably moved within a seasonal cycle that was delimited by the 
availability and exploitation of diverse pasturage resources at different altitudes.  Secondly, other 
settlements and monuments were part of the orbits and as such, they were highly likely to be visited 
during these movements. As said before, to explore the structure and possible development of these 
orbits, two different models have been developed here. The first one is an anisotropic cost model that 
depicts the cost of traversing the landscape in terms of time. The idea behind this model was to create 
a series of isochrones that allowed us to know (in terms of walking distances), the time expended to 
travel to any point of the study area from each of the settlements. The second model created included 
diverse data exploring the cost of traversing the landscape in terms of energy taking into account the 
information of environmental factors available to this study. Among the factors included, the 
availability of pasture, the presence of rivers, the distribution of settlements and symbolic and 
funerary monuments can be mentioned. 

Unlike the previous experiment, smaller testing areas were not taken into account and a general scale 
involving all western Sierra Morena was considered instead. However in the case of the Copper Age, 
for the interpretation of the cost surfaces resultant from the energy cost model a kernel density 
analysis was carried out. This is due to the fact that, contrary to what seems to have happened in later 
periods when the settlements appear to be more dispersed, in the Copper Age settlements seem to be 
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clustered in some areas. This is important because due to their proximity, it is highly likely that parts 
of the landscape where the primary activities were carried out were shared and therefore, this might 
help us to recognize certain common areas of use that could allow us to identify better the seasonal 
dynamics.  

For the density analysis the same technique used in Experiment 3 was followed, identifying first a 
statistically significant search distance radius through a spatial autocorrelation test (Moran’s I). As in 
the previous case, the statistical test was done several times at diverse fixed distances identifying the 
highest Z score. The distance identified as suitable for the kernel density analysis was the one that 
presented the highest z-score. In this case, the search radius used was of 22000 m (Fig. 6.96).   

 

 

Fig. 6.96 Kernel density identifying the magnitude of Copper Age settlements per km2. 

Because movements in short distance transhumance can reach up to 150 km, it was also decided to 
extend the areas included in the model to the Andévalo region, Valverde del Camino, Castilblanco de 
los Arroyos and a small part of Cazalla de la Sierra (Fig. 6.97).  
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Fig. 6.97 The area considered in this experiment and all archaeological sites. 

This was considered of importance as it is possible that these regions were also used by these groups 
due to their rich pasture lands. Although information about important areas like Extremadura or 
Alentejo in Portugal is unfortunately not available, we are aware that prehistoric groups might have 
also visited these regions as some of the material and funerary traditions suggest (e.g Domínguez-
Bella and Morata, 1996; Nocete Calvo, 2006; Forteza González et al, 2008; Odriozola Lloret et al, 
2010). As the study area was considerably increased, it was also decided to carry out all spatial 
analyses at a coarser resolution due to the computational intensity that each of the calculations in the 
cost models imply. The original 10 m DEM was re-sampled to a DEM with a 40 m resolution 
reducing the computational costs at least by four times. To accomplish this, the cubic convolution 
resampling technique was used. This is an interpolation technique that consists of determining a new 
value for each cell in the DEM by fitting a standard curve centred at the 16 nearest neighbouring cells 
(Jenness, 2011: 21).  This technique is appropriate for continuous data and leads to an image 
geometrically less distorted than the regular nearest neighbour algorithms available in most GIS 
packages.  

For the time cost model, the only variable included was the topography of the terrain and the equation 
used was the one developed by Tobler (1993) but modified by us: 

 

Where:  
 

v = Km/hr 
x = slope degrees 

The goal of this model was to create cost surfaces from each settlement recorded depicting the time 
expended to traverse certain distances taking into account the terrain. Tobler’s equation calculates a 
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velocity of 5.037 km/hr on a flat surface. However, in this specific case it is important to consider that 
this velocity is usually reached only on paved roads and it is unlikely that herders walked at this 
specific speed with the animals. In this manner the function was modified to accommodate both the 
results from the physiological research cited in Chapter 2 and to consider also the pace of the animals. 
The modified function calculates a more moderated velocity of 4.19 km/hr on flat surface (Fig. 6.98). 
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Fig. 6.98 Graph derived from the modified equation. 
 
The results from this analysis provide us with a series of cost surfaces depicting the terrain traversed 
in lapses of hours from each of the settlements. In addition, isochrones representing any desired time 
can be also derived from these results (Fig. 6.99) 

 

 



 214 CHAPTER SIX 

 

Fig. 6.99 a) Travel time cost surface showing which areas can be reached in hours and b) Isochrones of one 
hour. 

In the case of the energy cost model the same procedure as implemented in the Experiment 2 was 
followed. This type of model was chosen because (as it has been already explained in previous 
chapters) while travelling, energetic expenditure becomes the primary factor marking hiking rates, 
rest breaks and stops to make. As in the previous case, a series of variables were considered in the 
development of the friction surface used to calculate the cost of any journey from the prehistoric 
settlements. Although certain social factors such as the desire to visit symbolic places could be 
included in the model, it was decided not to give for now any weight to the presence of monuments or 
other places of social importance in order to calculate a new set of pathways taking into account only 
the environmental variables introduced this time. This had as a goal to assess the weight of such 
variables in the behaviour of the calculated paths, and to investigate their possible relationship with 
megalithic and funerary monuments. The time constrains of this research did not allowed the 
expansion of the model to include social variables. However, this can be easily undertaken in the 
future. Although the goal of the present model is similar to the one of the first experiment, due to the 
variables introduced this time and the new technique used to calculate paths (as discussed next), the 
analysis carried out in this experiment is in fact very different.  

The first important attribute to consider is that unlike the previous models this one includes the most 
important environmental conditions for herding societies, this is to say, the availability of resources 
such as pasture and water. Moreover, the new set of paths was calculated through a technique 
different to that of LCP called flow accumulation. As explained in the past chapter, one of the main 
issues concerned with LCP modelling is the necessity to establish a point of origin and a point of 
destination. Due to the fact that in the simulation of herding routes we can assume the points of origin 
(camps or settlements), but not the points of destination (because they can be any of the pasturelands 
available), normal LCP are unsuitable for this experiment, and the flow technique explained in 
Chapter 5 allows us to compute many possible destinations. Due to these characteristics, the flow 
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pathways created through this last experiment are thought to be the closest to the paths possibly 
followed by prehistoric herders. This is due to the fact that these paths were calculated taking into 
account not only the optimal energetic expenditure in terms of the slope traversed and the resources 
that herders look for, but because they also reflect in a more accurate way pastoral movement due to 
their “destination free” character.  

For the construction of the energy model, because of the lack of paleoenvironmental data for the 
whole area I had to assume that the environmental conditions in Prehistory were more or less the same 
as today. Although dehesa landscapes are fully developed now, it can also be said that many of the 
pasturelands have been preserved for generations in the same way traditional modes of subsistence 
has survived as well. In the same manner, the hydrological system available in Late Prehistory was 
also regarded as comparable with the contemporary. In this sense, the model took into account the 
presence of vegetation suitable for herding purposes and the topography of the terrain as 
conditionings for energetic expenditure while moving. Rivers were considered as barriers at different 
levels of importance according to their flow classification, but fords and traditional crossing points 
were also taken into account as crossing points.  

The most important resource for transhumant pastoralists is pasture, but there are different types and 
they can be exploited in different seasons. Although in short distance transhumance the journeys are 
less extensive, seasonality is still important due to the fact that the quality of pasturage during winter 
is much better at lower altitudes, and during the summer the best are found in the mountains. The 
most valuable pastures in Sierra Morena are the green pastures of the mountains and the vallicares 
that grow near thalwegs and rivers found at lower altitudes. The classification of these resources was 
made through a land use cover created from Landsat TM images processed by the Consejería del 
Medio Ambiente of the Junta de Andalucía (2009) (see Appendix E for information on the original 
classification) (Fig. 6.100). This layer constitutes a precise categorization of the vegetation and the 
115 different land uses within our study area, although it has to be taken into account that this is based 
in modern resources. It includes multiple types of farming lands, forest, dehesas, pasture zones, 
bushes, mining zones, urban and modern industrial areas as well as parks and recreational parks. From 
this detailed classification a more general one was created merging many similar categories (i.e. 
different “matorral” types were condensed into one) and then I reclassified them according to the 
usefulness of the different types of vegetation for herding purposes. In this manner, I considered 5 
different types that reflect importance for pastoral activities, and values ranging from 1 to 5 according 
to this were assigned for its inclusion in the model (Figs. 6.101 and 6.101b). The areas that are not 
considered of importance for herding activities such as the urban and industrial zones were ruled out. 
The rest of the data used (rivers and topography) are the same as in the other experiments. 
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Fig. 6.100 Detail of the vegetation cover created from Landsat images. 

 

 
Fig. 6.101 Reclassification of vegetation and soil use for the energy cost model. 

 

 
Fig. 6.101b Vegetation cover reclassified into five categories according to relevance for herding. 
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For the creation of the friction surface, the same polynomial function presented already in the second 
experiment and developed by Herzog (2010) was used, measuring costs in terms of energy: 

Cw = 1337.8 x6 + 278.19 x5 – 517.39 x4 – 78.199 x3 + 93.419 x2 + 19.825 x + 1.64 

Where: 

Cw is cost of walking in J/(kg m) 

x is slope 

The application of this function gave us a first friction surface depicting the energetic cost in 
Joules/(Kg m) to traverse the landscape taking into account only the topography of the terrain (Fig. 
6.102). From this image, the factors mentioned above were included in a final friction surface. Again, 
in this case the rivers were considered as an impediment for movement. This time, however, 
traditional fords and herding lands next to them were also taken into account. To include them, a 
raster image was created for the rivers and they were classified as done in the first experiment into 
categories according to their volume. The values obtained from the cost image of the topography were 
taken as reference to assign new values to the rivers. While in the friction surface calculated taking 
into account only the slope the lower expenditure of traversing the landscape was of 101.64 J/(kg m) 
or 0.02 kilocalories per cell, the highest expenditure was of 16785.2 J/(kg m) or 4.011 kilocalories per 
cell. In this manner, a value of 2092 joules was assigned to river classes 1 and 2 that are considered 
seasonal and they are easy to cross; a value of 6276 was given to class 3 rivers and the highest value 
encountered in the friction surface was assigned to rivers class 4, this is to say, 16736 joules (or the 
equivalent of 0.5, 1.5 and 4 kilocalories per cell).  

 

Fig. 6.102 Friction surface derived from the Herzog’s equation. 

The resulting river friction surface was overlayed to the topographical friction surface. For the 
integration of the vegetation layer the same method was followed but the cost applied was related to 
land use. To simulate the real dynamics followed by transhumant herders, it was assumed that they 
prefer to go to pasturelands even if they were located in places of more difficult access, something 
that is reflected in a higher cost in energetic terms as is usually the case while travelling to the 
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mountains during summer. In this manner, following the classification presented before, the different 
vegetations were ranked according to the traditional uses. Where pastureland, dehesas and bushes 
were present, values of 8368, 4184 and 2092 joules were subtracted respectively (or the equivalent of 
2, 1 and 0.5 kilocalories), making these cells “more attractive” for movement. In the case of forest and 
land used for agriculture like olive plantations, I added 4184 and 8368 joules respectively. In this 
manner, the resultant friction surface depicts the cost benefit of travelling from the settlements to the 
most suitable pasturelands even if they are far away. 

The final friction surface is a raster image depicting the cost in J/ (kg m) per cell (Fig. 6.103). This 
was used to calculate cost surfaces from each of the settlements. Because the energetic consumption 
while walking can be easily measured in kilocalories in current herders or subjects practicing 
mountaineering, it was decided to transform the cost images to this unit in order to draw ethnographic 
comparisons in the future (Fig. 6.104). In addition, cumulative cost surfaces were also created when 
necessary. As explained before, the technique consists in the overlapping of several cost surfaces. As 
explained in detail later, these images helped us in the identification of possible extents of action 
around prehistoric settlements.  

 

Fig. 6.103 Detail of the final friction surface. 
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Fig. 6.104 Example of cost surface calculated in this experiment. 

Finally, from these images flow paths were calculated. As explained in the past chapter, the technique 
used allows the calculation of potential pathways, and the ones provided with the best resources in 
terms of pasture and less costly in terms of topography are assigned higher values, ranking them as 
the most likely to be followed. The result is a raster image with the paths that traverse the areas of 
greatest benefit in terms of pasture, water and terrain (Fig. 6.105). After that, the megalithic 
monuments were assessed in relation to them investigating if they were used in territorial definition.  

 

Fig. 6.105Detail of potential pathways from Pico del Criado. 
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6.5.II RESULTS: HERDING DYNAMICS AND MOVEMENT DURING LATE PREHISTORY  
 

Although important advances have been recently made, the mobility of southern Iberian later 
prehistoric societies is still poorly understood. This has been mainly due to the character that of 
archaeological investigations at the beginning of the last century, where usually the focus was the 
megalithic phenomenon that in a way, left aside other aspects in the study of these societies. In the 
particular case of western Sierra Morena, the environmental conditions such as the high acidity of the 
soil has played a fundamental role in the little evidence recovered for the majority of the sites. 
However, in the last 15 years wider research has contributed to a better knowledge of the area. In any 
case, without a more complete panorama in terms of the sequence and duration of the occupation of 
settlements in this region, it has been highly difficult to establish which subsistence strategies these 
societies followed. However, although it is acknowledged that it might not be possible for now to 
point out particularities about the mobility of these societies, some of the patterns observed at a 
landscape scale such as the variation in the location of the settlements, the seasonal character of some 
of them, and the spatial relationships that were recognised in this analysis, have allowed me to create 
new hypotheses that can be contrasted in the future when more data becomes available.  

As discussed in past chapters, there are different types of transhumance and it is most likely that 
during Late Prehistory, groups in western Sierra Morena practiced the short distance variant called 
trasterminancia. As a remainder, it can be said that this activity consisted in the movement of the 
herds at relatively short distance (in comparison to what is called regional or great transhumance) and 
three variants have been defined for its practice during historical times.  According to Braudel (1966) 
the normal type can be described as when the main residency of the herder was on the plains or 
valleys, travelling during the summer to higher altitudes. The inverse type was when the main 
residency was on the mountains and the herds were driven to lesser altitudes during the winter, and 
the mixed type was when the settlements were located in between the two altitudes. 

These types define trasterminancia as observed during historical times. As such, they can assume 
certain degrees of sedentism in at least part of the population.  Usually, these types of movement are 
defined on the basis of the place of family residency, where the settlement to be considered as 
“permanent” (in the mountains, in the valleys or in between) was where the family of the herders or 
part of the group lived. In ethnographical cases as observed in the vaqueiros de alzada in Asturias, 
movement can be also carried out with the whole family expending around eight months in the 
pastures within the valleys and the rest of the year in the mountains. These and other groups as 
observed in historical times usually returned to the same places where several households moved 
seasonally between the valley and the mountains establishing eventually small settlements (Fig. 
6.106).  
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Fig. 6.106 Herding settlement of Braña de la Pornacal during winter and spring-summer (Somiedo, Asturias). 
Photos: AsturMet. 

Thus, it is of great interest to observe that during the Copper Age (c. 3100-2100 BCE) settlement 
patterns in western Sierra Morena seem to be fairly consistent with herding seasonality. As observed 
in figure 6.107 the settlements recorded so far are distributed mainly along the mountain range in a 
NW-SE direction with some others scattered in Santa Bárbara de Casa and Castillo de las Guardas 
(Fig. 6.107b). As shown in the density analysis, two main clusters can be identified in Almadén de la 
Plata and Aroche-Encinasola, and a third less intense distribution in between them within the Aracena 
region (Fig. 6.96)6. In this sense, while some of the settlements identified in the two main clusters are 
located in lower ground and in pasturelands that can be potentially used during the winter, the 
majority of the settlements within the inner sierra (Cortegana, Almonaster la Real, Aracena and 
Puerto Moral) are located in higher ground, possibly indicating their use as stations during the 

                                                 

6 Although the settlements can be distributed along several municipalities, we make reference just to one of 
them for practical reasons. When we refer to Almadén de la Plata we include the settlements of Castilblanco de 
los Arroyos, El Pedroso and El Real de la Jara.  In the case of Aracena, we include the surrounding 
municipalities like Cañaveral del León, Hinojales, Cumbres Mayores, Alajar, Corteconcepción, Puerto-Moral, 
Almonaster la Real, etc. Regarding Aroche we include Cortegana and La Nava and in the case of Encinasola we 
include Cumbres de San Bartolomé. 
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summer (Fig. 6.108). Nevertheless, this hypothesis will have to be explored further in the future in 
order to be confirmed.  

 

 

Fig. 6.107 a) Areas mentioned in this experiment and  b) Copper Age settlements in the study area. 
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Fig. 6.107 Cooper Age settlements of the areas of d) Almadén de la Plata (Viar River); e) Aracena (Rivera de 
Huelva); f) Aroche (Chanza River) and g) Encinasola (Múrtigas River). 

 

Fig. 6.108 Copper Age settlements according to their locations on the valleys, mountains and altitudes (m) in 
between. 
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Due to the lack of excavations it is impossible to know whether these settlements functioned at the 
same time or not. However, it is conceivable that they formed part of herding orbits. It has been 
observed that some of the settlements in western Sierra Morena seem to have been inhabited 
throughout long time spans, like for example El Trastejón (Hurtado Pérez,  García Sanjuán and Hunt 
Ortíz, 2011), while others were apparently abandoned after relatively short periods of occupation 
(Pérez Macías, 2010: 276).  It is common to observe in Iberian ethnographical cases households or 
families that establish their residencies as a group in the summer or winter stations in the same places 
in consecutive years (González Álvarez, 2007). However, they can also move to nearby locations 
abandoning the site used in previous years for a variety of reasons, e.g. to allow near patches of 
vegetation or bushes to recover, because they consider a new patch to be of better pasture, or simply 
to be nearer to other members of the family or specific neighbours. In this manner, what it is observed 
in the archaeological record might be the product of a pastoral pattern depicting the use of seasonal 
stations within the orbits.  

If this theory is accepted, due to the fact that the majority of the settlements might have 
accommodated either family units (such as Cerro del Brueco, Santa Bárbara and Castillo de las 
Guardas), or larger groups (like Cerro Librero I, Solana de la Cabeza and La Traviesa II), it might be 
possible to suggest that during this time movement could have been performed by the whole group, 
household or families, and this could be one of the reasons why such differentiation in the location of 
the settlements can be observed and why some of them seem to be seasonal. 

Moreover, a further indication of the degree of movement of these societies can be observed in the 
spatial configuration of the settlements and the potential composition of space delimitation. Regarding 
this, it is of great interest to observe that when the settlements are close to each other there seems to 
be a pattern of regular distance between them. Looking at the diverse regions, if it is assumed that 
many of them were contemporary, they seem to be located at intervals from each other of at least 30-
45 minutes walking (Fig. 6.109). Although I can only speculate about the possible reasons for this, it 
is of great interest to observe that in ethnographic cases Iberian herders can experience competition 
for the best locations (González Alvarez, 2007). In this sense, it is possible that during prehistory, if a 
region was occupied during the season, locating the settlements at certain distances might have had 
the intention of allowing enough field of action for the animals of each household or settlement and 
the exploitation of the most immediate resources for each family. As also happened in historical cases, 
during prehistory, this rivalry could have triggered the desire of certain space delimitation. 
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Fig. 6.109 Isochrones of 30 minutes from diverse settlements. Notice how the surrounding settlements tend to 
fall into regular intervals.  a) Dehesa dek Viar, b) Cerro Ruinas, c) Bejarano, d) Santa Bárbara, e) Peñas de 

Aroche, f) Huerta del Picón. 

Another relevant finding is that there also seems to be a regular correspondence between settlements 
and megalithic monuments. It is noticeable that monuments nearby, tend to be located approximately 
30-45 minutes walking away from settlements (Fig. 6.110). This is of importance as it might be 
reinforcing not only the idea explained above, according to which leaving certain spacing in between 
settlements might have been of social and/or economic significance, but also that monuments had a 
role in the demarcation of the use of space.  
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Fig. 6.110 Isochrones of 30 and 45 minutes of some of the settlements of western Sierra Morena. Note how 
there seems to be a pattern of regular distances too with megalithic monuments.  

Regarding this, the results from the flow paths were remarkable as they seem to present an 
outstanding relationship with the megalithic monuments (Fig. 6.111). As said before, the result from 
the flow accumulation analysis depicts the pathways of best availability of pastures and water in 
combination with the optimal energetic expenditure in terms of the topography of the terrain departing 
from the prehistoric settlements. Accordingly, the paths simulated in this experiment represent the 
most likely routes followed by the herders during their journeys due to the availability of resources 
useful for their animals.  

In a way, it is not surprising to find a close relationship between these paths and as megaliths as the 
model is taking into consideration the optimal cost of movement in terms of the topography. In 
previous experiments it was shown that megalithic monuments were connected to natural corridors. 
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However, from this experiment it can be understood how much the monuments are actually related to 
both, resources and accessibility.  

As seen in historical cases, the routes followed by transhumant pastoralists are usually the same 
through generations, and during the journeys specific places with known resources are used. 
Therefore, to mark spaces that were being used by certain households, families or groups in different 
periods of the year it was probably of importance. Over time, one of the most compelling ways to 
create rights over the use of land has been the establishment of ties linking a place with family and 
ancestors. In this sense, it is possible to suggest that the location of the megaliths might have been not 
only marking specific areas in the surroundings of the households (as the time model seems to 
suggest), but they might have also acted as landmarks along the routes: a constant reminder of 
heritage and memory of the groups or families on those lands. If this was the case, the location of the 
megaliths near herding pathways would have the objective of making evident to all neighbouring 
communities, not only that such space was of the use of a family or group, even if during specific 
seasons those lands were not occupied, but also that it was rightfully theirs as suggested by a 
monument that would last for generations.  

  

  

Fig. 6.111 Example of the relationship between the paths calculated and the megalithic monuments of a) 
Almadén de la Plata, b) Zalamea la Real, c) Castillo de las Guardas and d) Aracena. 

Therefore, if monuments were used as landmarks they would be expected to be related to the routes 
that were most likely followed by pastoral groups to reach their resources. As seen in the figure above, 
the megaliths tend to be located along the calculated pathways. However, as in previous experiments, 
in order to investigate whether this is only a matter of chance or not, a further statistical test of 
significance was carried out. In this occasion the same methodology of Experiment 1 was followed 
carrying out a Kolmogorov-Smirnov test of one sample at a significance level of 0.05. As in the 
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previous case, the objective was to investigate whether the megalithic monuments were randomly 
distributed with respect to the paths calculated. The procedure can be consulted in Appendix E.    

The most remarkable result from this test was not only that a statistically significant relationship at a 
significance level of 0.05 was established between the monuments and the paths, but that there is a 
closer connection to these paths than to the simple natural corridors calculated earlier. While in the 
first experiment it was established that the monuments could be located up to a distance of 6000 m 
from the natural corridors, from the paths calculated taking into account herding resources in this 
experiment, only 1 was further than 2500 m. In fact, while in the previous case a close relationship 
with 36% of the monuments located in a range of 500 m around the natural corridors was observed, in 
this case, 62% of them fall closer than 500 m from the paths calculated in this experiment (Fig. 6.112). 
This is remarkable if it is considered that this would have been the closest range of action to any event 
or activity related to the monuments. In this manner, through this experiment it is confirmed that 
megalithic monuments are located along the routes that could be regarded as the most likely herding 
routes in this landscape. This connection makes it possible to suggest that they might have constituted 
stations along the herding orbits and that they definitively marked the journeys of the herders, 
working probably as landmarks. As said in past chapters, the fundamental difference between 
waypoints and landmarks would be that waypoints are not necessarily located in precise positions. 
This is because due to the nature of terrestrial navigation it would only be necessary to know 
approximately where a waypoint is in order to orientate ourselves in the landscape. However, in the 
case of landmarks, the accuracy of their position would become crucial in order to define the intended 
layout. In this sense, the megalithic monuments of western Sierra Morena accomplished the 
characteristics of being not only located at relatively regular distances to settlements, but also 
profoundly related to the most feasible herding routes calculated and therefore, their locations seem to 
have an intended precision.  

 

Fig. 6.112 Comparison of the relationship between megaliths-(calculated) natural corridors, and megaliths-
(calculated) herding paths. 

In this manner, whether in their journey to the mountains during spring or into the valleys to spend the 
winter, it is likely that herders from particular regions used the same routes, taking advantage of the 
available pastures on the pathways. It is possible that over the years, different groups or families 
inhabited specific locations making their presence in the landscape noticeable through the megalithic 
monuments. Although along the way the herds can rest and consume some of the resources, even 
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today herders are careful with the lands they know are property of others, only staying longer if they 
know there will be no problem because the owner of the land agrees with it, or because the land is 
communal. Thus, same as today, herders recognize their usual places of pasturage during the routes 
they follow and their settlements in the mountains or in the valleys, during prehistoric times herders 
probably recognised easily and immediately the membership or rights to inhabit certain parts of the 
landscape and the monuments would have helped to reinforce this idea. 

Regarding the pastoral orbits, it is highly difficult for now to address specific herding itineraries. 
However, it is feasible to theorise about the potential ranges of action within the stations that these 
societies possibly used according to their usual necessities. Although as said, this does not necessarily 
allow us to stipulate specific pastoral orbits, the study of the energetic costs to travel within this 
landscape can help us to understand to a certain extent possible dynamics of regional movement. In 
this sense, regarding the clusters of settlements identified in the areas of the Viar and the Chanza 
rivers (Almadén de la Plata and Aroche respectively), if it is assumed that the settlements were 
occupied at the same time, the domains used by these settlements for the benefit of animals, 
exploitation of other resources and social activities were probably the same, due to their proximity. 

The areas of optimal movement and resource procurement around these settlements can be established 
through the energy cost surfaces calculated in this experiment. Each of them represents the energetic 
cost that is expended when travelling from each settlement. As said before, the calculation of the 
expenditure is done in terms of best pasturage, the availability of water and the effort of walking in 
terms of the topography (Fig. 6.113).  

  

 
 

Fig.  6.113 Examples of cost surfaces in Kilocalories of a) Loma del Montón de Trigo; b) Cerro Móntes; c) 
Castillo de la Sarteneja and d) La Presita. 
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From this, a common area of movement and resource exploitation can be calculated through the 
accumulation of the costs from each of the settlements. As explained in the past chapter, cumulative 
cost surfaces represent the average of several individual cost surfaces, allowing us to define in this 
case possible thresholds of movement for a series of settlements in terms of the variables considered 
in the model. Through this, the most immediate common area of movement and exploitation for any 
group or nearby settlements can be established (Fig. 6.114). Despite the fact that methodologically 
this is relatively simple, the definition of such areas is not a simple task as there are many factors that 
could influence how far people would travel with the animals (including weather conditions, 
relationships with neighbours and size of the herd). Nevertheless, ethnographic studies can help us to 
establish feasible ranges of action.  

  

Fig. 6.114 Cumulative cost of the settlements in areas of the Viar and the Chanza rivers. 

Although the daily energetic intake of herders varies depending on the season and resources available 
(Ross et al, 2009; Benefice et al, 1984), it is probable that in prehistoric times people carried with 
them only a small amount of food and therefore their energetic intake was probably relatively low7. If 
we take into account that according to ethnographical research in a trip performed by some hunter-
gatherer groups a person can expend up to 2600 kilocalories in a hunting trip of 25 km (Hilton and 
Graves, 2008), it is feasible to establish a range of energetic expenditure of less than that as a first 
range of action for the areas mentioned here, taking into account the different terrain types such as 
valleys or mountains and that usually herders will walk at a constant but moderate pace.  

In this manner, while in the case of Aroche a threshold of an expenditure of up to 1400 kilocalories 
walking up to 8 kilometres in 5 hours was established, for Almadén, a threshold of up to 700 
kilocalories, walking up to 12 kilometres in approximately three hours from any of the settlements 
could be regarded as the most immediate areas of resource exploitation (Fig. 6.115). Although the 

                                                 

7 It has to be considered that energetic expenditure also depended on the loads carried as said in chapter 2. In 
Iberia during historical times, from ethnographic and historical studies it is known what a herder usually carried 
between his personal belongings for a month trip: two corduroy suits, three knitted pair of socks, one pair of 
zagones (piece of strong fabric that goes in front of the trousers to protect them), three cloaks, one capote (long 
cloak or overcoat with a hood) and one pair of albarquillas (footwear similar to sandals) (García Martín, 
1994:237). To eat and drink they normally carried wine, dry bread, bacon, cured ham (that they only eat during 
some days of the journey, not daily), a wineskin, wood plates, cutlery and knife. 
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thresholds set here are arbitrary they are also thought as feasible, as in comparison to the cited 
ethnographical cases they are relatively moderated in terms of energetic consumption.   

 

 

Fig. 6.115 The areas of immediate action of the settlements from the areas of Aroche and Almadén de la Plata. 

Regarding Almadén de la Plata, it could be said that the Viar River valley was probably the area of 
immediate use by the people living around there and is of great interest to observe that the settlements 
are precisely located in the area with the best herding resources in this particular region. Although it 
can also be observed that to the southwest and northeast there are also very good pastures, the election 
of these locations along the Viar river is obviously given not only by good pastureland, but also by the 
availability of water (Fig. 6.116). 

With the location of these pasturelands within reach in at most one day (return) journey, it is likely 
that these groups preferred to establish their settlements in places that have a combination of the 
mentioned resources and land for seasonal agriculture. From these locations they could easily travel 
with their animals to reach further resources in extensive pastures during all the season without 
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travelling much further. As said before, it is possible that some of these settlements were occupied 
during the winter, performing short journeys to the nearest pasturelands and possibly getting back in 
the same day while practicing some small agriculture in the valley.  

 

Fig. 6.116 Distribution of the settlements in Almadén and the availability of herding resources in the 
surroundings. 

If the movements were performed as in later times, it is probable that the journeys on the way to the 
mountains started towards the end of spring. The nearest mountain pastures from the Viar River 
region are actually those of Cazalla de la Sierra, found at 3 hours trekking from the farthest recorded 
settlement in Almadén (Gallina Ahorcada) (Fig. 6.117). To the west, between 11 and 12 hours 
walking from this settlement, some of the best mountain pastures are located in the Cala region where 
the settlements of Los Castillejos, Cerro del Almendro, Castillo del Cala and Cerro de los Rehoyos 
have been found. Already in the heart of Sierra de Aracena and Cortegana, between 14 and 24 hours 
treek from Gallina Ahorcada in Almadén, the highest settlements are found in the mountains (Sierra 
de Papatortas, Cerro del Cojo, Santa Bárbara and San Ginés).  

 

Fig. 6.117 Time-distances from Gallina Ahorcada in Almadén de la Plata. 
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Due to the seasonal dynamics of transhumance it could be suggested that towards the summer, people 
travelling from the Viar Valley or near the Almadén region used mountain resources rather than the 
pastures possibly found at the Guadalquivir valley itself. This seems to be depicted in the cumulative 
cost surface. This is indicated by the fact that reaching any resource walking from the Almadén region 
is much less expensive in the areas located towards the mountain range within Aracena, Almonaster 
Real, Cumbres Mayores and the Múrtigas River (Encinasola-Cumbres de San Bartolomé), than those 
on the flatter areas of Valverde del Camino, or heading towards the Guadalquivir valley. Even to 
travel to the mountains located up to the double of distance from Almadén such as Encinasola seem to 
have been more convenient in terms of energetic expenditure and availability of resources, than to 
travel for instance to the closer Niebla region (which in addition is of less difficult access in terms of 
topography) (Fig. 6.118). Just to mention one example, while walking from Cerro Montés to Valverde 
del Camino (approx. 61 km) the energetic expenditure would be of 5997 Kgcal, to get from the same 
settlement to Encinasola (approx. 83 km) would only require 3848 Kgcal (Fig. 6.118 Although this 
might seem strange due to the fact that to get to Encinasola the person would have to get into the 
mountain range, as seen in the first experiment, there is an important natural corridor along the Rivera 
de Huelva river. In addition, the model considers the availability of best herding resources, assuming 
that herders would not only take into account easiness of the terrain, but also the optimal procurement 
for their animals. In this sense, if it is considered that herders from the Viar valley practiced short 
distance transhumance, it is highly likely that they visited the mountains. 

 

Fig. 6.118 The energetic expenditure travelling from Almadén to diverse regions.  

It is also of great interest to observe that in the Aracena region, the majority of the lands are composed 
by bushes and dehesas, and although there are some areas of pasture nearby the settlements, the main 
areas of grassland are located along the Rivera de Huelva River. This is of relevance because contrary 
to the Almadén case, during the Copper Age in this region, groups seemed to have had no preference 
settle in the valley lands. This might be further evidence of the seasonal cycles mentioned, related to 
the fact that during the summer the pastures at the valleys become scarce, while the dehesas in the 
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mountains are able to procure not only the pasturage necessary, but also acorns, protection for the 
herds from heat and predators, game and other products like cork, herbs, wood and charcoal.  

Although for now is impossible to know the extent of these trips, according to our results for a family 
travelling from the area of the Viar valley, it would have been feasible to remain in the mountains 
through the summer and the autumn, and towards the winter head again to the nearest valleys. If this 
was the case, although in terms of distance it would be quicker to get from Aracena to the Chanza 
plains (Aroche), the Múrtigas river valley (Encinasola) or even eventually to the Guadiana River, it is 
possible that these people travelled back to the area of the Viar Valley (Almadén). Although this is a 
theory that can only be confirmed through the excavation of the settlements, due to the different 
funerary traditions recorded in the Aroche area and the Almadén region, it might be possible to 
suggest that during the Copper Age the hearth of Sierra Morena was shared by groups or families with 
at least two different traditions.  

In terms of availability of resources and energetic cost of travelling, it can be said that to travel from 
Almadén to the Aroche area or vice versa would represent a major expenditure. However, for both 
regions, to travel to the Rivera de Huelva or the Múrtigas rivers might have been more affordable (Fig. 
6.119). Although these costs could be regarded as a normal function of distance, as demonstrated in 
the example presented before about the costs travelling from Almadén to Encinasola, this is not 
always the case. In this sense, what is important from this observation is that the areas of the Rivera 
de Huelva and the Múrtigas rivers might have constituted ideal locations for the exploitation of 
resources travelling from any of those places. It is interesting to observe that in ethnographical cases, 
places where different transhumant pastoral groups meet to socialize, play, practice exchange of 
products, news and commerce are usually neutral in terms of travelling, they have usually shared 
symbolic connotations and they count with enough resources to sustain several groups for some 
period. Although for now it is impossible to know if this might have been the case here, due to its 
accessibility travelling from all regions, the Múrtigas area constitutes an interesting case that would be 
worth investigating further in the future. 
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Fig. 6.119 Cumulative costs to travel from any of the settlements of Aroche (left) or Almadén de la Plata (right). 
Notice how to travel from Aroche to Almadén and vice versa becomes highly expensive, but to travel to the area 

of Aracena and it surroundings or the Múrtigas river valley (Encinasola) is affordable for both regions. 

In addition, although the archaeological record of the Portuguese (Alentejo) or Extremadura regions is 
not available, due to the location of the settlements in the areas of the Chanza and the Múrtigas rivers 
that are placed not only in higher ground but also in traditional dehesa landscapes, it might be possible 
to suggest that they also constituted summer stations. In this sense, people practicing short-distance 
transhumance and possibly using the Chanza or the Guadiana river valleys as winter stations, might 
have used western Sierra Morena in the same manner that groups inhabiting the Viar Valley during 
the winter possibly did.  

Towards the EBA (c. 2100-1550 BCE), settlement strategies and dynamics of movement seem to 
change (Fig. 6.120). While during the previous period many of the settlements were still located in 
lower altitudes, however during the Bronze Age, they were not only located on higher places but also 
more permanent settlements started to emerge (Fig. 6.121).  
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Fig. 6.120 EBA settlements of the areas of d) Almadén de la Plata (Viar River); e) Aracena (Rivera de Huelva); 
f) Aroche (Chanza River) and g) Encinasola (Múrtigas River). 
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Fig. 6.121 EBA settlements according to their locations on the valleys and mountains. 
 

Although it has been argued (García Sanjuán, 1999: 144) that towards the Bronze Age these 
communities settled on easily defensible and less accessible places (like higher locations), the first 
experiment demonstrated that in fact, settlements were more associated with natural corridors than 
before. Therefore, the search for better conditions of defense was probably not the only reason for this 
change. The shift observed here might be a function of not only of social conflict, but also of 
transformations in the mobility practices and the way pastoralism was carried out, in addition to the 
new importance in the procurement of metal and other resources.  

The exploitation of mineral resources in western Sierra Morena took off only towards the Early 
Bronze Age. While the exploitation of metals seems to increase, a growing knowledge and more 
profound development of the dehesa systems and the establishment of stable routes of commerce 
might have resulted in the desire of part of the groups or families to remain for longer in certain places. 
This seems to have resulted in the emergence of more permanent settlements where the population 
concentrated. This possibly lead to the practice of a different type of transhumance, where only part of 
the family travelled and their location, in terms of networks, might have been more important than 
before. In this manner, the change in settlement patterns seems to suggest a transformation in the 
practice of movement. It is possible that the layout that is observed in many mountain regions of 
Iberia towards historical times started to emerge during this period, taking the incipient form of the 
inverse type of transhumance, where part of the group stayed in mountains while others travelled with 
the herds.  

It is also interesting to notice that some of the previous settlements are still in use during this period, 
although they are more disperse in comparison to the previous one. While this might be a function of 
the archaeological record, a certain pattern of regular distances can also be observed, and in the 
majority of cases the nearest settlements tend to be at least 1 hour walking distance from each other 
(Fig. 6.122). This is interesting as it is possible that constituting groups with a more permanent 
character and bigger populations, they might have looked for suitable strategies, allowing greater 
distances between settlements than before. Examples of this are some of the largest sites in the Rivera 
de Huelva region that have a more permanent character like El Trastejón and Puerto Moral (Aracena), 
which seems to have an extensive range of action. Assuming that they were contemporary, in the case 



 238 CHAPTER SIX 

of El Trastejón, the nearest settlements are located between 90 minutes (La Grama) and 2 hours 
(Cerro Librero I and La Papua II) away, while for Puerto Moral, the nearest settlement is 1 hour away  
(Cerro Castillejo de la Umbría) (Fig. 6.123). 

 

 

Fig. 6.122 One hour isochrones from diverse EBA settlements. 
 

  

Fig. 6.123 One hour isochrones of the settlements of El Trastejón and Puerto Moral. 

While metallurgy seems to have been a strong motivation for the foundation of some of these 
permanent settlements (for example El Trastejón), their mode of subsistence continued to be at least 
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partly based on animal husbandry, and it was probably the herders who established first the routes of 
exchange and commerce. In relation to this, it is of great interest to observe that the paths calculated 
in this experiment from the settlements tend to pass through other settlements. Although this does not 
necessarily mean that they were related, the fact that they exhibit a close relation to the most probable 
paths to be followed by herders is suggestive of a relationship. This is precisely the case of the sites 
mentioned (El Trastejón, La Papúa II, Puerto Moral and Cerro Librero I), where the paths calculated 
for each of them pass very close to the others (Fig. 6.124). In the case of La Papúa II for instance, the 
paths calculated from El Trastejón, Puerto Moral and Cerro Librero go through this settlement. This is 
relevant as it seems to give support to the hypothesis suggested by García Sanjuán (1999), concerning 
a possible connection between these sites. While El Trastejón and Puerto Moral possibly played a 
primary role in mining and metallurgy, La Papúa II, as one of the largest settlements recorded so far 
in this area, might have been important in terms of herding and exchange, obtaining part of its 
products from these settlements. This is suggested by the important metal objects found in its funerary 
contexts, which were probably obtained from these other sites as there is no evidence that this site 
practiced mining or produced any metal objects. 

  

  

Fig. 6.124 Paths calculated from different settlements and their relationship with other settlements. 

 
Although the foundation and consolidation of fully permanent settlements in the mountains becomes 
obvious for this period, this change probably did not happen throughout western Sierra Morena at the 
same time. In the specific case of the Múrtigas region there seems to be a combination of strategies, 
where seasonal and permanent settlements occur, while in the Chanza River, there seems to be a 
predominance of seasonal camps. Settlements like La Alcornosa, Sierra de Santa María, Pico de las 
Palomas and Cerro de las Abejas do not count with the characteristics that La Corte, La Papúa or El 
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Trastejón have. They seem to have a short occupation and it is possible that they constituted seasonal 
herding settlements. While this could be interpreted as camps of herders travelling from other areas, it 
is also possible that in some regions the practice of mobility with the whole group or family (as 
experienced before) was still in place. With a diversity of groups practicing herding activities with 
different mobility practices, conflict must have become relatively common. This might be one of the 
reasons why towards this period walled settlements started to emerge in the mountains, and this is 
particularly palpable in the case of the Rivera de Huelva region where more permanent settlements are 
found.  

To choose a more sedentary strategy with the permanency of part of the groups in the mountains 
probably allowed the expansion of certain settlements and for these groups, the delimitations in the 
use of space might have started to be given by the actual settlements rather than the funerary 
monuments. This could be one of the many reasons why towards this period the use of megalithic 
structures started to fade. It is in this period that the process of de-monumentalization in funerary 
architecture started and the construction of individual megalithic cists like the tomb no. 5 of La 
Traviesa took place.  Although what will be explained next is only a theory, it is appealing to observe 
that it is precisely in the regions where more permanent settlements seem to occur like the Rivera de 
Huelva and the Múrtigas river, that the funerary tradition apparently shift faster towards the use of 
cists, while in the case where the settlements seem to have still a more seasonal character like the 
Chanza River valley, the megalithic tradition continued with the presence of megalithic cists. In this 
sense, it might be possible to suggest that the idea of megalithic constructions remained for longer in 
the societies where movement was carried out with all the group or family. In these cases, the 
dynamics of community might have remained deeply relevant and due to their mobility all year 
around, the statement of resource and land use was continued to be given by their only permanent 
element: the megalithic monuments. Although this can only be confirmed by further investigations, I 
also have to take into account that the construction of these semi-megalithic burials could also be 
linked to the “new” relevance of certain individuals, where the capacity to recall the ancestors could 
give more rights or even power to a specific person or group.  

In the cases where settlements with a permanent character appeared, they probably became the main 
parameter for spatial definition. With a permanent population all year around, the use of space and 
resources might have become much more obvious than before and therefore, the use of megalithic 
structures as statement of permanence and belonging changed. However, the symbolic importance of 
funerary places and possibly to visit them along the routes, not only continued but also seems to have 
strengthened during EBA. This is suggested by the relationship sustained with the herding routes 
calculated for this experiment as demonstrated by the K-S test carried out (Appendix E).   

As in the case of megalithic monuments, in the first experiment a connection between EBA burials 
and natural corridors was already observed. However in this case, the association is closer to the 
herding paths. In the case of their relationship with natural corridors, it was found in the first 
experiment that some of the burials were located up to 5km away from them, but in the case of their 
comparison with the calculated herding paths the majority are located less than 500m away and the 
farthest, are within the range of 1000m (Fig. 6.125).  
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Fig. 6.125 Comparison of the relationship between EBA burials-natural corridors, and EBA burials-herding 
paths. 

Thus, during this period there seems to be a continuation in the tradition associating funerary places 
and herding routes. The shift to individual burials and as observed by García Sanjuán (1999) the 
difference in grave goods, denotes an ideological change towards a growing importance of 
individuality in these communities. An association of weaponry and warrior symbolism to certain 
individuals is evidence of the conflicts possibly present in the sierra. In many cases, the importance of 
some of these people was given by the construction of burial mounds and this was possibly the result 
of the accumulation of individual wealth, but also probably by the ideological changes derived from 
the new dynamics of movement and possibly to a more extended exchange and commerce network, 
where the contacts with other communities might have also influenced the way these societies lived.  

Towards the LBA (c. 1550-850 BCE) many of the EBA settlements like La Papúa, El Trastejón, 
Bejarano, Sierra de las Abejas, Las Peñas de Aroche, Sierra de las Lapas and San Sixto between 
others continued to be occupied and new ones were created, but in comparison to the earlier period, 
the location of settlements in higher altitudes seems to be emphasised (Figs. 6.126 and 6.126b).       
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Fig. 6.126 Bronze Age sites. 
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Fig. 6.126b LBA settlements according to their locations on the valleys, mountains and altitudes in between. 
 

While this is perhaps to some extent related to the herding dynamics, during LBA the location of the 
settlements seems to reflect a stronger association to the exploitation of metal resources. In the case of 
the areas of Rivera de Huelva and the Múrtigas rivers, herding seems to continue as during the EBA, 
where permanent and more extended settlements are found while others still seems to be seasonal. 
This might be suggested by the calculated herding paths, where a possible relationship between 
permanent (such as La Corte and Las Pedreras) and seasonal settlements (Cerro Castillejo de Umbría 
and Cerro Castillejo de Jabuguillo) seem to occur (Fig. 6.127). Nevertheless, some changes are also 
perceived in other regions. In the case of the area of the Chanza River, the settlements become very 
disperse, but as in previous periods there still seems to be a connection with the Portuguese zone 
(Pérez Macías, 1986). Although this will only be confirmed by the excavation of these settlements, 
this might be the period of emergence of a more sedentary tradition in this specific area, where it is 
possible that the mobility scheme with the permanent presence of part of the group in one place might 
have been adopted. 
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Fig. 6.127 Herding paths calculated from various LBA settlements. 

In any case, the development of a further understanding of the dehesa system and a more consistent 
manipulation of the landscape seems to take place in this moment as observed in the pollen record of 
El Trastejón (García Sanjuán et al, 1999; García Sanjuán, 1999). The rising importance of the 
exploitable resources from this kind of environments is suggested by an increment with respect to the 
earlier period in the location of their settlements in dehesas and woodlands (Fig. 6.128). By this 
moment, the pastoral economy seems to be also combined with the benefit of some agriculture 
possibly product of small crops or the exchange with other communities in the valleys, as suggested 
by the presence of fishing net weights and stone grinders in some of the sites. 

The population seems to either decrease or concentrate in fewer settlements as suggested by the 
decline of permanent and seasonal settlements in the whole area. Although the reasons for this might 
vary, new changes in ideology, resource procurement and mobility might be some of them. 

In the case of the area of the Rivera de Huelva and the Múrtigas rivers, the population seems to 
concentrate in specific settlements that has been related to metal extraction and while as in the 
previous period, settlements in these areas tend to be located at distances of at least 1 hour walking 
from each other, in the area of the Chanza River, the distances between settlements seem to become 
greater (Fig. 6.129).  
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Fig. 6.128 LBA settlements and their location in the diverse types of soil use. 

  

 

Fig. 6.129 1 hour isochrones of some of the settlements from Rivera de Huelva, Múrtigas and Chanza rivers. 



 246 CHAPTER SIX 

While this might be in function of an intense use of the surrounding resources and possibly of conflict 
where larger distances between sites would be desired in order to avoid overlaps, it might be also a 
matter of relationships between different communities. Although for the time being it is not possible 
to identify links between specific groups, the establishment of permanent settlements initiated in the 
previous period probably allowed certain settlements like El Trastejón and La Papúa to accumulate 
power and prestige, and become main regional nodes not only in terms of production, but also of 
exchange within the trading routes. It has been argued that while sites like El Trastejón and La Corte 
experienced a growing importance in the exploitation of metals, near sites like Las Pedreras and Cerro 
del Castillejo de la Umbría might have had other functions. Although these functions are not entirely 
clear, it could be possible that some of them were dedicated to accommodate the families and the 
production and processing of wool, pottery and secondary products. The possible differentiation in 
their activities and the concentration of the settlements has been interpreted in terms of a hierarchical 
system (García Sanjuán, 1999) and although this might be the case, it is relevant to observe that 
herding societies do not necessarily create hierarchies in terms of their proximity or size of their 
settlements, but in terms of the networks and relationships they establish. In this manner, the 
importance of metallurgy can be also observed in other regions like the area of the Múrtigas river 
where the site of Sierra de la Lapa seem to have been also dedicated to this activity. Although this 
cannot be proven without further research, the association of this site with the Guadalquivir Valley 
given by its similar ceramic tradition could be connected to herding journeys leading to other sites. In 
this sense, it is of great interest to observe that one of the main herding corridors calculated from 
Sierra de la Lapa in the Múrtigas region, goes precisely through the sites of Las Pedreras and La 
Papúa II in the Aracena region (Fig. 6.130).   

 

 

Fig. 6.130 Herding path calculated from Sierra de la Lapa and its relation to other monuments. 

Although metallurgy has been seen as a major economic drive of Bronze Age societies in many parts 
of Iberia, in the case of western Sierra Morena I think that the transhumant tradition continued equally 
influencing the way of life of these societies. While it is true that metallurgy gained great importance 
towards the end of this period as demonstrated by the excavations in El Trastejón and the metal 
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deposit of Ría de Huelva, it is important to mention that there is almost no evidence for contact with 
Phoenician merchants, materials or products in this region. Due to their apparent interest in the 
establishment of contact with groups that could commerce and exploit this resource, the small amount 
of evidence regarding contacts with them has lead to the idea that the exploitation of minerals and 
metals in western Sierra Morena continued to be relatively low in comparison to other parts of Iberia 
(Pérez Macías, 1999: 216). Although this “lack” of contact might be due to the fact that Phoenicians 
were interested on metals like silver and societies in western Sierra Morena were apparently more 
dedicated to copper, this also seems to be supported by the fact that the amount of metal objects that 
has been found so far is extremely low.  

In any case, while the pastoral mode of subsistence continued in the LBA, the dynamics of movement 
were probably influenced by the practice of metallurgy and exchange of metals. As pointed out before, 
is plausible that the first merchants and people to accumulate wealth were herders. In a way, they 
were the ones that travelled establishing contacts with other communities, carrying with them news, 
innovations and a diversity of products. Nevertheless, prestige within the community might not 
necessarily be acquired by the accumulation of wealth: in prehistoric societies age or relations with 
other members of the community might have been more important sources of power. In this sense, it 
is interesting to observe that although towards the EBA it becomes obvious that certain individuals 
might have played a leading or special role as demonstrated by the exclusive goods in their burials 
(like in the case of some burials at La Papúa and La Traviesa), is also true that the existence of these 
luxury and prestige objects is quite scarce in comparison to other Iberian regions. This is coherent 
with the marginality that societies in the mountains are typically confronted with, but is also probably 
related to the role and persistence in the importance that the sense of community herders usually 
experience. In other parts of Iberia it is towards this period that social differences become more 
evident and many conflicts seem to arouse. In the case of western Sierra Morena although it has been 
generally accepted that there seems to be a form of glorification of a military power depicted in 
symbolic representations, there is no evidence that any of the conflicts that these societies might have 
affronted ended in an open confrontation like a war and only few objects that could be related to this 
activity has been found. Considering that only few objects found within the more of 300 Bronze Age 
burials located so far just in Sierra de Huelva, can be classified as weapons, it is highly likely that they 
acted more as symbolic objects associated to power and prestige as experienced by other 
neighbouring societies. In this manner, as the archaeological record shows, while a series of changes 
seem to have happened pointing to the accentuation in social differentiation, there is also continuity in 
the cosmology of these communities. 

As in the previous periods, it is very possible that the tradition of association between important 
symbolic monuments or funerary places and movement continued. However, it needs to be said that 
contrary to the preceding period, for the LBA in western Sierra Morena as in other parts of the south-
west, the material expression of the funerary practices seem to be very low and we only count with the 
location of few funerary sites. Although this might be product of a new change towards the way in 
which death is regarded, it might be also a function of the archaeological record where very little 
evidence has been recovered. In our specific case only 3 funerary sites can be identified for this period 
and due to this it was not considered reasonable to perform any kind of statistical analysis with them. 
However, the continuation mentioned above might be given by other type of evidence or monuments 
called Warrior stelae. 

As explained in Chapter 3, these monuments constitute monoliths engraved with a series of motifs 
that range from objects and animals to anthropomorphic figures. They have been recognized as a 
phenomenon exclusive to the southwest of the Iberian Peninsula and regarding their origins, it has 
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been argued that they might be related to the Guijarro stelae and the Alentejan slabs due to the long 
tradition in the use of these kinds of supports and techniques before the Bronze Age (Galán Domingo, 
2008: 3) (Fig. 6.131).  

 

Fig. 6.131 Distribution of the warrior stelae (After García Sanjuán, 2011). 
 

In their majority, studies have been mainly concerned with the iconographic aspects of the stelae (i.e. 
Almagro Basch, 1966; Barceló Álvarez, 1989; Celestino Pérez, 2001), aiming their efforts towards the 
creation of a valid typology useful from a chronological perspective, and while the iconography of 
their engravings has been the traditional basis for their classification, their chronology has usually 
been linked to the possible origin of the elements represented –see Díaz-Guardamino, 2008; 2009 and 
García Sanjuán, 2011 for a discussion. The intensive focus on the iconographic aspects of the stelae 
has left aside the study of their spatial context which has contributed to an already perpetuated idea 
that the stelae never seem to be related to funerary or settlement contexts, or to any other particular 
human activity (Galán Domingo, 2008: 7; García Sanjuán, 2011).  

Previous research on these archaeological elements has been aimed at understanding the spatial 
relationship between the stelae and their milieu (Ruíz-Galvéz and Gálan Domingo, 1991; Gálan 
Domingo, 1993), arriving to the conclusion that they tended to be located at crucial passageways, 
places of good visibility, or near to fords or historical pathways (Ruíz-Gálvez and Galán Domingo, 
1991; Galán Domingo, 1993, 2008). Although these scholars did not carry out any spatial analysis, 
they also concluded that observed pattern regarding their location was coherent with the hypothesis of 
their function as markers in the landscape, pointing to their possible use as waypoints for herders or 
for the demarcation of territories. Although in the present research this hypothesis will not be tested, it 
will be of great interest to investigate it for south-western Iberia. The presence of diverse stelae with 
similar but limited depicted elements could have corresponded to several groups that might have 
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developed their own signs of iconographic identity, sharing a common discrete graphic system that 
made possible the identification of territories.  

In our specific case, this has not being possible mainly due to the insufficiency of archaeological 
examples of this type of monument in our study region. In fact, the only example available so far in 
western Sierra Morena is that of the Almadén de la Plata stelae. Their extensive study has shown a 
possible association with funerary practices (García Sanjuán, 2011: 4-5). This suggests that they could 
have a similar role to megalithic monuments acting as symbols of belonging and commemoration, 
probably with a deep connection to herding societies. Following a relatively new tradition in terms of 
symbolism, the spatial old tradition possibly persisted, where the LBA groups also associated their 
monuments with herding paths. As  observed in the cases registered by Ruíz-Gálvez and Galán 
Domingo, the Almadén stelae were found only 150 m away from the transhumance route of El Cordel 
del Pedroso, which as observed in previous investigations and in this particular research, it might also 
constituted one of the main herding paths of the region during prehistory (Figs. 6.132). The possible 
existence of an earlier monument under the cairn where the stelae were found supports the idea that 
they could have acted as an element of continuity in the use of monuments as landscape markers 
(García Sanjuán, 2011: 10-12). 

 

Fig. 6.132 The location of the Almadén stelae  (After García Sanjuán, 2011). 
 

In reality, it is not surprising that the so-called warrior stelae played a symbolic role probably 
associated to mobility. As suggested by the results of our own spatial analyses and as discussed by 
Bueno Ramírez et al (2005) and more recently by García Sanjúan (2011), their tradition might come 
from more ancient local practices. While in terms of symbolism these practices might have also 
involved rock and megalithic art, in spatial terms it might have constituted the continuation of a long 
pastoral tradition. Between the 5th and 3rd millennia, anthropomorphic figures with attributes of power 
were commonly portrayed on some artefacts and monuments as it was later done in the Late Bronze 
Age with the warrior stelae (García Sanjuán, 2011: 4). Moreover, the spatial association of warrior 
stelae with megalithic monuments, the reuse of previous existing monoliths and the presence of the 
same motifs in shelters with rock art, constitutes further evidence for the ideological continuity and 
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continuity in the use of certain places, throughout Late Prehistory (Díaz-Guardamino, 2009; García 
Sanjuán and Wheatley, 2010: 4; 2011: 538).  

In this sense, as diverse researchers have already pointed out (Balbín Behrmann and Bueno Ramírez, 
2003; Díaz-Guardamino, 2006; 2008; 2009; García Sanjuán and Wheatley, 2010; García Sanjuán, 
2011), it is necessary to pay attention not only to the iconography of these stelae, but also to analyse 
their context carrying out spatial analyses in order to clarify their possible relationships, uses and roles 
in a local but wider spatial context8. According to García Sanjuán (2010; 2011) the Almadén de la 
Plata stelae closely match the patterns defined by Ruíz-Gálvez and Galán Domínguez (1991). This 
makes these stelae important evidence for understanding their possible role as landscape markers and 
consequently for the study of movement. For now, what can be said is that while in southern Iberia 
there seems to be a continuation in the funerary symbolism throughout Late Prehistory, this research 
demonstrates that at least in western Sierra Morena, funerary places are deeply related to movement 
and herding itineraries.  

Finally, the role of the warrior stelae as markers in the landscape will be clarified not only through the 
exploration of their spatial patterns, locations and possible relationships with the landscape, but also 
by considering their possible role as elements of continuation, taking into account their iconography 
and other potential markers (such as megalithic monuments, rock art and engravings). In this sense, it 
will be of great interest to see if in other parts of Iberia the relationship between funerary places and 
herding paths observed here is sustained. 

 

6.5.III DISCUSSION 
 

At the beginning of this research it was claimed that the archaeological study of mobile societies 
represents a great challenge due to the complexity of their activities in temporal and spatial terms. The 
development of adequate methods for their study often presents great difficulties not only because we 
need to consider the multiple factors and variables that influence movement, but also because 
extensive archaeological evidence is needed. 

In our case, the fact that due to the environmental conditions of western Sierra Morena it is 
particularly difficult to recover evidence on the modes of subsistence during the Late Prehistory, has 
to be faced. In this sense, the development of particular theories and specific methodologies that 
allowed us to test diverse hypotheses in relation to that has been seen as crucial.  While the lack of 
suitable evidence is an obvious problem, it is also true that human economic behaviour becomes 
usually evident at many different scales and can be archaeologically traced through different 
techniques. In the specific case of pastoral societies, the practice of herding and the activities related 
to it are so particular that they often leave unmistakeable patterns that although not  obvious, can be 
elucidated with the correct tools. Through spatial analysis, the dynamics of movement that these 
societies adopted can be explored and although specific details might not be identified, general 
aspects in their mode of life can be reconstructed.  

                                                 

8 Marta Díaz-Guardamino is currently directing the project “Landscape, Memory and Identity: The application 
of new technologies to the study of Bronze Age decorated stelae and statue-menhirs in the Iberian Peninsula”, 
looking to address this aspect, exploring the landscape dimension of the stelae.  
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In the search to understand a relatively simple empirical observation as it was the relationship 
between megalithic monuments and historical pathways, I have found not only a series of surprising 
and sometimes unexpected patterns but more complex questions have also arisen. The results from 
this analysis suggest that in western Sierra Morena the mobility of these societies was deeply linked to 
herding dynamics during Late Prehistory. 

Towards the Copper Age (c. 3100-2100 BCE) the variability in the location of the settlements 
(mountain-valleys), the size of the settlements and the seasonal character of some of them suggest that 
people carried out seasonal mobility involving probably the whole family or group. The difference 
observed in previous research discussed in Chapter 4 pointing to a preference during this period for 
places with better agricultural potential, seems to be rather a product of their seasonal dynamics where 
in reality what they seem to look for, are the pastures in the lower valleys during the winter. This does 
not mean that they did not explore its agricultural potential. As said, transhumant herders usually 
carry out small scale agriculture too depending on the season.  

An interesting trend observed in the settlements (especially the ones located at lower altitudes), was 
that if it is assumed that many of them were occupied at the same time, they seem to be placed at 
relatively regular intervals leaving at least 30-45 minutes walking from each other. This is of great 
interest because it might be related to the definition in the use of space. Ethnographic studies have 
shown that one of the ways to deal with competition between different groups is precisely to locate 
settlements relatively far away from each other but also to define to certain extent the use of space. In 
this sense, a certain pattern of regularity was also identified between the location of the settlements 
and the megalithic monuments, particularly in the areas of the Viar and Rivera de Huelva rivers. 
While this might be an indication of their use as landmarks,  several researchers have also pointed out 
that at least in the areas of the Múrtigas and Chanza rivers, it is not always possible to associate a 
group of megalithic monuments with specific Copper Age settlements (Pérez Macías, 2010: 271; 
Rivera Jiménez and Romero Bomba, 2001:417). This has been attributed to the apparent lack of 
studies in these regions. However, it is of great interest to observe that these communities seem to 
associate funerary monuments not necessarily to their settlements, but to their pathways. This is 
demonstrated by the spatial analysis and the statistical test carried out, the megalithic monuments are 
remarkably related to herding paths and the importance of mobility in these societies is reflected on 
this fact. The routes carried out by transhumant herders are frequented for generations and it is highly 
likely that the use of the lands that were accessible through these paths was marked through the 
construction and use of megalithic monuments.  

It is indubitable that funerary monuments had deeply symbolic connotations and as such they may 
have served practical functions too. Due to the linkage between death and life that they conveyed, 
megaliths seem to have played many different roles within these societies and definitively one of 
those was the definition of space. Although with the evidence available evidence the extent of 
territorial practices within these groups cannot be defined, the last two experiments show clearly that 
the location of their monuments is related to the demarcation of space. In this manner, while the 
position of the monuments near to or in the paths frequented was of importance because during the 
journeys they might have acted as reminders of the cycle of life, their membership to one group or 
another might have been sufficient to establish the traditional use of that space by those groups. 
Pastoral societies often collaborate with each other. However, they are not conflict free and 
disagreements about resources can be relatively easy to avoid through a common mechanism that 
allows them to establish certain rights beforehand (or what is commonly known in ethnography as the 
pastoral pact): this could be one of the functions of the funerary monuments.  
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The location of the monuments distributed along the herding paths give us also further indication that 
as happened in historical times, these groups or herders might have travelled together, and although 
for now is not possible to identify the precise extents of these journeys, one important distinction 
observed between regions within all the study area, is the differentiation in types of funerary 
monuments recorded. According to Romero Bomba et al (1999) and Pérez Macías (1999a), in western 
Sierra Morena two different cultural expressions can be identified through the megalithic 
phenomenon. In one hand, Sierra de Aracena presents many similarities with diverse necropolis from 
Sierra Norte de Sevilla such as the groups of Los Castillejos, Almadén de la Plata, El Ronquillo, El 
Garrobo and Cazalla de la Sierra. On the other hand, Sierra de Aroche presents a different type of 
funerary monuments that can be assimilated to those in the Rivera del Chanza. While in Aroche the 
dominant megaliths are passage graves with influences from the Alentejo and Extremadura, the 
Aracena monuments are constituted by dolmens that are characteristic of the Andevalo and Sierra 
Norte de Sevilla (Romero Bomba et al, 1999: 42).  The relation between Aroche and the Alentejo was 
obviously given by the main communication hub that is the Chanza River valley. On the other hand, 
the relations between Aracena and the Andevalo were probably through the Tinto and Odiel rivers. 
While these differences are of great importance because they point us to different groups, there seems 
to be a common ground between them, and this is the location of the monuments always related to the 
modelled herding pathways. Although in many other parts of Europe and within other regions of the 
Iberian Peninsula, the association between resource exchange and movement has been related to the 
practice of metallurgy, it is interesting to notice that in western Sierra Morena, there are practically no 
accounts of metal objects within the funerary offerings or other contexts and it seems that metallurgy 
towards the Copper Age in this region was probably in a very incipient stage. This is stressed by cases 
like Aracena, for instance, where not a single object has been found that could be related to the 
process of extraction or technology of metallurgy (Romero Bomba et al, 1999: 60; Pérez Macías, 
1996; García Sanjuán, 1999). In this sense, the relationships that these societies might have had with 
other communities such as the neighbour valleys during the Copper Age can be understood in terms 
of their herding resources and probably their exchange of other products and materials such as green 
stones like the variscite discovered in Palacio III, quartz objects and the marine shells found in 
Valdelinares in Aracena. 

Conflicts in herding societies seem to be emphasised especially when different modes of subsistence 
are present in the same region. Although as said, it is thought that during this time mobility was 
practiced by whole groups or families it is also possible that more permanent settlements were 
established within the sierra or very nearby such as Cabezo de los Vientos and Cabezo Juré, practicing 
already a mixed strategy. These differences in the practice of mobility are probably among the main 
reasons for the changes observed later on towards the Bronze Age.  

As prehistoric societies of western Sierra Morena progressively developed the dehesa system and the 
search for the exploitation of minerals increased, it might have become more common to establish 
settlements where part of the group or family could reside all year around. In the case of western 
Sierra Morena, the establishment of settlements in higher altitudes become obvious towards the EBA 
(c. 2100-1550 BCE), possibly as the beginning of the inverse type of transhumance that later on 
would be carried out during historical times. Although the reasons for their apparent preference of 
locations on higher altitudes is debatable, it is of great interest to observe how in ethnographic cases 
Iberian transhumant herders prefer the settlements on the mountains over those on the valleys due to 
diverse reasons (González Alvarez, 2007). The reasons for this can range from the beauty of the 
landscape and the great amount of resources that can be found on the mountains, to the protection that 
these environments can provide both for animals and members of the group. In this case, an 
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increasing understanding of the dehesa system might have been one of the reasons why more 
permanent settlements in higher locations where the population seems also to concentrate are 
observed, allowing the members to participate in different tasks such as small agriculture, hunting and 
gathering a diversity of other resources. Ethnographical cases have shown how pastoralists adjust 
their strategies as conditions change (environmental or social), and how the practice of mobility (at 
different levels) gives them substantial independence of the local environment. As said before, the 
presence of a combination between permanent settlements and what seems to be large seasonal 
settlements might be in relation to the fact that different groups were practicing different movement 
strategies and although more research is needed, conflict might be the reason why the emergence of 
walled settlements seems to become evident towards this period. 

With a more permanent presence of people in these places, the use of determined space was doubtless 
more obvious. While in the past the only permanent elements would have been the monuments, with 
the adoption of sedentism at least by one part of the population, settlements probably took their 
prevalent position in the definition of space. In this manner, while the construction of megalithic 
structures as statements of social presence might have been perceived as progressively less necessary, 
an increment in the importance of individuality might have been also related to the development of 
new dynamics of movement that included only part of the group. The procurement of different goods 
in combination to traditional herding resources, the acquisition of exotic goods and the establishment 
of agreements with other factions and communities, might have been performed at least at the very 
beginning by the herders who travelled making contacts and networks. Through the acquisition of 
knowledge and resources, these people might have been the first to experience an individual 
accumulation of wealth. In this manner, while an individual funerary pattern seems to emerge as a 
reflection of this, the importance of some individuals can also be observed in the work invested in 
their burials and through the differentiated burial goods. Although this differentiation in western 
Sierra Morena seems to be not as acute as in other parts of Iberia, there is still a general trend towards 
an increasingly stratified society. The symbolic importance of movement however, is never lost and in 
fact it seems to be emphasised through the location of the burials in close association to herding routes.  

Towards the LBA (c. 1550-850 BCE), the trend in settlement patterns seem to be even more 
emphasised. During this period only few settlements were in fact located in lower ground. An 
apparent concentration of the population in places related to metallurgic activity seems to suggest its 
increasing importance, while the increment in the distances observed between settlements might have 
had the purpose of avoiding conflicts. Although there is a growth in mining and the extraction of 
mineral resources, the evidence available now is scarcer than that of previous periods. With the 
exception of the metal deposit of Ría de Huelva, the evidence of metal objects is still low. However, it 
is very possible that they equally influenced exchange networks and how wealth was regarded by 
these communities.  

Further understanding of the dehesas seem to take place also towards this period and some of the 
settlements like the ones in Aroche seem also to adopt or at least combine their strategies with 
increasing agriculture in the Chanza valley. As said before, although the funerary practices of these 
groups are in reality not well known due to the lack of evidence recorded so far for this period, the 
continuation in the association between symbolic places and herding pathways seems to be given at 
least by the example that available of warrior stelae in Almadén de la Plata.  

It is highly likely that there was a continuation in the use of the herding paths as this mode of 
subsistence continued to be in practice. Nevertheless, it is also probable that with the presence of 
more permanent settlements, new places of commerce and the exploitation of different resources, 
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these paths started to take different configurations as observed during historical times. The use of 
monuments and graphical markers continued, and as discussed before, many of the symbolic 
depictions seen towards this period probably come from earlier traditions. In this research it was not 
possible to study this due to the little knowledge of the rock art in western Sierra Morena. However, it 
would be of great interest to study the spatial distribution of rock art and graphical markers in the area 
not only to explore further the relationship between herding paths and markers, but also because they 
could help us clarify further the patterns of spatiality and mobility of this period. The iconic motifs 
observed for instance in the warrior stelae seem to follow stylistic conventions that can vary spatially 
but may be related to discrete regions. Although more research in the topic is needed, as said before, 
their spatial patterns could be linked to mobility patterns and this could be a product of herding 
practices. In this sense, their spatial distribution and association to pathways might be related to 
specific pastoral orbits and these and some of their motifs may be linked to particular identities and 
territorial definition. Regarding this, it must be taken into account that as herding societies, it is highly 
likely that different groups and families marked their animals. It is of great interest to observe that 
while practicing transhumance herders usually walk together, taking advantage not only of having 
company and helping each other with diverse tasks but also as a way of protection. As happened 
during historical times, in order to identify the animals, they would need to be marked, as even if they 
only counted with a small herd, animals could become mixed. In addition, the use of common 
resources in different places was probably usual and therefore, to identify the membership of each of 
them was crucial. But the establishment of ownership or property was probably not the only reason to 
mark the animals. As seen in ethnographical cases, body marks can also be related to magic, religious 
or symbolic processes. In this manner, the marking of livestock in  traditional pastoral societies can 
solve a diversity of problems, and the mark of lineage usually entails a symbolic meaning that makes 
reference to the pacts made among pastoral societies, connecting animals, humans and space 
(Potkanski, 1994).  

While towards historical times the identification of animals has been done through highly precise 
descriptions (herding societies usually have highly elaborated and precise verbal descriptions of 
characteristics such as size, shape of horns and coat colours), iron branding, scarification and 
temporary marks such as colouring and collars has been also part of these practices. 

In traditional pastoral societies it has been observed that the preservation of such marks through 
generations is given by the segmentary composition of their societies, where their structure is 
comprised by sub-units that go from tribes to family groups. In these ambits, the markings are related 
to lineage and group identities clarifying any possible dispute and becoming relatively easy to track 
for instance, interactions between different groups (marriages, commerce, etc.). In pastoral societies 
marking the animals is crucial especially in nomad groups where the use of different lands or the 
spatial definition of territories can change throughout the year (Bernus, 1996). However, although the 
marks are obviously related to the idea of belonging, their meanings do not necessarily convey only 
the thought of property. The markings of the animals might have been seen during prehistory as 
symbols of identity too. In this manner, it is thought that many of the paintings, carvings and 
engravings that can be observed today in megalithic monuments, rock art and other monuments can 
be related to the markings of the animals as symbols of identity and membership (Fig. 6.133). 
Although this is a theory that will only be confirmed through the study of the distribution of the 
symbols and their possible spatial relationship with different territories, it is necessary to recognise 
that Iberian societies were fundamentally herding societies during prehistory and the study of the 
evidence we have today must be seen in this light.    
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Fig. 6.133 a) Sheep with their marks and b) some of the marks used in the Ahaggar mountains in Algeria with 
the names of the marks and the names of the groups to which they belong (Reproduced from Bernus, 1996: 10). 

 



 

 

 

 

 

 

 
 

Conclusion 
 

 

Human beings have no definite nature until they shape themselves through the concrete activity in which they 
transform the world. 

Richard Lichtman 
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Chapter Seven 
CONCLUSION 
 

7.1 INTRODUCTION. THE THEORETICAL FRAMEWORK OF THE RESEARCH  
 
Valuable research has been carried out on the topic of human mobility in archaeology and 
anthropology. From the description of its practice in diverse societies to the reconstruction of routes 
followed through the assessment of material culture, in recent decades our discipline has established 
important bases for the study of this phenomenon. However, research in archaeology about movement 
during prehistory has mainly focused on the reconstruction of commercial networks looking at the 
distribution of traded items and other resources, avoiding the complexity of the whole action. As 
discussed at the beginning of this research, only few attempts have been made to understand the 
processes and events that might have occurred during the journeys carried out by different cultures 
during prehistory. Moreover, when movement constitutes an integral part of living within a specific 
group, we need to take into account that every step of the journey builds up experiences, and that the 
material evidence left constitutes a continuum whereby the landscape becomes a tangled 
archaeological site. 

This investigation has sought to construct a concise theoretical framework in order to develop a more 
profound understanding of human movement on a landscape scale. Drawing from several fields such 
as psychology, ethnography, geography, anthropology and physiology, an attempt has been made to 
set up the theoretical basis necessary to study the dynamics of movement of any society, addressing 
the premises for an explicit case study.  This has also entailed the development of a set of 
methodological tools in order to explore in depth some particular expressions of this phenomenon 
through spatial analysis. 

The reason for the election of the late prehistoric groups of south-western Iberia as a study case was 
threefold. Firstly, the Iberian Peninsula has been always characterised by its strong transhumant 
tradition which can be traced through written evidence at least to the Iron Age. Secondly, observations 
in field and previous archaeological research throughout this region have already pointed to the idea 
that the spatial patterns observed, could be related to mobility practices. Thirdly, because even then, in 
the traditional literature there has always been a severe lack of discussion  about the possible practice 
of sedentism and mobility as joint strategies during this long period. In this manner, the specific 
objectives of this investigation have been: (1) to develop a theoretical framework useful for the study 
of movement in any society, (2) to compile and analyse any possible evidence of the mobility of late 
prehistoric societies in south-western Iberia (3), to create a series of methodological tools to 
investigate particular hypotheses related to movement, and (4) to explore and define to what extent 
the patterns observed in evidence related to a landscape scale (fixed materiality) were actually 
indicative of a mobile mode of subsistence in this region. 

In the case of the first objective, a series of key points resulted from the discussion developed in the 
construction of the theoretical scheme: 
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(a) It was established that the first problem to address in the study of human movement, is the 
classification of subsistence strategies that societies can practice, in which mobility or sedentism, 
have been seen as main characters with a diversity of variants in their execution. The principal issue 
with the development of these notions has been their conception as evolutionary steps. The research 
carried out in the last decades has demonstrated that all societies practice some kind of movement and 
that groups can opt for a mixed strategy or reverse to particular ones when needed, and therefore, they 
cannot be conceived as consequential grades. In addition, although the notions generated through the 
discussions sustained in archaeology, anthropology and ethnoarchaeology have changed from the first 
more simple concepts of sedentism and nomadism to more specific variants, it can be concluded that 
sedentism is never practiced in an absolute way, always involving some degree of logistical mobility.  

(b) Having established this, it follows that just like the archaeological evidence resulting from any 
process is related to the ideas and conceptions of the society that creates it, movement is also carried 
out under the particular notions and needs of the society in question. What this means is that, although 
there can be diverse motivations for carrying out a particular mobility strategy, this will always be in 
relation to the knowledge and perception of the world of that particular community. At the same time 
the resulting social, economic, and political consequences derived from these strategies will shape 
their society too, and therefore, movement can be seen as a social process. However, there are also 
practical aspects to consider in the study of human movement. 

(c) Although the mobility of a community can be motivated by subsistence and can therefore 
encompass certain survivability behaviour where environmental and economic elements play an 
important role, it also has a strong cultural constituent.  

(d) Taking the previous point into account, the most important variables and factors that influence the 
way we move needed to be analysed in order to comprehend the processes that take place when a 
group or person carries out long-distance movement. Two groups were established and divided for 
analytical purposes: “independent” and “social variables”. 

Independent variables can be considered as those that will have an impact on how people move 
without regard of their decisions or will, and they also affect any animal species. They include the 
temporal dimension, velocity limits, energetic expenditure, topography, loads carried, terrain types 
and the access to basic resources for survival while travelling. 

On the other hand, other variables are related to social aspects of the culture of the person travelling 
and his relationship with other societies. There is an immense variety of social variables that can 
influence human movement. However, there are particular ones that contribute to the creation of 
specific patterns that can emerge from movement. Geographical knowledge of the landscape and 
terrestrial navigation, visibility, the establishment of territories, social connections such as alliances, 
symbolic navigation, and the presence of traditional sacred spaces can be included in this group. 

Although for analytical reasons these two groups of variables can be separated, they act in an 
integrated way, shaping the mobility patterns that can be observed in terms of archaeological evidence. 
While the conditionings in the first group are relatively self-explanatory, there are two fundamental 
social variables that shape to great extent how humans move and which analysis can help us to 
identify archaeologically mobility patterns on a landscape scale: terrestrial navigation and territoriality. 

(e) It is known that people during prehistory travelled long distances, migrating or visiting regions 
outside their usual domains. In order to have a successful journey people have to perform what we 
call terrestrial navigation, this is to say, the achievement of orientation within the landscape in order 
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to follow a route that would lead to the desired destination and also allow the return to the point of 
departure. For this, it is highly likely that people relied on their own knowledge of the landscape, 
information provided by others, and possibly astronomical observations. Studies on human travelling 
behaviour have established that in order to travel a person needs to develop a series of skills. One of 
the most important is wayfinding. This is to say that to navigate through the landscape it will be 
necessary not only to establish the points of origin and destination of the route, but also to know the 
deviations along it, to recognise landmarks, and to understand the route in a wider context. Cognitive 
maps allow achieving this through the internal integration of mental representations of the ideas that 
we have about places, and the incorporation of other elements and their spatial relationships such as 
landscape markers. This is not exclusive of any particular culture but common to all human beings. 
Psychological studies have shown that we share the same mental architecture in terms of cognitive 
mapping, and that terrestrial navigation in all societies relies on very specific skills such as the ability 
of creating mental spatial representations and the recognition of landscape markers. While these 
elements can be used for orientation purposes, they also provide information regarding the presence of 
other human groups. Through time, they have been utilized to provide information regarding the use 
or occupancy of space, playing a fundamental role as physical evidence of territorial definition.  

(f) Territoriality and the designation of the use of certain space by specific groups are of direct 
influence in long-distance movement and therefore, its study may allow the recognition of spatial 
patterns related to it. Although territoriality has been seen as the defining factor in the division of 
geographical space usually with the purpose of the acquisition and exploitation of resources, rules 
applied to a territory can be flexible. However, they always encompass a clear idea of control and 
power over a specific spatial location where circumscription is used to manage and control a diversity 
of resources, people, ideas and others, satisfying particular necessities. Territoriality renegotiates the 
way in which space is used and perceived by people within and outside the society that establishes 
such boundaries and therefore, it has a direct impact on how people move depending on the political, 
social and even economic relations between the actors. Its materialisation can take many different 
forms and in the case of travellers, spatial markers such as carvings, monuments and paintings can 
provide information about the inhabitants or the “users” of the area.  

(g) The recognition of the material evidence of movement on a landscape scale can be challenging. 
However there are two main elements in direct relation to the variables explored above: landscape 
markers and pathways. As it has already been explained, along with roads, landscape markers 
constitute the main types of evidence within the landscape related to long-distance movement. They 
are fundamental in all societies as they play a major role in terrestrial navigation and as configuring 
elements of territoriality. However, although their analysis is vital to the understanding of the 
dynamics of long-distance movement among prehistoric societies and their possible use has been 
implied in several studies, there has never been any specific research looking at the definition, 
characterization and diverse potential uses of these elements. In this sense, it was necessary to 
establish a robust theoretical framework in order to test the possible role of landscape markers in 
human movement.  

To define what a landscape marker is, we made use of linguistic and psychological theories looking at 
the interpretation of signs. For something to become a sign it needs to be invested with meaning by 
the society that regards it as such. Accordingly, landscape markers are signs:  their specific purpose is 
to communicate exact ideas related to space, providing information about the environment. 
Nevertheless, they only act as markers (or they are interpreted as such) for the societies that invests 
them with such meaning, or for other societies that have a similar reference system. What is common 
to all societies is that landscape markers tend to have a permanent character but only in relation to the 
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life span of the reference system to which they are subject. The investment of meaning is the central 
component of a landscape marker, yet there are other relevant characteristics that all groups look for 
them such as  distinctive shapes, high visibility, and socio-cultural significance.  

In the case of prehistoric societies, it is highly likely that natural features such as trees and mountains 
were used as markers. Nevertheless, other important expressions such as rock art, carvings, and 
megalithic constructions could have played an important role in the prehistoric landscape. This role 
can be varied but there are two main purposes for which societies have used landscape markers 
through time.  

Working as waypoints, landscape markers act as spatial references for travellers performing terrestrial 
navigation, providing vital information during journeys. Their use is critical for the recognition of 
hazards along the routes followed, the identification of necessary changes in direction, points of 
destination, and distances already covered. As referents within the landscape they have been used by 
all human groups due to the shared construction of cognitive maps and mental structure in terms of 
terrestrial navigation.  

Working as landmarks, landscape markers have been used to avoid territorial conflict. Human groups 
do not only tend to have a good knowledge of their environment, but also of their spatial delimitations. 
Whenever these limits are defined by the presence of other groups, spatial constraints can emerge and 
landmarks play a fundamental role as advertisers of the use or appropriation of certain space.  

In this manner, landscape markers are key elements for the research of some of the most influential 
aspects in human movement, comprising invaluable archaeological evidence for it. Other elements 
fundamental in the study of movement are the paths and roads layouts resulting from long-distance 
movement.  

(h) From the study of path layouts we can extract important information about social relationships 
and essential aspects of the nature of the mobility patterns of a particular society. The repetition of a 
route is what eventually creates a path, and this development is always in relation to specific 
conditions and necessities of the societies that utilize them. Because their layouts are profoundly 
related to the social structure and ideas of the society that creates them, the study of paths and roads 
can provide crucial insights into the economic, social, political, and ideological organizations of 
particular groups. In this manner, the importance of the definition of the logic behind their layout is 
crucial to understanding mobility patterns due to the cultural, social, environmental and even physical 
aspects that affect their construction, making them (along with landscape markers) the most relevant 
evidence related to movement on a landscape scale.  

(i) Although studies in landscape archaeology have sought to understand networks and social 
relationships, the study of human movement has lacked a more holistic approach embracing all three 
spheres of this phenomenon: idea, action and materiality. Any process that involves long-distance 
movement can be seen as part of a project that is triggered by an idea (or intention) of accomplishing 
something specific. After this idea is conceived, the actual action of movement takes place. There are 
a series of variables and factors that affect this action (how we move) and they are archaeologically 
deducible. Both, idea and action in long-distance movement are connected to fixed and portable 
materiality which is archaeologically recordable. While landscape markers and paths can be regarded 
as fixed materiality, travelling aids and traded goods can be considered as portable materiality. The 
consideration of this theoretical model is necessary in the study of movement, but all this takes place 
in particular spatiotemporal dimensions or landscapes. Therefore, although there are aspects of 
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movement that are related to all societies, in order to gain specific knowledge about this social process 
in a particular group or community, we need to explore and investigate the possible evidence left on 
their own landscapes. 

 

7.2 CONSTRUCTION OF A GENERAL EMPIRICAL FRAMEWORK   
 

After establishing the theoretical basis necessary for this research, Chapter 3 had as a purpose 
to set the general background for the specific case study looking at the archaeological evidence so far 
available regarding movement in the Iberian Peninsula. Because no research about mobility practices 
has ever been attempted before in our study area, it was considered necessary to build a corpus with 
any possible information about this phenomenon, structuring an overall picture of the practices of 
long-distance movement in a wider geographical context. For that, we focused on the available 
information considered as evidence of movement in terms of portable and fixed materiality for both 
Copper and Bronze Age.  

It is known that the most studied regions of southern Iberian Late Neolithic and Copper Age are the 
southeast (Los Millares) and the Portuguese Estremadura (Zambujal, Leceia, Vilanova de San Pedro). 
However, in recent years a great advance has been achieved in the study of these periods in the south-
west (Valencina de la Concepción, La Pijotilla, Cheles, Perdigoes, etc.). In addition, more evidence 
regarding other regions such as western Sierra Morena, Alentejo, and the Algarve has become 
available. In any case, the archaeological sites that have defined in one way or another the Copper 
Age in southern Iberia have been settlements with walled enclosures such as Los Millares (Almería), 
Zambujal, Monte da Tumba (Portugal), El Malagón (Granada), and Cabezo de los Vientos (Huelva) 
amongst others. In general, their emergence has been related in the literature to an abandonment of 
caves as settlements towards the end of the Neolithic, and due to the presence of defensive 
architecture, they have been interpreted as fortified settlements. Although this kind of settlement 
seems to be common throughout southern Iberia (Almizaraque, Terrera Ventura, Campos, El 
Barranquete (Almería), El Malagón, Cerro de la Virgen (Granada), Cabezo del Plomo (Murcia), Vila 
Franca de Xira, Olelas, Lexim, Penha Verde (Estremadura), Monte da Ponta, Porto das Carretas 
(Alentejo), Castelo de Santa Justa (Algarve), in recent years it has become evident that during this 
period there were many other open air settlement without walled enclosures such as Marroquies Bajos 
(Jaén), Papa Uvas (Huelva), Valencina de la Concepción (Sevilla), La Pijotilla (Badajoz) and 
Perdigoes (Alentejo), settlements in caves, and many other seasonal settlements of groups possibly 
practicing cyclic movements as appears to be the case of the pastoralist groups of western Sierra 
Morena analysed in this research. 

Although for many of these settlements such as Llanete de los Moros (Córdoba), Valencina de la 
Concepción (Sevilla), Polideportivo Martos, and Marroquies Bajos (Jaén), it has been established that 
they had a long period of occupation and that they might have practiced agriculture and herding 
activities, it is not yet fully understood if this occupation was continuous or seasonal, and how much 
these groups practiced only one mode of subsistence or a mixed economic strategy. Although we 
presuppose that much of the evidence of movement depicted in the portable materiality that we 
observe during Late Prehistory is possibly related to the interaction between sedentary and more 
mobile societies, this is a hypothesis that needs to be further tested in the future. The importance in 
the study of mobility of these groups is supported by the large amount of research pointing to the idea 
of social and economic practices that were accomplished only through contacts involving a high 
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degree of movement. So far, the closest evidence available in southern Iberia regarding this has been 
the studies on the bell-beaker phenomenon, the zooarchaeological research about horses, draft and 
pack animals, the presence of art depicting possible horse domestication scenes and chariots, the 
portable materiality depicted through many single investigations on trade and exchange, and other 
studies on what we regard as the fixed materiality of movement, pointing to a relationship between 
megalithic monuments and historical routes. Although the corpus of evidence might in principle 
appear to be large, this information tends to be in fact quite fragmentary, counting only with bits from 
different sites.  

In any case, it is indubitable that societies in southern Iberia during the Neolithic and Copper Age 
practiced long distance movements. While in Valencina de la Concepción bovids were used as draft 
or pack animals and this might have been related to agricultural practices, the presence of horses in 
sites like Cabezo Juré, Zambujal, Cerro de la Horca, Los Millares and others have established not only 
their use as a food resource, but also possibly as draft animals for the exploitation of copper mines and 
the mobility of mineral and metal resources. It is precisely towards this period that metallurgy seems 
to become of certain importance in southern Iberia and the presence of metal objects in sites where 
there is no evidence of metal exploitation or near metal sources, suggests the exchange either of metal 
or finished objects. Although in the southwest there are some sites like Cabezo Juré, De Porto Mourao, 
La Pijotilla and Amarguillo II that have provided evidence of the production of copper during this 
period, in western Sierra Morena there is almost no indication yet of these processes. In fact, the 
presence of metallic objects in this area is very scarce in comparison with the surrounding regions. 
However, the presence of other materials and artefacts such as amphibolite axes and adzes where this 
rock is not necessarily available, have pointed to the idea of contacts between diverse regions and 
specifically with western Sierra Morena. These kinds of artefacts have been found in the chalcolithic 
sites of Zambujal and Leceia in Portugal, while the material might have come from the Ossa Morena 
geological region or from Sierra Morena. The presence of resources from mountain areas in lowland 
sites constitutes evidence of long distance movements, and they might be related to dynamics of trade 
and exchange between very different groups.  

Other minerals and stones found in diverse archaeological contexts are also deeply related to the 
dynamics of movement during this period. The circulation of oolitic limestone, flint, quartz, amber, 
ivory and variscite seems to maintain its importance in the networks sustained in southern Iberia 
during the Neolithic and Copper Ages as testified at sites like Los Millares, Marroquies Altos, 
Valencina de la Concepción, Perdigões and others. 

Towards the Bronze Age a series of changes on ideology, social, and political organization has been 
recorded. In the southeast, many of the previously occupied sites are abandoned and new settlements 
also with defensive architectures are built. The use and exploitation of mineral resources seems to 
increase considerably with respect to the previous period, and a more structured territorial 
organisation seems to take place. The emergence of the Argaric culture is given by a series of diverse 
and organised settlements in which quite visible elites are already present. In the southwest and 
specifically in western Sierra Morena, the population seems to concentrate and larger settlements take 
place like La Papúa and El Trastejón. Although the presence of metal objects and metallurgic 
activities increases with respect to other periods, in comparison with the southeast the evidence is still 
scarce.  

The exchange of products among groups probably with different modes of subsistence in both regions 
is suggested by excavations in sites like Fuente Alamo, Peñalosa (SE) and El Trastejón (SW), where 
evidence of grain and artefacts related to cereal processing has been found, but which the environment 
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makes the practice of agriculture highly unlikely. The exchange and trade of several materials through 
long-distance movement continued as suggested by the artefacts made of carnelian (a chalcedony 
variety that is not found in the Peninsula) found at Los Castillejos, the multiple ivory objects found in 
La Encantada, La Morra del Quintanar, and Acequión. 

Changes in ideology across the Peninsula are also documented towards this period and while in the 
southeast funerary practices change towards individual burials practiced usually within the domestic 
context, in the southwest the use of cists become common. However, the reuse of previous funerary 
sites is also attested and there seems to be a continuation on the symbolic significance of certain 
traditional places.  

This corpus of evidence concerning portable materiality served as an introductory framework to our 
case study, looking in a wider context at some of the most relevant data regarding movement during 
Late Prehistory in southern Iberia. However, as said before, although portable materiality can be used 
to define connections between diverse regions, on a landscape scale, fixed materiality can constitute 
further evidence in the recognition of long-distance movement. In our specific case, previous research 
pointed to the idea that megalithic monuments and other symbolic places acted as markers in the 
landscape. In a way, it is undeniable that megalithic monuments were built to be noticed and to 
remain as part of the memory in the landscape through generations, becoming established milestones. 
However, in order to understand if the hypotheses addressed so far suggesting this use could be 
actually explicative of the patterns observed in a specific study case such as western Sierra Morena, it 
was also necessary to develop a framework to test them, exploring the evidence available suggesting 
this possibility. As established in the theoretical framework, two main roles could be proposed 
regarding the use of monuments and symbolic places in the landscape related to human movement: as 
landmarks in territorial definition and as waypoints in terrestrial navigation.  

Although studies on social organization and territoriality have explored how societies used and 
claimed space, little attention has been paid to understanding how human groups make visible or 
apparent the occupation or use of such space. In archaeology, the idea of a possible connection 
between territoriality and prehistoric funerary monuments was borrowed from an anthropological 
theory developed by Saxe in the 70’s. Later on, other theories explored other possible uses and 
connections to the landscape, suggesting their role as advertisers of key points within the landscape, 
or as markers of natural features with symbolic value. Although having different perspectives, these 
theories share two ideas. Firstly, that megalithic monuments hold such social significance and 
symbolic connotations that they would be easily recognised as markers by the societies that 
constructed them and secondly, that due to their physical characteristics they could accomplish this 
role.  

In the specific case of Iberia, not only these characteristics or the ideological and symbolic 
connotations might have made possible that these monuments were used as markers. Their spatial 
location and distribution has also pointed in this direction where their location in prominent and 
strategic points within the landscape has contributed to this idea. Megalithic collective burials are a 
reflection of the mechanism through which the individual becomes the ancestor and the monument 
becomes a reference to it, and this seems to have been the method that late prehistoric groups had to 
legitimize their use of certain space. Although in Iberia the connection between territoriality and 
megaliths has been based on the idea that with the adoption of agriculture, there was a concentration 
of the population resulting in demographic pressure and the promotion of territorial delimitation, there 
are almost no specific studies looking at to what extent agricultural practices might have been 
coexisting with other mobile ways of life. This is important because not only agricultural and 
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sedentary societies mark their spaces. Mobile societies can also make territorial claims establishing 
ownership over specific resources or just transmitting information using funerary and sacred places to 
announce this use or their simple presence. In this manner, observed patterns pointing to the possible 
use of megalithic monuments as landmarks must be accompanied by an investigation on the mode of 
subsistence and economic practices of the groups that built them.  

On the other hand, several studies have pointed to another possible reason for the particular locations 
and characteristics of the megalithic monuments. Studies all across Iberia including our study area 
have emphasised a connection between monuments and traditional herding paths, privileged zones of 
communication and fords, pointing to their possible use as waypoints. The constant association 
observed between transhumant routes and monuments lead to the idea that they could have played an 
important role in pastoral practices. In addition, their monumentality has been also regarded as a 
characteristic that stressed their possible use in terrestrial navigation.  

From this discussion, explicit questions were addressed taking into account the study area chosen in 
order to investigate (1) whether the spatial patterns observed in the megalithic monuments could be 
indicative of their possible use in territorial definition and/or terrestrial navigation, and if this was the 
case, due to the transformation towards the Bronze age with a de-monumentalization of funerary 
practices, (2) whether this might have changed the way funerary and symbolic sites were understood 
and used spatially.  

The study of other fixed materiality such as roads was considered also important to establish the 
dynamics of movement during Late Prehistory. However, there are a series of complications in their 
investigation that go from their reuse through time (and therefore the difficulty in the recognition of 
their chronology), to their archaeological identification. As seen, in the case of Late Prehistory the 
study of paths becomes highly difficult due to these and other reasons. However, their association 
with other elements such as settlements, monuments, and the study of traditional paths and variables 
of importance in the construction of their layout, constitutes the most sensible approach for their 
research. In southern Iberia there is no archaeological evidence of prehistoric roads. Nonetheless,  
some theories have claimed that prehistoric communities during the Neolithic and Copper Age 
probably travelled through natural areas of transit like river valleys following the configuration of 
settlements, and towards the Bronze Age, previous routes were used but accommodating their layout 
and location of sites to their new necessities.  

The observed relationship between prehistoric monuments and historical transhumance routes has also 
pointed to the idea that they followed much older paths. In any case, these routes constitute invaluable 
archaeological elements for the study of movement due to the pastoralist practices that prehistoric 
societies carried out. In this case, concrete questions were also addressed , including  (1) whether late 
prehistoric sites were related to natural corridors, (2) how much the layout of the historical routes is 
related to natural corridors and (3) whether from their study,  prehistoric paths might be recognised.  

 

7.3 THE CASE OF WESTERN SIERRA MORENA AND THE ASSESSMENT OF THE 

ANALYSES SET IN THE INVESTIGATION 
 

Having established the general empirical framework, we investigated the specific case study of 
western Sierra Morena, creating a series of experiments through GIS in order to explore various 
aspects in the mobility of the societies that inhabited this mountain range during Late Prehistory. 
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From the analysis of the environmental characteristics of the study region and the studies in 
paleoenvironment that have been carried out in the south-west, it was established that despite of its 
natural richness in mineral resources, western Sierra Morena is characterised by the poverty of its 
soils. This particular property has been of great influence to modes of subsistence in the region, and 
therefore to the dynamics of movement of the prehistoric groups that lived there. Constituting a 
mountain environment flanked by agricultural valleys, western Sierra Morena has always been a 
relatively marginal area in comparison with its surrounding regions. Having none or almost no 
potential for agricultural intensification, communities in western Sierra Morena probably chose to 
practice a herding strategy. Although pastoral activities are usually dependent on the potential of the 
environment, strategies are also accommodated to social, ideological and political necessities, changes 
and pressures.   

Although to some extent the modes of subsistence of these communities can be explored through the 
available material record, the possible degree of mobility of these societies was not previously 
questioned. Particular difficulties made the exploration of this topic complicated. The high acidity of 
the soil has not allowed the recovery of crucial data for the definition of herding practices such as 
animal bones. In addition, only few excavations have provided useful information for the 
interpretation of these possible dynamics. The ethnohistorical information available and the 
transhumant historical tradition of this mountain range have always pointed to an understanding of 
these societies as herders. Additionally, previous studies also indicated that symbolic places were 
usually related to communication routes. However, to what extent these practices included residential 
mobility and how much places with social and symbolic significance played a role in these practices 
was totally unknown. In the case of Late Prehistory we think that the practice of a pastoral mode of 
subsistence involved movement at different levels. On a landscape scale, mobile herding societies 
create a very specific archaeological record due to the high specialization required in their activities. 
Because settlement patterns of mobile pastoral groups are related to the residential mobility of all or 
part of the group, their spatial patterns are in close connection to elements and characteristics of the 
landscape that are commonly associated with general mobility practices. 

Therefore, Experiment no. 1 was specifically designed to test whether in fact the sites established by 
late prehistoric groups, were related to places in the landscape deeply connected to mobility in 
herding societies such as natural corridors. In other words, we wanted to analyse if the settlements and 
monuments established by these communities were related to natural areas of transit, and if so, to 
examine the role that natural accessibility played in these groups. 

The combination of diverse GIS methods allowed us to create a model capable of identifying natural 
corridors within the studied area. From this, several areas of natural transit were recognised and it was 
established that independently of their chronology, there is a pattern in the way prehistoric sites of 
western Sierra Morena were located in relation to them. A statistical test carried out to examine this 
observation supported this, indicating that the spatial association between the corridors and the sites 
was not a matter of chance, meaning that the sites analysed occur near to these places. 

A closer examination of the data also established that while a high percentage of Copper Age 
settlements were related to these corridors, for later periods the coincidence was even greater, 
reaching its highest correspondence with LBA settlements. In the case of funerary monuments it was 
found that this relationship was contrary to the one observed in the settlements, and while the 
megaliths exhibited a high association with natural corridors, the number of coincidences with 
funerary sites decreased for later periods. However, it also needs to be taken into account that many of 
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these funerary monuments were reused towards the Bronze and Iron Age and therefore their role as 
landscape markers might have continued to be valid for a long time after their construction.  

This first approach helped us to recognize the general trend of the sites with respect natural areas of 
transit and in identifying specific spatial patterns, allowing us to address some initial possible 
explanations behind the associations observed. It was concluded that, assuming that these societies 
were mobile pastoralists, the smaller number of sites connected to natural corridors during the Copper 
Age and its later increase during EBA and LBA could be related to the way mobility was carried out 
through the diverse periods.   

From this experiment it was not only determined that the settlements were in close association with 
natural areas of transit, but also that the spatial relationships observed in the megaliths was consistent 
with the hypothesis addressed before also by many scholars, pointing to their location in passageways 
and possibly linked to good visibility, reinforcing the idea of their probable role as landscape markers. 
In addition, it was also concluded that the observation indicating a link between megaliths and 
historical routes, is probably due to the fact that these roads were fossilizations of previous prehistoric 
paths which probably followed natural corridors. This was suggested by the high coincidence between 
natural corridors and historical routes, and Experiment no. 2 was set to explore this and other specific 
aspects of these archaeological elements.  

Experiment no. 2 was aimed at comparing the historical transhumance routes with simulated 
pathways created through a model that took into account variables of relevance in human movement 
such as anisotropy, and physiological research on the energetic costs of movement. The simulation of 
these paths, allowed us to investigate to what extent optimal accessibility influenced the layout of 
historical routes of communication. This had as an objective, not only to understand more clearly the 
nature behind the definition of these routes, but also to create a methodology able to identify possible 
prehistoric paths. The results from the first experiment pointed to the idea that areas of convergence 
between prehistoric monuments, historical transhumance routes and natural corridors are likely to be 
spaces used by these prehistoric societies. The high coincidence between natural corridors and 
historical routes, suggested that these segments were possibly part of older paths, and their 
relationship with prehistoric monuments might indicate the presence of a prehistoric route, allowing 
us to target areas for future archaeological investigation. On the other hand, historical routes have 
been usually regarded as linear layouts whose logic is deeply correlated to optimality. In this case, the 
exploration of specific variables allowed us to weigh its influence in the configuration of these paths. 

The routes were calculated considering the least energetic cost of movement and the results from this 
analysis based on the comparison between these paths and the historical transhumance routes, 
indicated that an extraordinary 87.05% of them present some spatial similarity. This shows that the 
layout of this particular network relied on natural corridors. In addition, it was also established that 
there is a higher coincidence between the funerary monuments (particularly those of the Copper Age 
and EBA) and the calculated routes, than with the historical paths. This confirmed the observation 
made in the previous experiment, clarifying that what has been observed as a relationship between 
monuments and transhumance routes can be explained in fact as an association with natural corridors 
instead. 

Regarding the variables of influence in the layout of historical routes, it was concluded that energetic 
cost of movement or the use of routes less physically demanding was an important factor. However, 
comparing the routes that are more closely associated with prehistoric sites (and possibly used since 
prehistory) with historical routes, it also becomes evident that although the last also follow a logic of 
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energetic optimality, when they deviate towards a town they seem to go through the most direct path 
in terms of time. This observation posed an interesting question in terms of the variables of 
importance to societies of diverse periods. The weight of time as a factor of influence in the historical 
layout was not explored in this specific experiment. However, in the case of prehistory and 
specifically herding mobile societies it does not seem to be a very relevant factor in terms of 
movement due to the seasonal character of the established cycles. This is to say, that usually it will 
not matter if herders are delayed or few days ahead, as long as they reach their objective for the 
correspondent season. Nevertheless, time could have been more of relevance in terms of spatial 
definition, maybe leaving certain space/time of travelling between settlements or camps in order to 
avoid overlap in the use of specific resources as seems to be evident in Experiment no. 4.  

In relation to the identification of possible fossilizations of prehistoric routes, 40 different places 
where historical routes, natural corridors and funerary monuments meet were recorded and in this 
sense, future explorations through remote sensing techniques can take this information into account. A 
further interesting result was that the most prominent megaliths of the study region such as the Llano 
de La Belleza dolmen and the Pasada del Abad stone ring, were the ones identified in these areas of 
confluence which additionally during the first experiment were recognized as main corridors of 
natural transit. This reinforced the idea that monuments and places of symbolic and social significance 
might have acted as landscape markers. The association between monuments and corridors is further 
sustained when explored through spatial and statistical methods and the theoretical aspects of the 
possible reasons for this were explored in Chapter 2, articulating two different theories that could 
explain this association. In this manner, Experiments 3 and 4 were designed to test the theories 
developed investigating whether megalithic monuments acted as landscape markers, and in the case of 
Experiment no. 3, more specifically as waypoints in terrestrial navigation. 

The simplest concept behind this idea has been that megaliths could have served as waypoints due to 
their shape and monumentality, but also because of their locations in prominent and accessible places 
within the landscape. In order to explore this theory we focused our attention on the most influential 
variable in terrestrial navigation: visibility. Because vision is the factor that makes it possible to 
identify markers or waypoints while travelling allowing us to take decisions regarding the direction to 
take, different aspects of the visual structuration of the megalithic landscape were analysed through 
GIS methods and statistical tests. Three specific characteristics that are thought as essential for 
waypoints to accomplish their role were tested. Firstly, it was established that to act like waypoints 
the megaliths should be more visible from the corridors than any other parts of the landscape, 
secondly, that the dominant direction in the fields of view are orientated towards the corridors and 
thirdly, that their location is within a distance range that makes them likely to be points of interaction 
with the traveller. For that, several analyses were carried out. Binary and cumulative viewsheds were 
created and directional viewsheds were also implemented. The idea behind these analyses was to test 
if the predominant directions in the fields of view of monuments and natural corridors coincided, 
indicating the intention to locate them in places that were visible from pathways and therefore 
fulfilling the role of waypoints in the landscape. A variation of Higuchi viewshed analysis was also 
developed exploring three different visual ranges from symbolic and funerary sites. This was aimed at 
exploring their association with the corridors and whether the monuments formed part of the 
experience of a person while travelling. 

In order to explore the visibility patterns the study area was divided into six regions and the statistical 
test exploring whether the megaliths were randomly distributed with respect their visibility from 
natural corridors was negative in the cases of Almadén de la Plata, Castillo de las Guardas and Aroche. 
Making a second statistical test using random points in the landscape, it was concluded that although 
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in the case of Aracena, Zalamea la Real and Santa Bárbara de Casa the null hypothesis was not 
rejected, on average megalithic monuments were more visible from the natural corridors than the 
random points in all cases, and the transects from which the megaliths could be visible were always 
longer than those from which the random points were. It was also concluded that in order to act as 
terrestrial guidance, it would be expected that the megaliths would have acted as a relatively regular 
system, becoming visible along the routes often enough to serve as waypoints. To test this, the visual 
exposure to monuments from corridors was also measured. 

The results from the Directional viewshed established that in five of the six groups, the predominant 
direction of view of more than 80% of the monuments was coincident with a natural corridor, pointing 
to the idea that during the Late Neolithic and Copper Age these monuments were built in locations 
that seemed significant with a preferred view oriented towards the corridors. In the case of the visual 
ranges it was observed that corridors in all groups tended to be related to middle range distances from 
the megaliths, indicating visual proximity and therefore, that they could be used as waypoints. 
Although the general characteristics observed indicated that the monuments were effectively 
landscape markers, after the analysis of each individual group it was concluded that they were not 
built with an exclusive focus on terrestrial navigation.  This was suggested by the fact that there was 
no single corridor where monuments might have formed part of a complete visual system in terms of 
continuous visibility. Although this conclusion has to be explored further due to all the considerations 
to which it could be subject (such as the lack of exact chronological order of the construction of these 
monuments), what is certain is that the monuments marked the vistas for people travelling along 
natural corridors. This was suggested by the constant coincidence between the dominant directions of 
view from the monuments and the pathways, and the proximity in terms of visual ranges between both 
elements. This link was interpreted as a product of the possible symbolic importance of these 
megaliths, concluding that this visual connection lays in the significance of these monuments within 
the pastoral orbits. 

Because the empirical evidence explored pointed to the idea that these communities had mainly a 
herding mode of subsistence, in Chapter 4 we developed a theoretical model depicting the way places 
of symbolic and social importance might have played a role in the pastoral orbits. As said, the patterns 
of mobile pastoralist societies are very particular, and therefore, it is thought that we can be able to 
recognise them and their materiality associated on a landscape scale through spatial analysis. Pursuant 
to this, Experiment no. 4 was developed in order to test the hypothesis of whether the megaliths 
played a role in these practices, and if the patterns that we could observe in general corresponded to a 
mobile pastoral dynamic.  

The settlement patterns of these societies were explored looking for evidence of herding practices, 
modelling their possible movement using important economic variables in the practice of short 
distance transhumance. The possible association between prehistoric symbolic sites and their role in 
territorial definition was also analysed.   

The results from this experiment showed that Late Neolithic and Copper Age settlement patterns are 
consistent with cycles in herding seasonality. While some settlements were located on the valleys, 
some others were located on the mountains possibly depicting summer and winter stations 
accordingly. This was suggested not only by the temporary character that many of the settlements 
seem to have, but also because in areas such as Aracena, the settlements during this period were 
located in the mountains despite the fact that along the Rivera de Huelva River there were areas 
relatively suitable for small-scale agriculture and pasturage. This demonstrates a preference for sites 
located in the mountains within woodlands and dehesas. In this case, it was also observed that when 
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settlements are clustered, there seems to be a pattern of regular distance between them in terms of 
time travelled. This could be interpreted as a reflection in the composition of space delimitation for 
these societies whereby herders might have looked to allow enough field of action for the animals and 
the exploitation of the resources near the settlements for each family. Related to this, were also the 
results from the flow path analysis which established an outstanding spatial relationship with the 
megalithic monuments. As seen in Chapter 6, this analysis depicted the best pathways in terms of 
optimal availability of the combination between pastures, water and energetic expenditure, showing 
us routes highly likely to be chosen by mobile herders. Making a comparison of the association 
between the natural corridors and monuments calculated in Experiment no. 1, and the flowpaths and 
monuments calculated in this experiment, it was established that there is a more solid relationship in 
the last case. This demonstrated how much monuments are actually related to both, herding resources 
and accessibility, and therefore that they played an important role in pastoral practices probably as 
stations within the herding orbits. 

In the case of the EBA, it was established that fewer settlements were located in lower altitudes and 
also that settlements with a more permanent character started to emerge. The settlements were more 
dispersed in comparison to the previous period. However, there seems to be also a pattern of regular 
distances where the settlements considered as near, are at least one hour’s walking distance away 
from each other. This indicates that having settlements with a more permanent character, communities 
probably looked for suitable strategies allowing considerable distance between them. Although the 
consolidation of fully permanent settlements in western Sierra Morena (like El Trastejón and La 
Papúa) is evident in this period, it was also observed that in many other regions (like in the Múrtigas 
and the Chanza rivers) this change did not occur at the same time, where many seasonal settlements 
and camps still seem to be in place.     

The examination of the relationship between funerary sites and the flowpaths calculated in this 
experiment indicated that their symbolic importance within the herding orbits continued. As in the 
case of the megaliths, a comparison of the results of the first experiment and this one, showed an 
extraordinary connection between the funerary monuments and the calculated herding paths, where 
more than 50% of the sites were located within a distance range of up to 500m from them. Although 
in the Bronze Age there is an obvious shift in the social and symbolic conception of death depicted in 
the de-monumentalization of funerary structures and the raising importance of individuality, this 
demonstrates a continuation in the relevance of these places in herding social strategies. 

Towards the LBA, the trend towards the location of settlements in higher altitudes seems to be 
reinforced, and many of the settlements founded in the previous period continued to be occupied. In 
areas like the Rivera de Huelva or Múrtigas rivers, there was still diversity on the settlements where 
more permanent settlements were present while others seemed to be still seasonal. In other areas like 
the Chanza River, the distance between settlements seems to become greater and they tend to be 
located at least one hour’s walking distance from each other. Although this can be interpreted as a 
function of great use of the surroundings, and therefore an intentionality of avoid settling too near to 
each other, many of these sites seem to be related to metallurgic practices and indeed the pathflow 
analysis showed that many of the main sites for instance of the Rivera de Huelva, may have been 
connected to other settlements in the Múrtigas river. The fact that these sites are located along these 
routes suggests at least their role as possible neuralgic points in the routes followed by the herders 
during this time. In the case of funerary monuments, the material expression of the funerary practices 
for this period is very low and we only encountered a few examples of these sites recorded so far. 
Therefore, no statistical analysis was carried out in this case, although visually, they also seem to 
exhibit a spatially close relationship to the flowpaths calculated.  
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7.4 TRAVELLING THROUGH PREHISTORIC LANDSCAPES: THE DYNAMICS OF 

MOVEMENT IN WESTERN SIERRA MORENA  
 
Putting together the results obtained from all experiments is possible to conclude that late prehistoric 
groups in western Sierra Morena were societies that practiced a mobile mode of subsistence with a 
probable emphasis on short distance transhumance. Although more research is needed in order to 
clarify if many of the recorded settlements were seasonal or permanent allowing us to have a more 
accurate idea of the specific dynamics of movement of these societies, during the Neolithic mobility 
probably played a fundamental role among these communities. The change in settlement patterns 
observed at the end of the Copper Age and later on towards the Early Bronze Age, corresponds in 
great part to shifts in the mobility practices of these groups. 

During the Copper Age, there seems to be a large variability in the settlement pattern whereby people 
established what have been interpreted as possible family units, small settlements of apparent seasonal 
character and other bigger settlements (i.e. Castillo de la Sarteneja and Cabezo de los Vientos). Many 
of these sites were located in soils with better agricultural potential in comparison to settlements of 
later periods. However, there was also a large percentage of sites positioned in areas of traditional 
dehesas and although a practice of mixed strategies may have taken place, due to the lack of soil 
capacity for agricultural activities, prehistoric groups in this region probably relied primarily on 
herding resources. The variation on the settlements during this period where there seems to be a 
combination of settlements in places relatively suitable for agriculture and also higher in the 
mountains, could be evidence of a seasonal practice according to which residential mobility was 
carried out by the entire group or family. This is a theory that will be clarified only with investigation 
and definition of the occupation the sites. However, the eventual change towards the Bronze Age 
where settlements with longer occupation or with a more permanent character tend to be located in the 
mountains, could be further indication of a shift towards a practice still of seasonal herding, but where 
part of the group did not practice residential mobility any more. In any case, although it is highly 
unlikely that a full dehesa system was developed in the Copper Age, it is probable that incipient 
dehesas were already taking place, while an increasing understanding in the exploitation of herding 
resources in combination with woodlands was also in action throughout western Iberia. During this 
period, the extraction of metals and the consumption of metal objects were not very intensive in this 
mountain range. This offers a huge contrast to the regions in the surroundings where metal objects are 
more common and metallurgic processes and extraction seem to have become increasingly 
widespread during this time (i.e. Cabezo Juré, Valencina de la Concepción and Amarguillo II). 
However, although the exploitation of metal resources is not eminent, the circulation of other 
materials such as stones possibly of foreign origin (like the chalcedony and the quartz objects found in 
Palacio III) was taking place, and is very likely that contacts between groups happened in the context 
of herding movements. Although there does not seem to be a systematic consumption of resources 
from other areas, there are a series of indications that materials and objects found in sites from other 
regions might come from western Sierra Morena. In this manner, during this time communities in 
western Sierra Morena possibly experienced a character more of “exporters” of goods and materials 
rather than as consumers. This may have been the case of variscite, but more research is needed to 
clarify this aspect. Nevertheless, the social dynamics in western Sierra Morena during this period, 
seem to have had their own pace and development. In comparison to other areas, the mobility of 
resources during this period seems to have been mainly a local character. In terms of their symbolic 
and social spaces, the construction of the megalithic monuments in this region was deeply related to 
pathways where the most important resources for herders were available, demonstrating the huge 
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importance of movement for these societies. The connection between monuments and herding routes 
was probably given by the seasonal movements carried out and the possible role of the ancestors in 
the delimitation of space within these communities. While it has not always been possible to relate the 
megalithic monuments to  specific settlements, they are associated in practically all cases to pathways, 
and this reveals that mobility in these communities was not only regarded as a fundamental factor in 
their life, but also that monuments were probably used as landscape markers, as people travelling 
within the region were likely to experience some engagement with them at least visually, and they 
probably acted as landmarks defining the use of space.  

We previously stated that, the change observed in the settlement patterns and the archaeological 
evidence towards the EBA seems to suggest that dealing probably with a better knowledge of the 
dehesa system and an increasing importance in the circulation of metal resources, groups in Sierra 
Morena experienced a shift in the way they practiced their herding economy. During this change, 
population apparently concentrated as testified by the decrease in the number of settlements and the 
increase in their size. Although some of the settlements were still located in sites where some 
agriculture was possible, during this period these communities seem to have preferred woodlands and 
places of herding potential. The establishment of more permanent settlements might be related to a 
shift in mobility practices where part of the group or family stayed all year around while other part 
continued practicing short distance transhumance as before. The preference of these groups to settle in 
places higher on the mountains and in some cases in what seem to be now permanent locations could 
be related to this shift, where other small settlements recorded for this period might correspond to the 
herding seasonal camps. The growing importance of metal resources might have played also a 
significant role in this shift where it is possible that part of the population of the settlements was able 
then to look for these resources and exploit them. Although is not known yet if this change takes place 
at the same time all over Sierra Morena, there seems to be some possible conflicts arising as 
settlements with defensive structures appear towards this period. This could be related to the presence 
of different economic practices in the region, where if some groups continued to practice movement 
by group or family and others became partially sedentary, the use of resources and space might have 
also turned more competitive. In the case of important sites around this period that would become 
occupied over long periods of time like La Papúa II and El Trastejón, the levels of anthropization are 
still low. However, dynamics of exchange and long-distance movement are already taking place. As 
said, metallurgy not only becomes more relevant but also more settlements are involved in the 
production of metals. Although this is true, it needs to be highlighted that the degree of this activity is 
still very low. The majority of the metal objects seem to be prestige goods as they have been found in 
funerary contexts as grave goods (i.e. El Trastejón, La Papúa, Puerto Moral and San Sixto between 
others). In any case, metallurgic processes seem to be not specialised and as in the previous period, 
these groups were apparently more occasional extractors of minerals and maybe producers of objects 
on a rather small scale than actual consumers. Although only future research will clarify if the metal 
objects produced in this mountain range constantly reached other sites of the Iberian Peninsula, 
towards this period contacts with farther groups are already evident. Objects made of foreign 
materials are found such as the turquoise beads of El Becerrero, the coral bead discovered in La 
Traviesa, the silver objects of La Papúa, or the pieces of malachite of El Trastejón.  

Changes in ideology are also reflected in the material record in both portable and fixed materiality and 
the importance of individuality and the acquisition of power and status starts to be reflected in the 
construction of individual burials and differences in grave goods. The relationship between herding 
practices and symbolic sites seems to persist as the location of burials is still in great association with 
possible herding pathways. However, during this period the process of de-monumentalization of 
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burials is also manifest and their possible role in the definition of space probably changed, leaving 
now that character almost certainly to the actual settlements.  

Towards the Late Bronze Age the location of settlements in areas without agricultural potential 
becomes accentuated. However, there is still diversity on the settlements. Some of them are large and 
permanent, others seems to have seasonal character while settlements in caves are also common. The 
larger settlements are located higher in the mountains and in places that seem to be of strategic 
significance. As explained in Chapter 4, this has been originally interpreted as a desire from these 
communities to settle in sites with visual control and better protection. However, we think that the 
patterns observed in this period are related to a combination of factors whereby the practice of short 
distance transhumance played an important part along with other resource exploitation. An improved 
knowledge of the dehesa system might have also allowed the practice of a more mixed economy with 
the practice of seasonal agriculture or its exchange, along with the commerce of their own herding 
resources. It is during this period that in sites like El Trastejón and La Papúa the degradation of the 
primary forest due to anthropization and activities becomes more evident being possibly related to 
herding.  Cereal processing also took place in some of these sites as there is evidence of kerns in the 
major settlements. This has been related either to an exchange of products with other communities 
due to the impossibility of these sites to carry out agriculture on large scales (and the absence of 
cereals on the pollen record), or to the processing of other resources such as acorns. In any case, the 
continuation of networks and contacts with communities outside Sierra Morena is also evident during 
this period. This is suggested by the acquisition and possibly the exportation of luxury objects and the 
metallurgic activities, where there is more interest in the extraction of copper as testified by the 
association of more settlements with mining. The presence of metal objects and other materials from 
western Sierra Morena such as the Ría de Huelva metal deposit in other regions seems to be an 
indication of the contacts of these communities beyond their domains.  

In terms of places with social significance, although the funerary record of this period is low, there 
still seems to be certain continuation in the association between symbolic sites and herding pathways 
as the warrior stelae from Almadén de la Plata possibly show. However, as stated before, the the use 
of space is likely to be defined now by the settlements indicated by the fact that during the LBA they 
become the ones related to pathways. Although the evidence on fixed materiality regarding this period 
is not as substantial for the Copper or Early Bronze Age, it seems likely that the pastoral tradition 
continued to be the dominant mode of subsistence in this mountain range and is likely that the 
dynamics of exchange and long-distance movement were taking place along with the herding 
activities of these communities. In this manner, the pastoralists of western Sierra Morena seem to 
have constantly renegotiated the character of their economic and social practices, creating, changing 
and adapting to the new challenges and social relationships.    

 

7.5 FUTURE RESEARCH  
 

Through this research we have analysed from a theoretical and methodological perspective a series of 
questions that have been addressed in the study of Late Prehistory of the Iberian Peninsula over the 
last 20 years. The development of a theoretical framework useful in the analysis of human movement 
and its application to a possible case study has represented a difficult task. However, it has been 
demonstrated that the consideration of evidence available on a landscape scale and the construction of 
a theoretical approach conceiving a dynamic geographical and temporal frame can be successfully 
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used in the identification of strategies that are complex (like mobile pastoralism). The application of 
rigid paradigms such as the traditional agricultural-sedentary model can easily make these social and 
economic systems escape easily our perception. In the specific case of Iberia, approaches looking to 
match the archaeological evidence with categorized modes of production have overlooked the 
variability that modes of subsistence such as mobile pastoralism entails and therefore, dynamic 
adaptive strategies like these have been under-documented. It is acknowledged that site-specific 
studies are necessary in order to confirm many of the ideas proposed in this study. However, it is 
thought that the results from the experiments carried out have allowed us to propose fresh ideas and 
new explanations for the spatial patterns observed in this region. At the same time, new questions 
have arisen and they will need to be explored in the future.  

In methodological terms, the experiments carried out permitted us only to explore the very basic 
variables that influenced the movement of these societies. However, these methodological tools are 
set already to explore further factors. The creation of new models considering the presence of sites 
classified in a more precise way (like seasonal settlements or permanent settlements) can be used to 
analyse their weight in the construction of the herding path layouts. In addition, the flowpaths 
calculated can be compared in the future with the historical transhumance routes, helping us to clarify 
further the motivations, logic and factors of influence in their construction. The integration of 
paleoenvironmental information when it becomes available to the cost surface models would also 
support a further understanding of the role that the spatial location of settlements played in the 
exploitation of resources and the definition of economic strategies. Furthermore, cost models 
analysing the use of diverse transport systems can be also carried out. Comparing the models taking 
into account diverse conditions can lead us to comprehend possible changes through time in path 
layouts. Regarding the exploration of megalithic monuments as landscape markers, their visual 
properties and impact on the landscape can be advanced through the implementation of other visibility 
analyses such as fuzzy viewsheds, modelling different visual conditions such as the existence of 
atmospheric particles, illumination, the physical properties of the monuments, and the physical 
constraints of the observer. 

In the case of the modes of subsistence there is still the need to clarify the character of the variability 
observed in the location of the settlements. A specific study aiming to identify through the different 
periods whether settlements on the valleys were temporary or permanent and if they might have 
sustained entire groups or only few individuals, would help us to understand better throughout 
different periods if there are communities with different modes of subsistence, if herding mobility is 
practiced as a unique strategy, or if there are mixed strategies taking place.  

Regarding the funerary record, the experiments developed here allowed us to establish possible 
answers to the reasons why megalithic monuments seem to be spatially associated with herding routes. 
However, this relationship has been observed in many other parts of the Iberian Peninsula and the 
reasons for this must be tested in each specific case. Although megalithism was a phenomenon 
experienced across Europe, the use and significance of megalithic monuments might have had various 
connotations for different societies and these variations can be explored in diverse contexts. The 
comparison of the spatial patterns and affordances observed in mountain environments and other 
regions such as the lower Guadalquivir and the Guadiana valleys (where it is possible that an 
agricultural and sedentary mode of subsistence was already taking place), would allow us to analyse 
how mobility forged different cultural identities and how the construction and location of megalithic 
monuments seems to have been tailored according to the mobility and modes of subsistence of these 
different groups. Research pursuing an inter-regional evaluation would not only offer new 
perspectives of the social and symbolic significance of these monuments for diverse communities, but 
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it will also allow to establish with more precision the reasons behind the similarity in some of the 
spatial patterns observed across the Iberian Peninsula. Regarding the possible use of megaliths as 
landscape markers, although in this case it was determined that they were probably not used within 
terrestrial navigation, they seem to have played an important role in the use of space and probably in 
territorial definition. However, it needs to be acknowledged that only counting with the absolute 
chronology of the monuments will it be possible to investigate fully their specific role in the 
structuration of the landscape during precise periods of time.  

The possible continuation towards the Bronze Age in the relevance of symbolic sites and their 
association with communication routes and herding pathways also needs further investigation. In this 
sense, in western Sierra Morena there is the necessity to carry out a specific archaeological 
programme to create a record of graphical markers. This would allow research into their connection to 
natural routes of communication, their social and symbolic role in herding communities and the 
construction of different social identities within these mobile pastoral societies.   

Regarding the identification of prehistoric paths, it has been highly difficult in Iberia to propose a 
robust method for their study due to the lack of evidence and the difficulties implied in their research. 
However, the methodology proposed in Experiment 2 constitutes a solid method that can be applied to 
any study area. In this sense, I believe that future investigations can make use of the tools developed 
here for the identification of this type of evidence. 
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Appendix A 

 

THE HORSE AS FOOD RESOURCE DURING PREHISTORY 

 

The origins of horse domestication have generated an interesting series of debates. The main studies have 

included the examination of rock art, archaeological findings and DNA analysis (Altuna, 1972; Azzaroli, 

1985; Levine, 1999; Jansen et al, 2002; Olsen, 2003; Royo et al, 2005; Olsen et al, 2006). Looking to 

contribute to the discussion regarding the origin of horse domestication, recent studies analysing 

mitochondrial DNA of Oriental and European breeds, have concluded that several distinct horse 

populations were involved in the domestication of this animal (Jansen et al, 2002; Olsen, 2006: 81). This 

observation implies that the domestication of horses could have occurred independently in several places 

and therefore, it may be natural to find evidence with diverse chronology in different places.  

One of the first uses of the horse during prehistory was as a food resource; however, their domestication 

and additional use for riding and pulling have overshadowed their value as an alimentary source (Olsen, 

2006: 3). The initial domestication of these animals probably began with the wild species Equuus Ferus 

Ferus also known as Tarpan in the steppes of Russia and Ukraine towards 5000-4200 cal. BC. There, 

horses were not only sacrificed along with domestic cattle in human graves at sites such as Khvalynsk and 

S’yezzhe, but were also used as important meat resources in settlements such as Varfolomievka and 

Ivanovka in the Ural-Volga region (Anthony et al., 2006: 148). 

Horse remains found in several places of Central Europe such as North and South Germany, Bohemia, 

Austria and Kujawy, have led to the suggestion that wild specimens of these animals were used as a food 

resource almost concurrently with the initial domestication in the steppes  (5500-4400 cal. BC) (Benecke, 

2006:198). Towards 3500-2200 cal. BC, the evidence for the use of horses as an alimentary resource in 

these places increases considerably, and at sites such as Sundhausen and Krautheim in Germany, horses 

tend to outnumber other wild species. This has lead to the question of whether this increment is due to a 

domestication process or as a result of a numerical increment in hunting activities of the wild horse 

population, triggered by the change in the agriculture patterns noted for this time (Benecke, 2006:199-

201). Regarding this discussion, researchers have argued that in the case of sites belonging to, for instance 

the Bernburg culture, simple hunting activities could not explain the nature of the archaeological record 

due to the high number of horse remains contained in the faunal assemblages. In this case, the data could 

be taken as evidence supporting the presence of domesticated horses. However, this argument is still open 

to debate because local domestication of large and medium sized animals normally results in the 

reduction in size and increase in the variability of morphological traits, whereas this seems not to be the 

case in these examples. Observations made from the Bronze Age horses in Central and Western Europe 

have suggested that the size of the domestic breeds differed markedly, being smaller than the more 

heavily built horses observed in Eastern Europe and in wild populations of the same regions, which 

probably means that the specimens observed in previous stages were not domesticated (Benecke, 

2006:205). This observation also supports concepts of importation of domesticated horses from Eastern 
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and Southeastern Europe into Central Germany and Bavaria towards 3300-2700 cal. BC (Benecke, 

2006:203).  

In the case of the Iberian Peninsula, Morales and others (1998) compiled the zooarchaeological evidence 

available for horses from 138 settlements. Although the archaeological record seems to be small due to 

several problems that range from the lack of research in certain areas, to poor conservation of evidence 

due to geological conditions, the interpretation of the available data is highly relevant to clarify the role of 

these animals in some of the Iberian prehistoric societies. As in other parts of Europe, in Iberia there is 

still much discussion regarding the archaeological recognition of the process of domestication, and it is 

normally assumed that from the Bronze Age onwards all the evidence for horses found as food remains 

comes from domesticated animals (Liesau, 2005: 191).  

 

Fig. 19 Number of settlements with faunal evidence of horses in the Iberian Peninsula. Reproduced from 

Morales et al. (1998: Table 1) 

 

While in some Chalcolithic (3100-2200 cal. BC) sites horse remains have been usually interpreted as the 

use of wild breeds (e.g. El Zambujal, Torres Vedras; El Estrecho, Caravaca de la Cruz; Castillejos de 

Montefrío, Montefrío; Terrera Ventura, Tabernas; Cerro de la Virgen, Orce; El Padro de Jumilla, Murcia; 

Los Millares, Santa Fe de Mondújar), in others, horses are considered as in the process of being 

domesticated (e.g. Cerro de la Horca, Plasenzuela and Fuente de los Cantos) (Liesau, 2005: 191). It has 

normally been interpreted that the presence of horses on Chalcolithic sites corresponds to meat 

consumption. However, towards the Bronze Age (2200-850 cal. BC) this tradition seems to continue. 

This is suggested not only by several southern sites where horse remains surpass or equal the amount of 

veal resources (e.g. Cerro de la Encina, Granada; El Acequion, Albacete; Peñalosa, Jaėn) (Riquelme, 

1995: 23; Liesau, 2005:191), but also by others, where horses are recorded in abundance for the same 

period (e.g. Cueva de La Vaquera, Segovia; Cueva Mayor I de Atapuerca, Burgos; El Negralejo, Madrid) 

(Lucas and Rubio, 1990: 440-441). This could mean that at this stage horses are still considered a 

valuable resource of meat and humans made the most of them using their skin, horsehair, bones, etc., even 

when sacrificed at an advanced age.  

Towards the last stages of the Bronze Age and during the Early Iron Age this pattern seems to change. At 

sites such as El Soto de Medinilla, Sacaojos and Santa Ana I and II, the remains of horses as evidence of 
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human consumption are rather scarce and the vestiges found in other sites in general, are limited only to 

adult and senile specimens (Liesau, 2005: 193). This could mean that in the latest stages of Iberian 

prehistory, horses were no longer used as food resources due to a change in their role within society 

(Riquelme, 1995: 21). Maya (1992) and Liesau (2005) have argued that this change in pattern may be 

related to the use of horses as elements of prestige and riding, or with transportation purposes.  

A case of special interest is the study carried out by Aranda and Esquivel (2007) in which 57 tombs from 

9 different settlements of the Argaric culture were analysed. In their research, they examine the patterns 

of animal depositions in graves as part of food offerings, possibly performed in rituals of commensality 

during the Copper Age. These researchers observed that funeral meat offerings were common for these 

societies in which the percentage of burials with this kind of element reached up to 42% in sites such as 

Cuesta del Negro, 35.2% in Cerro de la Encina and 35.7% in Fuente de Alamo (Aranda and Esquivel, 

2007: 102-103). These offering were mainly composed of bovids and ovicaprids, and only in one case 

horses were sacrificed. The absence of this animal in the mentioned offerings is interesting due to its high 

presence in other contexts. As said before, horses seem to have played an important role at these sites as a 

food resource and their absence in a commensality ritual should be explained, questioning whether in fact 

it was only used as a food resource at this time. On the other hand, the high presence of this animal in the 

archaeological record has proven controversial. There are other researchers such as Lauk (1976) that have 

proposed that the frequent representation of this animal in the archaeological record in places such as 

Cerro de la Encina in the Bronze Age period, is not due to a continuation of the tradition of their use as a 

food resource, but rather as evidence of the pursuit of a higher social status in which individuals and 

families could increase directly in relation to the amount of horses they possessed.  

In general, the limited archaeological record available for Iberia seems to suggest that the use of horses 

during the Chalcolithic was diverse but similar to the advantage taken from other species such as cattle, 

and the examples of their use as mounts are almost nonexistent. Although this observation may be correct, 

it is important to note that it is probable the case that the benefits offered by this animal not only through 

the by-products obtained from them, but also for carrying were already noticed since the very beginning 

of the domestication process. Moreover, the creation during the Chalcolithic of phalanx idols using horse 

bones could testify to the growing ideological importance of this animal for prehistoric communities.  

According to Liesau (2005), once a more stable process of domestication took place, this species began to 

be absent from the food remains record. This absence, however, may be related to the fact that they are 

not a relevant source of food due to its relatively slow rate of birth and renovation in comparison with 

other species, but also because their function may have changed (Miguel and Morales, 1985). When 

social or emotional ties with animals are close, slaughter becomes unlikely. These social and emotional 

bounds are normally present when horses are used as mounts. In addition, the primary use of these 

animals as a food resource during the Chalcolithic does not necessarily exempt them from being used as 

possible transportation, mounting or the exploitation of other by-products such as horse-hair. However, 

more tangible evidence remains to be discovered.  
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Appendix B 
 

THE DEVELOPMENT AND EVIDENCE OF WHEELED CHARIOTS IN EUROPE 

 

The earliest evidence for the use of a wheeled vehicle in Europe comes from the Funnel Beaker Culture 

from the site of Bronoice in southern Poland. This consists of a ceramic cup with incised representations 

of four wheeled wagons, dated through Radiocarbon methods to the third millennium BC between 

2740±85 and 2570±60 (Fig.23) (Piggot, 1983: 41). 

Other examples of preserved wheels dating from the Copper Age have been found in the Ukraine and 

Denmark. However, evidence seems to be greater from the Chalcolithic of some regions such as 

Switzerland and the Netherlands. This is probably due to the fact that most of them come from wet 

contexts, in which wood and organic materials are more likely to be preserved. An example of these 

exceptional findings was the wooden wheel from Nieuw-Dordrecht in the Netherlands dating from the 

late third millennium BC, which was found near and at the same level as a wooden track-way over a bog 

(Piggot, 1983: 49). Other evidence from the late third millennium from Western Europe has been the 

representations of wheeled vehicles on decorated stelae from north Italy (e.g. Lagundo, Valtellina and 

Alto Adige) (Piggot, 1983: 53), although other authors consider these representations as much later 

depictions (Fernandez-Miranda and Olmos, 1986). 

Regarding central Europe in the Early Bronze Age, disc wheels and models of wagons are common in the 

Carpathian basin. Although these kinds of objects are rather scarce in Western Europe probably due to 

conservation conditions, in this region, representations via rock art and carvings have survived 

surprisingly well.   

Some cases of exceptional conservation are the four wheels found in Glum (Germany) dated by C14 

towards the half of the second millennium BC, the example from Mercurago (Italy) and the wheel located 

in Wasseburg (Germany) (Littauer and Crouwel, 1977; Piggot, 1983). It seems that the majority of wheels 

were made of solid wood, and before technical improvement with the invention of spoked wheels, these 

vehicles must have been significantly heavy (Fig. 24). Piggot (1992: 17) has calculated from these 

archaeological examples that each wheel contained around 1 m
3
 of oak wood, weighing around 700 kg in 

total. As expected, this kind of vehicle would not only have been difficult to manoeuvre, but also slow. 

Observations of similar carts drafted by oxen have suggested that they normally reached a speed of 1.8 to 

2.5 km per hour; this is to say that people could travel 20 or 24 km per day in good conditions (Piggot, 

1983; 1992). Interestingly, analyses taking into account written sources and archaeological data for the 

Roman period, have concluded the average speed of a chariot was approximately the same as that 

calculated by Piggot for Prehistoric times (1.6-2 km/hr) (Carreras and De Soto, 2008). Although very 

similar, it has to be considered that a slight difference in speed could have represented a significant 

improvement taking into account accumulated distances.  

In any case, the use of the type of vehicle mentioned by Piggot (heavy and drafted by animals) must have 

required fine terrain conditions in order to work efficiently. Over rougher ground such as mountainous 

terrain, Carreras and De Soto (2008) calculated that the speed of these vehicles could be reduced to 0.4 
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km/hr. The dimensions of these carts and the inherent difficulties to drive them must have required stable, 

dry terrain and probably also considerable space to manoeuvre them. Subsequently, the development of 

tracks or the conditioning of the terrain adequate in order to take advantage of this technology, must have 

taken place at the same time. Evidence of the swivelling front axle that enables four-wheel carts to turn 

corners is non-existent for early periods and so far it seems not to appear until the early Iron Age 

(Clutton-Brock, 1992:69). As said, this would have required good ground conditions and although the 

development of roads during prehistoric times will be examined in a later section, it can be said in 

advance that there are early examples of paths dating to Neolithic and Chalcolithic times. Clear examples 

of paving and wheel tracks can also be identified for the Bronze Age, such as those found in Cham-

Oberwil (Switzerland) in which the pavement consisted of heat-treated stones and potsherds in which the 

wheel-ruts were visible (Harding, 2000: 167). 

Towards the second millennium BC lighter wooden wheels were developed. Examples of these are 

spoked and cross-bar wheels which considerably reduced the weight without jeopardizing the strength. 

This improvement along with the development of lighter chariots allowed for travelling lighter and faster. 

The development of light chariots has normally been associated with its use in battles by the great states 

of the Bronze Age such as Babylon, Egypt and Mycenae (Quesada, 2005: 22). However, the spoked 

wheel must have also represented a great advantage for other vehicles, as the weight is considerably 

reduced. Unfortunately, evidence of this (e.g. scenes on ceramics) is normally related to the ideological 

and political discourse of these cultures. Accordingly, while the most represented aspects of the chariots 

are symbolic and war related, representations depicting the most common uses of it are actually rare.   

The earliest example of light chariots comes from the Shaft Graves of Mycenae, while early examples of 

spoked wheels (1900 BC) can be found in the Volga-Ural region of the Russian steppes and eastern 

Anatolia in Turkey (Clutton-Brock, 1992:69). Spoked wheel vehicles are also represented in Italian rock 

art, as is exemplified in the Camonica Valley and in Frännarp in Scania which possibly dates from the 

Late Bronze Age (Harding, 2000: 168). Models of spoked wheels and ritual carts from Central European 

Early Bronze Age sites (e.g. Vel’ké Raškovce, Slovakia; Dupljaja, Banat) are normally addressed as 

evidence of the presence of light vehicles (Harding, 2000:167).  
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Appendix C 
 

OTHER ARCHAEOLOGICAL ELEMENTS AS LANDSCAPE MARKERS 

 

C.1 Rock art and engravings 

 

The complexity of the landscape dimensions of archaeological elements such as rock art, engravings 

or stelae deserves research in its own right. Because of this, it is not our intention to discuss them 

extensively. However, their possible use as landscape markers has been considered by several 

researchers and therefore, they will be examined when possible, even if briefly.  

Unsurprisingly, in Iberia, the theory of territories defined by markers has not been applied exclusively 

to megalithic monuments but also to other archaeological elements (Bueno, 1987; Bueno et al, 1999; 

Cruz, 2004; Fairén, 2004a; 2004b; Bueno et al, 2005; 2008). Some recent research has suggested that 

the repetitive character of some of the artistic elements depicted in the Palaeolithic and Epipaleolithic 

rock art could be interpreted as identifiers of certain groups or territories (Menéndez, 2003, 197). It 

has also been suggested that Levantine and Schematic rock art in Iberia could have been the product 

of territorial conflicts between groups with an Epipaleolithic affiliation versus Neolithic communities. 

According to Llavori (1988-89) and Utrilla and Martinez (2006), the increase of farming societies 

practiced slash and burn agriculture that devastated hunter-gatherer resources, leading to the necessity 

of both communities to “mark” their territories. According to this theory, schematic rock art may have 

emerged as a product of the Neolithic farming communities while the Levantine art would correspond 

to Epipaleolithic groups that marked the best hunting places and other related resources. Although this 

hypothesis enjoys a long-established credit, it seems that the dynamics involved were probably more 

complex than previously thought.  

Traditional research regarding this topic has considered Palaeolithic communities were already 

making use of paintings or engravings as graphical markers. This discussion has been extended to 

examine the possible use of rock art by Neolithic and Chalcolithic communities with specific 

communication purposes. For the latest stages of prehistory (LBA) other archaeological elements, 

such as warrior stelae, have also been analysed suggesting that they may have had the same function. 

These ideas are interesting because, related to diverse stages of prehistory, they point towards a 

possible continuation in the ideological conceptions of memory and territoriality reflected in 

landscape markers (Balbín and Bueno, 2003). 

Regarding this, it has been argued that that the continued use of rock art and certain places through 

prehistory, and particularly during the third millennium BC, may be clear evidence of this endurance 

(Bueno et al, 2008: 6). In addition, it has also been discussed how an integration of diverse 

manifestations such as paintings, megalithic art and engravings may have been related to territorial 

demarcation throughout the Peninsula.  

Although it has usually been believed that graphical elements such as engravings and paintings were 

mutually exclusive and it has been sustained that they were not contemporary or that they did not 

belong to the same groups, some studies have proved otherwise. Bueno and others (2008: 9-10) have 

proposed a model of integration of engravings and paintings in the Tajo River basin, demonstrating 



 
280 APPENDIX C 

that both techniques were being used in funerary contexts as early as the 5
th
 millennium BC. They 

have also observed that Palaeolithic and post-Palaeolithic engravings near this river seem to form part 

of a graphical continuum of places used once and again over time (Bueno et al, 2008:13).  

This uninterrupted use of the same sites for rock art through time has also been observed in the basins 

of the Duero and the Guadiana Rivers. This observation has served as evidence to support the idea of 

the existence of “traditional territories” and their maintenance over generations that in addition, seem 

to be connected as suggested by their spatial distribution, to paintings, engravings, standing stones and 

megalithic monuments (Bueno et al, 2008:14).  

As said before, it has also been observed that some of the engravings, rock art and megaliths coexisted 

in the prehistoric landscape. Consequently, they could constitute an ensemble of complementary 

symbols, which might be used to convey a message of belonging, property or territoriality. 

This also seems to be supported by the model proposed by Bueno and Balbín (2003; Balbín and 

Bueno, 2003) for southwestern Iberia. Based on an extensive analysis of megalithic art focused on 

themes, techniques and associations, these authors show how schematic art (located outdoors) and 

megalithic art (inside dolmens) were complementary and constituted part of the same cosmovision 

during the Copper Age. They also propose that these elements formed part of a “megalithic style” that 

reflected the possible duration of some of the ideological aspects of these societies since earlier 

stages, although they do not discard possible changes in the meanings of the depictions (Balbín and 

Bueno, 2003: 424). Moreover, they reinforce the idea of the strategic location of the monuments and 

graphic markers, discussing how paintings (e.g. the rock art set of Magacela) and megalithic 

monuments (e.g. Azután) are located in principal transit zones along the Guadiana River, that in 

addition, were used for herding activities since Medieval times as testified by the transhumance routes 

associated with them (Balbín and Bueno, 2003: 428). 

According to this evidence, it becomes patent that graphical markers probably constituted, along with 

megalithic monuments, an important part in the delimitation of real and symbolic spaces recognizable 

to the people that lived in them. In this sense, the formulation of diverse hypotheses aiming to identify 

if these archaeological elements could act as markers in the landscape may give us information 

regarding differences between regions, ethnicities and identity (Bueno and Balbín, 2003: 292). In 

addition, although they have never been studied as a continuous phenomenon, it would be of great 

interest to test if there is in fact any kind of preservation or endurance in the reference systems of 

prehistoric societies. It should also be taken into account that the intrinsic characteristics of markers 

make them a profound spatial phenomenon and therefore, a first approach investigating them from a 

spatial perspective at a landscape scale will be necessary. As suggested by Bueno and Balbín (2003), 

survey or analysis dealing with megalithic monuments or graphical markers in general, should 

consider the connection between them whenever possible.  

 

C.2 Warrior Stelae 

 

In addition to the already mentioned, other (and later) archaeological elements have been also related 

to territoriality. The warrior stelae from the Late Bronze Age/Early Iron age have been addressed as 

possible markers in the landscape, and an interesting discussion has developed in recent years 

concerning their spatial locations that go beyond the more traditional topic of their iconography. 
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The stelae have been classified dividing them into two categories: those with artefacts that can be 

military or not (e.g. swords, shields, mirrors, chariots, fibulae, musical instruments, etc.), and those 

with anthropomorphic figures. 

In reality, it is not surprising that the warrior stelae from the LBA were possibly used as landscape 

markers. As discussed above in respect to other graphical markers, Bueno et al (2005) and more 

recently García (2010) have emphasised how their tradition may come from more ancient local 

practices that may involved rock and megalithic art. It is well known that between the end of the 5
th
 

and 3
rd

 millennia, it was common to portray the notion of anthropomorphic figures with attributes of 

power on some artefacts and monuments as on warrior stelae (Garcia, 2010: 4). The spatial 

association of warrior stelae with megalithic monuments and the presence of the same motifs in 

shelters with rock art, constitute evidence of the ideological tradition and possible continuity in the 

use of certain places, practices and memory of the communities during all Late Prehistory (Garcia, 

2010: 4).  

In any case, it is interesting to observe how the idea of territoriality has been used to explain 

potentially different archaeological phenomena that range within a wide chronology, such as rock art, 

engravings, megalithic monuments and warrior stelae. However, from our point of view this 

“coincidence” actually denotes the existence of cultural continuity, not only in the use of certain 

spaces, but also of memory and tradition. In this sense, as diverse researchers have already pointed out 

(Balbín and Bueno, 2003; García, 2010), it is necessary to pay attention not only to the iconography 

of these stelae, but also to analyse their context, carrying out spatial analyses in order to clarify their 

possible relationships, uses and roles in a local but wider spatial context. According to García (2010) 

the characteristics of stelae of Almadén de la Plata closely match the pattern defined by Ruíz-Gálvez 

and Galán (1991). This makes these stelae important available evidence for understanding their 

possible role as landscape markers and consequently for the study of movement. However, further 

research and spatial analyses are needed in order to clarify their relationship with other landscape 

elements such as the mentioned transhumance routes, or their location in a geographic transitional 

area.  

Finally, the role of the warrior stelae as markers in the landscape will be clarified not only through the 

exploration of their patterns, allocations and possible relationships with the landscape, but also 

considering their possible role as elements of continuation, taking into account their iconography and 

other potential markers (such as megalithic monuments, rock art and engravings).  
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Appendix D 
 

HISTORICAL ANALYSIS OF THE ROADS OF WESTERN SIERRA MORENA 

 

As said before, the quick advance that Roman armies carried out in Sierra Morena was only possible 

because of the pastoral routes previously existent. This is stated by Livy, describing how at their 

arrival, the Romans make contact with the Bargusios who lead them to the territory of the Volcianos, 

serving them as guidance (Alfaro, 2001: 223). 

After the conquest, there were many maps specifying the general routes of the empire. They were 

named Itineraria Picta and they were used mainly for administrative purposes but they were also used 

by travellers (Corzo and Toscano, 1992: 61). From all this little has survived and only a medieval 

copy called The Castorius Map or Tabula Peutingeriana has been preserved in the Österreichische 

Nationalbibliothek in Vienna (Stuart, 1999). Accounts of specific regions were also created, although 

the majority has been lost as well. Other sources such as the Ravenna Anonime (a medieval copy 

possibly of one original from the itinerary maps) or the Vicarello goblets can be mentioned. However, 

for this period there are two main sources related to the roads of western Sierra Morena. The first one 

is constituted by the descriptions left by Pliny, Ptolemy and Strabo, while the second one is the 

Antonine Itinerary that was apparently conceived to identify routes and settlements probably to collect 

taxes, describing distances and manors. Although other sources such as the Ravenna Anonime 

mention some of the routes contained in this itinerary, for the study of roads normally the former is 

used as a complement of the later, as this one is considered an earlier version. In addition, although 

the itinerary has been crucial to identify archaeologically settlements and segments of roads that did 

not survived, it only focuses in what can be thought as the via publicae or state roads. In this sense, 

the account of other paths and ways only survive in the stories left by the mentioned Roman 

historians. 

From the Antonine Itinerary, the principal route described within our study area is precisely the 

already mentioned Silver Road or Route XXII that in those times the main trail, traversed from 

Hispalis (Seville) to Emerita (Mérida). This itinerary is today mostly coincident with the national 

motorway 630 and follows the points between the existing towns of Santiponce, El Ronquillo, Real de 

la Jara, Monesterio, Fuente de Cantos, Villafranca de los Barros and then towards Merida (Corzo and 

Toscano, 1992: 53-54). 

This route was the main via publicae in the region, but other official routes were also derived from it. 

This is the case of two alternative routes followed to get from the southern territories to Emerita 

(Mérida). Although these were not described in the itineraries, the first one (explained next) was 

derived from a miliarius located in Encinasola (Berrocal-Rangel, 2001: 68). In this case, one of the 

roads departed from Onuba (Huelva) through Ad Rubras (Tharsis), while the other seemed to come 

from Pax Lulia (Beja), going through Serpa. Both routes would join in Arucci (Aroche) to follow 

afterwards the traditional Silver Route. Many other roman paths of more local character existed along 

these regions. However, it is important to say that the Silver Route and the derived from it like the 

alternative Route XXIII described above as a southern variant to the former, shows a continued use 

and the wish for determined control of resources in Roman times. However, it is interesting to note 

that along the course of the Silver Road, there are a series of productive areas in terms of pasturage 

and mineral resources, that although were certainly exploited during this time, also had metallurgic 
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activity since prehistoric times as seem to be the case of settlements such as La Martela (Segura de 

León), Los Castillejos (Fuente de Cantos), La Traviesa (Zufre) and Santa Marta II (Santa Olalla del 

Cala).  

 

 

Fig. 27 The Roman roads of western Andalucia (Reproduced from Junta de Andalucia, 2009: 156) 

 

Relatively near to the Silver Route, there is another path known as Camino de la Plata. This road was 

the oriental route towards Extremadura going from Cantillana towards Castilblanco de los Arroyos 

and then to Almadén de la Plata which was the point of entrance to Andalucía from the Middle Age 

onwards. As the same as the Silver Route, the name of Almadén de la Plata has an Arab root, meaning 

“Almadin” for mines and “Balata” for slabs or bricks, that was applied to all paved roads in this 

language. From Almadén de la Plata the road finally headed towards Real de la Jara (Corzo and 

Toscano, 1992: 174). During the times of Hadrian this route seemed to be widely used and of great 

importance because all necessary bridges were constructed and several miliarums were placed along it 

(Corzo and Toscano, 1992: 177). In addition, it seems that it was in Cantillana were the journey 

towards Mérida might began. In this settlement, some archaeological remains have been interpreted as 

the port that was possibly used to cross from one side from the Guadalquivir to the other. Coming 

from Italica by river this would be the stop to take the route towards the north.  

It is already known that Roman roads followed particular layouts according to territorial 

configurations and diverse economic and political interests. In this respect, scholars like Corzo and 

Toscano (1992: 177) have argued that the structure observed in the configuration of paths that goes 

from Seville to Extremadura (mainly in a perpendicular axis), was determined taking into account the 

centuriation from Italica. However, as said before, it is probable that the Silver Route was traced 

during earlier times. In any case, it is important to bear in mind that is highly probable that the routes 

followed and paths built during the Romanization of Iberia, were laid out from earlier indigenous 

paths which possibly had a pastoral origin (Alfaro, 2001: 218).  

During the Visigoth Empire towards 415 AD, transhumance activity was already quite regulated. 

They did not only controlled the access of herds belonging to the crown, but also protected the 
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transhumance routes considering a serious offence to block, build or farm in their surroundings and 

allowing the herds to pasture in the adjacent fields (Domínguez, 2008 :27). 

Later on, during the Muslim conquest the Roman roads would be essential, allowing them to travel 

relatively fast and to unify the conquered territories. Although it has been argued by several authors 

that during their reign, the Arabs did not make significant changes to the communication network 

following mainly the Roman layout (Leví-Provençal, 1967: 180), it can be said that at the very 

beginning of the conquest they maintained some of the former itineraries giving preference to the ones 

following a north-south axis. This was probably due to the given political structure of their geography 

after the conquest, having as neuralgic points Cordoba and Toledo. During this period many other 

roads were abandoned and this contributed to their degradation, while the favoured routes, where the 

ones around these two cities and the ones connecting them (MOPTMA, 1993:35). In reality, in the 

centuries after the conquest with the consolidation of the caliphate, the Muslims certainly continued 

using the Roman roads, but they also modified them according to their political, social and 

economical necessities, developing new ones which would be regarded as the most important routes 

towards the 10
th
 century, joining the main urban cores of the time like Toledo, Zaragoza, Mérida, 

Sevilla, Almería, etc., (Mizal, 1989: 23).  

There were many Muslim geographers (such as Ibn-Hayyān, Ibn Hawqal, Al Bakrī and Al Rāzī) that 

wrote along the years of occupation about the routes and paths followed in all Al-Andalus, accounting 

not only the distances between towns, but also giving detailed descriptions and ethnographies of the 

mentioned sites (Castillo, 2001: 52-53). However, the most studied and renowned author was 

certainly Al-Idrisi who towards the 12
th
 century, wrote one of the most complete geographic 

descriptions of his time named Kitab Nuzhat al-Mushtaq fi Ikhtiraq al-Afaq or “The Delight of One 

Who Wishes to Traverse the Regions of the World” (Carney, 1977: 19; Mizal, 1989: 28). However, 

regarding western Sierra Morena descriptions of the main roads from Muslim times focus their 

attention in the traditional route already followed by the Romans from Seville to Badajoz, this is to 

say the Silver Route, and descriptions of the local paths are rare or basically inexistent.  

 

Fig. 28 Al-Idrisi itineraries (Reproduced from Junta de Andalucia, 2009: 158) 
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In the north of Iberia with the unification of the kingdoms of Aragón, Castilla and León, new roads 

were developed facilitating the communication between these kingdoms and other areas at the time 

they were recapturing them from the Muslim power (Castillo, 2001:66). The defined frontier with 

Muslim territory made Castile a great economic power, allowing them to develop a wide transhumant 

infrastructure that with the foundation of the already mentioned Honorable Consejo de la Mesta, 

acquired great authority and influence in the configuration not only of the territory, but also of the 

road network. The central and northern part of Iberia would testify during that period a growth in their 

transhumance routes reaching around 3,000 km just within the areas of Leon, Segovia, Soria and 

Cuenca (Menéndez, 1951; Uriol, 1990-1992). The emergence of new routes and the abandonment of 

others were common during this and the next centuries. However, the so called Cañadas Reales 

remained mainly the same over centuries, even the measurements and classification have also 

remained the same in the majority of cases (Castillo, 2001: 64).  

The recovery of territory by the Christians continued and towards the 13
th
 century, Castile finally 

reached Sierra Morena conquering the Guadalquivir Valley. The main axis of the routes followed in 

the area was along this river, connecting with the paths already established in a north-south axis 

making use of the natural entrances to Sierra Morena. This road network became of great importance 

not only because they connected main urban cores like Úbeda, Jaén, Segura de la Sierra, etc., but also 

because they would become the main routes for the soldiers going to reinforce the armies located in 

the frontiers with the Granada Kingdom (Castillo, 2001: 74). During and after the reconquest, other 

sources describing property transactions make reference to the pathways and lands belonging to 

military orders. In addition, chronicles describing military campaigns, journeys made by the kings and 

others also offer information regarding the routes followed (Menéndez, 1955).  

With the consolidation of the Christian dominion and the power accumulated by the association of the 

Mesta towards the 15
th
 century, transhumance activities and the roads followed would be reflected not 

only in popular culture like songs and poems, but also in compilations specifically made in order to 

record the road infrastructure, offering great detail regarding distances, bridges, settlements and fords.  

Some of the most relevant were the written by Pedro Juan de Villuga in 1546, called Repertorios de 

Caminos and the one made towards 1576 by Alonso de Meneses (Menéses, 1976-Repertorio de 

Caminos; Castillo, 2001: 54)
1
.   

 

                                                 
1
 Regarding their physical characteristics, the transhumance routes would be divided by importance where the 

Cañadas Reales were the principal roads with a width of approximately 75.22 m (90 varas). Other secondary 

and minor paths called Cordeles and Veredas supported the network having 37.71 m (45 varas) the first and 

20.89 m (25 varas) the second (Castillo, 2001: 64).  
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Fig. 29 Roads in the 16
th

 century (Reproduced from Junta de Andalucia, 2009: 160) 

 

In the specific case of Sierra de Huelva, herding activities benefited to certain extent of good fortune 

and reputation practically at the same level that other regions such as Castile had. Despite this, the 

activity was always surrounded by conflicts. The territories from our study area were mainly pastoral 

and belonged to Seville jurisdiction. However, during medieval times, regulations were normally 

oriented to protect the rich and agricultural zones along the Guadalquivir Valley. There were a series 

of agreements established in order to avoid conflicts between owners or agricultural land and owners 

of cattle. These agreements for instance even include the authorization for herders to get into 

cultivable lands after the harvests to benefit from the remaining stubble (Carmona, 1992:14). 

However, this difficult relationship was not always easy as testified by the innumerable legal cases 

sustained against herders on the time. These conflicts were not only generated between pastoralists 

and farmers, but also between the same herders due to the competition for the access to communal 

places of pasturage (dehesas boyales) (Carmona, 1992:77). 

The movement of cattle was mainly local as they practiced what was called ganaderia estante 

(Carmona, 1992: 65). This terms refers to the fact that the cattle would normally be maintained within 

the jurisdiction they belonged. Within this territory they would be allowed rights of way to access 

pasturage, but always protecting the agricultural lands. In this sense, the movement of cattle within 

western Sierra Morena was in general of local character (within the jurisdiction of Sevillian territory). 

However, transhumant cattle were also driven to the kingdom of Seville and specifically into western 

Sierra Morena from the northern kingdoms (Carmona, 1992: 79). This was allowed for several 

reasons. Northern herds would reach the Guadalquivir Valley though the Cañada Real de Soriana 

Oriental though Cordoba and they would go back though the transhumance routes of Sierra de 

Huelva. This was not only convenient for the powerful military orders that had their herds in northern 

areas such as Ciudad Real, but also for the Seville kingdom due to the benefits derived from the 

commerce that they established with the herders and people that followed these routes (Domínguez, 

2008 :23). The transhumance routes of western Sierra Morena remained deeply important for these 

reasons during several centuries. The crown would even try to protect the transhumance routes from 

the farmers that use to reduce the size of the routes planting vines, but many times these efforts were 
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unfruitful as many of them were still occupied by the farmers (Carmona, 1992: 80). This is pointed 

out by the records of conflicts in the areas of Frenegal, Cortegana and Cumbrea Mayores between 

farmers and northern pastoralists, who towards 1410 asked to the council of Seville to build or to 

designate more cañadas in this area (Carmona, 1992: 79). The importance given by the crown to the 

transhumance routes is depicted in the guides written by Villuga, Cotogno, Miselli and others (Jurado, 

1988: 26). 

The Silver Route in this case remained as the most relevant road of the occident connecting southern 

territories and the Central Plateau. Its significance was not only as a transhumance route, but also as 

an important transit way as testified by the resources from America transported through it and the 

journeys carried out during the 16
th
 century by the kings Fernando El Católico (1508-9) and Carlos V 

(1526) (Jurado, 1988: 26). Towards the beginning of the 18
th
 century this was the route used by all 

transports to carry salt, wheat, oil, wool and other secondary products from Andalucía to Caceres and 

the other way around. In any case, the routes of western Sierra Morena remained of high importance 

until Carlos the III (also during the 18
th
 century), who decided to focus the transit between the Central 

Plateau and Andalucía through the passageway of Despeñaperros in Jaén, repopulating this axis 

(Domínguez, 2008:23). Although the Silver Route remained as a main communication artery, the 

majority of local routes in western Sierra Morena were subject to abandonment during this and the 

centuries to follow. This was provoked by different reasons. The demographic decline in the area of 

the western Sierra Morena was already a constant since the independence war of Portugal in the 17
th
 

century. In addition, towards the middle of the 18
th
 century, the income provided to the crown by the 

localities of the sierra such as Almadén de la Plata, Alanís, Cazalla de la Sierra, El Real de la Jara and 

Santa Olalla del Cala was five times less than the provided by the provinces in the Guadalquivir 

valley (Jurado, 1988: 32). This situation made to focus the development of a better network around 

the neuralgic points of the economic life. In this sense, in western Sierra Morena there was almost no 

development of the regional road network during these times, maintaining the already existing 

network of transhumance roads that had remained the same for centuries. Only the main roads such as 

the Silver Route and the itinerary though Castillo de las Guardas to Aracena received maintenance 

and were considered of importance. These two routes constitute still today the main routes of 

communication between the Central Plateau and Andalucía through western Sierra Morena. 
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Fig. 30 Roads in the 18
th

 century (Reproduced from Junta de Andalucia, 2009: 162) 
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Appendix E 
 

STATISTICAL TESTS 

EXPERIMENT 1 

Kolmogorov-Smirnov statistical test of significance 

As explained in the first experiment of Chapter 6, five K-S statistical tests of one sample were carried 

out at two levels of significance: at 0.05 and 0.1.   

The first test explores the relationship between corridors and the 60 Chalcolithic settlements 

recorded, formulating the next null hypothesis: 

Ho=The settlements of the Chalcolithic are randomly distributed with respect to the natural corridors 

Then, the critical value was calculated from the formula at a significance level of 0.05: 

d ≈ 1 . 3 6 / √ n  

Where the value of 1.36 is fixed within this significance level for 40 cases or more (Universidad de 

Jaen, 2007: 29) and n is the number of cases. For this test Dmax was 0.193, exceeding the critical 

value of 0.175. This means that the null hypothesis can be rejected meaning that there is an spatial 

relationship between Cooper Age settlements and corridors. 

At a significance level of 0.1, the formula given is: 

d≈1.22/√n 

For this test Dmax is still exceeding the critical value calculated of 0.192, which means that at 

this significance level the null hypothesis can also be rejected.  

 

Table 1. K-S test to analyse the distribution of settlements with respect to natural corridors 
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Fig. 4.18 Cumulative proportion 

 

The second test evaluated the relationship between the 32 EBA settlements and the natural corridors. 

In this case, the critical value at a significance level of 0.05 for 32 cases is 0.234. Dmax exceeded this 

value again with 0.274, rejecting the null hypothesis: 

Ho=The settlements of the EBA are randomly distributed with respect to the natural corridors 

 

At a significance level of 0.1, the critical value 0.211 was also surpassed by Dmax, allowing us to 

reject the null hypothesis as well. 

 

Table 2. K-S test to analyse the distribution of settlements with respect to natural corridors 
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Fig. 4.19 Cumulative proportion Fig. Cumulative proportion 

The third test analysed the relationship between LBA settlements and natural corridors. In this case 

the critical value for 24 cases is 0.269. Again the Dmax surpass with 0.275 that value, allowing to 

reject the null hypothesis: 

Ho=The settlements of the LBA are randomly distributed with respect to the natural corridors 

In this case, at a significance level of 0.1 the critical value is 0.242. Dmax is again bigger than this 

value so the null hypothesis can be rejected also at this statistical level of significance.  

 

Table 3. K-S test to analyse the distribution of settlements with respect to natural corridors 
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Fig. 4.20 Cumulative proportion Fig. Cumulative proportion 

 

The fourth test investigated the relationship between Megalithic Monuments and natural corridors. 

In this occasion the critical value was again calculated from the formula: 

d ≈ 1 . 3 6 / √ n  d ≈ 1 . 3 6 / √ n  

For this test Dmax was 0.375, exceeding the critical value of 0.124. This means that the null 

hypothesis can be rejected once more: 

Ho=The megalithic monuments are randomly distributed with respect to the natural corridors 

In this case at a significance level of 0.1, the critical value was again calculated through the formula: 

d≈1.22/√n 

At this significance level the critical value is 0.111 allowing us again to reject the null hypothesis. 

 

Table 4. K-S test to analyse the distribution of monuments with respect to natural corridors 
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Fig. 4.21 Cumulative proportion  

 

The last test investigated the relationship between EBA funerary monuments and natural corridors. 

This time the critical value had to be calculated from the formula: 

d ≈ 1 . 3 6 / √ n  

For this test Dmax was 0.220, exceeding the critical value of 0.141 and the null hypothesis was also 

rejected: 

Ho=The megalithic monuments are randomly distributed with respect to the natural corridors 

At a level of significance of 0.1, the critical value was again calculated from: 

d≈1.22/√n 

 

In this case, the critical value was 0.127, so the null hypothesis was rejected as well. 

 

Table 5. K-S test to analyse the distribution of monuments with respect to natural corridors 
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Fig. 4.22 Cumulative proportion Fig. Cumulative proportion 

 

 

EXPERIMENT 3 

The statistical test of significance chosen to compare the results from the visibility analyses carried 

out in Experiment 3 was the K-S test of two samples at a significance level of 0.05. Before carrying 

out this analysis a simple test of normality was applied for both sets of data in order to accomplish 

with the prerequisite of K-S tests of nonnormal distribution. Six statistical tests were performed 

considering the sub-regions established for this analysis. In all cases, the hypotheses formulated were: 

Ho=The megalithic monuments are randomly distributed with respect to their visibility from natural 

corridors. 

Ha=The monuments are not randomly distributed with respect to their visibility from natural 

corridors. 

GROUP 1 

For Group 1 (Almaden de la Plata), the normality plots are as follows, demonstrating that in this case 

the data does not count with a normal distribution: 
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Fig. 4.23 Distribution of (a) Random sample and (b) archaeological cases of the Almaden de la Plata group. The 

outputs were produced with the software Minitab. 

 

The main descriptive statistics were calculated from the values: 

Random Sample Archaeological Cases

Point Lenght (m) Lenght% Cum% Monument Lenght (m) Lenght% Cum%

1 0 0 0 1 20.32468977 0.049523902 0.000495239

2 82.63332462 0.6549808 0.006549808 2 1837.557968 4.477462675 0.045269866

3 0 0 0.006549808 3 820.0706456 1.998214897 0.065252015

4 1982.068303 15.71057063 0.163655514 4 1455.325995 3.546101911 0.100713034

5 0 0 0.163655514 5 757.2241095 1.84508067 0.119163841

6 897.9134378 7.117177776 0.234827292 6 551.4939143 1.343790759 0.132601748

7 0 0 0.234827292 7 2276.535416 5.547091591 0.188072664

8 0 0 0.234827292 8 2104.596877 5.128139698 0.239354061

9 422.07769 3.34553625 0.268282655 9 934.6512223 2.277406229 0.262128123

10 0 0 0.268282655 10 863.1399748 2.10315924 0.283159716

11 4382.035536 34.73355518 0.615618206 11 1199.903016 2.9237287 0.312397003

12 0 0 0.615618206 12 12448.7527 30.3330978 0.615727981

13 0 0 0.615618206 13 307.8374459 0.750088268 0.623228863

14 672.6884592 5.331965366 0.66893786 14 665.5385634 1.621676229 0.639445626

15 1202.407395 9.530703996 0.7642449 15 933.7372627 2.275179241 0.662197418

16 0 0 0.7642449 16 9589.722519 23.36667762 0.895864194

17 2351.525726 18.63902013 0.950635101 17 1013.094706 2.468544564 0.92054964

18 0 0 0.950635101 18 1125.904941 2.743422215 0.947983862

19 0 0 0.950635101 19 100.5680604 0.245047908 0.950434341

20 0 0 0.950635101 20 1097.373716 2.67390196 0.977173361

21 0 0 0.950635101 21 41.18954117 0.100363981 0.978177001

22 0 0 0.950635101 22 612.8052229 1.493184194 0.993108842

23 0 0 0.950635101 23 0 0 0.993108842

24 622.7947006 4.936489884 1 24 282.814227 0.689115754 1

25 0 0 1 25 0 0 1

12616.14457 40757.3485  

Table.6 K-S of two samples to analyse the distribution of the monuments respect their visibility from natural 

corridors. 
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Descriptive Statistics: Random Sample, Archaeological Cases  
 
Variable               N  N*  Mean  SE Mean  StDev  Minimum   Q1  Median    Q3 

Random Sample         25   0   505      206   1032        0    0       0   648 

Archaeological Cases  25   0  1642      584   2920        0  295     863  1328 

 

Variable              Maximum 

Random Sample            4382 

Archaeological Cases    12449 

Afterwards the distributions were plotted and the critical value was calculated at a significance level 

of 0.05 from the formula: 

Dα=c(α) √(n1+n2) / (n1*n2) 

The coefficient value at 0.05 is of 1.36, and n1 and n2 are the number of cases respectively, therefore 

in this case: 

 

Dα=0.38466 

 

Kolmogorov-Smirnov 2-Sample Test  
 
K-S Test Statistic:             0.56 

K-S Critical Value (Approx):    0.384 

Alpha Level:                    0.05 

 

The test statistic is greater than or equal to the critical value. 

There is sufficient evidence to conclude that the underlying distributions are 

different. 

 

Fig. Cumulative proportion of Group 1. 
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The maximum distance between distributions (Dmax) is of 0.5600 and it exceeds the critical value, 

therefore the null hypothesis can be rejected. This means that the monuments tend to be located in 

places that are visible from natural corridors and therefore, they might have been used as guides in 

terrestrial navigation. 

 

GROUP 2 

In the case of Group 2  (Castillo de las Guardas), the normality plots are as follows, demonstrating 

that neither in this case the data counts with a normal distribution: 

 

Fig. 4.23 Distribution of corridors (a) Random sample and (b) archaeological cases of the Castillo de las 

Guardas. 

 

The main descriptive statistics were calculated from the values: 
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Random Sample Archaeological Cases

Point Lenght (m) Lenght% Cum% Monument Lenght (m) Lenght% Cum%

1 2763.872971 15.66906719 15.66906719 1 1516.444282 6.454376079 6.454376079

2 0 0 15.66906719 2 1683.641359 7.166009752 13.62038583

3 0 0 15.66906719 3 354.218743 1.507645885 15.12803172

4 0 0 15.66906719 4 573.370121 2.440410398 17.56844211

5 3991.257676 22.6274092 38.29647638 5 1346.053607 5.729149634 23.29759175

6 1004.550121 5.69503863 43.99151501 6 2523.766356 10.74179737 34.03938912

7 0 0 43.99151501 7 918.600121 3.909797886 37.949187

8 4885.107299 27.69485981 71.68637483 8 1390.19072 5.917008515 43.86619552

9 706.575998 4.005750952 75.69212578 9 1551.1547 6.602112527 50.46830804

10 999.70406 5.667565133 81.35969091 10 0 0 50.46830804

11 0 0 81.35969091 11 21.623369 0.092034608 50.56034265

12 1031.280541 5.846579873 87.20627078 12 0 0 50.56034265

13 1215.738225 6.892315286 94.09858607 13 21.623369 0.092034608 50.65237726

14 0 0 94.09858607 14 1467.558829 6.246307044 56.89868431

15 846.459495 4.798784472 98.89737054 15 2242.927386 9.546474631 66.44515894

16 0 0 98.89737054 16 1342.142496 5.712502941 72.15766188

17 0 0 98.89737054 17 1727.553581 7.35291144 79.51057332

18 0 0 98.89737054 18 1665.511361 7.088843828 86.59941715

19 0 0 98.89737054 19 216.438305 0.921216978 87.52063412

20 194.493247 1.102629457 100 20 0 0 87.52063412

21 0 0 100 21 1231.645309 5.242198553 92.76283268

22 0 0 100 22 1700.359705 7.237167324 100

17639.03963 23494.82372  
Table.6 K-S of two samples to analyse the distribution of the monuments respect their visibility from natural 

corridors. 

 

 

 

Descriptive Statistics: Random Sample, Archaeological Cases  
 
Variable               N  N*  Mean  SE Mean  StDev  Minimum   Q1  Median    Q3 

Random Sample         22   0   802      291   1364        0    0       0  1011 

Archaeological Cases  22   0  1068      168    789        0  168    1344  1670 

 

Variable              Maximum 

Random Sample            4885 

Archaeological Cases     2524 

 

As in the first case, the distributions were plotted and the critical value was calculated at a 

significance level of 0.05 from the same formula. The coefficient value at 0.05 is of 1.36, and n1 and  

n2 are the number of cases respectively, therefore in this case: 

 

 

Dα=0.410055 
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Kolmogorov-Smirnov 2-Sample Test  
 
K-S Test Statistic:             0.454 

K-S Critical Value (Approx):    0.410 

Alpha Level:                    0.05 

 

The test statistic is greater than or equal to the critical value. 

There is sufficient evidence to conclude that the underlying distributions are 

different. 

 

Fig. Cumulative proportion of Group 2. 

The maximum distance between distributions (Dmax) is of 0.4545 and it exceeds the critical value, 

therefore the null hypothesis can also be rejected.  

 

 

GROUP 3 

In the case of Group 3 (Aracena), the normality plots are as follows, demonstrating that neither in this 

case the data counts with a normal distribution: 

 

Fig. 4.23 Distribution of corridors (a) Random sample and (b) archaeological cases of Aracena. 
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The main descriptive statistics were calculated from the values: 

Random Sample Archaeological Cases

Point Lenght (m) Lenght% Cum% Monument Lenght (m) Lenght% Cum%

0 0 0 0 0 0 0 0

1 3888.681472 27.87326907 27.87326907 1 20410.27237 28.93002454 28.93002454

2 0 0 27.87326907 2 14407.36584 20.42135645 49.35138099

3 0 0 27.87326907 3 7268.646326 10.30275896 59.65413995

4 0 0 27.87326907 4 14407.36584 20.42135645 80.0754964

5 0 0 27.87326907 5 10995.28915 15.58499461 95.66049101

6 58.280433 0.417742158 28.29101123 6 0 0 95.66049101

7 2726.592315 19.54365298 47.83466422 7 0 0 95.66049101

8 547.845515 3.926843986 51.7615082 8 0 0 95.66049101

9 1869.240109 13.39832869 65.15983689 9 345.44601 0.489643713 96.15013472

10 4124.850012 29.5660766 94.72591349 10 425.959073 0.603764919 96.75389964

11 615.921501 4.414798653 99.14071214 11 0 0 96.75389964

12 0 0 99.14071214 12 1657.891253 2.34993604 99.10383568

13 61.601335 0.441545701 99.58225784 13 632.248265 0.896164318 100

14 0 0 99.58225784 14 0 0 100

15 0 0 99.58225784 15 0 0 100

16 58.280433 0.417742158 100 16 0 0 100

13951.29313 70550.48412  
Table.6 K-S of two samples to analyse the distribution of the monuments respect their visibility from natural 

corridors. 

 

Descriptive Statistics: Random Sample, Archaeological Cases  
 
Variable               N  N*  Mean  SE Mean  StDev  Minimum  Q1  Median     Q3 

Random Sample         16   0   872      363   1451        0   0      58   1556 

Archaeological Cases  16   0  4409     1705   6821        0   0     386  10064 

 

Variable              Maximum 

Random Sample            4125 

Archaeological Cases    20410 

As in the first case, the distributions were plotted and the critical value was calculated at a 

significance level of 0.05 from the same formula. The coefficient value at 0.05 is of 1.36, and n1 and  

n2 are the number of cases respectively, therefore in this case: 

 

Dα=0.480833 

 

Kolmogorov-Smirnov 2-Sample Test  
 
K-S Test Statistic:             0.312 

K-S Critical Value (Approx):    0.480 

Alpha Level:                    0.05 

 

The test statistic is less than the critical value. 

There is not sufficient evidence to conclude that the underlying distributions are 

different. 
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Fig. Cumulative proportion of Group 3. 

The maximum distance between distributions (Dmax) is of 0.312 and it does not exceeds the critical 

value, therefore the null hypothesis cannot be rejected in this case.  

 

 

GROUP 4 

In the case of Group 4 (Zalamea la Real), the normality plots are as follows, demonstrating that 

neither in this case the data counts with a normal distribution: 

 

Fig. 4.23 Distribution of corridors (a) Random sample and (b) archaeological cases of Zalamea la Real. 
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The main descriptive statistics were calculated from the values: 

Random Sample Archaeological Cases

Point Lenght (m) Lenght% Cum% Monument Lenght (m) Lenght% Cum%

0 0 0 0 0 0 0 0

1 363.704308 6.010456226 6.010456226 1 0 0 0

2 0 0 6.010456226 2 0 0 0

3 0 0 6.010456226 3 835.068711 5.559055363 5.559055363

4 0 0 6.010456226 4 2399.906728 15.97618758 21.53524294

5 0 0 6.010456226 5 869.905877 5.7909665 27.32620944

6 373.110673 6.165902681 12.17635891 6 1091.338685 7.265045486 34.59125493

7 0 0 12.17635891 7 0 0 34.59125493

8 47.186375 0.779786313 12.95614522 8 157.659669 1.049540974 35.6407959

9 0 0 12.95614522 9 803.492524 5.348852574 40.98964847

10 766.903832 12.67359723 25.62974245 10 0 0 40.98964847

11 0 0 25.62974245 11 0 0 40.98964847

12 0 0 25.62974245 12 0 0 40.98964847

13 1127.936184 18.63989761 44.26964006 13 0 0 40.98964847

14 996.650626 16.47031621 60.73995627 14 0 0 40.98964847

15 0 0 60.73995627 15 0 0 40.98964847

16 45.577881 0.753204877 61.49316115 16 1573.849487 10.4771216 51.46677008

17 2319.596567 38.3328801 99.82604125 17 706.340532 4.70211142 56.1688815

18 0 0 99.82604125 18 1644.43766 10.94702732 67.11590881

19 0 0 99.82604125 19 132.305617 0.88075896 67.99666777

20 0 0 99.82604125 20 3088.808885 20.56221167 88.55887945

21 0 0 99.82604125 21 0 0 88.55887945

22 0 0 99.82604125 22 0 0 88.55887945

23 0 0 99.82604125 23 0 0 88.55887945

24 0 0 99.82604125 24 0 0 88.55887945

25 0 0 99.82604125 25 1650.392121 10.98666619 99.54554563

26 0 0 99.82604125 26 0 0 99.54554563

27 0 0 99.82604125 27 68.267106 0.454454366 100

28 10.52658 0.173958754 100 28 0 0 100

29 0 0 100 29 0 0 100

6051.193026 15021.7736  
Table.6 K-S of two samples to analyse the distribution of the monuments respect their visibility from natural 

corridors. 

 

Descriptive Statistics: Random Sample, Archaeological Cases  
 
Variable               N  N*   Mean  SE Mean  StDev  Minimum   Q1  Median    Q3 

Random Sample         29   0  208.7     94.5  508.8      0.0  0.0     0.0  46.4 

Archaeological Cases  29   0    518      154    829        0    0       0   852 

 

Variable              Maximum 

Random Sample          2319.6 

Archaeological Cases     3089 

 

As in the first case, the distributions were plotted and the critical value was calculated at a 

significance level of 0.05 from the same formula. The coefficient value at 0.05 is of 1.36, and n1 and  

n2 are the number of cases respectively, therefore in this case: 

 

Dα=0.357153 
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Kolmogorov-Smirnov 2-Sample Test  
 
K-S Test Statistic:             0.241 

K-S Critical Value (Approx):    0.357 

Alpha Level:                    0.05 

 

The test statistic is less than the critical value. 

There is not sufficient evidence to conclude that the underlying distributions are 

different. 

 

Fig. Cumulative proportion of Group 4. 

The maximum distance between distributions (Dmax) is of 0.241 and it does not exceeds the critical 

value, therefore the null hypothesis cannot be rejected in this case.  

 

 

GROUP 5 

In the case of Group 5 (Aroche), the normality plots are as follows, demonstrating that although both 

groups seems to follow a more even distribution than the other groups, neither in this case the data 

counts with a normal distribution: 
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Fig. 4.23 Distribution of corridors (a) Random sample and (b) archaeological cases of Aroche. 

The main descriptive statistics were calculated from the values: 

Random Sample Archaeological Cases

Point Lenght (m) Lenght% Cum% Monument Lenght (m) Lenght% Cum%

0 0 0 0 0 0 0 0

1 0 0 0 1 1693.630667 2.262535797 2.262535797

2 0 0 0 2 463.990053 0.619848309 2.882384106

3 0 0 0 3 8981.024513 11.99782801 14.88021212

4 0 0 0 4 2392.834541 3.196608276 18.07682039

5 1353.290206 23.5861841 23.5861841 5 6987.595014 9.334788372 27.41160876

6 445.535448 7.765134969 31.35131907 6 1324.452223 1.769347134 29.1809559

7 0 0 31.35131907 7 10216.18946 13.6478955 42.8288514

8 0 0 31.35131907 8 2220.27467 2.966084057 45.79493546

9 44.044723 0.767645359 32.11896443 9 3207.459386 4.284872623 50.07980808

10 0 0 32.11896443 10 13558.03558 18.11229652 68.1921046

11 3723.501038 64.89604418 97.01500861 11 4178.995862 5.582756571 73.77486117

12 171.268044 2.984991393 100 12 14250.19796 19.0369622 92.81182338

13 0 0 100 13 656.611436 0.877172874 93.68899625

14 0 0 100 14 1486.429143 1.985733496 95.67472975

15 0 0 100 15 49.842064 0.066584443 95.74131419

16 0 0 100 16 2529.09713 3.378642642 99.11995683

17 0 0 100 17 0 0 99.11995683

18 0 0 100 18 658.760008 0.880043169 100

5737.639459 74855.4197  
Table.6 K-S of two samples to analyse the distribution of the monuments respect their visibility from natural 

corridors. 

 

Descriptive Statistics: Random Sample, Archaeological Cases  
 
Variable               N  N*  Mean  SE Mean  StDev  Minimum   Q1  Median    Q3 

Random Sample         18   0   319      215    911        0    0       0    76 

Archaeological Cases  18   0  4159     1088   4616        0  658    2307  7486 

 

Variable              Maximum 

Random Sample            3724 

Archaeological Cases    14250 
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As in the first case, the distributions were plotted and the critical value was calculated at a 

significance level of 0.05 from the same formula. The coefficient value at 0.05 is of 1.36, and n1 and  

n2 are the number of cases respectively, therefore in this case: 

 

Dα=0.453 

 

Kolmogorov-Smirnov 2-Sample Test  
 
K-S Test Statistic:             0.777 

K-S Critical Value (Approx):    0.453 

Alpha Level:                    0.05 

 

The test statistic is greater than or equal to the critical value. 

There is sufficient evidence to conclude that the underlying distributions are 

different. 

 

 

Fig. Cumulative proportion of Group 5. 

The maximum distance between distributions (Dmax) is of 0.777 and it exceeds the critical value, 

therefore the null hypothesis can be rejected in this case.  

 

GROUP 6 

In the case of Group 5 (Santa Barbara de Casa), the normality plots are as follows, demonstrating 

that although both groups seems to follow a more even distribution than the other groups, neither in 

this case the data counts with a normal distribution: 
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Fig. 4.23 Distribution of corridors (a) Random sample and (b) archaeological cases of Santa Barbara de Casa. 

 

The main descriptive statistics were calculated from the values: 

Random Sample Archaeological Cases

Point Lenght (m) Lenght% Cum% Monument Lenght (m) Lenght% Cum%

1 48.676053 2.295541414 2.295541414 1 2368.332074 17.9631842 17.9631842

2 129.789585 6.120820179 8.416361592 2 9.394916 0.071258 18.0344422

3 0 0 8.416361592 3 53.72333 0.407477517 18.44191972

4 0 0 8.416361592 4 0 0 18.44191972

5 0 0 8.416361592 5 5564.123428 42.20243232 60.64435204

6 0 0 8.416361592 6 0 0 60.64435204

7 0 0 8.416361592 7 0 0 60.64435204

8 1941.995039 91.58363841 100 8 1029.852259 7.81116214 68.45551418

9 0 0 100 9 4158.94068 31.54448582 100

2120.460677 13184.36669  
Table.6 K-S of two samples to analyse the distribution of the monuments respect their visibility from natural 

corridors. 

 

Descriptive Statistics: Random Sample, Archaeological Cases  
 
Variable              N  N*  Mean  SE Mean  StDev  Minimum  Q1  Median    Q3 

Random Sample         9   0   236      214    641        0   0       0    89 

Archaeological Cases  9   0  1465      703   2110        0   0      54  3264 

 

Variable              Maximum 

Random Sample            1942 

Archaeological Cases     5564 
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As in the first case, the distributions were plotted and the critical value was calculated at a 

significance level of 0.05 from the same formula. The coefficient value at 0.05 is of 1.36, and n1 and  

n2 are the number of cases respectively, therefore in this case: 

 

Dα=0.641 

 

Kolmogorov-Smirnov 2-Sample Test  
 
K-S Test Statistic:             0.555 

K-S Critical Value (Approx):    0.641 

Alpha Level:                    0.05 

 

The test statistic is less than the critical value. 

There is not sufficient evidence to conclude that the underlying distributions are 

different. 

 

Fig. Cumulative proportion of Group 5. 

The maximum distance between distributions (Dmax) is of 0.555 and it does not exceed the critical 

value, therefore the null hypothesis cannot be rejected in this case.  
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EXPERIMENT 3: DIRECTIONAL VIEWSHEDS 

The statistical test of significance chosen to compare the results from the directional viewsheds 

carried out in Experiment 3 was the Chi-squared 1-sample test at a significance level of 0.05. Six 

statistical tests were performed considering the sub-regions established for this analysis. In all cases, 

the hypotheses formulated were: 

 

Ho=The corridors are equally distributed across dominant and not dominant fields of view of the 

monuments.   

Ha= The corridors are not equally distributed across dominant and not dominant fields of view of the 

monuments 

 

The average percentage of all monuments in the directions in the fields of view was also calculated 

for each group and is as follows: 

 

Almadén de la Plata 

 

Castillo de las Guardas 

 

Aracena 

 

Zalamea la Real 

 

Aroche 

 

Santa Bárbara de Casa 
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GROUP 1.  

In the case of Almadén de la Plata the Chi-squared test was calculated from the next data: 

Monument 
ID Name 

Dominant 
Direction 

Percent of the total 
viewshed  

Area 
DomDirKm2 

Area 
nonDomDir 

Coincidence with 
corridors 

g1_05 Túmulo de la Sarteneja SW 43.328404 1.2307 1.6097 0 

g1_01 Dolmen de Cañalazarza SE 35.790506 0.9492 1.7029 1 

g1_02 Dolmen de La Dehesa W 22.139318 1.1572 4.0697 1 

g1_03 Dolmen de Gabino SE 30.989651 0.7127 1.5871 1 

g1_04 Dolmen de Palacio V NW 21.036715 1.0921 4.0993 1 

g1_06 Dolmen del Carril SW 32.814044 1.129 2.3116 1 

g1_07 Dolmen de Palacio I SW 22.633939 1.4385 4.917 1 

g1_08 Dolmen de Palacio II SE 19.311605 1.268 64.392 1 

g1_09 Túmulo de Barras SW 25.878225 1.1654 3.338 1 

g1_10 Dolmen de Palacio III NW 38.59168 1.4918 2.3738 1 

g1_11 Dolmen de Palacio IV N 32.390038 1.2121 2.5301 1 

g1_12 
Dolmen del Cerro de Los 
Pavo SW 21.350269 3.3752 12.4335 1 

g1_13 Dolmen de Bradford E 29.292293 0.6043 1.4587 0 

g1_14 Dolmen de Palacio VI NE 29.300022 1.2185 2.9402 1 

g1_15 Dolmen del Membrillo NW 20.780404 1.2776 4.8705 1 

g1_16 Dolmen del Esparragal NE 16.001386 2.0312 10.6627 1 

g1_17 
Dolmen de San 
Bartolomé I W 31.098481 1.2366 2.7398 1 

g1_18 
Dolmen de San 
Bartolomé II W 34.414372 1.4559 2.7746 1 

g1_19 
Dolmen de San 
Bartolomé III SW 25.970345 0.8337 2.3765 1 

g1_20 Dolmen de Palacio VII NW 29.533177 1.7986 4.2915 1 

g1_21 Farina S 32.799197 0.8822 1.8075 1 

g1_22 El Chaparral II SW 31.051449 1.8933 4.204 0 

g1_23 El Chaparral III W 31.569949 0.9417 2.0412 0 

g1_24 Tumulo del acueducto SW 22.330859 1.2813 4.4565 1 

g1_25 Cerro del Arroyo Tamujar NE 25.062606 0.2502 0.7481 0 

        31.927 150.7365 20 
 

 

The calculation of the observed and expected numbers of natural corridors on dominant directions of 

fields of view was as follows: 

Directions Observed no. Corridors % of area Expected no. Corridors

Dominant direction 20 17.47859 4.36964692

Not dominant direction 5 82.52141 20.63035308

25 100 25  

The hypothesis to test is: 

Ho=The corridors are equally distributed across dominant and not dominant fields of view of the 

monuments.   
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Ha= The corridors are not equally distributed across dominant and not dominant fields of view of the 

monuments 

The formula for chi-squared is: 

 

In this case: 

 

 

If χ
2
 calc ≥  χ

2
 a, reject Ho 

If χ
2
 calc < χ

2
 a, accept Ho 

The number of degrees of freedom is calculated through the formula: 

v = k - 1 

Where v is the number of degrees of freedom and k is the number of categories. In this case the 

number of categories is two so, 2-1=1, therefore v=1. At  1 degree of freedom and a significance level 

of 0.05, the critical chi-squared value is of 3.84, therefore the null hypothesis can be rejected in this 

case. 

 

GROUP 2 

In the case of Valverde del Camino the Chi-squared test was calculated from the next data: 

Monument 
ID Name 

Dominant 
Direction 

Percent of the total 
viewshed  

Area 
DomDirKm2 

Area 
nonDomDir 

Coincidence with 
corridors 

g2_01 Casa Nueva SE 38.494888 1.4384 2.2982 1 

g2_02 El Caballero W 28.206794 1.4764 3.7578 1 

g2_03 Los Cogujones NE 19.541752 1.4465 5.9556 1 

g2_04 La Corchuela I y II N 40.47935 1.4947 2.1978 1 

g2_05 Era Empedrá W 22.757431 2.2295 7.5673 1 

g2_06 Jarrama SE 30.954043 1.4636 3.2647 1 

g2_07 La Lapa del Moro NE 30.429103 1.0949 2.5033 1 

g2_08 Las Lapas SW 26.685161 1.616 4.4398 1 

g2_09 Los Parrones SW 35.438093 1.8779 3.4212 1 

g2_10 
Rancho del 
Marques I E 32.505088 1.7626 1.775 1 

g2_11 
Rancho del 
Marques II SW 23.436231 1.0386 3.393 1 

g2_12 La Adelfa NE 55.197552 0.6133 0.4978 0 

g2_13 El Campillo S 28.912356 0.4846 1.1915 1 

g2_14 Rancho de Lozao E 44.47205 1.5752 1.9668 0 
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g2_15 Anton Nuñez I SW 17.735687 1.5244 7.0707 1 

g2_16 Anton Nuñez II N 15.105837 1.0847 5.1513 0 

g2_17 Anton Nuñez III SW 38.49701 1.6864 2.6942 1 

g2_18 Anton Nuñez IV SE 25.256412 1.6474 4.8753 1 

g2_19 Antonio Abad NE 23.564572 0.2602 0.844 1 

g2_20 Encina Aceitera E 64.547486 0.5777 0.3173 1 

g2_21 El Toro I W 25.703068 1.1653 3.3684 1 

g2_22 El Toro II W 26.171449 1.4868 4.1942 1 

        29.0451 72.7452 19 
 

 

The calculation of the observed and expected numbers of natural corridors on dominant directions of 

fields of view was as follows: 

Directions Observed no. Corridors % of area Expected no. Corridors

Dominant direction 19 28.5342513 6.27775353

Not dominant direction 3 71.4657487 15.7224647

22 100 22  

The hypothesis to test is: 

Ho=The corridors are equally distributed across dominant and not dominant fields of view of the 

monuments.   

Ha= The corridors are not equally distributed across dominant and not dominant fields of view of the 

monuments 

The formula for chi-squared  is: 

 

In this case: 

 

 

 

If χ
2
 calc ≥  χ

2
 a, reject Ho 

If χ
2
 calc < χ

2
 a, accept Ho 

The number of degrees of freedom is calculated through the formula: 

v = k - 1 
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Where v is the number of degrees of freedom and k is the number of categories. In this case the 

number of categories is two so, 2-1=1, therefore v=1. At  1 degree of freedom and a significance level 

of 0.05, the critical chi-squared value is of 3.84, therefore the null hypothesis can be rejected in this 

case. 

 

GROUP 3 

In the case of Aracena the Chi-squared test was calculated from the next data: 

Monument ID Name Dominant Direction Coincidence with corridors Area DomDirKm2 AreanonDomDir 

g3_01 Coquino I W 1 1.8855 7.2231 

g3_02 Monte Acosta I SW 1 2.5992 5.5497 

g3_03 Monte Acosta II SW 1 1.1691 3.5419 

g3_04 Monte Acosta III SW 1 2.539 5.8021 

g3_05 Monte Acosta IV SW 1 2.2634 2.11 

g3_06 Los Llanos SW 1 0.5829 0.9399 

g3_07 Risco Valdejudio W 1 0.6049 0.939 

g3_08 El Encinar SE 1 0.1878 0.213 

g3_09 Cerro de las Liebres SE 1 0.6192 1.0279 

g3_10 La Corchailla NE 1 0.8623 0.7609 

g3_11 Valdelinares E 0 0.5416 0.5817 

g3_12 Zufre NE 1 1.3868 0.3722 

g3_13 Dolmen de La Papúa NW 1 0.94 2.8262 

g3_14 Valle Corchoso SW 0 0.1851 0.3528 

g3_15 El Palancar I N 0 0.2055 0.9656 

g3_16 El Valle W 1 0.488 0.7638 

      13 17.0603 33.9698 
 

 

The calculation of the observed and expected numbers of natural corridors on dominant directions of 

fields of view was as follows: 

Directions Observed no. Corridors % of area Expected no. Corridors

Dominant direction 13 33.4318373 5.349093966

Not dominant direction 3 66.5681627 10.6509603

16 100 16  

The hypothesis to test is: 

Ho=The corridors are equally distributed across dominant and not dominant fields of view of the 

monuments.   

Ha= The corridors are not equally distributed across dominant and not dominant fields of view of the 

monuments 
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The formula for chi-squared is: 

 

In this case: 

 

 

If χ
2
 calc ≥  χ

2
 a, reject Ho 

If χ
2
 calc < χ

2
 a, accept Ho 

The number of degrees of freedom  is calculated through the formula: 

v = k - 1 

Where v is the number of degrees of freedom and k is the number of categories. In this case the 

number of categories is two so, 2-1=1, therefore v=1. At  1 degree of freedom and a significance level 

of 0.05, the critical chi-squared value is of 3.84, therefore the null hypothesis can be rejected in this 

case. 

 

GROUP 4 

In the case of Zalamea la Real the Chi-squared test was calculated from the next data: 

Monument ID Name 
Dominant 
Direction 

Percent of the 
total viewshed  

Coincidence with 
corridors 

Area 
DomDirKm2 AreanonDomDir 

g4_01 El Pozuelo E 53.727927 0 0.1643 0.1415 

g4_02 Cabezo de La Mata NW 40.883257 0 0.5323 0.7697 

g4_03 Peñas Incas NE 52.34564 1 1.6447 1.4973 

g4_04 Cabezuelas NE 40.697159 1 1.2866 1.8748 

g4_05 Cerca del Cura SW 23.829496 1 0.2784 0.8899 

g4_06 Finca de Covaches SW 23.829496 1 0.7238 2.3373 

g4_07 Galaperillo SW 27.681735 1 0.2972 0.6341 

g4_08 La Lancha S 40.821628 1 0.4243 0.6151 

g4_09 Lomeritos NE 69.464559 1 0.6811 0.2994 

g4_10 Mascotejo I y II E 56.055726 1 0.7484 0.5867 

g4_11 La Mezquita W 49.347964 0 0.3103 0.3185 

g4_12 Pico del Moro S 53.441381 1 0.5078 0.4424 

g4_13 Puerto de los Huertos SW 63.145161 1 0.2349 0.1371 

g4_14 Los Rubios E 63.145161 1 0.881 0.1102 

g4_15 Suerte del Aguila SE 28.514235 0 0.0641 0.1607 

g4_16 El Tejarejo SE 30.090886 1 1.5263 3.546 
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g4_17 Valle de Las Sepulturas NE 29.267264 1 0.5552 1.3418 

g4_18 La Via N 26.452969 1 0.5034 1.3996 

g4_19 El Villar S 72.676372 1 0.1298 0.0488 

g4_20 Cumbre Zendala NE 31.01458 1 1.1338 2.5219 

g4_21 Los Aulagares S 28.359691 1 1.1136 2.8131 

g4_22 Pozuelo 1 E 39.84394455 0 0.48 0.7247 

g4_23 Pozuelo 2 E 51.34939759 0 0.6393 0.6057 

g4_24 Pozuelo 3 y 4 E 25.66585956 0 0.3717 0 

g4_25 Pozuelo 5 NW 20.88320154 1 3.7432 0 

g4_26 Pozuelo 6 E 17.99761621 1 0.1661 0.7568 

g4_27 Pozuelo 7 W 18.49401386 1 0.4109 1.8109 

g4_28 Pozuelo 8 sw 37.7839592 1 0.0815 0.1342 

g4_29 Pozuelo 9 N 39.81244672 1 0.1401 0.2118 

        22 19.7741 26.73 

 

The calculation of the observed and expected numbers of natural corridors on dominant directions of 

fields of view was as follows: 

Directions Observed no. Corridors % of area Expected no. Corridors

Dominant direction 22 42.5212 12.33114713

Not dominant direction 7 57.4788 16.66885285

29 100 29  

The hypothesis to test is: 

Ho=The corridors are equally distributed across dominant and not dominant fields of view of the 

monuments.   

Ha= The corridors are not equally distributed across dominant and not dominant fields of view of the 

monuments 

The formula for chi-squared is: 

 

In this case: 
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If χ
2
 calc ≥  χ

2
 a, reject Ho 

If χ
2
 calc < χ

2
 a, accept Ho 

The number of degrees of freedom is calculated through the formula: 

v = k - 1 

Where v is the number of degrees of freedom and k is the number of categories. In this case the 

number of categories is two so, 2-1=1, therefore v=1. At 1 degree of freedom and a significance level 

of 0.05, the critical chi-squared value is of 3.84, therefore the null hypothesis can be rejected in this 

case. 

 
 

GROUP 5  

In the case of Aroche the Chi-squared test was calculated from the next data: 

Monument 
ID Name 

Dominant 
Direction 

Percent of the total 
viewshed  

Coincidence with 
corridors 

Area 
DomDirKm2 

AreanonDom
Dir 

g5_01 El Torrejón II SW 93.660169 1 1.4271 0.0966 

g5_02 La Alcalaboza II SE 27.460215 1 0.5539 1.4632 

g5_03 La Corteganesa NE 20.467655 1 2.0439 7.9421 

g5_04 Dehesa Boyal NE 31.379743 1 1.7021 3.7221 

g5_05 Llano de la Belleza E 25.620265 1 2.5124 7.2939 

g5_06 Los Praditos I E 23.157944 1 0.4969 1.6488 

g5_07 El Torrejón SE 20.892126 1 1.9189 7.2659 

g5_08 La Portilla S 53.415315 1 1.0338 0.9016 

g5_09 Los Puntales NE 35.119093 1 1.8401 3.3995 

g5_10 Monteperro Ia NE 22.718505 1 1.9552 6.651 

g5_11 Monteperro Ib NE 50.302708 1 1.4208 1.4037 

g5_12 Monteperro Ic E 27.788118 1 2.2096 5.742 

g5_13 Montero NE 29.519712 1 1.4204 3.3913 

g5_14 La Castellana III NE 18.498498 1 1.1635 5.1262 

g5_15 El Chopo/La Lamera SE 26.337072 1 1.0942 3.0604 

g5_16 La Pasada del Abad E 58.63298 1 1.1186 0.7892 

g5_17 Monte Chico NE 32.756892 0 0.3921 0.8049 

g5_18 La Alcalaboza III SE 26.469939 1 1.08 3.0001 

        15 23.4025 62.1427 
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The calculation of the observed and expected numbers of natural corridors on dominant directions of 

fields of view was as follows: 

Directions Observed no. Corridors % of area Expected no. Corridors

Dominant direction 15 27.356 4.924

Not dominant direction 3 72.644 13.075

18 100 18  

The hypothesis to test is: 

Ho=The corridors are equally distributed across dominant and not dominant fields of view of the 

monuments.   

Ha= The corridors are not equally distributed across dominant and not dominant fields of view of the 

monuments 

The formula for chi-squared is: 

 

In this case: 

 

 

 

 

If χ
2
 calc ≥  χ

2
 a, reject Ho 

If χ
2
 calc < χ

2
 a, accept Ho 

The number of degrees of freedom  is calculated through the formula: 

v = k - 1 

Where v is the number of degrees of freedom and k is the number of categories. In this case the 

number of categories is two so, 2-1=1, therefore v=1. At  1 degree of freedom and a significance level 

of 0.05, the critical chi-squared value is of 3.84, therefore the null hypothesis can be rejected in this 

case. 
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GROUP 6.  

In the case of Santa Bárbara de Casa the Chi-squared test was calculated from the next data: 

Monument 
ID Name 

Dominant 
Direction 

Percent of the total 
viewshed  

Coincidence with 
corridors 

Area 
DomDirKm2 

AreanonDom
Dir 

g6_01 El Alamito I y II S 65.211573 1 1.4132 0.7539 

g6_02 
El Bizco (Suerte del 
Bizco) NE 40.340623 1 1.0422 1.5413 

g6_03 Charco del Toro NW 28.652729 1 1.2184 3.0339 

g6_04 Jimonete W 40.49705 0 0.2265 0.3328 

g6_05 El Molino SW 76.687994 1 1.9297 0.5866 

g6_06 Ribera del Aserrador SE 48.493304 0 0.1738 0.1846 

g6_07 El Tesoro E 28.527937 0 0.1593 0.3991 

g6_08 Cabezo Crespillo N 36.757489 1 0.8688 1.4948 

g6_09 
Menhir de Cabezas 
Rubias W 38.275235 1 1.6009 2.5817 

        6 8.6328 10.9087 
 

 

 

The calculation of the observed and expected numbers of natural corridors on dominant directions of 

fields of view was as follows: 

Directions Observed no. Corridors % of area Expected no. Corridors

Dominant direction 6 44.176 3.97584

Not dominant direction 3 55.824 5.02416

9 100 9  

The hypothesis to test is: 

Ho=The corridors are equally distributed across dominant and not dominant fields of view of the 

monuments.   

Ha= The corridors are not equally distributed across dominant and not dominant fields of view of the 

monuments 

The formula for chi-squared is: 

 

In this case: 
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If χ
2
 calc ≥  χ

2
 a, reject Ho 

If χ
2
 calc < χ

2
 a, accept Ho 

The number of degrees of freedom is calculated through the formula: 

v = k - 1 

Where v is the number of degrees of freedom and k is the number of categories. In this case the 

number of categories is two so, 2-1=1, therefore v=1. At  1 degree of freedom and a significance level 

of 0.05, the critical chi-squared value is of 3.84, therefore the null hypothesis cannot be rejected in 

this case. 

EXPERIMENT 3: HIGUCHI VIEWSHEDS 

As explained in Chapters 5 and 6, a field experiment was conducted in order to establish ranges of 

view. A monument with an approximated height of 2.5m was “seen” at 3 different distances, 

measuring the angle that the monument occupied in the field of view of the observer. The distances at 

which the angles were measured, were selected according to the aspect of the monument at that 

specific distance, if it could be easily identified or not while walking. The angles were measured with 

an inclinometer and the distances were calculated dividing the height of the object by the sine of the 

angle.  

In this manner, the formula used was: 

 

Where d is distance, h is the height of the monument and α is the angle.  

For the short distance range was considered that the monument was easily perceptible up to the 

point in which the angle occupying the field of view was of 0.3º. Therefore: 

 

d=  

In this manner, this range goes from the monument up to 477.467m from it.  

In the case of the middle distance range, it was considered that the monument was perceptible up to 

0.08º. Therefore: 

 

d=  
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This range goes from 477.467m up to 1790.493m. 

The long distance range was established according to the actual limit of the visibility analysis that is 

of 3000m.   

  

EXPERIMENT 4: ENERGY COST MODEL (SOIL AND VEGETATION) 

The soil use and vegetation cover produced by the Spanish government is classified as follows: 

SUPERFICIES CONSTRUIDAS Y ALTERADAS ZONAS INDUSTRIALES Y COMERCIALES  

ZONAS URBANAS    ZONAS INDUSTRIALES Y COMERCIALES 

   TEJIDO URBANO                                      INFRAESTRUCTURAS DE COMUNICACIONES 

   URBANIZACIONES                                        AUTOVIAS, AUTOPISTAS Y ENLACES VIARIOS          

      URBANIZACIONES RESIDENCIALES       COMPLEJOS FERROVIARIOS                          

      URBANIZACIONES AGRICOLA / RESIDENCIALES       ZONAS PORTUARIAS                                

ZONAS MINERAS, VERTEDEROS Y AREAS EN CONSTRUCCION       AEROPUERTOS                                     

   ZONAS MINERAS                                      OTRAS INFRAESTRUCTURAS TECNICAS 

   ESCOMBRERAS Y VERTEDEROS                        ZONAS VERDES Y ESPACIOS DE OCIO 

   ZONAS EN CONSTRUCCION                              ZONAS VERDES URBANAS                            

   BALSAS DE ALPECHIN    EQUIPAMIENTO DEPORTIVO Y RECREATIVO             

ZONAS VERDES Y ESPACIOS DE OCIO ZONAS HUMEDAS Y SUPERFICIES DE AGUA 

   ZONAS VERDES URBANAS                            ZONAS HUMEDAS Y SUPERFICIES DE AGUA LITORALES 

   EQUIPAMIENTO DEPORTIVO Y RECREATIVO                MARISMAS 

ZONAS HUMEDAS Y SUPERFICIES DE AGUA CONTINENTALES       MARISMA COLONIZADA POR VEGETACION 

   RIOS Y CAUCES          MARISMA MAREAL CON VEGETACION                   

      RIOS Y CAUCES NAT.:LAMINA DE AGUA                        MARISMA NO MAREAL CON VEGETACION                

      RIOS Y CAUCES NATURALES: VEGETACION RIPARIA       MARISMA RECIENTE SIN VEGETACION                 

         RIOS Y CAUCES NAT.:BOSQUE GALERIA                  SALINAS Y PARQUES DE CULTIVOS ACUATICOS 

         RIOS Y CAUCES NAT.:OTRAS FORM. RIPARIAS               SALINAS TRADICIONALES                           

   CANALES ARTIFICIALES                                  SALINAS INDUST. Y PARQUES DE CULTIVOS           

   LAGUNAS CONTINENTALES                              ALBUFERAS 

   EMBALSES Y BALSAS                                  ESTUARIOS Y CANALES DE MAREA                    

      EMBALSES    MARES Y OCEANOS 

      BALSAS DE RIEGO Y GANADERAS SUPERFICIES AGRICOLAS 

AREAS AGRICOLAS HETEROGENEAS AREAS AGRICOLAS HOMOGENEAS 

   AREAS AGRICOLAS HETEROGENEAS EN SECANO    AREAS AGRICOLAS HOMOGENEAS EN SECANO 

      CULTIVOS HERBACEOS Y LEÑOSOS EN SECANO       CULTIVOS HERBACEOS EN SECANO 

      ASOCIACIONES Y MOSAICOS DE CULTIVOS LEÑOSOS EN SECANO       CULTIVOS LEÑOSOS EN SECANO 

         OLIVAR-VIÑEDO          OLIVAR 

         OTRAS ASOCIACIONES Y MOSAICOS DE CULTIVOS LEÑOSOS EN SECANO          VIÑEDO 

   AREAS AGRICOLAS HETEROGENEAS EN REGADIO          OTROS CULTIVOS LEÑOSOS EN SECANO 

      CULTIVOS HERBACEOS Y LEÑOSOS EN REGADIO    AREAS AGRICOLAS HOMOGENEAS EN REGADIO 

          REGADOS       CULTIVOS HERBACEOS EN REGADIO 

          PARCIALMENTE REGADOS           REGADOS 
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          NO REGADOS             ARROZALES 

      MOSAICO DE LEÑOSOS EN REGADIO             CULTIVOS FORZADOS BAJO PLASTICO 

   MOSAICOS DE SECANOS Y REGADIOS             OTROS CULTIVOS HERBACEOS REGADOS 

      CON CULTIVOS HERBACEOS           REGADOS Y NO REGADOS 

      CON CULTIVOS HERBACEOS Y LEÑOSOS           NO REGADOS 

      CON CULTIVOS LEÑOSOS        CULTIVOS LEÑOSOS EN REGADIO 

   MOSAICOS DE CULTIVOS CON VEGETACION NATURAL        PARCIALMENTE REGADOS O NO REGADOS  

      CULTIVOS HERBACEOS Y PASTIZALES        REGADOS 

      CULTIVOS HERBACEOS Y VEGETACION NATURAL LEÑOSA          CITRICOS                                        

      CULTIVOS LEÑOSOS Y PASTIZALES          OLIVOS 

      CULTIVOS LEÑOSOS Y VEGETACION NATURAL LEÑOSA          FRUTALES TROPICALES                             

      OTROS MOSAICOS DE CULTIVOS Y VEGETACION NATURAL          OTROS CULTIVOS LEÑOSOS EN REGADIO 

      CULTIVOS ABANDONADOS SUPERFICIES FORESTALES Y NATURALES 

         OLIVAR ABANDONADO                               ZONAS FORESTALES Y NATURALES ARBOLADAS 

         OTROS CULTIVOS LEÑOSOS ABANDONADOS              FORMACIONES ARBOLADAS DENSAS 

FORMACIONES DE MATORRAL DISPERSO CON ARBOLADO    FOR. ARBOL. DENSA: QUERCINEAS                   

   MATORRAL DISPERSO CON QUERCINEAS    FOR. ARBOL. DENSA: CONIFERAS                    

      MATORRAL DISP. ARBOLADO: QUERCINEAS. DENSO         FOR. ARBOL. DENSA: EUCALIPTOS                   

      MATORRAL DISP. ARBOLADO: QUERCINEAS. DISPERSO      FOR. ARBOL. DENSA: OTRAS FRONDOSAS              

   MATORRAL DISPERSO CON CONIFERAS    FOR. ARBOL. DENSA: QUERCINEAS+CONIFERAS         

      MATORRAL DISP. ARBOLADO: CONIFERAS. DENSO          FOR. ARBOL. DENSA: QUERCINEAS+EUCALIPTOS        

      MATORRAL DISP. ARBOLADO: CONIFERAS. DISPERSO       FOR. ARBOL. DENSA: CONIFERAS+EUCALIPTOS         

   MATORRAL DISP. ARBOLADO: EUCALIPTOS                FOR. ARBOL. DENSA: OTRAS MEZCLAS                

   MATORRAL DISP. ARBOLADO: OTRAS FRONDOSAS        FORMACIONES DE MATORRAL DENSO CON ARBOLADO 

   MATORRAL DISP. ARBOLADO: QUERCINEAS+CONIFERAS      MATORRAL DENSO ARBOLADO: QUERCINEAS             

   MATORRAL DISP. ARBOLADO: QUERCINEAS+EUCALIPTOS        MATORRAL DENSO ARBOLADO: QUERCINEAS DENSAS            

   MATORRAL DISP. ARBOLADO: CONIFERAS+EUCALIPTOS         MATORRAL DENSO ARBOLADO: QUERCINEAS DISPERSAS            

   MATORRAL DISP. ARBOLADO: OTRAS MEZCLAS             MATORRAL DENSO ARBOLADO: CONIFERAS              

CULTIVOS HERBACEOS CON ARBOLADO DE QUERCINEAS       MATORRAL DENSO ARBOLADO: CONIFERAS DENSAS             

   CULTIVO HERBACEO ARBOLADO: QUERCINEAS. DENSO          MATORRAL DENSO ARBOLADO: CONIFERAS DISPERSAS             

   CULTIVO HERBACEO ARBOLADO: QUERCINEAS. DISPERSO    MATORRAL DENSO ARBOLADO: EUCALIPTOS             

PASTIZALES NO ARBOLADOS    MATORRAL DENSO ARBOLADO: OTRAS FRONDOSAS        

   PASTIZAL CONTINUO                                  MATORRAL DENSO ARBOLADO: QUERCINEAS+CONIFERAS   

   PASTIZAL CON CLAROS (ROCA, SUELO)                  MATORRAL DENSO ARBOLADO: QUERCINEAS+EUCALIPTOS  

FORMACIONES DE PASTIZAL CON ARBOLADO    MATORRAL DENSO ARBOLADO: CONIFERAS+EUCALIPTOS   

   PASTIZAL CON QUERCINEAS    MATORRAL DENSO ARBOLADO: OTRAS MEZCLAS          

      PASTIZAL ARBOLADO: QUERCINEAS. DENSO            TALAS Y PLANTACIONES FORESTALES RECIENTES       

      PASTIZAL ARBOLADO: QUERCINEAS. DISPERSO         MATORRAL SIN ARBOLADO 

   PASTIZAL CON CONIFERAS    MATORRAL DENSO                                  

      PASTIZAL ARBOLADO: CONIFERAS. DENSO                MATORRAL DISPERSO 

      PASTIZAL ARBOLADO: CONIFERAS. DISPERSO                MATORRAL DISPERSO CON PASTIZAL                  

   PASTIZAL ARBOLADO: EUCALIPTOS                         MATORRAL DISPERSO CON PASTO Y ROCA O SUELO 

   PASTIZAL ARBOLADO: OTRAS FRONDOSAS              ESPACIOS ABIERTOS CON POCA O SIN VEGETACION 

   PASTIZAL ARBOLADO: QUERCINEAS+CONIFERAS            PLAYAS, DUNAS Y ARENALES                        

   PASTIZAL ARBOLADO: QUERCINEAS+EUCALIPTOS           ROQUEDOS Y SUELO DESNUDO 
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   PASTIZAL ARBOLADO: CONIFERAS+EUCALIPTOS            AREAS CON FUERTES PROCESOS EROSIVOS             

   PASTIZAL ARBOLADO: OTRAS MEZCLAS                   ZONAS INCENDIADAS                               

 

EXPERIMENT 4: KOLMOGOROV-SMIRNOV TESTS  

As explained in the fourth experiment of Chapter 6, a K-S statistical test of one sample was carried 

out at a significance of 0.05 to evaluate the possible relationship between the paths calculated and the 

megalithic monuments. 

The test explores the relationship between corridors and the 132 megalithic monuments recorded, 

formulating the next null hypothesis: 

Ho=The megaliths are randomly distributed with respect to the calculated paths 

Then, the critical value was calculated from the formula at a significance level of 0.05: 

d ≈ 1 . 3 6 / √ n  

Where the value of 1.36 is fixed within this significance level for 40 cases or more (Universidad de 

Jaen, 2007: 29) and n is the number of cases. For this test Dmax was 0.279 exceeding the critical 

value of 0.118. This means that the null hypothesis can be rejected meaning that there is statistically 

significant relationship between megalithic monuments and paths. 

 

SITE TYPE CASES CRITICAL V DMAX NULL HYPHOTESIS 

Megaliths 132 0.118 0.279 REJECTED

Background Population Archaeological Cases

Distance Index Area km2 Area% Cum% Cases Cases% Cum% Dmax

0 0 0 0 0 0 0 0

1 3019.553 33.4023651 0.33402365 81 61.3636364 0.61363636 0.27961271

2 2079.65137 23.0051515 0.56407517 29 21.969697 0.83333333 0.26925817

3 1499.50719 16.5875832 0.729951 12 9.09090909 0.92424242 0.19429143

4 1086.89852 12.0232965 0.85018396 8 6.06060606 0.98484848 0.13466452

5 787.825846 8.7149477 0.93733344 1 0.75757576 0.99242424 0.0550908

6 566.501809 6.26665609 1 1 0.75757576 1 0  

Table 1. K-S test to analyse the distribution of monuments in respect to the herding paths. 
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Fig. Cumulative proportion. 
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TABLES 
 

 

Table 1. Illustrating territoriality and its effect in the use of space 

 

In order to influence, manage or control any space there must be interaction between two or 

more actors such as individuals or groups. Under any condition, individuals can join in a 

common spatial point in order to persecute the execution of a project in which their “paths” can 

be joined in certain place and time. However, not only the achievement of projects can be 

motivation for people to be interested in certain specific point of space.  

 

 

Fig. T1.a The time-space paths of several individuals come up together creating “bundles” during an imaginary construction of a megalithic 

monument. Some of them bring the stone from the quarry; others help to build the monument, some others bring water, food and come to 

see the construction of it. 

There are resources (social or environmental) that people can look for and at certain moment, 

societies can establish boundaries and territories in order to avoid interference and secure the 

resources they need. In this case, the mobility and movement of individuals or groups can 

become constrained by these boundaries. This can be illustrated by a time-space path model. 
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Let’s suppose that there an area of grassland that is being used by two different groups (Figure 

T1.b). At some point in time in a disagreement, the location is claimed by one of them and a 

dispute is started. Although there is no “real” boundary that divides the space in which both 

groups live, a conceptual area can be draw and this conceptual line will become a territorial 

boundary (Figure T1.c).  In the case of individuals of the group A, the time-space path is not 

constricted to reach the desired resource or pass through that space. But in the case of the group 

B, the space becomes restricted becoming not only impossible to use the resource without 

consent of the group A, but restricting their space of movement in general (Figure T1.d). Could 

be nothing palpable stopping the group B to go to that area, but under the threat of generating a 

bigger disagreement, they will probably avoid going close to it. 

 

  

Fig. T1.b Fig. T1.c 

 

 

Fig. T1.d 
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Table 2. Results of physiological studies on horses 

 

In terms of travelling capacity, while walking, horses can reach up to 6.4 km/hr; trotting 

13 km/hr and galloping 40 to 48 km/hr (Harris and De Ruffieu, 1993: 32-49)
1
. Healthy horses 

can gallop for 3.2 km before they need to slow their pace, but their endurance capacity is much 

longer when they have a moderated-pace galloping. The speed and endurance of a journey by 

horse can depend on the weight carried. Studies on horse physiology have demonstrated that 

without loads horses will normally adopt a velocity of 11.98 km/hr +- 0.32, and when carrying 

an equivalent of 19% of their weight, their speed will decrease to 11.26 km/hr (Wickler et al, 

2001: 1548).  

 

The types of terrain can also influence the speed and this is also dependant on the breed. 

However, it is considered that speed averages and other physiological measurements obtained 

from wild breeds can be equally applied for LBA horses, as on that time, highly sophisticated 

manipulation of interbreeding was not yet present. 

 

                                                 
1
 Modern breeds can speed up to 89 km per hour; however, in wild conditions the regular speed is that which is 

described above. 
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Table 3. The use of dogs during Late Prehistory 
 

Mastiff dogs were already in use in herding activities during Late Prehistory. In fact, the 

presence of these animals in the archaeological record has been regarded as an indicator of the 

practice of transhumance because their primarily use was to look after herds that (1) did not 

spend the night in cotes or corrals, (2) their size and nature could make them more vulnerable to 

predators and (3) the herds were large in number because the herders could not build provisional 

sheds or stockades to protect them (Vega et al, 1998: 121). Accordingly, other types of 

pastoralism would not justify the maintenance of this kind of dog that is although relatively rare, 

has been definitely recorded and associated to herding activities on diverse Iron Age sites (e.g. 

Soto de Medinilla, Castilmontán, Cerro del Castillo, La Hoya) (Vega et al, 1998). It is clear now 

that the existence of Mastiff dogs toward the latest stages of the Iron Age in Iberia can be 

explained in terms of detected changes in the practice of herding activities, but also as a 

consequence of probable exchanges with other regions of Europe (Vega et al, 1998:133).  

 

 

Mastin Iberico sheepherding (Photo courtesy of Ignacio Cosio)  
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Table 4. Municipalities comprised in this study 
 

The area of Sierra de Huelva is composed by the municipalities of Alájar, Almonaster la Real, 

Aracena, Aroche, Arroyomolinos de León, Cala,  Cañaveral de León, Castaño del Robledo,  

Corteconcepción, Cortesana,  Cortelazor, Cumbres de En medio,  Cumbres de San Bartolomé, 

Cumbres Mayores,  Encinasola, Fuenteheridos,  Galaroza, Higuera de la Sierra,  Hinojales, 

Jabugo,  La Nava, Linares de la Sierra,  Los Marines, Puerto Moral, Rosal de la Frontera, Santa 

Ana, La Real,  Santa Olalla del Cala, Valdelarco and Zufre. 

Sierra Norte de Sevilla is composed by the municipalities of Alanís, Almadén de la Plata,  

Cazalla de la Sierra, Constantina,  El Pedroso, El Real de la Jara,  Guadalcanal, La Puebla de Los 

Infantes,  Las Navas de la Concepción and San Nicolás del Puerto.  

 

 

Table 5. The soils of Sierra Morena 
 

 

The dominant soils in Sierra Morena are Lithic Leptosols. These are very shallow soils (10 cm 

deep) which development is conditioned by the types of rocks and slopes (they are called 

Rendzinas when they are on calcareous rocks and Rankers when they are on acid rocks). 

According to the FAO World Reference Base for Soil Resources (2007), Leptosols are deeply 

associated with the presence of hard rocks and erosion processes, and in the case of Sierra de 

Huelva, they are related mainly to slates and conglomerates. Other type of soil present in our 

study area is the Eutric Luvisol. Luvisols also constitute shallow soils, slightly acid with high 

content of gravel and little organic matter. This type of soil is very abundant, for instance, at the 

sides of the Viar River. Also frequent within the group of the Luvisols are the Chromic Luvisols. 

This type normally belonged to older soils, constituting better developed ones. They are 

characterized by the accumulation of clays and they are more abundant in alluvial plains (IUSS, 

2007). Luvisols are also present in higher places such as Sierra de Aracena; however, their 

development is associated to the current climate and the vegetation of chestnut trees. Cambisols 

are also present in Sierra Morena. They are still soils of shallow nature but with a higher index of 

organic matter. They are constituted mainly by clays, they have relatively low acidity and they 

are good for agricultural purposes. They are present, in the area of Sierra Morena for instance, 

from Almadén de la Plata to Castillo de las Guardas. 
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Table 6. Vegetation species of the dehesa landscapes 
 

 

The tree stratum is composed mainly by xerophytic sclerophyll species such as Holm oaks or 

Encinas (Quernus Ilex), Cork or Alcornoques (Quercus Suber) and Portuguese oaks or Quejigos 

(Quercuas Faginae) (Junta de Andalucía, 2009: 36). Regarding the herbaceous stratum, this is 

mainly formed by therophyte grass and a great diversity of shrub species and matorral such as 

Rockroses or Jara Pringosa (Cistus ladaniferus, Cistus salviifolius and Cistus monspeliensis), 

which production concentrates towards spring and autumn, drying up during the summer (Joffre 

et al, 1999:59; Fernández and Porras, 1998). 

 

 
 

Oak Jara Pringosa 
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Table 7. Radiocarbon dates for Southwestern Iberia 
 

SITE LAB-REF DATE BP DATE ANE 1σ REFERENCE

DOLMEN DE PALACIO 

III

Beta-16552 2660±90 980-660 Garcia Sanjuan, 2005

ATALAIA KN-1201 2770±50 990-850 Schubart, 1975

LOMA DEL PUERCO UBAR-346 2940±90 1290-1000 Giles et al, 1994

ANTA DAS 

CASTELHANAS

OXA-5432 3220±65 1160-1410 Oliveira, 1997

HERDADE DE 

BELMEQUE

ICEN-142 3230±60 1600-1420 Monge Soares, 1994

PESSEGUEIRO ICEN-867 3270±45 1620-1460 Soares-Tavares, 1995

ANTA DOS TASOS SA-199 3320±200 1900-1300 Leisner-Veiga, 1963

HERDADE DO POMAR ICEN-85 3330±45 1690-1520 Barcelo Alvarez, 1991

VALENCINA UGRA-72 3380 ± 150 1880-1520 Castro Martínez et al, 1996

LA TRAVIESA RCD-2111 3420±60 1880-1620 Garcia Sanjuan, 1997

SETEFILLA I-11069 3470±95 1920-1640 Aubet et al, 1983

LA TRAVIESA RCD-2110 3470±95 1920-1740 Garcia Sanjuan, 1997

HERDADE DO POMAR ICEN-87 3510±140 2030-1630 Barcelo Alvarez, 1991

SETEFILLA I-11070 3520±60 2010-1690 Aubet et al, 1983

ANTA DA CABEçUDA ICEN-977 3520±95 2200-1830 Oliveira, 1997

VALENCINA Ua-32043 3620 ± 55 2112-1920 Nocete Calvo et al, 2008

SE-B Beta-225412 3660 ± 40 2130-1960 Hunt Ortiz et al, 2009

LOS COVACHOS Beta-136698 3670 ± 80 2200-1930 Caro Gómez et al, 2003

SE-B Beta-225413 3720 ± 40 2200-2030 Hunt Ortiz et al, 2009

HUERTA MONTERO GrN-1654 3720±100 2290-1950 Blasco-Ortiz, 1991

HUERTA MONTERO GrN-16954 3720±100 2300-1970 Blasco-Ortiz, 1991

ANTA DA CABEçUDA ICEN-979 3720±45 2200-2030 Oliveira, 1998

MONTE N. ALBARD. ICEN-529 3760±100 2350-2030 Santos Gonçalvez, 1988

LOS COVACHOS Beta-136697 3780 ± 40 2290-2130 Caro Gómez et al, 2003

A. DOS TASSOS 3800±200 2600-1950 Leisner-Veiga, 1963

PALHEIRÃO FURADO ICEN-731 3820±70 2464-2034 Tavares-Soares, 1987

ANTA DE JOANINHA Sac-1381 3840±170 2600-2000 Oliveira, 2000

LA PIJOTILLA BM-1603 3860±70 2460-2280 Hurtado, 1981

SANTA JUSTA UGRA-85 3885±130 2510-2140 Santos Gonçalvez, 1984

SANTA JUSTA UGRA-76B 3890±170 2650-2000 Santos Gonçalvez, 1984

VALENCINA GIF-4028 3910 ± 110 2580-2200 Castro Martínez et al, 1996

SANTA JUSTA UGRA-86 3910±120 2580-2200 Santos Gonçalvez, 1984

SANTA JUSTA UGRA-76ˆ 3920±125 2590-2200 Santos Gonçalvez, 1984

SANTA JUSTA UGRA-77 3960±180 2900-2200 Santos Gonçalvez, 1984

SANTA JUSTA UGRA-75 3990±130 2900-2300 Santos Gonçalvez, 1984

VALENCINA Ua-24558 3995 ± 75 2829-2350 Nocete Calvo et al, 2008

CHINFLON OxTL-200e3 4000±300 Rothemberg-Blanco, 1981

LA PIJOTILLA Beta 121145 4010±80 2595-2455 Hurtado et al, 2002

EL AMARGUILLO OxA-3967 4030 ± 65 2840-2460 Mederos Martín, 1998

AMARGUILLO OXa-3971 4030±65 2862-2361 Mederos Martín, 1998

VALENCINA Ua-19474 4045 ± 50 2831-2482 Nocete Calvo et al, 2008

VALENCINA I-10187 4050 ± 105 2870-2470 Castro Martínez et al, 1996

VALENCINA Ua-22813 4050 ± 45 2831-2489 Nocete Calvo et al, 2008

VALENCINA I-10187 4050±105 2870-2470 Fernandez-Oliva, 1986

M.N. ALBARDEIROS ICEN-530 4060±80 2870-2490 Santos Gonçalvez, 1988

AMARGUILLO II Beta-75066 4070±50 2860-2490 Cabrero Garcia et al, 1997  
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LOS COVACHOS Beta-136699 4090 ± 50 2860-2500 Caro Gómez et al, 2003

VALENCINA Ua-32042 4104 ± 40 2851-2580 Nocete Calvo et al, 2008

P. MIRAFLORES KIA-24926 4109 ± 28 2860-2580 Lara Montero et al, 2006

SANTA JUSTA UGRA-91 4110±140 2880-2500 Santos Gonçalvez, 1984

LA PIJOTILLA Beta 121146 4110±40 2860-2585 Hurtado et al, 2002

PAPA UVAS CSIC-654 4110±50 2870-2600 Martin de la Cruz, 1986

VALENCINA Ua-32885 4120 ± 40 2859-2620 Nocete Calvo et al, 2008

ETAR ICEN-726 4120±60 2869-2577 Tavares-Soares, 1987

LA PIJOTILLA Beta 121143 4130±40 2865-2595 Hurtado et al, 2002

P. MIRAFLORES KIA-24924 4133 ± 39 2870-2600 Lara Montero et al, 2006

VALENCINA Ua-24557 4135 ± 45 2864-2627 Nocete Calvo et al, 2008

SALA 1 ICEN-448 4140±110 2890-2590 Santos Gonçalvez, 1987

PALACIO QUEMADO HAR-8249 4140±80 2880-2610 Hurtado-Enriquez, 1991

VALENCINA Ua-19475 4150 ± 50 2872-2638 Nocete Calvo et al, 2008

MONTES DE BAIXO IICEN-716 4170±60 2880-2618 Tavares-Soares, 1987

MONTE DA TUMBA IICEN-117 4180±30 2940-2645 Monge Soares-Peixoto Cabral, 1987

P. MIRAFLORES KIA-24927 4190 ± 28 2880-2700 Lara Montero et al, 2006

HUERTA MONTERO GrN-16915 4220±100 2930-2610 Blasco-Ortiz, 1991

MONTE DA TUMBA IICEN-113 4220±120 3155-2560 Monge Soares-Peixoto Cabral, 1987

MONTE DA TUMBA UGRA-234 4228±100 2930-2660 Monge Soares-Peixoto Cabral, 1987

SANTA JUSTA LY-3229 4250±110 3040-2660 Santos Gonçalvez, 1984

EL NEGRON 4250±35 2920-2880 Cruz Auñon et al, 1992

MONTE DA TUMBA ICEN-135 4310±110 3355-2663 Monge Soares-Peixoto Cabral, 1987

SANTA JUSTA UGRA-90 4310±170 3350-2600 Santos Gonçalvez, 1984

P. MIRAFLORES KIA-24925 4327 ± 24 3010-2890 Lara Montero et al, 2006

EL NEGRON 4330±35 3030-2910 Cruz Auñon et al, 1992

MONTE DA TUMBA ICEN-115 4340±35 3345-2885 Monge Soares-Peixoto Cabral, 1987

FARISOA OxTL-1691 4355±260 Whittle-Arnaud, 1975

LA PIJOTILLA Beta 121147 4360±50 3090-2890 Hurtado et al, 2002

SANTA JUSTA UGRA-131 4390±150 3340-2900 Santos Gonçalvez, 1984

MONTE DA TUMBA ICEN-114 4390±50 3360-2895 Monge Soares-Peixoto Cabral, 1987

SANTA JUSTA LY-3230 4400±140 3340-2910 Santos Gonçalvez, 1984

MONTE DA TUMBA ICEN-116 4400±80 3370-2880 Monge Soares-Peixoto Cabral, 1987

SALA 1 ICEN-444 4490±100 3350-3040 Santos Gonçalvez, 1987

SALA 1 ICEN-447 4490±110 3350-3030 Santos Gonçalvez, 1987

SALA 1 ICEN-445 4490±180 3340-3090 Santos Gonçalvez, 1987

MONTE DA TUMBA UGRA-172 4540±90 3370-3090 Monge Soares-Peixoto Cabral, 1987

MONTE DA TUMBA UGRA-236 4550±150 3380-3030 Monge Soares-Peixoto Cabral, 1987

FARISOA OxTL-1691 4625±270 Whittle-Arnaud, 1975

HUERTA MONTERO GrN-17628 4650±250 3700-3000 Blasco-Ortiz, 1991

LAS VIÑAS UGRA-369 4800±90 3700-3500 Giles et al, 1994

PAPA UVAS CSIC-485 4840±120 3780-3500 Martin de la Cruz, 1986

EL PALOMAR Beta-75067 4930±70 3780-3640 Cabrero Garcia et al, 1997

LAS VIÑAS UGRA-370 4950±60 3820-3690 Giles et al, 1994

ALBERITE Beta-80598 5020±70 3940-3715 Ramos-Giles, 1996

CASTELO DO GIRAL OxTL-169a 5100±300 Whittle-Arnaud, 1975

ALBERITE Beta-80600 5110±140 4035-3760 Ramos-Giles, 1996

COMENDA DA IGRE. OxTL-169f 5185±310 Whittle-Arnaud, 1975

ALBERITE Beta-80602 5320±70 4255-4000 Ramos-Giles, 1996  
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Table 8. Problems in the archaeological record of western Sierra 

Morena 

 

 

One of the problems encountered in the record of western Sierra Morena is the lack of research 

in some of the regions. This is evident in the case, for instance, of the municipalities of Santa 

Olalla del Cala, El Ronquillo, Castilblanco de los Arroyos and El Pedroso that in comparison to 

their neighbours Almadén de la Plata, Zufre and Castillo de las Guardas survey has been almost 

inexistent and therefore, these areas appears practically “empty” of data. This is also the case of 

Sierra Pelada in the municipality of Cortegana and Cumbres del Castillo between Santa Barbara 

de Casa and Cabezas Rubias. This problem influences directly to any analysis or possible 

interpretation that could be given regarding any of the periods treated in this research and as a 

result, is necessary to point out the urgency of carrying out investigation in these areas.  

 

 

Fig. Example of some municipalities and their archaeological record (Observe the gaps in Castilblanco 

de los Arroyos, El Ronquillo, southern Zufre, Santa Olalla, etc.) 
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Table 9. Types of settlements during the Copper Age in Southwestern 

Iberia 

 

 

The first type could be described as small habitats (<1ha) highly fortified and/or located in 

positions easily defendable such as hills. Some examples are Cabezo de los Vientos (Piñón, 

1987a, 1987b; Abril, 2003), Palacio Quemado (Hurtado and Henríquez, 1991) and Castelo de 

Santa Justa (Santos, 1983, 1984; Abril, 2003). The second type could be defined as small 

habitats (1-5 has) without fortifications but with good defensive conditions (García Sanjuan, 

1999:57). Within this types lies the majority of the sites excavated in the south-west and some 

examples are Papa Uvas (Martín de la Cruz, 1985, 1986), La Morita (Acosta et al, 1987), El 

Negrón (Cruz- Auñón et al, 1992) and Cerro do Castelo de Corte Joao Marques (Oliveira, 1990). 

The third type constitute extensive open air habitats (>5 ha), not fortified or delimited by 

defensive structures that are of less complexity than the ones mentioned earlier (García Sanjuan, 

1999:57). Some examples are La Pijotilla (Hurtado, 1991), Ferreira do Alentejo (Morais, 1982) 

and Valencina de la Concepción (Martín de la Cruz Miranda, 1988; Costa et al, 2010). 

 

 

Table 10. Resource exploitation and exchange in western Sierra 

Morena 

 

 

The archaeological record in western Sierra Morena suggests that there was little or almost no 

metal resource exploitation during the Chalcolithic (Garcia, 1999: 165). Only in one of the 

burials of Cabezo de los Vientos a copper axe has been found, and this was possibly the product 

of interactions with the more specialized community of Cabezo Juré (García, 1999: 171). In 

addition, a copper awl was also discovered in El Pozuelo (Cerdán et al, 1975). There is no 

evidence in any of the settlements of Sierra de Huelva indicating the practice of metallurgic 

production for this period, and although some of the sites are located near to points of possible 

mineral extraction, it has not been proved that they were used by these communities. The lack of 

this kind of evidence in western Sierra Morena offers a huge contrast with the communities 

located at both frontiers of the Sierra (such as Cabezo Juré, Valencina de la Concepción and 

Amarguillo II), where evidence of copper processing is attested. While near to the Guadiana 

Basin, objects related to copper extraction and processing have been found in several sites such 

as the mines of Rui Gomes, Monte do Judeu and Cabezo Juré (Nocete et al, 1997), in the case of 

the Guadalquivir Valley, sites such as El Armadillo and Valencina de la Concepción (Rodríguez 

Bayona, 2008) have provided the same kind of evidence. 



 
333 TABLES 

Towards the EBA it seems that there are more communities involved in metallurgic production 

in western Sierra Morena, but the number is still low. Only on the sites of El Trastejón, Puerto 

Moral, Tres Aguilas and Santa Marta II conclusive evidence related to metal production such as 

melting pots, moulds and kilns have been found (Garcia, 1999: 165; Pérez and Rivera, 2004:71). 

The majority of the metallic objects and prestige items such as daggers and ornaments have been 

found in funerary contexts as grave goods. This is the case of El Castañuelo II, El Trastejón, La 

Papúa II, Puerto Moral, La Traviesa II, and San Sixto (Garcia, 1999: 166).   

It was only towards the LBA that metallurgy experienced a significant expansion among the 

western Sierra Morena societies, focusing in the extraction and process of copper and silver. 

While evidence of the production of copper have been identified in Puerto Moral and El 

Trastejón, silver slag was recovered in the habitat of Tres Aguilas and the mine of El Platón, 

both located in the mining region of the Tinto River. Luxury objects have been also recovered 

from the necropolis of La Papúa, Las Arquetas, Los Praditos and El Becerrero (Pérez, 1983: 224; 

Garcia, 1999: 166). Towards 1200/1100 BC, the exploitation of metallic resources incremented 

considerably in Sierra de Huelva and sites such as El Trastejón, Sierra de la Lapa, La Corte, 

Cortalagos and Sierra del Castillo seem to be associated to extraction points that could be located 

at diverse distances. It has been argued that in the case of Cerro Masegoso and Chinflón, its size 

and the lack of domestic structures or silos could be indications of their use as specialized areas 

of metallic extraction and casting (Garcia, 1999: 166; Pérez and Rivera, 2004).  
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