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ABSTRACT 

 

The role of cities in our modern society shapes our view of the possible ways past communities 

organised themselves. However, not all complex societies revolved around cities, even in heavily 

urbanised areas like the Mediterranean. One such example is the Samnites, a non-urban 

mountain society that inhabited the Apennine region of south-central Italy during the first 

millennium BCE. Despite their organisation being noticeably different from their urban 

neighbours, they exhibited unusual social, political, and military resistance to the emerging 

Roman Republic that scholars still struggle to explain. For a long time, the narrative on the 

Samnites has been biased by urban-centric and historiographical views that rendered material 

evidence subservient to aprioristic models. When archaeological research finally recognised the 

fallacy of the dominant narrative, it did not fully engage with the ongoing global discussions 

about hillfort communities, leading to a focus that remained largely regional.  

This Ph.D. dissertation is unusual in that it deconstructs modern assumptions by taking a 

quantitative approach to investigate the complex phenomenon of non-urban organisation. It 

draws from recent global debates on hillfort communities to develop a transferable approach 

that integrates extensive fieldwork with spatial and non-spatial computational methods, both 

qualitative and quantitative, to address long-standing debates on the nature of Samnite hillforts 

and the society that constructed them.  

This original approach and fresh perspective highlight the more heterarchical nature of Samnite 

society and how warfare likely served as a catalyst for socio-political change, leading to a rapid 

increase in political centralisation and even state formation, despite the absence of urbanism. 

Importantly, the entire computational approach was designed to be replicable and suitable for 

cross-regional and cross-cultural analysis of hillfort communities. This opens up new and exciting 
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possibilities to test whether identified patterns are contingent on Samnite society or if we can 

trace them in other hillfort communities across time and space.  
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IMPACT STATEMENT 

This work contributes significantly to the scholarly debate on the organisation of complex 

societies, challenging traditional views on the impact of cities on the latter. By examining a 

cultural region of 1st-millennium-BC  Italy as a case study, it demonstrates how high levels of 

economic, military, and political power were achieved without relying on urban systems,  often 

deemed to be typical of the 1st-millennium-BC Mediterranean. This prompts us to reconsider the 

conventional conceptualisation of cities as evidence  of social complexity and encourages 

further research into alternative societal structures from the past. Studying how past societies 

organised themselves without urban centres, particularly in relation to different environmental 

systems, provides valuable insights into robust and resilient processes of complex societies to 

address modern issues of sustainable development. 

From a methodological perspective, the project develops cutting-edge, transferable, and 

transparent computational tools that offer new avenues to investigate key issues in archaeology, 

from labour, monumentality, to forms of occupation in the landscape in relation to natural 

resources. I have implemented these methods using open-source software and readily available 

data on a European scale, allowing for their use and adaptation to other regions. This provides a 

valuable and effective means of conducting comparative research on past societies worldwide. 

Last but not least, this work significantly contributes to the creation of national catalogues of 

archaeological sites on Italian soil and the identification of areas at risk or currently facing the 

threat of heritage loss. Through systematic lidar-based remote sensing analysis and fieldwork, 

the project has identified several hundred new sites located in mountainous and forested 

regions, which have often been overlooked by archaeologists. These areas are currently 

experiencing increasing modifications due to energy development plans, including the 

construction of numerous wind parks. In the course of this research, numerous areas where 
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modern construction has or is currently damaging the archaeological heritage have been 

identified and communicated to the Italian government. As a result, the government has taken 

action to apply heritage protection measures to several sites, producing a direct impact on the 

heritage management policy of the region. 
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CHRONOLOGY 

 

Period Absolute dates BCE1 

Early Iron Age 1020/950 - 750/725 

Late Iron Age (Orientalizing Age) 750/725 �t 580 

Archaic 580 �t 350 

Post-Archaic 480 �t 350 

Hellenistic (Republican) 350 �t 30 

1 The absolute dates have been adopted after Palmisano et al. (2018).  
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1 INTRODUCTION 

Since the Enlightenment, scholars have routinely suggest developmental associations between 

urbanisation, state formation and other forms of perceived social complexity. However, not all 

ancient complex societies were centred around cities and states, even in the heavily urbanised 

Mediterranean area. While the global debate is shifting towards understanding alternative forms 

of complex socio-political organisation that are independent of states or cities, research in this 

region has stagnated and failed to appreciate other ways of organising complexity. 

This perspective lies at the heart of a longstanding debate about Samnite society. The Samnites 

inhabited south-central Italy during the second half of the 1st millennium BCE, in the 

mountainous region known today as Samnium. The approximate extent of the region in which 

the Samnites lived has previously been reconstructed based on a combination of archaeological 

data and historical sources (see Salmon 1967, 25, pl. 1 and Tagliamonte 2017, 425, fig. 2 for two 

versions) (Figure 1.1). The Samnites were involved in 50 years of repeated wars against the 

emerging Roman Republic (343-290 BCE) and remained a formidable force even under Roman 

domination for another two centuries, up to the Social Wars of 91-87 BCE. For this reason, they 

are often regarded as having offered unusually effective military and political resistance, 

compared to other opponents of Rome across Italy, and scholars have struggled to understand 

why this might be, given the absence of cities of clearly hierarchical socio-political systems 

comparable to contemporary societies. In contrast to many neighbouring societies, the Samnites 

did not develop any clearly defined urban organisation. Instead, they settled the landscape more 

sparsely, with a mixture of farms, sanctuaries, and hillforts, closer perhaps in nature to the many 

other hillfort-based societies in central and northern Europe at this time. This has sparked a 

longstanding and enduring debate about Samnite non-urban society, where several biases 

intertwine. 
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Figure 1.1 Map of the reconstructed geographical extent of ancient Samnium with the main groups known from 
literary sources indicated (Stek, 2009, p. 2 fig. 1, based on Salmon 1967, 25 pl. 1). 

First, our view of the Samnites has been heavily influenced by literary sources. Roman sources, 

particularly Livy, depict the Samnites as mountain dwelling, backward, and violent people - an 

antithesis to urbanised and civilised Rome. This fierce yet savage image stems from Roman 

propaganda written centuries after the period it describes. Its purpose was to glorify Rome's 

military power by portraying the Samnites as a formidable but savage adversary, while 

presenting Rome's societal structure as the herald of civilisation (Dench, 1995, pp. 4�t5, see also 

section 3.2). 

Second, the perception of the Samnites as a backward society, as conveyed by the sources, has 

been reinforced by modern assumptions about mountain environments. Mountain landscapes 

have often been regarded as marginal territories, borderlands, and places of refuge�v

environments inherently unsuitable for complex societies both in the Italian context (Bourdin, 

2014) and globally (e.g. Scott, 2009). Additionally, they are frequently seen as passive 

peripheries to urban or state-based core areas where societies evolve. Much of this view arises 

from an inadequate understanding of alternative forms of societal organisation prevalent in 

these regions, where urbanism does not play a prominent role. The modern under-theorisation 

of these landscapes, combined with the urban-centric and historiographical views, has hindered 

our understanding of Samnite society. 

Third, cities are often considered crucial elements in the development of complex societies, 

especially in the Mediterranean (Bradley, 2000, pp. 30�t33, see section 2.2.3). Scholars generally 
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believe that urbanism is an essential component of complex organisational forms, such as the 

state. As a result, even after recognising historiographical biases, scholars have struggled to 

identify urban models as the key to explaining Samnite military and political power. In doing so, 

research has often resorted to simplistic unilinear evolutionary schemes of human social 

development and has forced divergent archaeological data into urban-centric narratives, failing 

to appreciate the organisational features of Samnite society on their own. 

In summary, research on the Samnites has been heavily influenced by a biased historiography, 

which has subordinated archaeological evidence to a preferred historical narrative. Even after 

recognising these biases, research has failed to study Samnite society on its own terms and has 

instead continued to adopt a dominant urban-centric view deeply entrenched in regional 

myopia. 

Recent global approaches are challenging the role of urbanism and state formation as the key 

factors for the development of complex societies (e.g. Jennings and Earle, 2016; Graeber and 

Wengrow, 2021). They highlight the diverse trajectories towards and away form organisational 

complexity organisation (e.g. Scott, 2009; González-Ruibal, 2014). In light of this, reevaluating 

Samnite and other societies that do not conform to traditional urban-state models is necessary. 

It is time to develop new narratives that appreciate unique different trajectories towards 

organisation of complexity, instead of solely relying on classical and urban-centric biases. 

This dissertation develops an innovative approach to deconstructing modern assumptions by 

employing computational and quantitative methods to investigate the complex phenomenon of 

non-urban organisation. Drawing inspiration and motivation from recent global debates on 

hillfort communities, it develops a transferable methodological approach that combines 

extensive fieldwork, a landscape archaeology perspective and a carefully chosen set of 

computational methods to address long-standing debates about the nature of Samnite hillforts 

and the society that built them, including Samnite resistance in the face of Roman expansion. 

Thanks to a renewed interest in hillfort societies, which has significantly altered the global 

perspective on the role and significance of these sites, Samnite sites serve as an excellent proxy 

for highlighting the unique characteristics of Samnite organisation without succumbing to 

historiographical, urban-centric, or regional biases. 

The main research question motivating this dissertation is therefore what kind of social, political 

and economic organisation does the geographical pattern of Samnite hillforts reflect? 

This can be further elucidated via three more specific questions: 

1. What different kinds of hillforts existed in the Samnite region? What role do different kinds 

of hillforts play in structuring the surrounding environment?  
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2. To what extent were groups of hillforts organised as a system, potentially in relation to a 

centralised political organisation? Does this organisation change in periods of warfare? 

3. Can we detect a common regional identity expressed in specific forms of Samnite landscape 

organisation, and if so, can we recognise state formation even in the absence of urban 

forms? 

To address these questions, this dissertation unfolds over ten chapters. The first three chapters 

review current theoretical and substantive debates revolving around issues of urbanism and 

state formation, as well as the organisation of both hillfort societies in general and Samnite 

society more specifically. They also provide background to understand the aims behind the 

analytical choices developed and the interpretation of the results. After this, five chapters 

present the new primary data collected as part of this dissertation and a set of computational 

analyses applied to this data. Thereafter, an overarching discussion integrates all of the above 

and provides a cohesive narrative on Samnite society, before a conclusive chapter. 

More specifically, chapter 2 introduces the debate on state formation, and discusses how 

research now sees multiple trajectories to organising complexity and how the urban-state 

relationship is only one of the possible alternatives. It also highlights how complexity does not 

require state formation and how the concept of the state itself can be lacking when applied to 

antiquity. Then, it concludes by reviewing how societies avoided the state, discussing different 

forms of societal resistance. 

Once the idea that complexity comes only in states and urbanism has been deconstructed, 

chapter 3 looks at the debate on Samnite society, and discusses the biases of past 

historiographical research, presenting the current debate on Samnite socio-political 

organisation. After this, it introduces the different typologies of sites characteristic of the 

landscape of Samnium and the different settlement models that have been developed to 

understand their role and interaction. Finally, it presents the two theoretical perspectives 

adopted in this dissertation to investigate the Samnite hillfort landscape. 

Chapter 4 presents the global perspective on hillfort sites through three key themes that I 

identified in research. First, the relationship between forms of habitation at hillforts and 

urbanism is explored, followed by the role of monumentality at these sites and its relationship to 

collective action. Finally, I discuss the role of hillforts in structuring functional and symbolic 

landscapes. 

After setting the theoretical framework, chapter 5 presents the research done to create a new 

representative dataset of Samnite hillforts. It discusses the biases of previous research and 
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describes a new project, the Ancient Hillforts Survey, which I set up to address these. This 

involved a large-scale lidar-based study of the entirety of ancient Samnium, paired with around a 

hundred and fifty site visits during fieldwork. This provided me with a unique perspective and 

knowledge of Samnite hillforts and landscapes, which informed the ensuing analysis. 

A case of this is the work in chapter 6. During fieldwork, it became even clearer how the 

imposing fortifications at Samnite sites likely required great labour and capacity for collective 

action, where the study of architectural energetics can provide important insights. The lack of 

suitable methods to study labour at Samnite hillforts pushed me to develop new ones. The main 

role of this chapter is, therefore, to present these new tools that inform the analysis of chapter 

seven. 

Chapter 7 discusses variability in form, size location and function of Samnite hillforts. The work is 

built on the extensive lidar mapping of the sites discussed in chapter four, integrating it with 

further work on architectural energetics from chapter six. The chapter discusses a series of non-

spatial statistical analyses that allowed for the identification of four general categories of 

hillforts. The new data were also used to develop estimates of the population and density of 

habitation. The latter aided in the later interpretation of the sites within the comparative 

framework of hillfort communities worldwide. The identification of categories was crucial for the 

analysis presented in the next chapter. 

Chapter 8 uses the different site categories to investigate how they relate to different 

subsistence strategies and settlement location preferences in the landscape. It investigates how 

these different categories interact with one another in structuring the wider Samnite landscape, 

moving from the site level to the regional and interregional scale. This was done by creating a 

series of environmental covariates that were used, along with the sites, in a series of point 

process models, which are statistical tools for understanding spatial patterns. The same tool was 

also used in the next chapter, but at the site level. 

Forms of habitation are crucial for understanding the role of hillforts in shaping the landscape. 

To gain a better understanding of this, chapter 9 presents a second phase of the Ancient Hillfort 

Survey, which investigated a key category of sites through intensive and non-invasive surveys, 

followed by point process models to understand the representativeness of the data. Lidar, 

multispectral aerial images, geophysics, coring, and pedestrian surveys were integrated into the 

study of a Campanian hillfort, providing unique insights into the forms of habitation on Samnite 

hillforts and challenging the urban-centric perspective on these sites. 

Chapter 10 integrates all of this data into a cohesive narrative. Subsistence strategies and the 

landscape structure created by the different categories of hillforts are discussed within the 
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regional debate on Samnite society and the global discussion on hillfort communities. This 

provides unique insights into Samnite socio-political organisation and contextualises the Italian 

debate, contributing to the global discussion on alternative trajectories for organising 

complexity that do not conform to the urban model. 

Finally, chapter 11 concludes this work by returning to the research questions identified in the 

introduction, the intended impact of the results and possible avenues for future work. 
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2 UNDERSTANDING STATE 
FORMATION 

2.1 INTRODUCTION 
Academic debate has witnessed contrasting views, with regard to the degree of political 

centralisation present in Samnite society. While some scholars perceive a Samnite state (La 

Regina, 1981), others criticise the existence of strong socio-political cohesion and organisational 

capacity (Cornell, 2004; Grossman, 2009). Both interpretations are significantly influenced by 

the Greco-Roman city-state model and its close connection between a higher degree of political 

centralisation and urban systems. While the emergence of cities has undoubtedly been a 

significant development in human history, recent studies challenge traditional definitions of 

urbanism, demonstrating how states arise without urbanisation. These studies also document 

the various forms that urbanism and states assume in different periods and regions. Before 

delving into the debate about the Samnites, it is therefore helpful to briefly acknowledge the 

progress of research beyond the city-state model and introduce some key concepts to which I 

will return later in my final discussion (see chapter 10). 

The first part of this chapter discusses the origins of unilinear evolutionary approaches to 

complexity and then emphasises how current research recognises multiple trajectories towards 

complexity. A common aspect of past approaches is the close relationship between urbanism 

and state formation. The chapter continues to discuss the same urban-centric view of Italian 

research in the interpretation of state formation, that is however unable to explain Samnite 

society. The chapter then moves on to the debate on state formation without urbanism, 

examining various forms of domination that underlie early-state formation. 
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While the first part of the chapter discusses the emergence of the state as a potentially internal 

phenomenon within societies, the final part focuses on processes of resisting external state and 

empire. It deals with the archaeology of resistance, introducing the difference between 

resistance, resilience, and rebellion as identified by González-Ruibal (2014). This framework was 

originally developed studying European colonialism in Africa, but it proves extremely useful in 

investigating the forms of Samnite resistance, first to Roman conquest and then to Roman 

colonialism. The chapter continues by connecting the archaeology of resistance with the role of 

identity and ethnicity, and explores whether ethnic identity can be observed in landscape 

archaeology. 

2.2 THE URBAN-STATE RELATIONSHIP  

2.2.1 UNILINEAR EVOLUTIONARY APPROACHES TO COMPLEXITY 

Studies of cultural evolution have often assumed that simple and small communities tend to 

evolve into complex and larger ones (Feinman, 2013). Earlier traditional versions of this model 

proposed a unidirectional evolution, progressing from bands to tribes, then to chiefdoms, and 

finally to states. The social evolutionary approach to complexity originated from the examination 

of cross-cultural similarities among ethnographic groups (Morgan 1985; Tylor 1871) and was 

subsequently applied to archaeology. Various factors have been proposed as drivers of 

increasing complexity, primarily based on socio-cultural changes (Steward, 1955, 1967) as well 

as technological and economic factors (White, 1949). A common characteristic among these 

theories is the notion of urbanism as the fundamental culmination of social development 

(Service, 1962). However, social evolutionary approaches have faced criticism for viewing 

increasing complexity as a unidirectional phenomenon, where different subsystems, such as 

social organisation, economy, ideology, etc., are seen as separate and independent entities 

(Shanks and Tilley, 1987). 

Unilinear evolutionists and neo-evolutionists argue that societies at the same stage of 

development exhibit similar characteristics. These characteristics are manifested through a set 

of critical criteria, including central authorities, craft specialisations, writing systems, and so on 

(see Shanks and Tilley 1987). This theoretical framework, exemplified by Childe's attempt 

(Childe, 1950a) to categorise early cities based on ten criteria evolving in a coevolutionary 

manner, fails to account for the intrinsic variability arising from specific natural conditions and 

cultural expressions that shape the unique historical processes of societies. A monothetic set of 

criteria is inadequate for defining such complex entities (Trigger, 2013, pp. 41�t42). 
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In contrast, the cultural selectionist approach proves more beneficial. This perspective posits 

that various types of societies can develop and thrive within specific natural and social contexts. 

However, it also argues for a strong tendency towards greater complexity. This tendency arises 

from the short-term competitive advantage that complex societies possess over others. In 

competitive scenarios, complex societies tend to dominate, even if other societies may have 

greater long-term viability (Yoffee, 1993). Thus, while the drive towards complexity remains valid 

within this approach, the specific forms and configurations of societies can vary across different 

cases and may even coexist within the same context. 

2.2.2 MULTI-TRAJECTORY APPROACHES TO COMPLEXITY 

Multi-trajectory approaches emerged as a response to social evolutionary approaches of 

traditional type, recognising the existence of multiple paths towards increasing complexity that 

are shaped by contextual constraints and influenced by both natural and human agents (Yoffee, 

1993; Shennan, 2010). These approaches emphasise the role of human agency and individual 

decision-making as catalysts for change, along with the impact of natural events. According to 

this perspective, evolution can take various forms, each influenced by circumstantial events 

resulting from both natural and human factors. These events encompass constraint variables 

such as environmental and economic factors, which are considered functional limitations. 

Different forms of complexity progress through different stages at different times due to the 

evolving interaction between natural and human agents. While these approaches maintain an 

evolutionary framework, they diverge significantly from the traditional linear pathway. Yoffee, in 

particular, strongly criticises and rejects the notion that all social institutions (economic, 

political), beliefs and social organisation change simultaneously and in the same direction, as 

envisioned by social evolutionary approaches of traditional type (Yoffee, 2005). 

Within this school of thought, Haas argues that certain typical trajectories towards complexity 

can be identified cross-culturally, including political centralisation, the development of social 

hierarchies, settlement nucleation, and urbanisation (Haas, 2001). These trajectories, while 

observable across different societies, are not to be confused with recurring patterns that imply a 

uniform or inevitable evolutionary path for all societies. Haas's perspective acknowledges the 

diversity and variability in societal development; societies may follow similar trends (such as 

urbanisation), but they do so in unique ways that reflect their specific needs and circumstances. 

This nuanced understanding distinguishes 'typical trajectories,' which are general, observable 

trends in societal evolution, from 'recurring patterns,' which would suggest a more deterministic 

and homogenous process. Therefore, Haas's notion of evolution through 'tinkering'�v where 

societies adopt varied strategies at similar stages of complexity�v supports this view by 
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emphasizing adaptability and innovation over a singular, linear progression model. Feinman 

proposes two modes of social evolution from egalitarian to hierarchical societies which would 

happen in different circumstances (Feinman, 2001). Group-oriented societies tend to obscure 

social differences by emphasizing communal rituals, shared labour, power-sharing, and non-

linear inheritance of rulership. An example of this mode can be found in the henge-building 

people of Europe during the third millennium BCE. On the contrary, individualising societies, 

emphasise economic differentiation and social hierarchy through practices such as elite display 

and the exchange of prestige items, as observed in Minoan-Mycenaean Greece (Shelmerdine, 

2008). While these modes are not mutually exclusive, he argues that they tend not to coexist 

simultaneously in the same region. Instead, their significance may vary over time within a given 

area. 

A large part of the debate so far reviewed reveals a strong hierarchy-focused view on the 

development of societies. Common to several of these scholars is the conceptualisation of the 

state as a necessary entity without which large-scale societies cannot function. State here is 

intended as a specific form of socio-political organisation that is characterised by a central 

authority that is seen as essential in making decisions and administering violence. Recent 

research is deconstructing this view, showing increasing evidence of large communities that did 

not require a state to function. The concept of the state itself and its necessity in organising 

societies have been problematised. As Graeber and Wengrow highlight, the absence of a state 

should not be viewed as a failure but rather as an accomplishment of societies in preventing 

social inequality (Graeber, 2004; Graeber and Wengrow, 2021). 

Crumley introduced the concept of heterarchy as a contrast to hierarchy-focused views, arguing 

for the existence of societies that are not strictly hierarchical, where power is shared and 

checked through various systems such as federations and coalitions. Crumley also suggested 

that societies transition from heterarchical to hierarchical systems over time and at different 

scales. These different systems can coexist within different levels of society. The basic concept 

here is that power can be dispersed or distributed in flexible ways across different elements of 

society, various levels of integration, and even change at different times of the year within the 

same society following seasonality (Crumley 1995; Crumley 2010). 

In their recent book, David Graeber and David Wengrow (Graeber and Wengrow, 2021) provide 

a valuable synthesis of current research that highlights the multitude of ways in which power is 

structured in more heterarchical systems. They also acknowledge the significant influence of 

seasonality in shaping power dynamics by promoting the alternation of different societal 

structures where political authority can change across different periods of the year for 

communal gain (Graeber and Wengrow, 2021, pp. 104�t119). For example, they report how Inuit 
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society of the late 19th century AD took shape in small groups led by almost tyrannical patriarchs 

during certain parts of the year, while during other periods, the gathering of these groups was 

marked by equality and collective life aimed at collective benefit. Similarly, among the coastal 

communities of Canada or the Great Plains of Montana and Wyoming today, strong hierarchical 

structures with power over slavery, imprisonment, and harsh physical punishments, including 

killing, functioned strictly on a seasonal and temporary basis, resembling a state even without 

the existence of a state  (Graeber and Wengrow, 2021, pp. 104�t119). 

Graeber and Wengrow emphasise a multiplicity and adaptability of human organisation and 

political forms, where time, such as seasonality, also plays a significant role, a factor largely 

overlooked in modern research. Seasonal gatherings, festivals, and the annual calendar, in 

particular, are viewed as arenas for managing power, where different political forms alternate to 

benefit the entire community (Graeber and Wengrow, 2021, pp. 118�t119). Furthermore, they 

see hierarchy and equality as intertwined in social experiences, referring to it as 'inequality from 

below'. This suggests that inequality and domination emerge at the small-scale domestic level, 

while self-conscious egalitarian politics arise to regulate and prevent these dynamics from 

extending beyond the private sphere to the public one (Graeber and Wengrow, 2021, pp. 208�t

209). The ability to interact at different scales, from the small and private to spanning vast 

territories, is indeed a characteristic of humans, as also discussed by Crumley (Crumley, 1995, 

2010; Graeber and Wengrow, 2021, pp. 278�t280). 

For Yoffee, heterarchy is just a useful concept to study the many conflicting hierarchies present 

within a society. He argues that the state is fundamentally a process of differentiation, creating 

social groups with distinct and unambiguous roles, identities, and symbols that are 

institutionalised within a political framework (Yoffee, 2005). These groups are formed through 

the exercise of "power," namely the means by which leaders control labour, production, and 

distribution. Yoffee contends that the relationship between power dynamics and social actors 

gives rise to a complex adaptive system that can self-organise and undergo profound changes. 

The state form emerges only when economic, social, and political power are achieved together 

by communities. According to Yoffee, cities serve as the primary arena where these processes 

occur and are therefore closely linked to early state formation. 

Furthermore, according to Spier (Spier, 2010, 2017), complexity arises and is sustained only 

under specific conditions, which he refers to as the "Goldilocks principle". As he argues, the 

conditions need to be "just right." If the situation changes enough to no longer provide the 

necessary range of conditions for a particular type of complexity, it collapses, and a new form 

emerges (Spier, 2017, p. 131). Hence, the state is just one of the possible outcomes that can 

arise through different trajectories. Although interconnected, different systems (political, 
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economic, societal) develop at different rates. Only when certain conditions are met do they 

form recognisable forms of socio-political organisations described as the state.  

2.2.3 STATE FORMATION IN ITALY 

The dominant debate on urbanism, specifically tied to the particular form of city-state, has 

overshadowed the study of early state formation in Italy during the first millennium BCE 

(Bradley, 2000, pp. 30�t33). This has resulted in an under-theorisation of societies in the 

Apennine regions, which lacked urban systems, and has also biased our understanding of coastal 

communities where urbanism has been strictly associated with the rise of the state (Bradley, 

2000, pp. 30�t33; Riva, 2009, pp. 21�t22). Consequently, research has often considered highland 

areas as backward peripheries of lowland urbanised cores. 

The concept of city-state is regarded as the archetypal model of complex political organisation in 

the Mediterranean during the 1st millennium BCE. Its origins can be traced back to the polis, the 

Greek form of state, society, and economy (Vlassopoulos, 2007, p. 55). Building upon the 

research conducted by The Copenhagen Polis Centre Project, Hansen argues that the city-state 

model extends beyond the Greek world and can be recognised in various historical contexts. 

This model is characterised by the following criteria: 1) a substantial population; 2) dense and 

permanent settlement patterns; 3) specialisation of roles and division of labour; 4) a market-

based economy; 5) a more organised system than what sparse inhabitation would require; and 

6) the central role of the settlement for its hinterland, encompassing social, economic, religious, 

and military aspects (Hansen, 2000, pp. 11�t12). A city-state is such when the relationship 

between urbanisation and the state is one-to-one. In regions with a hierarchy or federation of 

city-states, Hansen refers to them as a "city-state culture" (Hansen, 2000). The independent 

Graeco-Roman cities emerged from a competitive system based on settlement size, economy, 

and political power where independent and competitive cities maintained, however, contact 

with each other, and the elites often shared symbolism and religious beliefs through what is 

known as peer-polity interaction (Renfrew and Cherry, 1986; Collis, 2000, 2017; Trigger, 2013). 

Much of the Italian discourse on early states revolves around the origin of the city. The debate 

was polarised for a long time between two opposing perspectives known as the "exogenous" 

and "endogenous" schools of thought (Fulminante, 2013, p. 2). The exogenous view emphasises 

external influences in the emergence of cities and urban aristocracies, following a diffusionist 

model where the city originated in the Near East and spread to Italy through the Greek world. In 

contrast, the endogenous model attributes the trigger towards complexity, in the form of cities, 

to autochthonous factors and local trends. 
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Initially, the exogenous model considered Greek colonies as catalysts for the early urbanisation 

of Etruria. However, these models were later revised to highlight the importance of endogenous 

factors and to recognise that the italic centres of Etruria and Latium Vetus were already complex 

enough to be considered proto-urban (Guidi, 2008; Riva, 2009, 2015). While this changing 

perspective stimulated a model of indigenous urbanisation in central Italy, it also replicated the 

exogenous model by replacing Greece with Etruria in the role of catalyst for urbanisation in 

neighbouring regions (Vanzetti, 2004, pp. 19�t29; Riva, 2015). This led to the development of a 

new core-periphery scenario, opposing a mid-Tyrrhenian urban core to a non-urban periphery 

at its margins (Pacciarelli, 2001). 

Recent studies have challenged the core-periphery model and, in line with broader European 

debates on urbanisation, have acknowledged the diverse and intricate processes and 

trajectories that led to urbanisation in Italy (Guidi and Santoro, 2004; Guidi, 2008). The 

polarisation between the exogenous and endogenous factors characterised a period when 

dialogue between protohistorians and classical archaeologists was limited. However, in the past 

two decades, this situation has changed, as the gap between the two disciplines has narrowed, 

putting an end to the exogenous/endogenous polarisation. Instead, there is a growing interest in 

comprehending ancient centres not as isolated entities driven solely by autochthonous or 

diffusionist movements, but rather by focusing on the systems and networks within which these 

centres operated (Riva, 2015).  

With the aim to explain state formation, Renfrew proposed the Early State Model (Renfrew, 

1974; Renfrew and Cherry, 1986). This was later adopted by Italian pre and protohistorians but 

was barely considered by classical archaeologists. According to this model complexity is a result 

of the interaction between polities of similar size and hierarchy. It argues for predictable and 

archaeologically testable spatial attributes of early states and examines how territorial size 

affects complexity. The model proposes a linear evolution of social complexity from chiefdom to 

state based on social, ideological, and economic factors that must occur to trigger state 

formation (Smith, 2003; Sanmartí, 2004). 

Discussing the evidence of urbanisation in Italy, Guidi (2008, pp. 187�t188) outlines three steps 

towards state formation. The first see a pre-state society exhibiting forms of �Zgentilicial 

dynamics�[ and social differentiation, residing in sizable settlements.  The term gentilicial is used 

in Italian archaeology to refer to a web of hereditary social relations that were organised around 

a small number of dominant groups (clans or gentes) that held unequal access to resources and 

exerted control over a larger portion of the community, known as the clients, who were 

economically dependent on them (Smith, 2019). The second stage refers to an early state 

characterised by proto-urban settlements governed by a heterarchical or oligarchical system of 
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elites, accompanied by a progressively hierarchical organisation of settlement patterns. The 

term "proto-urban" is specifically associated with large communities that settled on plateaus 

towards the end of the Bronze Age and the beginning of the Iron Age in central Italy. These 

settlements exhibit urban-like characteristics such as higher population density, centralisation, 

specialised craft production, architectural organisation, and exploitation of the surrounding 

landscape for resources (Riva, 2009, pp. 11�t29). Noticeably, they often do not present 

continuously densely inhabited areas but are instead characterised by pockets of occupation 

(Carandini, 1997; Terrenato, 2011). Third, a mature state marked by a monumentalised and 

fortified urban centre, a hierarchical organisation of the territory, a stratified society, and a well-

organised religion. 

From this model, it is evident how the establishment of central authority is recognised as a 

crucial factor in the formation of states. In the past, the historical accounts of the Roman 

Republic have greatly influenced our understanding of early state formation in Rome (Carandini, 

2012) and neighbouring Etruria (Smith, 2011, p. 33). However, research over the past few 

decades has increasingly given greater importance to archaeological evidence, challenging the 

dominance of the historical narrative (Riva, 2009; Fulminante, 2013; Armstrong, 2016; Smith, 

2019; Terrenato, 2019). Taking the case of Rome, the emphasis is now given to elite agents and 

groups behind the processes of Italian state formation.  

These are the elite groups (clans or gentes) discussed above, whose leaders are seen as playing 

a prominent role in either promoting or tolerating the emergence of the state because they find 

it useful for advancing their private agendas (Terrenato, 2011, pp. 234�t236). The military 

dimension of the clan system is particularly crucial as it is instrumental in preserving the political 

independence of each clan while reinforcing the system's cohesion and the legitimacy of the 

warrior aristocracy that leads it (Terrenato, 2011, p. 241). Similar to the perspective developed 

in Italy, the role of clan leaders and warlords in the debate on state formation has gained 

significant attention in recent years across the Mediterranean region (�Haco del Hoyo and L�•pez 

S��nchez, 2017). 

Of critical importance to the discussion is how the emergence of the state has been 

conceptualised. In Italy, the state is characterised by highly centralised socio-political systems 

and military power that are strongly linked to social hierarchy. These factors have been viewed 

as essential for the effectiveness of the city-state model (see Dench 1995; C. Morgan 2003). 

However, the debate remains open regarding how other types of socio-political organisation 

systems fulfilled the same functions and achieved a similar level of endurance. In the 4th and 

3rd centuries BCE, Samnite society appears to have successfully met its own military and 

political needs, albeit in forms that do not align with the aforementioned models. For instance, 
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Guidi's (2008) model of early state formation is largely found lacking when applied to Samnite 

society. However, as discussed in chapter 3, similar models have been extensively used for the 

understanding of the Samnites. Given the inadequacy of this dominant narrative on state 

formation in Italy for Samnite society, I will turn to recent global debates to find a different 

perspective. 

2.2.4 LEAVING BEHIND THE CITY 

Models of cultural evolution have predominantly relied on historical cases of well-established 

cities where states were present. Consequently, an enduring association between urbanism and 

state formation has emerged. However, recent studies have demonstrated that this association 

is not universally applicable. It is more advantageous to view urbanism as just one of the many 

drivers of social change that can lead to state formation, or vice versa (Latham, 2009). 

Recent research on alternative forms of urbanisation distinct from traditional cities, such as low-

density urbanism, challenges the prevailing paradigm that tightly links the existence of particular 

kinds of traditional cities to the state. It prompts a revaluation of societies that have been solely 

understood within the framework of the urban model, yet do not fit the model (Fletcher, 2009). 

This highlights the need to broaden our understanding and consider alternative interpretations 

when examining societies that do not conform to the conventional urban-state relationship. 

The existence of non-urban state societies has also been explored. Investigating the Hawaiian 

State, Jennings and Earle (2016) highlight how non-urban state societies can still exhibit features 

attributed to state formation in urban societies, such as monumental architecture associated 

with fortifications. Occupation in this case is, however, dispersed rather than nucleated: they 

attribute this to environmental constraints or functional limitations that hinder aggregation due 

to factors such as limited transportation and subsistence (Jennings and Earle, 2016). For this 

reason, the Hawaiian State was only recognised as such thanks to extant rich historical data. The 

strong link between urbanism and state would likely have biased archaeologists, preventing 

them from recognising state formation based solely on the available archaeological data 

(Jennings and Earle, 2016, p. 484). 

Moving away from this link and bias opens up new perspectives on past societies and, most 

importantly, allows us to focus on the creativity of these societies in structuring themselves. 

There is an increasing body of evidence for a high degree of organisation in societies that not 

only lacked urban organisation but also lacked permanent state-like hierarchy (Jennings and 

Earle, 2016; White and Fletcher, 2023). The concept of the state itself is highly problematic as it 

largely derives from modern conceptualisations. There is no single path to the formation of 
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state-like structures in past societies; instead, multiple pathways emerge from the interplay of 

various forms of power and inequality, as described by Graeber and Wengrow (2021). 

2.2.5 FORMS OF DOMINATION 

An enduring and widely accepted definition of the state revolves around the idea of an 

institution that monopolises and controls the legitimate use of violence within a given territory 

(Weber, 1930). More recently, Graeber and Wengrow have synthesised recent debates that offer 

a different perspective on the origin of the state, or rather, the origin of the rigid, hierarchical, 

and bureaucratised modern political system (Graeber and Wengrow, 2021, pp. 362�t369). They 

discuss about three basic sources of domination in societies: control over violence (expressed as 

sovereignty in modern states), knowledge (bureaucracy), and charismatic competition (politics). 

They argue that these three forms constitute the foundation of modern states, but in past 

societies, these principles did not necessarily come together, nor did they reinforce each other 

in the way we understand them to do so for contemporary states. Although these principles 

were already identified in previous research, and already by Weber (1930), their merit lies in 

stressing how these three elements could take different combinations in past societies. While 

their monothetic appearance characterises only later states, various forms of power crystallised 

with different combinations of these three elemental forms of domination in the past. 

Despite the heterogeneity of the forms in which the state emerged across different cultures, as 

stressed by Graeber and Wengrow (2021, pp. 362�t369), research has highlighted a few 

commonalities that might have existed prior to the establishment of a central government and 

could have changed in form once the latter was established. These commonalities include 

displays of violence, some form of patriarchal organisation of households, and the division of 

society into classes (González-Ruibal and Ruiz-gálvez, 2016; Naglak and Terrenato, 2021; Ruiz-

Gálvez, 2021). Following this line of thinking, the birth of the state should not be viewed as the 

emergence of an entirely new form, but rather as a change that occurred within an already 

existing regional system. Consequently, early states can be seen as second-order regimes of 

domination, with first-order regimes characterised by a single source of domination, and 

second-order regimes involving the convergence of two sources of domination in often 

unprecedented ways in the regional context. In their perspective, Graeber and Wengrow (2021, 

p. 413) argue that societies such as Egypt, Mesopotamia, and Classical Maya should be viewed 

as second-order regimes. The differences among these are explained by the varying ways in 

which forms of domination interacted within each society. For instance, Early Dynastic 

Mesopotamia combined bureaucracy and charismatic competition through administration and 

heroic politics, respectively. The system consisted of multiple cities, each governed by a warrior-
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king. However, no single entity held clear dominance over violence, or sovereignty, over the 

others. This balance of power between forms of domination prevented the formation of a 

unified state, with each city maintaining its autonomy. 

Warfare plays a significant role here, as discussed in section 2.2.3. Research conducted in Italy 

and the Mediterranean has highlighted the importance of the military dimension of leaders and 

clans in the emergence of the state (Terrenato, 2011; Armstrong, 2016; �Haco del Hoyo and 

L�•pez S��nchez, 2017; Smith, 2019). This identifies a strong relationship between warfare and 

increased social inequality which, in turn, allows for large systems of domination that lead to the 

formation of the state (Graeber and Wengrow, 2021, pp. 504�t514). 

So far we discussed how social inequalities and state formation can happened within a society. It 

is important to give adequate attention, however, to how external agents can be catalyst for 

increasing inequalities and state formation in a society. In such scenarios, communities resisting 

the state often oppose the development of internal inequalities as well. The next part of this 

chapter discuss how societies resist the state. 

2.3 RESISTING THE STATE 
Recent research has examined communities resisting the state as an external threat to social 

inequality and oppression, forming what Alfredo González-Ruibal defines as an archaeology of 

resistance (González-Ruibal, 2014). González-Ruibal identifies two themes within the 

archaeology of resistance:  ancient imperialism and colonialism, and the modern expansion of 

Europe (González-Ruibal, 2014, pp. 6�t12). The first of these two themes (ancient examples of 

imperialism and colonialism) might be identifiable in archaeological patterns of perceived 

�Z���v�š���v�P�o���u���v�š�[�U�����µ�o�š�µ�Œ���o�����Œ�����š�]�À�]�š�Ç�� ���v���� �Z�Ç���Œ�]���]�š�Ç�����v���� �}�Œ�����o�µ�Œ�Œ������ ���}�Œ�����Œ�• (Mattingly, 1997, 2010; 

van Dommelen, 1997, 2006; Hingley, 2005). The second has been investigated through the study 

of open conflicts stemming from the devastating aspects of modern European expansion, with a 

particular focus on slavery (Ferguson, 1992; Hall, 2000; Orser and Funari, 2001) and indigenous 

groups (Silliman, 2001, 2005). 

Instead of focusing on resistance, Mattingly (1997, 2010) is a prominent exponent of scholarship 

that engages in a discussion about discrepancies within the debate on Roman provincial 

archaeology. According to this perspective, colonial culture was shaped by both the oppressors 

and the oppressed, with agency and social effects attributed to both parties. The "discrepant 

experiences" school of thought attributes significant agency to communities and individuals, 

emphasizing that any variation in the use of objects can be a deliberate form of disagreement 

aimed at reinterpreting and negotiating social meanings during the process of identity 

construction. 
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However, other archaeologists argue that the emphasis on hybridisation and discrepancy should 

not downplay the power dynamics and violence that occurred in colonial encounters (Silliman, 

2005, pp. 62�t65; Dietler, 2010, pp. 117�t182; Cañete and Vives-Ferrándiz, 2011). González-

Ruibal views post-colonial perspective on hybridisation as influenced by a neoliberal ideology 

that obscures power asymmetries through concepts like multiculturalism, individual agency, and 

fluid identities (González-Ruibal, 2014, pp. 6�t12). Instead of limiting the discussion to 

discrepancies, he argues that it is more useful to incorporate violence into the debate and 

distinguish between resistance, resilience, and rebellion when discussing colonial power 

dynamics, as elaborated below. 

Regarding resistance, González-Ruibal (2014, p. 7) refers to the ability of communities to thrive 

on the periphery of state formation. As discussed by Scott for the upland people of Southeast 

Asia (Scott, 2009), these communities demonstrated a remarkable capacity to evade external 

rules and remain independent from assimilation into hierarchical structures such as states and 

empires. However, this resistance often came at a cost, resulting in aggression and violence 

between states and stateless societies. 

On the other hand, González-Ruibal views resilience in the context of responses to external 

domination (González-Ruibal, 2014, p. 8). Resilience involves the psychological and social 

adaptation that communities undergo by developing cultural coping mechanisms (Rubin, 1996, 

p. 241). This subtle form of resistance, which González-Ruibal argues should be understood 

instead as resilience (González-Ruibal, 2014, pp. 6�t12), allows marginalised groups to navigate 

power dynamics without openly challenging them. It aligns with the notion of "discrepancies" 

discussed by Mattingly (Mattingly, 1997, 2010). 

Rebellion, on the other hand, entails actions that occur during specific times when the pressure 

of domination becomes unbearable. While forms of resilience may manifest in everyday life, 

rebellion differs because it is characterised by violence and intense politicisation of the act of 

rebellion itself. González-Ruibal views rebellion as the opposite of resilience as it requires a 

conscious political awareness (González-Ruibal, 2014, pp. 9�t10). Both resilience and rebellion 

are commonly observed within groups that have been incorporated into state systems (Scott, 

2009). 

Rather than solely focusing on the concept of "discrepancy," González-Ruibal advocates for a 

structural approach to the archaeology of resistance, where resistance, resilience, and rebellion 

are distinct forms of opposition against domination (González-Ruibal, 2014, pp. 6�t12). 

Accordingly, an archaeology of resistance analyses how the material world and historical context 

contribute to acts of resistance. This entails examining how objects and memories are utilised to 
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challenge and resist oppressive systems, exploitation, or assimilation, while also upholding 

egalitarian values. 

2.3.1 IDENTITY, ETHNICITY AND RESISTANCE 

To further explore the process in which communities resist to state, it is important also to  

discuss the relationship between identity, ethnicity and political structure. Identity is a dynamic 

concept that encompasses an individual's self-perception, including their sense of self, personal 

and social roles, and how they relate to others and the world around them. Ethnic identity, on 

the other hand, refers to an individual's sense of belonging to a specific ethnic group or 

community. They both play an important role in the discussion on resistance and power. 

Research highlights how social groups actively shape their identities to differentiate themselves 

from others (Jones, 1997, p. xiii). This process becomes particularly important when there is a 

growing power imbalance (Herring, 2000, p. 46). By creating a shared identity, these groups 

foster unity, which can have significant political implications, even leading to the formation of 

early states. In such circumstances, political entities can emerge through the mobilisation of 

"politicised ethnic identities" where different communities join forces in response to an external 

threat (Jones, 1997, pp. 75�t76, 95�t96). Identity plays various roles in acts of resistance. 

One aspect is the manifestation of group identity. When groups face threats, marginalisation, or 

subjugation, they frequently assert their identities as a means of resistance against the 

intimidating or dominant authority (González-Ruibal, 2014, pp. 6�t12). Identity serves as a 

unifying force for collective action, with the formation and preservation of a shared identity 

reinforcing the bonds within the resisting group and cultivating a sense of unity in opposition to 

the state. Another factor is the preservation and affirmation of cultural practices and identity. 

When resisting state control, there is often a focus on safeguarding and asserting cultural 

traditions, beliefs, and customs that hold significance for the resisting group's identity (González-

Ruibal, 2014, pp. 6�t12; Arkush, 2017). Elements of culture such as unique material artifacts, art 

forms, language, and religious rituals serve as symbols of resistance, reinforcing group cohesion 

and a sense of identity. Examples of these processes can be found in the communities of the 

Horn of Africa and Sudan discussed by González-Ruibal (2014), as well as in the people of upland 

Southeast Asia discussed by Scott (Scott, 2009). 

Additionally, negotiation and adaptation of identity play a crucial role. Communities may 

strategically choose to adopt or reject certain aspects of the dominant culture, blending them 

with their own traditions or creating hybrid identities as a means of survival or resistance. This 

process showcases the active agency of individuals and communities in shaping their identities 

while navigating the intricate dynamics of resistance and the power wielded by the state. 
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Identity is a dynamic concept that undergoes constant redefinition; therefore, when relying on 

the continuity of material evidence or similarities in the archaeological record, it is important to 

be cautious (Shennan, 1994, pp. 12�t13; Jones, 1997, p. 28; Lucy, 2005; Derks and Roymans, 

2009, pp. 2�t3; Fernández-Götz, 2014, pp. 179�t181). Ethnic identity is shaped by various 

characteristics, the significance of which can vary over time and across different geographical 

locations (Shennan, 1994, pp. 11�t12; Hall, 1997, pp. 25�t26, 2002, pp. 9�t10; Jones, 1997, pp. 

122�t123; Lucy, 2005, pp. 98�t99; Derks and Roymans, 2009, pp. 7�t8). Furthermore, it is 

important to note that a specific context of material culture, such as a burial, does not solely 

represent ethnic or collective identity, but may also reflect other aspects of social identity or a 

combination thereof (Lucy, 2005). Adding to this complexity, ethnicity exists at multiple scales, 

with different and sometimes overlapping ethnic identities coexisting at various geographic 

levels within a given timeframe (e.g. is Sicilian Greek identity in Malkin, 2011, pp. 16�t20). 

Much of the research in archaeology has focused on the exploration of ethnicity. However, 

Whittaker (2009: 202) argues that ethnicity cannot be detected in archaeology. Conversely, 

Smith (1986) and Hall (1997) present a comprehensive set of criteria for identifying ethnicity, 

including shared history, mythology or genealogy, social structure, religion, which are, however, 

somewhat challenging to identify in the archaeological record. Consequently, historical sources 

are often relied upon as a primary means of determining ethnicity. Nevertheless, these sources 

are not without biases, and it has been suggested that they should be used to support 

interpretations derived from analysing the archaeological record instead of primary evidence 

(Saccoccio, 2022). 

There is a spatial dimension of ethnicity that can shape places and landscapes (Cifani and 

Stoddart, 2012). This indicates how ethnic identities are frequently intertwined with specific 

geographical regions and the physical surroundings where the communities live. Ethnicity is 

therefore more than just a social and cultural construct; it also emerges from the interactions 

between communities and the landscapes that surround them.  

This dimension is particularly important when investigating hillfort sites. In this context, 

archaeological sites can become ethnic markers which are visible or tangible features in the 

landscape associated with specific ethnic groups, as elaborated in sections 4.3 and 4.4. These 

markers can include settlement patterns, ritual sites, and territorial boundaries. However, 

tracing ethnic markers in the landscape is a complex endeavour, which is often related to the 

identification of ethnic boundaries.  While ethnic identities may have held importance in specific 

times and places, it does not necessarily imply that these distinctions were reflected in fixed 

territorial areas. As ethnicity is a social construct, it is subject to historical change and specific 

socio-historical circumstances. Consequently, the stability of ethnic boundaries is questionable, 
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making it challenging to establish these boundaries solely based on archaeological or historical 

evidence. State formation, in this case, could create specific territorial boundaries taking shape 

as defensive systems. These boundaries can coincide with ethnic boundaries crystallised at a 

precise moment in time, but caution in their interpretation is necessary. 

2.4 CONCLUSION 
The study of the development of complexity and state formation has recently undergone 

significant shifts in perspective. Traditional unilinear social evolutionary models have been 

replaced by multi-trajectory approaches that recognise the influence of contextual constraints 

and human agency, even though the former are still somewhat under-acknowledged in the way 

we understand the latter. Multi-trajectory approaches emphasise the coexistence of different 

forms of complexity and the role of natural and human factors in shaping societal trajectories. 

Furthermore, the concept of the state as the pinnacle of social development has been 

questioned, with scholars highlighting alternative forms of social organisation. However, these 

alternatives should not be considered static, but rather dynamic socio-political forms that can 

alternate within societies. 

Research on pre-Roman Italy has focused on understanding state formation as closely related to 

urbanism. The debate has moved away from simplistic core-periphery models and embraced a 

more nuanced understanding of the complex processes and networks that contributed to urban 

development. However, urbanism is still seen as the pinnacle of socio-political complexity and 

the state. This urban-centric perspective hinders our understanding of Italic societies, such as 

the Samnites, that fit better in broader discussions on alternative forms of complexity 

underlying power inequalities.  

Instead of focusing solely on cities and states, these wider emerging debates are more useful for 

Samnite society: they move us away from modern conceptualisations of city and state, and 

better highlight the dynamic phenomenon of organising complexity.  

In this endeavour, the archaeology of resistance offers further insight. External threats can be 

extremely important catalysts of socio-political change and, as such, they play an important role 

in managing inequalities and power. González-Ruibal's (2014) framework of resistance, 

resilience, and rebellion provides an interesting angle for investigating different forms of 

resistance, which are in turn closely interconnected with the formation of identity and ethnicity. 

Identity serves as a unifying force for collective action in the face of external threats, while the 

preservation, negotiation, and adaptation of cultural practices are all ways in which societies 

navigate changing power structures. 
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To conclude, the debate on Samnites has focused on identifying urbanism through the city-state 

model to understand the military and socio-political power of this society (see section 3.2). This 

has not led to the desired outcome, and research is still debating how this power was achieved. 

In this chapter building on recent perspectives, I have argued that complexity and state 

formation are not exclusive to urban societies, and a high degree of complexity and organisation 

can exist even without the state. It is thus essential to move beyond urban-centric models and 

study the Samnites according to the forms of domination and resistance, which �t scholars have 

argued for some time - they exhibited in the archaeological record. The next chapter delves 

deeper into the debate on the Samnites, showing how hillforts can be an optimal proxy to 

investigate Samnite resistance and possible state formation in the second half of the 1st 

millennium BCE. 
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3 THE SAMNITE DILEMMA 

3.1 INTRODUCTION 
This chapter examines the research history of Samnite society and its current issues. It begins by 

addressing the biased historical perspective that has dominated this research, and continues to 

heavily influence scholarship nowadays. It then proceeds to present the features of Samnite 

society as we know them from the archaeological record, but paying particular attention to the 

archaeological landscape. As discussed in the previous chapter, the city-state model has been 

regarded by scholars as crucial for military and sociopolitical power in the second half of the first 

millennium BCE Italy. As we shall now see in this chapter, the absence of urbanism for the 

Samnites has puzzled scholars, who have tried to identify hypothetical cities instead of 

appreciating and accounting for their unique social organisation. The chapter further delves into 

past interpretations of Samnite settlement patterns, highlighting the issues related to hillfort 

sites. Finally, it introduces two theoretical models for explaining Samnite military and 

sociopolitical power, which guided the computational approach I have developed. 

First, however, it is important to note how the term 'Samnite,' when used in relation to material 

culture and settlements, rarely indicates distinctive elements inherent to what we consider 

Samnite society. The same pottery types, such as black gloss, are common across large parts of 

Italy during the chronological period analysed, and alone are not sufficient to indicate inherent 

differences between Samnites, Italics or Romans. These terms are instead mainly derived from 

ancient sources, rather than purely archaeological data. As we will see throughout this 

dissertation, the evidence that may be most markedly different are actually hillfort sites. These 

do not simply reflect a settlement typology, as hillforts are also present in other regions of the 

Apennines. The term itself, as discussed in section 4.1, can indicate a wide variety of sites. The 

main difference lies in the social and symbolic meanings these sites held for the Samnite people, 
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which this dissertation highlights in relation to a structuration of the landscape that is different 

from the Roman one (see section 10.2). As such, the categories 'Samnite' and 'Roman' are useful 

to differentiate two distinct groups, but it is important to remember that, archaeologically, the 

clearer division is found primarily at the landscape level rather than from an inherently different 

material culture. 

3.2 A BIASED HISTORIOGRAPHY 
Historical approaches have largely dominated research on Samnites because of the relatively 

abundant ancient sources available compared to other Italic societies. Greek and Roman sources 

depict the Samnites as the main barrier to Rome's path to absolute power over the Italian 

Peninsula from the fourth century BCE to the Social War in the first century BCE. Of these 

sources, Livy's account of the Samnite Wars in Ab Urbe Condita is the most critical 

representation (Livy, Ab urbe cond. 4.8-10). Livy describes the Samnite Wars, a period of active 

warfare between the Roman and the Samnites that extended between 343 and 290 BCE. 

Scholars traditionally divided them in three phases (343�t341 BCE, 326�t304 BCE, and 298�t290 

BCE), but the inaccuracies of such divisions have been highlighted (Cornell, 2004; Grossman, 

2009). Samnite resistance to Roman expansion and colonisation did not stop with these wars. 

The Samnites joined Pyrrhus against Rome in 279 BCE leading to their defeat in 275 at 

Maleventum. They revolted again in 265 and 259 BCE and, after the battle of Cannae in 216 BCE 

during the Second Punic War, part of them (the Hirpini) joined Hannibal against Rome. After 

�����]�v�P�� �����(�����š������ ���P���]�v�U�� �š�Z���Ç�� �š�}�}�l�� ���� �‰�Œ�}�u�]�v���v�š�� �Œ�}�o���� �]�v�� �š�Z���� �^�}���]���o�� �t���Œ�� �~�õ�í5�ô�õ��BCE), where they 

were among the leaders of the insurgent Italian aristocracy aimed at assuring conditions of 

juridical and political equality with the ruling Roman class. Even after obtaining it, they rebelled 

again in 83 BCE taking the side of Marius during the Civil War that saw their defeat in 82 BCE. 

The enduring resistance of the Samnite to the Roman saw them principal actors in many of the 

accounts of these wars. The rich literary sources that produces these accounts along with the 

suggestive ubiquitous presence of surviving remains of hillforts and sanctuaries across 

Samnium, stimulated research giving the Samnites a privileged role in the study of Italic 

mountain societies. 

From the 1960s, archaeological data started to emerge through the rescue work of the Italian 

Soprintendenza, notably the pioneering work of La Regina (La Regina 1981). Parallel to this, 

national and international field survey projects threw light upon settlement patterns (see 

section 3.4.1). Despite this increase in archaeological data, the emerging Samnites' narrative 

remained primarily focussed on ancient sources. Considered to be as a firmer foundation 

despite the frequent divergence of the two, these sources have guided archaeological 
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interpretation. As a result, our current understanding is still largely driven by Roman and Greek 

sources.  

Romano-centric views of both ancient and modern historiographic traditions led to a general 

interpretation of the Samnites as primitive people characterised by rural life and violence. This 

�������}�µ�v�š�� �Z���•�� �u�}�•�š�o�Ç�� �}�Œ�]�P�]�v���š������ �]�v�� �>�]�À�Ç�–�•�� �����‰�]���š�]�}�v�� �}�(�� �š�Z���u�� ���•�� �^�u�}�µ�v�š���]�v�� �u���v�� ���v���� �Œ�µ�•�š�]���_��

(montani atque agrestes) and the description of them living in villages  (vicatim). This developed 

the impression in English language scholarship of a backward peasant society devoted to 

violence and raids, a rural antithesis to the increasingly sophisticated and urbanised Romans 

(Dench, 2004, pp. 18�t19). Of the early studies exemplifying this view, Samnium and the 

Samnites was the most influential (Salmon, 1967). Following Livy's account, Salmon fell for the 

stereotype and increasingly marked the differences between Romans and Samnites. He 

characterised the Samnites as a poor, fundamentally anti-urban people, ultimately seeing the 

Roman conquest as an inevitable and desirable event (Dench, 2004). In this perspective, he 

betrays an evolutionary outlook that views non-urban forms of socio-political organisation as 

inherently inferior to urbanism. 

Emma Dench offered a different view. In From Barbarians to New Men (Dench, 1995), she 

deconstructed �^���o�u�}�v�[�•�� �À�]���Á�� �Z�]�P�Z�o�]�P�Z�š�]�v�P�� �š�Z���� ���]���•���•�� ���š�� �š�Z���� �����•�]�•�� �}�(�� �š�Z���� �>�]�À�]���v�U�� ���v���� �P���v���Œ���o�o�Ç��

Roman, depiction of Italic people. According to Dench (Dench, 1995, pp. 4�t5), Livy 

instrumentalised his portrait to convey first a primitive enemy and then, once the Samnites were 

under Roman rule and thus invaluable for the supply of manpower, an 'Italic' ideal of bravery. 

Concerning contemporary interpretations, Dench has demonstrated how influences from 

different types of evidence have led to Samnium's 'anti-classical' picture, from Livy's account to 

the archaeologically more visible mid-Republican period (Dench, 2004). The disciplinary 

distinction between archaeology and history enhanced this perspective, together with the over-

dominance of ancient historians compared to archaeologists in the debate of the Samnite (Stek 

2009, 37).  

Contributing to the prominence of historiographical studies on Samnite society is the peculiar 

nature of Samnite archaeology. It is situated in a limbo between prehistory and Roman 

archaeology, which often hinders its understanding in its own terms. The debate on Roman 

expansionism and colonialism has played a key role here, resulting in Samnite archaeology being 

often studied in relation to Roman society and the abundant Roman sources. A purely 

archaeological take on Samnite archaeology is largely absent, and considering the lack of 

comparative studies even within different regions of Samnium, particularly between the Adriatic 

and Tyrrhenian spheres, it is not surprising that Samnite archaeology is often poorly 

contextualized.  
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To summarize, despite Dench's work, research is still struggling to move beyond the historical 

narrative. There persists a strong historiographical fixation on Samnite society (e.g. Bispham, 

2007; Bourdin, 2014), which is evident even in the work of young scholars (e.g. Lee, 2022). The 

recent work of Lee (2022), for instance, builds a historical narrative largely based on a few 

fragmentary and debated archaeological data instead of the growing corpus of scientifically 

sound evidence. In doing so, it argues that more archaeological data are needed, when in fact it 

simply fails to acknowledge an increasingly large set of new evidence that contradicts the 

historical narrative. Numerous landscape survey projects in recent decades have provided 

robust avenues to move beyond the historiographical perspective and to shed new light on the 

Samnites (e.g. Stek, 2009). However, it must be acknowledged that a significant portion of 

archaeological research often remains entrenched within regional perspectives, thereby 

neglecting opportunities to learn from and contribute to broader global debates concerning 

similar societies, particularly in the study of hillfort communities (see Chapter 4). Consequently, 

it often struggles to find its place within broader comparative debates, resulting in the 

relegation of Samnite archaeology to regional narratives often related to discourses on Roman 

colonisation in Italy instead of Samnite society in its own right. 

3.3 SAMNITE SOCIETY 
Samnite is an ancient term referring to a group of people living in the mountainous Apennine 

area in central and southern Italy. According to ancient sources, four subgroups constituted the 

Samnites: the Pentri, Caraceni, Caudini, and Hirpini (Salmon, 1967, p. 2). A fifth group, the 

Frentani, occupied the coastal Adriatic area and was later added by scholars based on 

archaeological evidence, despite considerable differences from the former subgroups 

(Tagliamonte, 1996, pp. 6�t7) (see Figure 1.1). 

The term "Samnite" carries ethnic and historical significance, operating on different levels of 

identity. It can refer to communities that formed independent political entities and states, 

groups that collectively had a "tribal" dimension, and, at a certain point, an autonomous ethnic 

identity�X���d�Z�������}�v�����‰�š���}�(���Z�š�Œ�]�����[���]�š�•���o�(�������Œ�]�À���•���(�Œ�}�u���Z�}�u���v���Z�]�•�š�}�Œ�]�����o���������}�µ�v�šs that used this term 

to indicate different groups fought during the expansion. From an archaeological perspective, 

excluding the Frentani tribe, the differences between the material cultures of the regional 

hypothetical tribes are barely noticeable (Bispham, 2007, pp. 213�t214). The tribes discussed in 

the sources have been alternatively associated with different ethnic levels. For instance, 

Tagliamonte considers the Caudini as referring to a self-governing political entity, the Pentri and 

possibly Carricini to a tribal community, and the Hirpini and Frentani to an ethnic identity 

(Tagliamonte, 2017). There is disagreement regarding the meaning of these names, but what 
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seems clear is that different groups were bound together by various forms of ethnic ties, 

coalescence, and inter-community and inter-tribal solidarity, especially at times of war. Over 

time, these factors, along with others, likely contributed to the development of a shared ethnic 

identity (Bourdin, 2014; Tagliamonte, 2014, 2017). 

Tagliamonte argues that, based on burial evidence, we can observe the emergence of a distinct 

cultural group, often referred to as proto-Samnite, toward the end of the eighth century. 

However, it is only later that we can make a case for the existence of a distinct ethnic group 

(Tagliamonte, 2017, pp. 425�t432). Drawing from various sources, including literary and 

epigraphic texts, as well as archaeological and numismatic documentation, he suggests that the 

Samnites began to establish themselves as a separate ethnic entity around the late fifth century 

BC, affirming their uniqueness in contrast to the surrounding populations (Tagliamonte, 1996, 

pp. 129�t135, 2017). The spread of the Oscan-Samnite language during this period, which shared 

variants and dialects with other non-Etruscan peoples of Central Italy, is seen as marking a likely 

break from the previous era, supporting the emergence of a distinct Samnite identity (Wallace, 

2007; Tagliamonte, 2017). Primarily based on numismatic evidence, some scholars (1996, e.g. 

2017) argue that this period likely coincided with new processes of social organisation and the 

development of proto-urban centres. However, as later chapters will document, there is in fact a 

lack of obvious proto-urban centres  and this perspective hence unnecessarily adopts the urban-

centric perspective discussed in the previous chapter, which connects cities and states. 

If approached critically, literary sources provide some indications of increasing political 

centralisation during the time of the Samnite wars, with the existence of a "Samnite league." 

Bourdin (2014) argues that the period of war led to the formation of an alliance or confederacy 

perceived by its partners to be underpinned by an ethno-national entity. He discusses how 

inscriptions attest to the presence of elected magistrates and assemblies. Among these, the 

meddíss túvtiks hold a prominent role as a single magistrate, serving annually and bearing the 

name of the year, entrusted with civil and criminal jurisdiction, military command, as well as 

political and religious representation duties. This view is extrapolated from a philological study 

of the inscriptions paired with the later historical account provided by the Roman sources. As 

such, its adoption requires caution. However, what is crucial to emphasise is that, given the 

absence of prior attestation of this role, one could argue for a shift in socio-political 

organisation, which can be perceived as distinct from earlier forms of Samnite societal structure. 

Whether Samnite organisation evolved into a federation of independent communities or as a 

State is not clear. Literary sources, specifically Livy and Strabo, depict the Samnites as having 

strong socio-political cohesion (Dench, 1995; Oakley, 1995). While earlier scholars agreed to 

depict Samnium as a cohesive region (Salmon, 1967; La Regina, 1981), recent studies have 
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tended to deconstruct this view. Instead, these studies see the Samnites as a series of local 

polities able to cooperate (Scopacasa, 2015). In this view, the Samnites are understood as having 

a political system comparable to the federal system, where a series of groups led by elites were 

united in a federation based on a common culture.  

Archaeologically, it has long been clear that the  approximate territory of the Samnites was a 

distinctive landscape compared to that of their neighbours. It was composed of hillforts, 

sanctuaries and dispersed farms and small hamlets, but with few, if any, dense settlements that 

we might call cities and which might thereby be comparable to those we know from other Iron 

Age Italic urban states. Cities, or even other settlements of comparable sizes, emerged only after 

the Roman conquest in the 2nd and 1st century BC (Stek 2009, 38). By now it is safe to state that 

Samnite socio-political organisation is an ongoing topic of debate, and one that centres around 

what the evidence of settlement patterns can tell us. 

3.4 THE SAMNITE SOCIO-POLITICAL LANDSCAPE 
Over the past few decades, there has been a growing number of survey projects in the region of 

Samnium. The Adriatic area has seen particular interest, starting with the Biferno Valley Project, 

which stands out as one of the most important projects due to its innovative long-term 

perspective (Barker, 1995a, 1995b). The later Sangro Valley Project surveyed and excavated 

some areas of Abruzzo, including the important hillforts of Monte Pallano (Faustoferri and Lloyd, 

1998; Lloyd et al., 2017). Substantial research has been conducted in the region of Molise, 

encompassing projects like the Sacred Landscape Project, Landscapes of Early Roman 

Colonisation, and Tappino Valley Survey (Stek and Pelgrom, 2005; Stek, 2009, 2018). Similarly, 

the area between Molise and Apulia has received attention with ongoing survey projects (Naso, 

2008; Naso, De Simone and Esposito, 2022). The part of Samnium facing the Tyrrhenian area has 

seen less systematic survey interest. Here, the work for the Carta archeologica e delle ricerche 

della Campania is very important (Quilici and Quilici Gigli, 2004a, 2004b, 2006, 2010, 2012, 

2014, 2016; Quilici, 2011; Quilici Gigli, 2012; Quilici Gigli and Renda, 2017; Renda, 2020), as well 

as the work of Conta Haller (Conta Haller, 1978), Caiazza (Caiazza, 2007) and for the Carta 

archeologica di Morcone (La Rocca and Rescigno, 2010). However valuable, these works have 

limits in their adopted approach, which is often not systematic or does not report the areas 

actually surveyed in the field and those that have been omitted. The same is true for the work of 

Oakley (Oakley, 1995), that is however the only study that encompasses the entirety of 

Samnium but focused solely on hillfort sites. All of these survey projects have significantly 

enhanced our understanding of Samnite landscape occupation, to which I now turn. 
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3.4.1 SETTLEMENT PATTERN 

Sanctuaries and hillforts have played a prominent role in the study of the Samnite landscape. 

This is primarily due to their imposing locations and built features, which still dominate the 

modern landscape. However, recent survey projects have also revealed the presence of 

numerous small farms and hamlets, indicating a widespread occupation of the area. 

Additionally, various necropolises have been identified, some of which contain thousands of 

burials, but it is likely that a large portion of these burial sites remains concealed today due to 

burial practices that involved cremations initially and later the interment of bodies in 

underground graves. This makes their detection challenging in pedestrian surveys. Before 

delving into the proposed settlement model, I provide a brief overview of each of these site 

types. 

3.4.1.1 RURAL SETTLEMENTS 

Survey projects of the last few decades clearly show how the majority of the Samnite population 

lived scattered across the countryside in small villages or, more often, on small farms. 

Permanent habitation at these sites is evident from the use of stone masonry for building 

structures, with roofs covered in terracotta tiles. The single-family Hellenistic farm appears to be 

the most prevalent form of habitation in the region, widely distributed throughout Samnium in 

dispersed but capillary patterns (e.g. the area discussed in section 5.4.1). 

The mountain region of Samnium offered few sizeable areas of arable land. Mostly for this 

reason, research has identified animal husbandry and mobile pastoralism, probably focused on 

cattle, as essential subsistence strategies (Gabba and Pasquinucci, 1979; Barker, 1995b). In 

particular, the seasonal moving of livestock, commonly known as transhumance, has been the 

object of extensive discussion. Two main types of transhumance have been identified. The first 

involves shorter-distance, local movement from higher areas during the summer to lower 

elevation areas from autumn onward, a practice attested in first millennium BC Italy (Trentacoste 

et al., 2020). The second instead argues for long-distance travel along the tratturi, transhumance 

routes which connected the lower plains of Apulia to the Apennines' higher pastures cutting 

through central and southern Italy. These allegedly formed a dense communication network 

where sanctuaries acted as safe place and markets while hillforts as defensive places (Salmon, 

1967; Gabba and Pasquinucci, 1979). As other research highlights (Dench, 1995, pp. 111�t125; 

Crawford, 2005; Stek, 2009, pp. 55�t57; Trentacoste et al., 2020), modern debate has revolved 

around the extent to which long-distance routes were in place before the Roman conquest, and 

thus present during a period of much greater political fragmentation. Substantial evidence for 

long-distance routes is available only for much later periods, mainly Imperial Roman, Medieval 

and later periods. 
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3.4.1.2 SANCTUARIES 

Among this dispersed pattern of rural settlements, sanctuaries and hillforts likely served as focal 

points. Evidence for cult places emerges in the 6th-5th century BCE. Initially, there appears to be 

greater variability in the types of sanctuaries, with both permanent and open-air sites, some of 

which were built within hillforts. What they all share is a relatively modest construction style, 

suggesting that these sanctuaries likely served local communities. 

From the 3rd century BC, after the Roman conquest, this situation changed. Sanctuaries now 

exhibit substantial typological homogeneity. Furthermore, we observe widespread 

monumentalisation inspired by the Hellenistic style, with a proliferation of temple buildings in 

both pre-existing sites and new locations. This has been interpreted as a display of philanthropy 

(euergetism) by the Samnite upper classes in that period. Most importantly, extensive 

monumentalisation suggests that some of these sanctuaries likely served broader communities 

associated with ethnic groups. In this context, Piatrabbondante, in Molise, has been interpreted 

as a place of long-term historical importance and local memory linked to the mythical origins of 

the Samnites (La Regina, 1989). 

3.4.1.3 HILLFORTS 

The most common features in the known Samnite landscape today are hillforts. These sites 

differ greatly in size and location, ranging from a few hectares up to a few hundred hectares, 

situated on gentle high plateaus or steep mountain ridges. The characteristic standing remains 

on these sites are fortifications built with polygonal walls using large blocks of local limestone. 

Several functions have been proposed for Samnite hillforts; however, the available data is highly 

fragmentary. Research has primarily focused on the largest centres while largely neglecting the 

small to medium-sized sites that constitute the majority of hillforts in Samnium. Excavations on 

Monte Variano (Faustoferri and Lloyd, 1998; Faustoferri and Riccitelli, 2005) and Monte Pallano 

(De Benedittis, 1988, 2013, 2017) have contributed to the debate. These two sites are among 

the largest centres in Abruzzo and Molise, respectively, and likely played a prominent role in the 

surrounding landscape. The excavations revealed clear evidence of permanent habitation, which 

has been used to argue in favour of interpreting them as proto-urban centres. However, the 

chronology of these sites presents challenges. 

For instance, Monte Pallano exhibits refined walls, numerous temples, and a central public area 

(Faustoferri and Lloyd, 1998; Faustoferri and Riccitelli, 2005). The presence of monumental walls 

has been interpreted as evidence of urbanism (Faustoferri and Riccitelli, 2005, p. 873). However, 

this interpretation is highly questionable, as it relies on past conceptualisations of 

monumentality that comparative research on hillforts is currently refuting (see section 4.3). This 
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becomes evident when considering the large number of Samnite hillforts with impressive 

monumental fortifications, but no traces of permanent inhabitation (see chapter 9 for new data 

on one of these). On the other hand, the presence of a monumentalised public area is clear, but 

its chronology is subject to debate. Occupation traces appear from the 4th century BCE, but 

clear indications of monumentalisation for the identification of the public area only emerge 

from the 2nd century BCE (Faustoferri and Riccitelli, 2005, pp. 877�t878). Prior to this phase, the 

use of the area remains a topic of debate. 

Similarly, excavation on Monte Vairano revealed the presence of an orthogonal system that 

appears to be connected to the site's artificial terracing, water management system, and the 

construction of the fortification wall. De Benedittis (2017) argues for a unique phase of 

occupation in the area, characterised by well-defined urban planning, tentatively dated to the 

4th century BCE. However, it remains unclear whether the urban phase of Monte Vairano began 

before the Samnite Wars or whether it can be classified as a city. Excavation data indicate the 

possibility of an urban form emerging only after the Roman conquest, starting from the 2nd 

century BCE at the earliest. 

It is important to emphasise that the interpretation of both these sites involves debatable 

narratives that stem from the need to identify early urban models in order to validate the 

significance of the sites and challenge the negative perception of the Samnites. The influence of 

the Greek and Roman city-state model in Italian archaeology is particularly evident here. By 

examining the data piece by piece, we can observe that there is evidence of habitation at hillfort 

sites from at least the 4th century, coinciding with the construction of fortifications. However, 

there is no clear evidence of urbanism at this stage. From the 2nd century BC onwards, certain 

areas within the site were monumentalised, orthogonal planning was implemented, with the 

emergence of public spaces, which can be used to argue for a certain form of urbanism 

(Faustoferri and Riccitelli, 2005; De Benedittis, 2017). It is crucial to highlight that these later 

features belong to the period following the Roman conquest. Distinguishing between these two 

phases is essential for understanding these sites. However, excavations ceased at the 

monumental phase, and the interpretation of an urban plan remains speculative and lacks 

support from the available evidence. Therefore, it is plausible to argue that the later urban 

phase found a foundation in a previous occupation of the site but could have been influenced by 

the Romanisation of the area, with local actors adopting Roman architectural forms. 

Furthermore, even if we accept the contentious argument that Monte Vairano and Monte 

Pallano were proto-urban centres as early as the 4th century BC, they remain unusual among 

the hillforts and are not representative of Samnium as a whole due to their large size and 

possibly continuous habitation. 
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In contrast, we have much less data from dozens of small and medium hillforts characteristic of 

Samnium. Research has largely overlooked these sites. The prevailing interpretation, however, 

suggests that they were only temporarily occupied, inhabited only for part of the year or serving 

as refuges and meeting points for people and animals in the surrounding area. The absence of 

building materials at such sites visited during the Ancient Hillforts Survey (see chapter 5), 

supports the idea that a significant portion of the intra-mural area of sites was empty. This holds 

true when considering recent research conducted within the Landscape of Early Roman 

Colonisation Project and the Tappino Valley Survey, which thoroughly investigated several of 

these sites (Stek, Hamel and García Sánchez, 2021; Sánchez et al., 2023). 

Even without considering questions on urbanism, the chronology remains a concerning issue for 

the majority of these sites. Research has generally dated them to the 4th and 3rd centuries BCE 

based on historical accounts related to the Samnite Wars. However, recent archaeological 

research is revealing that many of these sites were occupied in earlier periods, going back to at 

least the 5th or 6th century BCE. Additionally, traces of occupation in even earlier periods, such 

as the Bronze Age, have been identified at some sites during the work conducted for this 

dissertation and the fieldwork of the Landscape of Early Roman Colonisation Project 

(unpublished survey data). However, there does not appear to be continuity of occupation 

between these earlier periods and the Archaic or Hellenistic period. There is no evidence to 

suggest the construction of fortifications prior to the 5th or 6th century BCE. Even in cases 

where Bronze Age occupation is present, it often pertains to different areas than the fortified 

sections, with the distribution of later materials clearly defined by the fortification walls. For 

instance, intensive surveys conducted at Santa Maria di Loreto (M108) reveal occupation as 

early as the Bronze Age, followed by a period of abandonment and later reoccupation from the 

4th century BCE (unpublished survey data from the Landscape of Early Roman Colonisation 

project). In these cases, the fortifications cut through the areas where Bronze Age materials are 

dispersed, but they nicely enclose materials dating to the later period. Therefore, it is much 

more likely that the fortifications were built during the Samnite occupation of the site. 

Several hillforts also show evidence of occupation after the Samnite Wars, particularly during 

the 2nd and 1st centuries BCE. This is often the case for the largest sites located on gentle 

plateaux, such as Monte Pallano and Monte Vairano (Faustoferri and Riccitelli, 2005; De 

Benedittis, 2017). This indicates that the sites situated in the most suitable locations for 

permanent habitation experienced continuity of occupation for a few more centuries, while the 

others were abandoned. 
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3.4.2 THE PAGUS-VICUS MODEL 

A widespread model for understanding Samnite society territorial structure and, in general, Italic 

pre-Roman societies is the pagus-vicus model, which originated from the historical and 

epigraphical debate. This is a hierarchical system based on the vicus, pagus and touto. The pagus 

is understood as the basic territorial unit, economically self-sufficient and with a large degree of 

political autonomy. Each pagus was composed of one or more vici, the villages, while a group of 

pagi formed a tribal unit called touto. According to the interpretation of the sources, the touto, 

or people, formed a federation, the Samnite league, which had the power to declare peace and 

war (Cornell, 1989; Lomas, 2004, pp. 201�t203). In this view, some Italic societies, most notably 

the Samnites, lived in a tribal territorial district populated by dispersed small villages, farms, 

sanctuaries and hillforts. The hillforts' role is unclear, but they have been traditionally seen as a 

place of refuge and defence of each pagus instead of one of habitation and administration. 

The historically-derived, dispersed pagus-vicus model was formulated as an Italic antithesis to 

the Greco-Roman city-state model. As discussed in section 2.2.3, in the city-state model, the 

domestic, political and economic functions of a political entity are concentrated in a single 

urban agglomeration. In contrast, in the pagus-vicus model, distinct roles are given to different 

settlement forms: housing in villages and farms, socio-political and economic functions at 

sanctuaries, and defence in hillforts. According to this model, sanctuaries, in particular, 

functioned as the pole of aggregation at different levels, depending on their association with a 

touto, a pagus or a vicus, in a landscape that lacked secure urban centres  (Gualtieri 1987; La 

Regina 1970; La Regina 1981; Colonna 1985; Letta 1992). After the introduction of this model by 

La Regina (La Regina 1970), the pagus-vicus model has become the dominant framework for 

understanding the Samnite settlement pattern. This system's origins and persistence have been 

mostly assumed, seeing it as a characteristic pre-Roman Italic institution (Salmon, 1967, pp. 79�t

80). However, there is a substantial lack of evidence to support this model, and recent studies 

have demonstrated this pattern to be inaccurate (Tarpin 2002; Capogrossi Colognesi 2002; Stek 

2009). They have shown that evidence for the hierarchical relationship between pagus and vicus 

is scarce and that, in fact, pagi and vici should be seen as autonomous or complementary 

institutions. Along this line, Stek has shown that the traditional hierarchical role of sanctuaries, 

each in the service of the vicus, pagus or touto, lacks evidence and that the isolation of 

sanctuaries is merely due to lack of research (Stek 2009). According to these recent studies, the 

pagus-vicus model has to be revised, if not discarded, to understand the pre-Roman period. It 

retains some value only for the later period when it seems to have constituted an instrument of 

Roman control to administer people and property (Stek 2009, 67). 
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As mentioned above, according to the traditional pagus-vicus model, hillforts have been purely 

seen as places of refuge and defence, each at the service of a specific territory, the pagus. The 

lack of archaeological evidence for substantial habitation or other activities has initially 

precluded their interpretation as more complex elements of the systems, either as places for 

housing, such as villages and farms, or as administrative and economic centres along with the 

sanctuaries. Scholars such as Gualtieri (2004), however, have recently started to question this 

role, seeing hillforts as centres of agglomeration that could have covered similar roles as those 

fulfilled by cities in urban states. 

3.4.3 HILLFORTS AND THE EMBRYONIC CITY-STATE MODEL 

Maurizio Gualtieri proposed a different view of hillforts, leaning toward their interpretation as 

embryonic city-states (Gualtieri, 2004). It is important to highlight, however, that his work 

focuses on Lucania rather than Samnium. Using data from excavation and field survey from the 

Lucanian hillfort of Roccagloriosa, he sees this hillfort as the centre from which local elites 

controlled a community living dispersed in the hillfort's hinterland. This model still follows the 

pagus-vicus model, with the difference that hillforts now assume a centralising role in the 

emergence of institutional and political structures. Therefore, the new 'vicus-pagus-oppidum' 

system is considered as an embryonic city-state where hillforts act as magnets for settlements 

dispersed in a given territory. It is not clear, however, whether this model can be applied to 

Samnium. Settlement patterns in Lucania and Samnium differ substantially in archaeological and 

chronological terms. Furthermore, as Stek argues, it is preferred to drive conclusions from the 

actual data instead of projecting other realities to them (Stek, 2009, p. 39). 

The interpretation of hillforts as cities has been significantly debated. Livy describes Samnite 

hillforts as oppidum and urbs, respectively town and city, in Books VII through X. This contrast 

with his depiction of the Samnite landscape as vicatim, in villages, and for this reason, scholars 

�š���v�����š�}�����]�•�u�]�•�•���>�]�À�Ç�[�•���Œ���u���Œ�l�•�����•�������������l-projection of the later Roman forms (Salmon, 1967, p. 

51; La Regina, 1970, pp. 194�t195; Bispham, 2007, pp. 198�t200). Scholars such as Bispham reads 

the archaeological and textual record of the period between 1000 and 350 BCE as suggesting 

increasing population, economic concentration, and state formation without the rise of cities 

(Bispham, 2007, pp. 183�t194). According to him, between 350 to 50 BCE, hillforts are to be 

understood as pagus centres instead of towns, which could still have urban features and 

functions without being cities. Fully-fledged cities are generally understood to arise only in the 

later Roman period (Bispham, 2007, pp. 202�t203, 214). This provide additional insights into the 

complexities of Samnite archaeology. 
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Part of this perspective is derived from certain passages in Greek and Roman sources that 

describe the Samnite landscape as being composed of "villages." However, it is important to 

note that the view presented in these sources may have stemmed from the ancient writers' 

limited understanding of the distinctiveness of the Samnite landscape. Lacking familiar forms of 

centralisation and having fundamentally different socio-political structures, this landscape could 

have taken an urban form not familiar to the contemporary sources. Recent studies on low-

density urbanism (see section 4.2) pinpoint how similar settlements patterns to the Samnite one 

can still be interpreted as urban without necessarily resembling the city's classical idea. A recent 

attempt to relate this debate to Samnite hillforts has been made by Lee (Lee, 2022). While this 

attempt is ultimately yet another example of the interpretation of material evidence subservient 

to an urban-centric view, originating in historiography, it also highlights how thinking about 

these different models can be helpful. The interpretation of Samnite hillforts as something 'less' 

than a city could merely lay on the standard that Greek and Roman scholars seek in cities, such 

as a dense and continuous wall-to-wall agglomeration of buildings divided by a rationally 

planned street system, monumental architecture and public spaces. A settlement form that 

breaks with these expectations is not, however, automatically non-urban. Instead, it could 

merely reflect a different form of socio-political organisation. Simultaneously, an urban 

settlement does not necessarily need to have a specific territory under its control or a state 

socio-political organisation. 

3.4.4 THE CONTRASTING VIEW 

Samnite hillforts have traditionally been viewed either as merely defensive locations with 

minimal involvement in Samnite socio-political organization, or as evolving entities ranging from 

embryonic city-states to fully-fledged cities. These perspectives imply a direct connection 

between the existence of a hillfort and a defined territorial area, adhering to the pagus-vicus(-

oppidum) model. However, the varied roles ascribed to these sites highlight the current 

research's challenge in comprehensively understanding the Samnite socio-political landscape on 

its own terms. Furthermore, the notion of assigning a specific and unchanging territory to these 

hillforts is debatable, as it largely relies on retroactively applying evidence from the Roman 

period. Critically, as Bradley (2000) points out in the context of Umbria, the pagus-vicus model is 

fundamentally flawed. It is predicated on an oversimplified dichotomy between urban and non-

urban areas and fails to account for the possibility of self-sufficient settlements existing 

independently of cities. This model's limitation is its inability to accommodate the diversity and 

dynamism of settlement types, thus providing an incomplete picture of the Samnite socio-

political structure. 
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Furthermore, adopting a single monolithic interpretation for the entire set of hillforts is 

questionable. As mentioned earlier, research on hillforts has focussed on a few excavations on 

some of the most monumental and large sites, such as Monte Vairano (De Benedittis, 2017) and 

Monte Pallano (Faustoferri and Riccitelli, 2005). In this way, the most representative sample of 

hillforts has been ignored. These are medium and small size sites that punctuate the entire 

territory. They present markedly different features, both among themselves and with the largest 

site. For instance, the majority of these sites pose challenges when attempting to align them 

with the notion that each corresponds to a specific territory, or pagus. Consequently, proposing 

a single unified interpretation for all these sites becomes problematic. 

It is also evident that very little has been done to understand Samnite hillforts as a regional and 

interregional system. Hillforts have primarily been studied in isolation, with some connections 

made to the surrounding environment and other nearby sites, as discussed in the various 

models mentioned earlier. However, no studies have been conducted to examine how hillforts 

relate to each other in structuring the overall landscape. Even in the work of Oakley (1995), 

hillforts are primarily understood based on their immediate surroundings. The urban-centric 

view has played a significant role in directing research towards the internal aspects of the sites 

or, at best, the immediate surrounding area, while largely neglecting how these sites interact 

with one another in shaping the broader regional and interregional landscape of Samnium. For 

example, systematic and comparative studies between the Samnite areas east and west of the 

Apennines are completely absent, and research in these areas continues with minimal dialogue 

between the two parts. Given this current state of research, it is therefore impossible to provide 

robust hypotheses on the role of hillforts in structuring the Samnite landscape as a whole.  

3.5 WHY STUDY A HILLFORT LANDSCAPE? 
As is clear by now, research has not provided conclusive evidence so far about  the specific form 

of Samnite social-political organisation, and thus, the reasons behind their seemingly 

remarkable resistance to Roman expansion remains unclear. Analysis of the historical sources, as 

well as the archaeological data, has not yet provided a clear picture. To advance this current 

state of the field, we need to integrate multiple levels of investigation that encompass the 

individual site itself, its role in the surrounding landscape, and its function within a broader 

hillfort system characteristic of the entirety of Samnium. In fact, once we move beyond a simple 

urban paradigm, hillforts become an effective proxy for investigating Samnite society and how 

their military and socio-political power manifested itself in the structuring of the landscape. 

While rural settlements and sanctuaries could serve as other proxies for investigating these 

aspects, the defensive nature, monumentality, and widespread presence of Samnite hillforts in 
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the landscape make them ideally suited for exploring these themes. For instance, their locations 

in relation to potential subsistence strategies can shed light on the economic aspect of Samnite 

society, while the patterns and systems they formed can indicate specific types of socio-political 

organisation. In this task, it is useful to start from two explanatory models for Samnite military 

and socio-political power, one based on political centralisation and the other on mobility. These 

models are intended to serve as starting points for thinking about Samnite society and to guide 

the analysis proposed in the upcoming chapters. They are not intended to be mutually exclusive, 

but rather as different perspectives and potential explanatory models for Samnite society that 

can be discerned through the study of the landscape and the hillfort settlement system. 

3.5.1 POLITICAL CENTRALISATION 

The hypothetical increase in organisation associated with the process of state formation has 

long been considered one of the potential factors contributing to Samnite military prowess. The 

absence of cities has, however, weakened this hypothesis and led scholars to exclude this 

possibility. As discussed in the previous chapter, considering that states exist without cities, it is 

important to re-evaluate this theory. Moreover, considering the refutation, by recent research, 

that states are essential for a high degree of complexity and community organisation, it is 

important to question whether a hierarchical or heterarchical community organisation can be 

seen as the basis of Samnite military power. 

As discussed, Samnite resistance is mainly detectable during the Hellenistic period, when it 

opposed the Roman Republic. It is in this period that political centralisation is more likely to have 

taken place. The threat of Roman expansion and the consequent period of increasing warfare 

could be seen, instead of urbanism, as the drive to political centralisation in Samnite society. 

New sites established during this period, particularly hillforts, may indicate the emergence of a 

new form of territorial organisation, potentially associated with this hypothetical change in 

political organisation. 

Marked territoriality and well-understood borders usually characterise what we understand by 

the notion of a state. The heavily fortified Roman limes constitutes an example of how borders 

were physically manifested, marked by a strong political entity. These forms of territorial 

organisation are not necessarily applicable to the period discussed. However, we could expect 

that defensive sites, such as hillforts, should express a new central authority in their patterns if 

political centralisation took place. Despite the fragmentary data, we know that new hillforts 

were founded during this period of war. As such, if a change in political organisation took place 

in the Hellenistic period, we could expect two patterns of settlements: one pre-existing this and 

another new; only the latter related to a central authority. 
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Summarizing, if the analysis of the settlement patterns shows remarkable efficiency and 

homogeneity in defence (fortifications) and control of the territory (borders), we could interpret 

this as political centralisation. If these changes appear at the start of the Hellenistic period, we 

could interpret the threat of Roman expansion as a catalyst for socio-political change. Instead of 

cities, increasing warfare could thus be seen as the driven factor for increasing socio-political 

complexity. 

3.5.2 MOBILITY 

Another possible explanation for Samnite military power relies upon the mountainous character 

of the Samnite territory. Mountains did not provide concentrated agricultural areas and made 

mobility difficult, particularly for non-locals. Limited agricultural potential and difficulties in 

communication and control have been identified as fundamental factors in mountain societies 

that discourage traditional forms of urbanism and state formation and instead incentivise group 

mobility (Scott, 2009). Rather than an economy based on wine and oil production characteristic 

of Italic coastal areas, for example, a husbandry-focused economy has been argued for this 

region, with the implication that raiding, typical of mountainous areas, did not lead to disastrous 

consequence (Terrenato, 2019, p. 139). Samnite mobility and the ability to retreat and later 

reoccupy areas of the territory without any substantial economic impact could be seen as the 

reasons behind the Samnites' effective military resistance.  

In this perspective, the absence of cities can be viewed as functional for a mobile society. 

Urbanism was not unknown to the Samnites, as their interaction with neighbouring urban 

societies likely exposed them to it. A functional explanation lies in the fact that urbanism might 

not have suited the economic needs and lifestyle of the Samnites. This is supported by evidence 

such as the inefficiency of later Roman attempts to urbanise these areas. This can still be 

observed today in the mountainous heart of what was once the territory of Samnium, where 

modern cities are scarce and habitation predominantly consists of small villages and hamlets. 

From an ideological point of view, we could also argue that the late adoption of the urban 

system could have been a deliberate choice made by Samnite communities. Urbanisation is a 

long-term process that may emerge and eventually crystallise, or not, depending on 

circumstances. Among these circumstances, we could see how the Samnites may have 

consciously rejected this form of organisation as part of their self-definition in processes of 

creative refusal (Graeber, 2013).  

Mobility can be seen in the archaeological record by the location and temporary nature of 

settlements. Monumental hillforts must have been functional to these societies due to the 

significant labour involved in their construction. The proximity of site locations to pastures, 
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transhumance routes and highly defendable areas can be evidence for mobility together with 

the presence of monumental fortifications on peaks that are not inhabitable for a large part of 

the year. Furthermore, a more widespread distribution of hillforts in different environments 

could represent the degree of mobility of the group itself, for instance, with sites on high and 

low lands covering different functions across the year. 

Summarizing, we could see a more mobile society in the settlement patterns that show isolated 
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animal husbandry and a high degree of variability. In this case, a possible explanation of Samnite 

resilience can be found in the possibility to sustain warfare for an extended period due to 

economic and territorial flexibility. Losing ground or resources would not have impacted this 

society as much as losing a city and its agricultural hinterland did for the coastal area. On the 

contrary, the difficulty that a city-based society would have encountered in controlling the 

mountainous landscape could have facilitated regaining its control by the locals. Resources could 

have also been more easily replenished through raiding and guerrilla warfare tactics, which are 

attested to in ancient sources as being employed by the Samnites (Salmon, 1967; Scopacasa, 

2015, pp. 207�t237). 

3.6 CONCLUSION 
Samnite society displayed remarkable military and socio-political power during its 

confrontations with Rome, exhibiting enduring resistance even in the face of colonisation. 

Previous research has been hindered by three significant biases. Firstly, the historical perspective 

heavily influenced by biased Roman and Greek sources has impeded progress and limited our 

understanding of Samnite society. Secondly, the perception of the Samnites as a backward 

society has been reinforced by modern assumptions about mountain environments. Thirdly, the 

dominant urban-centric view has led scholars to view the absence of a clear city-state model 

and urbanism as a limiting factor in interpreting the Samnites as a cohesive group with 

significant political power. The models of city-states and pagus-vicus have monopolized 

research, often serving as a theoretical framework which archaeological data are forced into. 

As discussed by Stek (2009, 16), material evidence has been subservient to preconceived 

models. Therefore, it is essential to move away from historical biases and an urban-centric 

perspective and instead focus on studying the Samnites based on the abundant archaeological 

data. Moreover, I argue that it is necessary to go beyond Italian or Mediterranean cases and 

adopt a comparative approach that avoids some of the traditional biases persisting in modern 

research. It is useful not only to study the Samnite case in a wider Mediterranean and European 

context but also to seek explanatory frameworks from other regions of the world. In other 
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words, it is crucial to investigate these sites within the broader global discourse on hillforts, 

rather than confining ourselves to limited regional narratives that still perceive these sites as 

exceptional rather than simply a different way to organise society. The next chapter will 

introduce these debates, highlighting recent trends that hold great potential for understanding 

Samnite society. 
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4 A GLOBAL VIEW ON HILLFORTS 

4.1 INTRODUCTION 
The archaeological study of hillfort societies is of considerable significance both within and 

beyond the Mediterranean basin. Hillforts are not exclusive features of Samnium; they are 

common settlement typologies found worldwide. While the debate surrounding these sites in 

the Mediterranean has often considered them in juxtaposition with Greco-Roman urbanism, 

hillforts elsewhere have received much more attention on their own terms and have become 

the focal point of research. 

We can broadly divide hillfort research into three main areas. The first concerns the extent and 

nature of habitation at these sites. As we will see, this is closely linked to the interpretation of 

hillforts as urban centres, sometimes reflecting an intention to validate these sites as being on 

par with urban centres globally. It is not surprising, then, that significant debate has developed 

on the fringes of the Classical Mediterranean, and areas of temperate Europe that were heavily 

influenced by the Greco-Roman urban model. Secondly, research also tends to focus on the 

societal significance of fortification construction, the impact of monumentality as symbolic 

representation of power display, and the relationship between collective action and social 

inequality. Lastly, research explores the role of hillforts in structuring the surrounding landscape. 

While this role was previously characterised as pertaining to military defence, recent research 

also sees fortified landscapes as symbolic representations and arenas for the interplay between 

different communities. 

As discussed in chapter 3, research on Samnite and Italian hillforts has primarily focused on 

attributing them a quasi-urban status, the result of a Mediterranean-centric perspective where 

researchers have a clear template for what they think a city, a state and a civilisation should look 

like. Although global debates on hillforts are ongoing, it is crucial to examine them and consider 
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how they can enhance our understanding of Samnite hillforts. This chapter offers an overview of 

these debates, raising key themes that serve as guiding principles for the analysis of this 

dissertation. 

Beginning with European oppida, I highlight the variety of habitation types present at these 

sites, and related questions on low-density urbanism and low occupation density settlements 

found worldwide. I then move on to discuss fortifications and monumentality, and their role in 

defining community identity and institutional authority. Specifically, I address recent research 

that acknowledges the role of monumental architecture in heterarchical, rather than solely 

hierarchical, societies. Finally, I discuss the role of hillforts in structuring physical and symbolic 

landscapes. These three themes are interrelated, although research tends to focus on one or the 

other in different regions of the world. Although I discuss each of them separately here, I 

examine their reciprocal interaction to explain Samnite hillforts later in chapter 10. Before 

delving into the topic, I begin with a note on definitions to explain why I adopt the term 

�Z�Z�]�o�o�(�}�Œ�š�•�[��among many other available possibilities. 

The range of sites referred to here as hillforts share certain basic properties, but they can serve 

a variety of functions. Additionally, the labels used to describe these types of sites may vary 

across different regional contexts (e.g. Hamilton and Manley, 2001; Erb-Satullo and Jachvliani, 

2022). Terms such as forts, fortresses, fortified settlements and oppida are most commonly used 

to identify the general category of sites studied in this dissertation. Some of these terms, such as 

forts and fortresses, clearly relate to the �•�]�š���•�[��assumed military and defensive nature. Warfare is 

indeed the prevalent frame in which these site are interpreted (Arkush and Stanish, 2005). 

Others, such as fortified settlements and oppida, focus instead on the social role that these sites 

had in organising settlement and communities beyond their militaristic function (Smith, 2015; 

Arkush, 2017). It is clear how different terms embed specific interpretative values and 

consequentially affect the regional understating of the sites. 

Research on the Samnites has employed the problematic term oppida. Oppida refer to European 

sites that date from the Iron Age and Roman period. It is employed in continental Europe to 

designate a specific type of large hillfort site that functioned as central places for the 

surrounding areas (Grant, 1986; Woolf, 1993; Collis, 2000; Cunliffe, 2012; Fern��ndez-G�‚tz, 2013, 

2018). �d�Z���� �Á�}�Œ���� �Z�}�‰�‰�]���µ�u�[�� �]�š�•���o�(�� �]�•�� ���� �>���š�]�v�� �š���Œ�u�� �µ�•������ ���Ç�� �š�Z���� �Z�}�u���v�•�� �š�}�� �����•���Œ�]������ �Á���o�o������

settlements of considerable size that served as centres of economic, political, and social 

�����š�]�À�]�š�]���•�X�� �t�Z�]�o���� �����(�]�v�]�v�P�� �Z�}�‰�‰�]�����[�� ���•�� �(�}�Œ�š�]�(�]������ �•���š�š�o���u���v�š�•�� �����v�� ������ ���‰�‰�Œ�}�‰�Œ�]���š���U��the term 

encompasses a series of concepts, meanings and functions that are not easily applicable to 

Samnite hillforts as a whole. Even the term �Zsettlement�[ itself is problematic when considering 
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sites such as the Samnite ones, which seem largely empty and for which very few traces of 

permanent habitation are available.  

Due to this diverse range of meanings associated with �Zoppida,�[ it proves challenging to apply it 

uniformly to the various Samnite fortified sites. Therefore, I opt to use the term �Zhillfort�[ instead. 

This term straightforwardly refers to fortified sites situated on elevated terrain, with no specific 

connotation in socio-political terms. Hence, the term "hillfort" is employed in a broader sense, 

encompassing any type of fortified site, without implying a specific form of occupation or 

function. Some new terms will be adopted through the dissertation, but only when the analysis 

elucidates specific functions for the sites. 

4.2 HABITATION AND URBANISM 
The first key question is whether forms of habitation at hillfort sites can be considered urban. 

Research of temperate Europe suffers from urban-centric bias, not unlike that affecting of 

research of Samnite hillforts. The association between hillforts and urbanism is linked to the 

oppida, namely large fortified sites (above 25 hectares) that emerged towards the end of the 

Iron Age, around the 4th-3rd century BCE, in several regions of temperate Europe �~�^���o�����U���î�ì�í�õ�•. 

These sites belong to a diverse range of hillfort-like sites of Iron Age Europe, from the Irish Royal 

sites to the densely populated sites of southern France. The long research history of the area, 

together with recent debates, makes these sites a particularly interesting case to explore how 

new concepts are influencing our views on European hillforts. The apparent similarities between 

many of these sites and Samnite hillforts, the almost coeval phase of their establishment and 

the shared threat of Roman invasion offer potentially insightful perspectives on Samnite sites. 

Traditional research has viewed the rise of urbanism in temperate Europe through diffusionist 

perspectives connected with the emergence of oppida, which were seen as the first 'cities' north 

of the Alps (Collis, 2014; Winger, 2017). These perspectives suggested that the urban model was 

imported from Mediterranean societies, particularly after the expansion of the Roman Empire. 

Within this context, the emergence of oppida represented the first urban-like settlements. This 

motivated their study in comparison to contemporary Mediterranean cities. However, recent 

studies have challenged this view by emphasizing the emergence of large fortified sites well 

before the traditionally-accepted establishment of oppida (the so-�����o�o�������Z�(�º�Œ�•�š���v�•�]�š�Ì���[�U�����Œ�µ�v�����v����

Chaume, 2013). These earlier centres were found to be relatively unstable and survived only a 

few centuries, leading to a period of considerable disruption in settlement patterns across the 

region. Subsequently, a second wave of settlement aggregation occurred around the 4th to 3rd 

century BCE, primarily characterised by the so-called oppida (Fern��ndez-G�‚tz, 2018). 
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A first consideration following these recent studies is thus that Iron Age oppida are not related 

to the emergence of cities in the regions. Other urban models were already present before 

them. This highlights a cycle of settlement centralisation and decentralisation that is not 

necessarily related to the appearance of hillfort-like sites. While research suggests that the first 

urban settlements originated through processes of demographic growth, hierarchisation, and 

centralisation, oppida differ because urbanism was often a consequence of processes originated 

for other reasons (Fern��ndez-G�‚tz, 2018). Most importantly, urbanism did not take the shape of 

densely inhabited areas enclosed by walls, as seen in the Greco-Roman model. Instead, pockets 

of habitation were interspersed between empty areas, with fortifications enclosing much larger 

areas than the ones densely inhabited. 

Recent research sees the oppida as emerging through processes of aggregation related to long-

term occupation and the symbolic meaning attached to their locations (Moore et al., 2023). In 

several cases, these locations hosted sanctuaries, but their most common feature is that they 

were topographically striking or significant places in the landscape, such as isolated hills or river 

crossings. Urbanism developed because of the social and symbolic importance of the location 

rather than hierarchical processes involved in settlement aggregation. The importance of these 

locations has been seen as integral to the creation and maintenance of community identity, and 

it explains why these places became oppida. In this view, they served as places for the collective 

assembly of an increasingly interconnected rural society that progressively developed regional 

identities, allowing the emergence of larger, more centralised social structures that were later 

recognised by Roman writers (Fern��ndez-G�‚tz, 2014). The prominent societal function of these 

areas is also confirmed by later developments during the Roman period, when several of these 

sites became towns, and others, instead, experienced a shift in occupation to nearby locations 

but continued to be occupied as Roman sanctuaries or early Roman villas (Moore, 2020; Moore 

et al., 2023). 

Research has therefore acknowledged that the development of oppida in Iron Age Europe was a 

lengthier and more intricate process than previously assumed, involving cycles of settlement 

aggregation and dispersion that started several centuries earlier than the Roman invasion 

(Fern��ndez-G�‚tz, 2018). Most importantly, these processes did not entail settlement 

aggregation as the result of hierarchical polities, but rather as the result of the long-lasting 

symbolism of the �}�‰�‰�]�����[�•��locations. Habitation and urbanism took different forms at these sites.  

While recognising the value of comparing these Iron Age agglomerations to Greek and Roman 

urbanism (Winger, 2017), new conceptualisations of the urban phenomenon have emphasised 

the limitations of this comparison, and have suggested alternative avenues for comparison 

(Moore, 2017a). Previous research overlooked the unique characteristics of oppida and focused 
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on their limited similarities to 'traditional' urban forms (Woolf, 1993). They bear instead closer 

resemblance to alternative models of urban agglomeration. Among these models, low-density 

urbanism is particularly interesting. 

4.2.1 HILLFORTS AND FORMS OF LOW-DENSITY URBANISM 

The work of Fletcher is significant for understanding low-density urbanism (Fletcher, 1995, 2009, 

2010, 2012). He employs this term to describe sites characterised by central areas, often 

featuring prominent structures like temples, surrounded by outlying settlements and sometimes 

extensive engineered landscapes with field systems, water management works, and roads.  

These complexes challenge clear distinctions between urban and rural areas by incorporating 

agriculture and open spaces within their boundaries (Lucero, Fletcher and Coningham, 2015). 

Fletcher illustrates how this concept can be applied to various pre-industrial agglomerations 

worldwide that deviate from traditional urban models, including a few exceptionally large 

oppida of temperate Europe. In recent years, there has been a growing body of literature 

exploring the application of low-density urbanism to the study of oppida and other European 

hillforts, with notable contributions from Tom Moore and Manuel Fernández-Götz (Moore, 

2017b, 2017a; Moore and Fern��ndez-G�‚tz, 2022; Moore et al., 2023). 

From this perspective, the distinct spatial organisation of oppida can be seen as a form of 

urbanism with low-density habitation. These oppida exhibit large empty areas, likely dedicated 

to agricultural activities, alongside pockets of occupation resembling low-density urban sites 

found elsewhere (Fletcher, 2009; Moore and Fern��ndez-G�‚tz, 2022). Examples are found in 

various regions such as Bibracte (France), Manching (Germany), Ulaca (Spain), as well as 

Danebury and Ham Hill (Britain) (Álvarez-Sanchís, 2005; Davis, 2013; Sharples, 2019; Moore et 

al., 2023). 

The interpretation of oppida as sites with low-density urbanism is subject to debate. Fletcher 

identifies a key reason behind the emergence of low-density urbanism worldwide: the 

integration of agricultural production within the site limits (Fletcher, 2012). Instead of relying on 

a rural hinterland to supply food, which is often considered a fundamental aspect of traditional 

urbanism, most low-density urban sites appear to have been primarily agriculturally self-

sufficient. Oppida, on the other hand, generally do not align with this model. In fact, cases 

where a significant amount of agriculture was likely conducted within the walls should be seen 

as exceptions, as the typical practice for oppida was to utilize the surrounding areas for 

agricultural purposes (Moore, 2017b). Recent archaeobotanical studies support this, indicating 

that large areas within hillforts were never built up or used for agriculture, but were instead kept 

as grassland (Hajnalová et al., 2023). 
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Moore and Fernández-Götz argue that, instead of solely focusing on the enclosed areas of the 

site, we must understand oppida on a broader scale by engaging with their hinterland (Moore, 

2017b; Moore and Fern��ndez-G�‚tz, 2022). This perspective stems from a shift in research focus 

from the walled areas to their immediate surroundings, facilitated by the development of survey 

methods. Recent investigations have revealed that the presence of multiple agglomerations 

related to a single centre was more widespread and historically significant than previously 

believed. Complexes such as Corent-Gergovie-Gondole (France) exemplify the existence of 

multiple fortified agglomerations at relatively short distances (3km), with rural settlements 

occupying the spaces in between (Moore et al., 2013; Poux, 2014). These complexes are 

interpreted as single multi-centred sites (Moore, 2017b) and closely resemble the form of 

agrarian-based low-density urbanism discussed by Fletcher (2012). 

Furthermore, Moore and Fernández-Götz argue that instead of attributing low-density urbanism 

solely to economic considerations tied to on-site agricultural activities, it is more beneficial to 

view low-density urbanism as a process of adapting rural settlement forms into a more 

centralised centre (Fern��ndez-G�‚tz, 2014; Moore and Fern��ndez-G�‚tz, 2022). According to 

them, this process aimed to preserve the identity and influence of rural communities during the 

shift towards nucleation and agglomeration. In this perspective, various occupation clusters 

within oppida represent different groups negotiating power in oligarchic, or heterarchical, forms 

which contrasts with the more nucleated urban development, characteristic of the 

Mediterranean. The extended household constituted the fundamental unit of occupation, even 

during the process of aggregation. The nucleated layout thus represents the tension involved in 

transforming what were originally rural and heterarchical societies into more centralised forms. 

From this perspective, oppida facilitated the establishment of client networks spanning 

extensive areas without the need for direct control or the presence of large, permanent 

population centres (Moore, 2017b). Simultaneously, the similarities in architecture and layout 

between some oppida and cities in the classical Mediterranean world have been used to suggest 

that these Iron Age societies were experimenting with social and power centralisation, drawing 

upon existing social organisation and influences from the Greco-Roman world (Winger, 2017). 

4.2.2 HILLFORTS AS CENTRAL PLACES FOR WIDER COMMUNITIES 

While the sites discussed so far generally exhibit substantial occupation within their walls, there 

are also sites where evidence for permanent occupation appears to be significantly thin when 

compared to the size of the site. Sites such as the British polyfocal oppida show extremely low 

permanent habitation, estimated at only 2-3 people per ha over a few hundreds of hectares 

(Moore, 2012, 2017b). These settlements are interpreted as extensive gathering places primarily 
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inhabited by communities living outside, often characterised by seasonal mobility (Fletcher, 

2010, p. 254). Complexes similar to those discovered in Britain are distinguished by their 

earthwork arrangements, suggesting that their primary function was not to mark densely 

populated areas but rather to create impressive entrances to specific sections of the complex, 

particularly high-status or ritual enclosures (Bryant, 2006; Moore, 2012; Moore and Fern��ndez-

G�‚tz, 2022).  

The interpretation of these sites as gathering places draws from similar site characteristics 

observed in the Ethiopian Kingdom, which have been referred to as 'mobile capitals'  (Horvath, 

1969; Fletcher, 2009). The population residing at these sites seems to have been relatively small. 

The sites comprised small permanent settlements supplemented by temporary tent dwellings 

during specific periods of the year. While these locations may have permanently housed only a 

few hundred people, they would become focal points of political and military power during 

certain times, attracting a larger population (Horvath, 1969; Fletcher, 2009, p. 8). 

Despite apparent economic and environmental differences, scholars have argued that it is not 

unreasonable to see some polyfocal oppida fulfilling similar roles. They would have 

accommodated a restricted permanent populations and, during specific times of the year,  

larger communities that would have met at these centres for tribute, ritual ceremonies, 

negotiations, or warfare together with their animals (Moore, 2017b). Their role as places of 

interaction seems also supported by their location on natural routeways between different 

landscape types, allowing interaction of different communities at a region scale (Moore, 2012).  

It has also been argued that many of these polyfocal centres are likely to be related to 

heterarchical communities (Becker, 2019). As discussed, the extended household has been 

recognised as the fundamental unit of occupation in oppida, playing a role in negotiating the 

aggregation of originally rural and heterarchical societies (Fern��ndez-G�‚tz, 2014). In polyfocal 

oppida, however, the household remained in the rural hinterlands, maintaining its social and 

economic significance as well as a degree of independence. The focus on accommodating 

smaller segments of the population within these complexes has been interpreted as serving the 

function of providing venues for exercising power. The true authority of the population 

continued to reside in the rural farmsteads and was only visibly manifested during specific 

occasions at the larger centres. The mobilisation of labour for constructing earthworks, 

specifically, has been seen as a means to demonstrate communal activity and the leaders' 

capability to rally communities. The fact that the majority of these communities did not 

permanently reside in the large centres suggests that power dynamics were negotiated and 

periodically reaffirmed, potentially through assemblies and occasional reconstruction of the 

fortifications (Moore and Fern��ndez-G�‚tz, 2022). 
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Similar functions to the polyfocal oppida have been interpreted for hillforts in other part of the 

worlds. These site covered the same functions of organising the landscape for heterarchical 

communities characterised by an higher degree of mobility. As for the polyfocal oppida, these 

sites can fortify large areas but showcase substantial permanent habitation only in small 

sections, often accompanied by additional fortification circuits. 

One such example is Dmanisis Gora in the Caucasus, which features an extensive fortified area 

interpreted as providing temporary protection for pastoral communities (Erb-Satullo et al., 2019; 

Erb-Satullo and Jachvliani, 2022). A cyclopean wall, stretching 1 km in length, encloses a 56 ha 

promontory that is naturally fortified on two sides. Within this area, on the highest point, two 

additional fortification walls enclose what the authors refer to as a citadel spanning 1.5 ha. 

Fieldwork has revealed that the upper area was permanently occupied by established 

communities, while the larger enclosure likely served as a temporary home for a portion of the 

community that moved seasonally to the site for pastoral activities. The site demonstrates a 

variety of functions, including craft production and ritual activities, indicating the presence of a 

complex community even in the absence of densely inhabited areas or urbanism. While earlier 

research posits that the labour coordination necessary to construct the monumental cyclopean 

walls of the site implied elite centralisation, recent fieldwork contradicts this perspective. It 

highlights a lack of evidence supporting highly centralised elite administration at this site and 

other similar ones. Rather, new data suggest that the community related to the site likely had a 

more heterarchical structure (Erb-Satullo et al., 2019; Erb-Satullo and Jachvliani, 2022). 

While recognising different regional trends in the evidence discussed above, we can identify 

some shared characteristics among  hillfort sites and the development of recent debates. These 

include low-density habitation at hillforts, the existence of open spaces within them, and an 

intricate connection with the rural environment that becomes an integral part of the site 

complex, even in patterns of semi-mobility. Mobility, here, is to be intended as periodical 

gatherings at the site from communities living sparsely in a wide area round them and, possibly, 

following movements related to pastoral activities. Pockets of habitation at the sites and rural 

household sites appear to represent two different forms of managing a common need of these 

heterarchical and possibly semi-mobile communities in negotiating power. These complexes 

played an important role for a broader population than those who permanently lived there, 

acting as central places within a wider region for political, religious, economic, and defensive 

activities (Moore, 2017b; Moore and Fern��ndez-G�‚tz, 2022). 
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4.2.3 ANOMALOUS GIANTS 

The distinctive attributes of oppida have led scholars to associate the largest cases with other 

�Z���v�}�u���o�}�µ�•���'�]���v�š�•�[���}�Œ���Z�u���P��-�•�]�š���•�[���(�}�µ�v�����š�Z�Œ�}�µ�P�Z�}�µ�š���Z�]�•�š�}�Œ�Ç���š�Z���š�������(�Ç���š�Z�������}�v�À���v�š�]�}�v���o���Z�µ�Œ�����v�[��

definition (Fletcher, 2009, 2012). In his seminal work, Roland Fletcher (Fletcher, 1995, p. 198) 

argued for the existence of a universal law concerning the growth of human settlements. 

Drawing upon a global sample of pre-industrial cities, he examines systemic changes in 

settlement patterns and socio-political organisation. According to Fletcher, densely and 

continuously inhabited settlements can only expand beyond a 100-hectare threshold when 

accompanied by shifts in socio-political organisation and/or technological advancement. This 

idea is influenced by Fortes and Evans-Pritchard's (Evans-Pritchard and Fortes, 1940, p. 7) 

proposition that societies reach a limit in population size necessitating the establishment of 

centralised governance. However, Fortes and Evans-Pritchard differentiate between population 

size and density, viewing the latter as a more insightful tool for comprehending the systemic 

relationships among ecology, scale, and social inequality in pre-industrial cities. This perspective 

draws on normative theories of optimal group size and "scalar stress" from fields such as 

evolutionary psychology and management studies, rather than archaeology. 

Fletcher places significant emphasis on the role of ecology in his work, particularly in relation to 

the "functional limitation" discussed in chapter 2. He closely connects ecology with scale and 

social inequality, shaping his understanding of the systemic relationships within pre-industrial 

cities. However, this viewpoint has been subjected to criticism from scholars like Graeber and 

Wengrow (Wengrow, 2015; Graeber and Wengrow, 2021). These scholars argue, for instance, 

that ecology did not play a decisive role in determining forms of socio-political centralisation in 

relation to population density. Despite these limitations and critiques, Fletcher's work developed 

a valuable tool, the Interaction-Communication Matrix (I-C matrix) (Fletcher, 1995, pp. 69�t81 

and 235�t236), for investigating changes in settlement organisation and scale based on 

population density. 

The I-C matrix is a practical framework that illustrates the interplay between the size of a 

settlement area, the population size of its community, and the resulting overall residential 

density. It portrays these factors as a dynamic field of contrasting pressures that influence the 

movement and evolution of settlements. Its objective is to provide a unified analytical approach 

for comprehending diverse urban forms, enabling their understanding as distinct trajectories 

that can be compared within a singular framework. Importantly, the same site can be plotted 

multiple times at different time periods, depicting the general trends of growth or decline. The 

intent of the I-C matrix is to move beyond simplistic labels for settlements, allowing to grasp the 
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varied forms of urban settlements and pose different yet complementary inquiries about their 

nuances among mobile and sedentary communities and the overarching trajectories they follow. 

The I-C matric sees two sets of boundaries which establish the conditions under which viable 

communities can function (Figure 4.1). Firstly, interaction limits (I-limits) define the maximum 

population density a community can sustain due to the finite capacity of human beings to 

handle the stresses of social interactions. Secondly, communication limits (C-limits) delineate 

areas of settlement where a particular mode of communication fails to adequately transmit 

coherent information in a timely manner (Fletcher, 1995). 

Fletcher argues that communities are unable to function beyond I-limits related to their 

dominant mode of behaviour, mobility or sedentism. While the mobile I-limit does not outright 

prevent a community from exceeding it, sustaining a trajectory that heavily relies on mobility 

becomes increasingly challenging. Similarly, the sedentary I-limit does not entirely hinder a 

community from surpassing it, but observations indicate that communities heavily dependent 

on sedentary practices struggle to persist beyond this threshold (Fletcher, 1995; Fletcher, White 

and Dharmendra, 2022). If settlements are below the Density Threshold, however, they can 

grow beyond the capabilities of their usual communication infrastructure, but these mechanism 

are still poorly understood (Fletcher, 1995, p. 93). Examples of this are settlements such as 

Greater Angkor and the Maya cities of Caracol, and Tikal (White and Fletcher, 2023). 

 

Figure 4.1 I-C matrix with indicated the mobility wedge (after Fletcher, White and Dharmendra, 2022 fig. 3.7). 
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As discussed above, recent debates are increasingly recognising that hillfort sites can be related 

to semi-mobile communities. The role of mobility in settlement organisation is covered by a 

specific area of the matrix: the mobility wedge (Figure 4.1). This region of the matrix 

characterize large settlements ranging from 100 hectares to 100 square kilometres that fall 

below the Mobile I-limit. This overlap corresponds therefore to an area where large 

communities could effectively function with either mobile or sedentary mode of behaviour or a 

degree between the two. This area is characterised by a specific category of sites for which 

mobility play a critical role, the large low occupation density settlements (LLODS). 

4.2.3.1 LARGE LOW OCCUPATION DENSITY SETTLEMENTS 

Large low occupation density settlements (LLODS) is a recently coined term that identify a range 

of site which do not conform to traditional urban models (Fletcher, White and Dharmendra, 

2022; White, 2022; White and Fletcher, 2023). In recent years, research has identified around 

two hundred settlements globally that can fall into this category, spanning various time periods 

and geographical regions. Examples can be found in the New World (Chaco Canyon, Caral, La 

Venta), Africa (Rouletted-ware settlements, Bigo, Great Zimbabwe), and Europe (Greater 

Avebury, Hallstatt Fürstensitze, and some of the late Iron Age oppida discussed earlier) (White 

and Lane, 2021). LLODS are characterised as settlements larger than 100 hectares but 

predominantly smaller than 10,000 hectares, with population densities typically not exceeding 

20 people per hectare, except for temporary circumstances related to mobility patterns when 

they reach higher densities that place the sites within the 'mobility wedge' in the I-C matrix 

(Figure 4.2) (White, 2022; White and Fletcher, 2023). White and Fletcher (White and Fletcher, 

2023) argue that the interaction stress at these sites was minimised either through short-term 

occupations or predictable patterns of periodic occupation, allowing for the long-term 

sustainability of large settlements and demonstrating a unique flexibility of occupation. These 

sites can operate at low population densities below 10-20 people per hectare, thus avoiding 

constraints on their size imposed by communication limits. Alternatively, they may exhibit 

fluctuating populations with periodically higher densities that extend into the mobility wedge 

beyond the density threshold (White and Fletcher, 2023). Examples of such settlements include 

periodic gathering places or regional centres with mobile populations dispersed across a broad 

geographic area. 

The regional occupation patterns of cultures associated with LLODS typically exhibit a 

combination of numerous small settlements and a few exceptionally large examples (White, 

2022, p. 139). The presence of both small and large settlements suggests that the emergence of 

these unusual giants was not simply a result of population aggregation. In terms of settlement 

structure, features, and spatial patterns, the large settlements are similar to the smaller 
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settlements within the same cultural region (White, 2022, pp. 159�t167). As such, they are 

interpreted as essentially magnified versions of established regional settlements, typically 

lacking significant novelty in their form, including cases of monumental architecture. 

 

Figure 4.2 LLODS trajectory (after White and Fletcher 2023 fig. 13.12). 

In Europe, the majority of the LLODS identified are enclosed sites. These are often situated on 

promontories or encompassed entire plateaux or ridgetops. Similar to other regions of the 

world, they display substantial investment in infrastructure. However, most of these sites did not 

have a considerable permanent population, with 80% of them showcasing some forms of 

mobility. Occupation within these sites is typically characterised by multiple zones, with one 

particular zone standing out due to its larger size, occasional higher density, and more complex 

morphology compared to the others. The various zones within the sites are often connected 

physically or visually through causeways, monuments, or enclosure walls (White, 2022; White 

and Fletcher, 2023). 

LLODS often emerged within broader patterns of regional population growth, but they had 

relatively short lifespans, with approximately two-thirds lasting less than three centuries and half 

lasting only two centuries. It is commonly mentioned in regional literature that climate change, 

often on a global scale, played a role in the decline of LLODS. Furthermore, they were not 

typically exported as a model of settlement form beyond the culture that originated them. 

When regional changes occurred, LLODS tended to cease alongside those changes, resulting in 

significant shifts in the regional settlement system. LLODS did not directly transform into a new 
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settlement form, and despite the significant investment in enclosures and other infrastructure, 

they were generally not reoccupied (Fletcher, White and Dharmendra, 2022; White, 2022). 

A final observation is that, contrary to other settlements which had similar size but higher 

population densities, LLODS stop operating when higher density settlements emerged or 

entered their surroundings. For this reason, LLODS and high-density settlements seem 

fundamentally distinct entities in terms of their functioning, resilience, and growth potential 

that were incompatible within the same regional context (White and Fletcher, 2023). 

LLODS present similarities to some European oppida. Key elements include a low population 

density within the site, clustering of habitation in different areas, the presence of mobility 

patterns, and the function of the site in serving a broader hinterland. Comparative observations 

also reveal that LLODS often originate from regional patterns, representing considerably 

enlarged versions of local traditions. They tend to have a short lifespan, ending when densely 

inhabited urban forms are introduced, and the abandonment of these site forms accompanies 

their demise. 

Large low-occupation density settlements represent a broad category of sites, or rather a range 

within the spectrum of site variability, the understanding of which is still in its infancy. Utilizing 

this concept can be quite problematic, considering the divergent and debated interpretations of 

many of the sites it encompasses. However, the debate surrounding oppida, low-density 

urbanism, and LLODS has the merit of highlighting how many different trajectories in the 

organisation of highly populated sites, which diverge significantly from Greco-Roman urban 

models, exist. This prompts us to consider to what extent the data collected in this dissertation 

support similar interpretations of these sites, as I will discuss in chapter 10. 

4.3 MONUMENTALITY AND COLLECTIVE ACTION 
While hillfort habitation has been primary in discussions of European sites, in other areas, the 

debate has focused on the societal context in which  large defensive fortifications characteristic 

of hillforts were built. In recent years, researchers have explored various questions regarding 

fortifications worldwide through perspectives focused on monumentality, labour mobilisation, 

collective action, and social inequality (Shelach, Raphael and Jaffe, 2011; Wright, 2012; Carballo 

et al., 2013a; Osborne, 2014; Jia et al., 2018; Arkush and Ikehara, 2019; Grau Mira, 2019; Erb-

Satullo and Jachvliani, 2022). These approaches are changing our understanding of fortifications 

and showcasing how a wide variety of communities with different forms of socio-political 

organisation produced monumental architecture. Interestingly, contrary to previous beliefs, it is 

emerging that even societies with low levels of social inequality created fortified settlements, 

particularly in response to external threats (Arkush, 2017). 
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Since Childe (1950b), monumentality has long been associated with socio-political hierarchy: the 

ability to plan, mobilize, and sponsor large-scale construction has been seen as a reflection of 

centralised political authorities (Service, 1962; Colin Renfrew, 1973; Trigger, 1990; DeMarrais, 

Castillo and Earle, 1996; Coupland, 2005). According to this view, the labour-intensive 

construction process played a role in solidifying social differentiation and political leadership 

(Pauketat, 2014). Recent research in different regional contexts, however, highlights that 

monumental architecture also emerged in societies without permanent centralised hierarchical 

systems or significant wealth inequality (Schmidt, 2006; Vega Centeno, 2007; Burger and 

Rosenswig, 2012; Ortmann and Kidder, 2013). Sites like Poverty Point, Gobekli Tepe, and Huaca 

Prieta have evidence of labour organisation even in the absence of stable agricultural activities. 

This traditional view of monumentality is linked to Trigger's (Trigger, 1990 after Childe 1950, 12) 

perspective that sees monumental structures as intentional displays of labour for non-utilitarian 

purposes, symbolizing the concentration of social surplus. Research has moved past the 

distinction of utilitarian and non-utilitarian architecture and has instead recognised the intrinsic 

symbolic importance of monuments and the reactions they produced (DeMarrais, Castillo and 

Earle, 1996; Burger and Rosenswig, 2012; Osborne, 2014). Their meanings differ between 

societies, with some legitimating hierarchy while others elide or deemphasise it. Their visual 

impact can last through time, but the meaning associated with them can change (Johansen, 

2004; Pauketat, 2014). On a basic level, monumentality highlights the capacity of a leader or 

community to achieve something beyond individual action, representing the strength of the 

community involved in building and its capacity for collective action (Glatz and Plourde, 2011; 

Wright, 2017). 

Large-scale fortifications fit this definition of monumentality, especially when considering their 

inherent display of collective strength and cohesion in a setting of endemic warfare �~�K�[���Œ�]�•���}�o�o�U��

2017; Arkush and Ikehara, 2019). In a context of impending threat, the construction of 

fortifications assume additional meaning as they require considerable labour in a relatively short 

time and significant coordination. While labour of this magnitude has often been associated 

with hierarchical societies, recent research on pre-Inca Andean hillforts (Arkush and Ikehara, 

2019), Bronze Age Caucasus hillforts (Erb-Satullo and Jachvliani, 2022), and Iron Age British 

hillforts (Becker 2019) shows that such fortified sites can exist in societies interpreted as 

heterarchical. 

Cooperation and collective action have played important roles in studies on monumentality 

without hierarchy (Blanton and Fargher, 2008; Carballo et al., 2013a; Carballo, Roscoe and 

Feinman, 2014; DeMarrais, 2016; Ikehara, 2016). A key concept is that decentralised societies 

are able to coordinate and achieve large-scale and monumental actions even without 
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hierarchical structures under the right conditions, particularly when the collective effort benefits 

the entire community (Carballo, 2013). One of these conditions where collective action is seen 

as greatly beneficial is warfare (Carballo et al., 2013b; Turchin et al., 2013; Ikehara, 2016). This is 

particularly true for non-hierarchical societies, where collective action is essential for 

coordinating defence activities, such as the construction of fortifications (Roscoe, 2013). 

A key contribution in these studies is ���Œ�l�µ�•�Z�[�•��on the relationship between monumentality, 

fortification, and warfare (Arkush and Stanish, 2005; Arkush, 2008, 2017, 2020; Arkush and 

Tung, 2013; Arkush and Ikehara, 2019): her research focuses on pre-Inca hillforts in the Andean 

region, specifically the Colla hillforts. Her work highlights how the planning and construction of 

monumental fortifications at these sites, particularly the large hillfort of Pucarani, were 

accomplished by small subgroups of a loosely coordinated community, without any centralised 

planning characteristic of hierarchical societies (Arkush and Ikehara, 2019). These fortifications 

are not interpreted as symbols that justify hierarchies, but rather as symbols of power 

encapsulated in community cohesion and capacity for collective action. Furthermore, in ���Œ�l�µ�•�Z�[�•��

view, they were also functional in manipulating visibility and generating a sense of awe in the 

eyes of observers. Fortifications can indeed convey a message of defence and protection even in 

the absence of open conflict. ���Œ�l�µ�•�Z�[�•��analysis highlights that monumentality was perceived as 

such from outside rather than inside hillforts, where walls were much less monumental, serving 

purely defensive purposes. In this perspective, these hillforts are interpreted not just as barriers 

but as monuments that act to deter enemies and establish a strong and cohesive community 

capable of collective action for defence at a regional political level (Arkush and Ikehara, 2019). 

Arkush and Ikehara's interpretation of the Pucarani fortification is further supported by the 

internal layout of the site (Arkush and Ikehara, 2019). The site does not display the presence of 

centralised structures but is organised into distinct habitation subgroups that exhibit similarities 

to the occupation patterns of European oppida discussed in the previous section. The layout of 

the site reflects a social organisation where differences can be minimised or accentuated, as is 

the case with fortifications (Rautman, 2016). The physical environment, as well as the material 

assemblages, play a role in shaping daily life, movement, contacts, and knowledge of the 

communities, creating barriers and differences among them. For example, multiple fortification 

circuits could indicate differences between groups inhabiting the site, which are further 

supported by differences in architectures and material assemblages. 

The extent to which the construction of monumental fortifications is related to heterarchical 

societies varies across interpretations of different hillforts. In the case of oppida, for example, 

scholars have emphasised the role of fortifications in mobilizing the community under the 

leadership of an elite (Fern��ndez-G�‚tz, 2014; Moore, 2017b). Considering the current 
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interpretation of Late Iron Age European society as oligarchic (or possibly heterarchical) (Moore 

et al., 2023), research views monumentality as a means by which power is contested among 

rival families. From this perspective, the construction and maintenance of fortifications 

represent a deliberate action by the elite to assert social control, with labour serving a 

functional role in the process of negotiating power and connecting the elites to the broader 

community, an idea also supported by the accounts of oppida by classical writers. The 

construction of fortifications is therefore seen as an inclusive process aimed at reinforcing group 

identity within the community (Woolf, 1993, p. 232). As for the Colla hillforts, monumentality 

serves not only to demonstrate military power but also as a symbolic theatrical element that 

awes rival communities within a broader landscape. While hillforts play a primary role in 

organising the physical and symbolic space of the site, they also play a significant role in 

structuring the landscape in which they are embedded. The next section delves deeper into this 

role. 

4.4 STRUCTURING A HILLFORT LANDSCAPE 
Throughout history, landscape has been a powerful tool for materializing ideologies and 

asserting dominance (Earle, 2001, p. 107). It is recognised as a socially constructed entity 

imbued with a network of meanings that individuals and societies utilize to perceive, shape, and 

inhabit their environment (Tilley, 1994, p. 34). The landscape is invariably intertwined with 

contemporary politics and ideology, actively contributing to the social fabric by embodying 

meanings aligned with the political interests of groups striving to attain and maintain power and 

control (Orser, 2006, p. 31). 

Hillforts can play a prominent role in structuring the surrounding landscape. They can serve as 

central places for local production and exchange, they can hold religious significance and/or 

they can be fortresses and outposts. Hence, the variability of hillforts extends beyond the site 

itself; it relates to the site function within a broader landscape. Hillforts can range from being 

focal points of socio-political and economic activities to simple nodes in defensive networks. 

The impact of hillforts, such as European oppida, on the landscape is evident. The concentration 

of diverse economic and social activities at these sites, along with the physical and symbolic 

importance of fortifications in the broader landscape, is well-documented (Moore et al., 2023). 

It is important to note, however, that even simple fortresses or places of refuge have the 

potential to significantly alter their surrounding environments. 

A good example of this is provided by Roman military camps and forts (Hanel, 2007). Although 

they originated as simple military outposts, they grew into focal points around which highly 

specialised communities emerged, primarily functioning to support the fort itself. This attractive 



84 

power is evident when we consider that some of these sites developed beyond their original 

military function, eventually becoming centres of broader significance and giving rise to modern 

cities (Hanel, 2007, p. 412). The relationship between hillforts and the surrounding landscape is 

complex and changes over time and it is clear that the connection between potential central 

places like hillforts, whether urban or not, is deeply intertwined with their hinterlands (Collis, 

2017; Smith and Ortman, 2020). 

Research is increasingly integrating the functional aspects of hillforts with the symbolism of 

fortifications and the fortified landscape. Armit (2007) argues that there should be an 

integration of military defensive function of fortifications and their role as social symbols. By 

understanding both aspects, we can fully appreciate the structuration of the landscape by 

fortifications and how conflict contributes to social dynamics (Arkush and Allen, 2006; Grau 

Mira, 2019)  

Drawing from this perspective, Grau-Mira (2019) interprets the pre-Roman Iberian fortified 

landscape as a materialisation of ideological discourses aimed at conveying a message of 

identity and community defence. The visual impact of such a landscape becomes crucial for how 

communities present themselves. Fortifications can create a sense of inaccessibility, either 

genuine or fictional, acting as deterrents to enemies. Simultaneously, they provide a sense of 

security for the inhabitants of the surrounding areas due to their persistent presence in the 

landscape. They are vital components of a socially constructed landscape that plays a role in 

spatial differentiation leading to the marking of territory (Molyneaux, 2006). As discussed 

earlier, fortifications significantly shaped the daily life of the communities that interacted with 

them. This significance extends to the fortified landscape, that embodied important symbolic 

aspects related to community identity and the management of violence, as recently discussed in 

the context of the landscape of the eastern Iberian Iron Age (Grau Mira, 2019). 

4.5 CONCLUSION 
Studies on hillfort sites have undergone significant development in recent years, challenging 

earlier perspectives that strictly linked them to hierarchical societies, urbanism, and functional 

aspects of fortifications. These studies have instead emphasised the diversity of forms, 

functions, and symbols that these sites exhibited. 

Research on European oppida has moved beyond earlier comparisons of these sites with 

densely inhabited urban settlements from the Greco-Roman and Mediterranean world. By 

exploring beyond the confines of the classical world, valuable insights have been gained, 

revealing similarities with sites worldwide that do not fit into specific trajectories of urban 

development. However, it is worth noting that these global comparisons are still in their early 
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stages, and despite the merit of breaking regional perspectives, there still remains an underlying 

adherence to the urban form, which, in its various manifestations, continues to be seen as key to 

understanding complexity. 

Global perspective, on the other hand, have identified new trajectories towards social 

complexity that are less reliant on the urban concept  (White and Fletcher, 2023). Discussions on 

anomalous giants, particularly Large Low Occupation Density Settlements, recognise urbanism 

as just one of several approaches to settlement aggregation. Instead, emphasis is placed on 

mobility. Sedentarism and mobility are seen as interplaying factors that assume different roles 

while leading to similar types of settlements. These settlements are defined not primarily by 

their form of habitation but by their ability to attract large communities, even if for short 

periods, that deem these sites as central places. Many questions remain unanswered regarding 

the origins, functions, and decline of these sites, but the observed patterns are consistently 

pointing towards an alternative trajectory of settlement development, running parallel to 

densely populated urban phenomena. 

Monumentality plays a crucial role in another characteristic of hillforts, namely fortifications. 

Beyond their functional military purpose, fortifications and the labour invested in their 

construction serve as important elements for communities to express their collective action 

capacity and establish a sense of unity and identity in the face of rival communities and external 

threats, particularly in times of warfare. Moreover, as hillforts structure the functional and 

symbolic environment within their walls, they also shape the broader landscape where they are 

situated. The visual prominence of hillforts and the awe-inspiring theatrical elements they 

embody play essential roles in organising and showcasing communities. Along these lines, they 

can also serve as markers of group identity and territorial boundaries. 

Heterarchy, as a form of social-political organisation, emerges as another significant aspect 

when taking a global perspective on hillfort sites. While hillforts have traditionally been 

associated with hierarchical societies in many contexts, recent studies from around the world 

demonstrate that these sites often belong to oligarchic or heterarchical societies where power is 

negotiated through the construction and maintenance of fortifications. Instead of being solely 

driven by top-down activities, these sites were built and maintained through the agency of 

heterarchical communities, ranging from densely inhabited pre-Inca hillforts that may have had 

urban characteristics, to the low-density European oppida, and even the uninhabited hillforts of 

the Caucasus. 

These observations contribute to the revaluation of Samnite hillforts. The ongoing debate 

surrounding these sites and their societies, reviewed in chapter 3, is limited by its sole focus on 
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the Mediterranean context. Similarly to the approach taken with European oppida, it is crucial to 

transcend regional boundaries and adopt a global perspective for hillforts and similar sites that 

do not conform to traditional settlement models. However, these lively debates also highlight 

the need to develop new research tools for global comparisons. While much of the discussion 

on hillforts is still in its early stages, this is mainly due to the challenges in comprehending the 

wide range of different complexes discussed, which represent only a fraction of all examples 

found worldwide. A computational approach developing new tools can prove highly beneficial in 

comparing different hillfort sites and identifying common patterns that transcend regional 

contexts. While focusing on Samnite society, I have explored these global perspectives also with 

the aim of designing such an approach and developing transferable tools. 
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5 A NEW DATASET OF SAMNITE 
HILLFORTS 

5.1 INTRODUCTION 
Study of Italian hillforts, both pre-Roman and medieval, is made difficult by their location in 

remote highland areas, which today are often covered by dense vegetation (Masini et al., 2018). 

Furthermore,  hillfort sites are often poorly preserved because the landscape has been used 

intensively well into the 20th century A.D. before being abandoned and reforested. 

Archaeologists have often neglected these mountainous and forested regions because they 

considered them as peripheral environments and because of limitations in executing systematic 

surveys in these challenging places (Barker, 1995a). Previous studies based on traditional 

methods of archaeological survey and aerial remote sensing focused instead on plains and other 

easily reachable areas lacking vegetational canopy (Conta Haller, 1978; Barker, 1995a; Quilici and 

Quilici Gigli, 2016, 2004a, 2004b, 2006, 2010, 2012, 2014; La Rocca and Rescigno, 2010; Quilici, 

2011; Quilici Gigli and Renda, 2017; Renda, 2020). Only a few projects ventured into Samnium's 

challenging mountain and forested regions using systematic survey methods (Cazzella et al., 

2018; Stek, 2018) or conducted intensive research on sites (Faustoferri and Lloyd, 1998; Caiazza 

and Pagano, 2012a; De Benedittis, 2017). The only available catalogue of Samnite hillforts was 

created from fragmentary archival data and sporadic investigations (Oakley, 1995). Similarly, no 

comprehensive data are available for medieval hillforts. 

The use of Light Detection and Ranging (lidar) allows for the systematic and cost-effective 

investigation of areas under canopy. This remote sensing method has therefore become an 

exceptionally important way to address biases in existing archaeological research. Recent studies 

have shown the effectiveness of these techniques in tracing a multitude of past landscapes even 

in densely vegetated areas (Chase et al., 2011; Evans et al., 2013; Scott, 2015) and for detecting 
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site types similar to Italian hillforts (Stott, Kristiansen and Sindbæk, 2019; Menéndez Blanco et 

al., 2020; Parcero-Oubiña, 2021). Lidar data can also be applied to archaeological research on 

Mediterranean landscapes currently covered by dense vegetation.  

As existing data on hillforts is fragmentary and biased by selective archaeological investigation, 

the site dataset that we have is not representative of the true pattern of this site type across 

Samnium. Consequently, current research does not allow for robust analyses of the settlement 

patterns of pre-Roman (typically, Samnite) hillforts, or even of later medieval hillforts occupying 

similar areas. In this chapter I address this by developing a systematic approach for using lidar to 

analyse mountainous and forested regions of Samnium and to generate a representative dataset 

of hillfort sites. A series of control measures have been implemented to test biases in image 

interpretation. CORINE Land Cover data were used to evaluate the results and estimate the 

number of hillforts located in areas with no lidar coverage. The desk-based analysis was 

integrated with three seasons of ground-truthing, where almost 150 sites were surveyed on the 

ground. This undertaking occurred within the frame of a new project started as part of this 

doctoral dissertation, the Ancient Hillforts Survey (AHS).  

This chapter first introduces the approach developed to process and interpret the lidar data. It 

includes a discussion of some intrinsic issues identified in the data, how they were overcome, 

and the measures adopted to validate the representation of the data, including ground-truthing 

activities. Then, it presents the results of the analysis in detail. This includes a detailed 

discussion of three key findings, which are the results respectively from the areas of the Daunian 

mountains, the region of Hirpinia, and the Campanian frontier. The first discusses how 

numerous new hillforts of the type commonly found in Samnium were identified, leading to a 

reinterpretation of the area as Samnite. The second discusses the presence of different 

settlement patterns across Samnium, with the area of Hirpinia largely lacking this typology of 

site. The last one discusses how a new typology of fortified sites characterised by earthwork 

fortifications was detected. These sites form a new interregional system that controlled the 

western frontier of Samnium. Part of the methodology presented in this chapter and the results 

from the Daunian mountains are based on a paper I published in 2022 (Fontana, 2022b), as 

disclosed in the declaration form for chapter 5 at the start of this dissertation. 

The new data collected for these areas demonstrates the effectiveness of my approach in 

advancing knowledge of historically under-surveyed areas and in creating a dataset suitable for 

the spatial statistical analyses developed in the following chapters. As such, they exemplify the 

potential of the new site dataset collected, which is reported in appendix 1. 
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5.2 DATA AND METHODS 
The limits of the region of ancient Samnium are not certain, and several reconstructions have 

been proposed (see Salmon, 1967, p. 25 pl. 1; Tagliamonte, 2017, p. 425 fig. 2 for two versions). 

The lidar analysis investigated an area of 23,156 km2 across a large transect of south-central 

Italy extending from the Tyrrhenian to the Adriatic Sea that spans the maximal extent suggested 

by reconstructions of Samnite territory. The elevation in this area varies from 0�t2792 masl, with 

the lowest elevations in the Campanian and Apulian plains (the latter of which is known as the 

Tavoliere delle Puglie) and the highest in the central and southern peaks of the Apennines. The 

vegetation varies from broad-leaved deciduous plants in the mountains to evergreen and 

deciduous species, shrublands, and Mediterranean maquis closer to the plains. Therefore, the 

area analysed presents a variable landscape encompassing mountainous, flat, and coastal 

regions (Figure 5.1). 

 

Figure 5.1 A) Research area and B) lidar availability. 

5.2.1 LIDAR DATA ACQUISITION  

Airborne lidar data were analysed across 15,296 km2 (Figure 5.1A). The study used publicly 

accessible data acquired by the Italian Ministry of the Environment (Ministero dell'ambiente e 

della tutela del territorio e del mare�v MATTM) during the first phase of the Extraordinary Plan 

of Remote Sensing (Piano Straordinario di Telerilevamento Ambientale) between 2008 and 2013 

(Costabile, Cocco and Petriglia, 2013; García Sánchez, 2018). This plan aimed to produce remote 

sensing data suitable for monitoring areas with high hydro-geological risk; hence, the data 

collected does not cover the entire Italian territory and instead focuses only on main riverbeds, 

the coastal regions, and a selection of critical areas. Though the data coverage is continuously 

integrated with new acquisitions commissioned by other government agencies, it does not yet 
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cover the entire Italian territory or the entirety of this study's research area. This study analysed 

all the data available to date, covering 66% of the entire research area (15,296 km2 analysed out 

of the 23,156 km2 of the research area) (Figure 5.1B). 

Data were collected using Optech ALTM Gemini, ALTM 3100EA, and Pegasus; these sensors can 

operate on the Near Infrared (1064 nm) spectrum between 33 and 400 kHz, depending on the 

altitude. Between two and four returns were recorded per pulse with an elevation accuracy of ± 

15 cm and a planimetric accuracy of ± 30 cm. Due to the commissioners' heterogeneous nature, 

no further metadata on the data acquisition process parameters is available.   

The MATTM provides data as a raw point cloud in XYZ format and as 1 m GSP Digital Surface 

Model (DSM) first pulse, DSM last pulse, filtered Digital Terrain Model (DTM), and intensity 

raster (García Sánchez, 2018). The primary means of accessing the processed datasets is 

through a Web Map Service available from the Geoportale Nazionale. Recent research in 

Samnium has used the lidar-based DTMs provided by the MATTM without applying visualization 

techniques (Sardella and Fasolo, 2018; Renda, 2020). It should be emphasised that there are 

significant drawbacks in using off-the-shelf lidar DTMs for archaeological purposes. Two main 

issues emerged during the preliminary phase of this project. First, filling and smoothing 

techniques were heavily used in creating the DTM, likely to overcome issues related to 

topography and penetration of wooded canopy. Consequently, archaeological features were also 

removed, particularly in wooded areas. Second, the DTM exhibits distortions which are easily 

visible with the naked eye in the majority of the research area, likely the result of errors 

between reprojections of the data during the creation of different sub-models. These distortions 

caused issues in applying visualization techniques and made interpretation challenging and 

biased. As such, the DTM provided by the MATTM is unsuitable for archaeological prospection, 

and I instead processed the raw point cloud data myself.  

5.2.2 LIDAR DATA PROCESSING 

The low quality of the lidar data available makes the average returns per m2 below 1 in a 

wooded landscape, providing few reliable data at a resolution useful for archaeological 

prospection in dense undergrowth. I used two standardised filtering processes (implemented in 

LasTools, Rapidlasso, 2021) to overcome this problem: a primary filtering process was used for 

interpreting the entire area and a complimentary process was used for wooded regions and 

other critical areas. The primary filtering process adopted a conservative approach to preserve 

the richness of the archaeological record. However, a disadvantage is that it also preserved 

some returns, usually undergrowth, mis-filtered as ground instead of vegetation. The 

complementary filtering process used a more aggressive approach to model a bare-earth 
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landform surface devoid of noise. This approach aggressively filtered out all types of vegetation. 

As such, the fewer remaining returns were more likely to model real ground features but did not 

preserve small anthropogenic features. By comparing the results of the complementary filtering 

process with the derivates of the primary filtering process and by using a data gap mask, it was 

possible to analyse the degree to which the perceived noise area in the primary DTM model still 

provided information about the real surface or whether it should be discarded as the result of 

artifacts derived from insufficient data. It is important to note that, although the nominal 

resolution of the lidar data was 1 m, the analysis showed that around 20% of the final DTM 

surface was interpolated from no real ground values but instead from neighbouring returns. The 

lack of returns is more evident in areas under the canopy, causing poor representation of the 

hillfort sites there. 

Visual interpretation took place on two image blends of multiple visualization techniques, one 

for each set of outputs of the two filtering processes. A modified version of the Visualization for 

Archaeological Topography (VAT) method (Kokalj and Somrak, 2019) was adopted �~�<�}�l���o�i�U���•���l�“���l��

���v���� �K�“�š�]�Œ�U�� �î�ì�í�í�V�� �<�}�l���o�i�� ���v���� �^�}�u�Œ���l�U�� �î�ì�í�õ�• (Figure 5.2). The VAT method is increasingly used in 

archaeological research, and it has been shown to be very effective (Bonhage et al., 2021; Kwoka 

et al.�U�� �î�ì�î�í�V�� �a�‰�Œ���i����et al., 2021; Thuestad et al., 2021). Its reliability and the possibility of 

comparing the results with different studies were the primary motivation for adopting this 

method in the current study. A detailed description of the issues encountered in processing the 

lidar available, the decisions made to overcome them, and the modified VAT used are reported 

in appendix 2. This appendix is identical to the supplementary material published in Fontana 

(2022b). 

 

Figure 5.2 Two example landscape showing the LiDAR options discussed in the text. From left to right: A, E) RGB 
satellite images; B, F) off-the-shelf MATTM lidar-DTM; C, G) primary; and, D, H) complementary image blends of lidar 
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visualizations developed in this study. The filling and smoothing techniques (B) and the regular distortion (F) present 
in the off-the-shelf MATTM lidar-DTM drastically hinder its use for archaeological purposes. The primary and 
complementary image blends instead provide a remarkably better representation of the remains. 

5.2.3 LIDAR DATA INTERPRETATION 

Recently, artificial intelligence (AI) applications for analysing lidar data have been under 

development  (see Lambers, Verschoof-van der Vaart and Bourgeois, 2019, fig.1 for an 

overview). These techniques are increasingly influential, as they promise fast and interregional 

analyses on a scale that would be impossible with visual interpretation (Bennett, Cowley and De 

Laet, 2014). Despite their great potential, these techniques have not been implemented in this 

study because of 1) the extremely heterogeneous appearance of the target feature (hillforts), 2) 

the small usable training dataset, 3) the variable topography, geomorphology, and land use of 

the research area, and 4) the significantly low quality of the lidar data available. 

The large majority of machine learning applications have targeted a narrow range of 

archaeological objects characterised by regular and homogenous shapes. Circular elements such 

as barrows, charcoal kilns, mounds, and pits are the most studied (Trier, Zortea and Tonning, 

2015; Trier, Salberg and Pilø, 2016; Trier, Cowley and Waldeland, 2019; Verschoof-van der Vaart 

et al., 2020; Bonhage et al., 2021), along with other features such as Celtic fields, hollow roads, 

and ring fortresses (Stott, Kristiansen and Sindbæk, 2019; Verschoof-van der Vaart et al., 2020; 

Verschoof-van der Vaart and Landauer, 2021). Unlike these site types, Italian hillforts do not 

exhibit regular and repetitive shapes, sizes, and typologies of features and therefore differ 

greatly from the traditional targets of automated approaches. In particular, fortifications range 

from negative features such as trenches to positive ones such as earthworks and stone walls 

(see Oakley, 1995). Importantly, these features do not always occur together. In some sites, 

fortifications survive today as shallow earthworks and others as massive polygonal walls up to 10 

m tall, as in the hillfort of Treglia (Caiazza and Pagano, 2012a). AI approaches can only detect 

objects similar to known objects of which sufficient examples are available. The known hillforts 

in the research area did not provide a suitable training dataset, due to their variable 

appearance. Furthermore, the variability of the research area would likely cause issues of 

interoperability with the use of AI methods. Recent studies have shown that AI methods are 

limited when the topography, geomorphology, and land use of the research area differ from the 

area on which they have been trained �~�d�Œ�]���Œ�U�� ���}�Á�o���Ç�U�� ���v���� �t���o�����o���v���� �î�ì�í�õ�V�� �s���Œ�•���Z�}�}�(�r�À���v�� �����Œ��

Vaart and Lambers 2021). Finally, all the AI studies cited above have used high-quality lidar data 

largely devoid of noise and with resolutions up to 25 cm. The quality of the lidar available for the 

Italian territory is considerably lower, particularly under canopy, and therefore results are more 

difficult to read. The development of increasingly sophisticated AI methods and availability of 
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new, higher-resolution lidar coverage of Samnium would make future experimentation with 

automation much more appealing.  

Considering the significant obstacles to applying currently available AI methods within this 

study's research area, visual interpretation was applied instead. Currently, visual interpretation 

presents the most reliable and time-efficient method for detecting hillforts in Italy. Precision of 

detection and ease of use were deemed essential for creating a reliable dataset for spatial 

analysis. Additionally, the significant degree of interpretative flexibility offered through visual 

inspection was fundamental for detecting a wide range of hillfort typologies. This refers to the 

unique ability of the human eye to identify shapes and features even when they are incomplete, 

such as when they are poorly preserved or in areas with high data noise, as is the case with 

many analysed hillforts. 

Due to the variability present in known hillfort sites, the following criteria were used to identify 

potential hillforts in the visual interpretation. Sites were considered if they 1) consisted of one or 

a few parallel linear features, positive or negative, that enclose, even partially, a specific area 

and 2) were located on hilltops or other similarly elevated areas which 3) must stand out from 

the context (to differentiate terraced hills from possible hillforts) and 4) cannot be attributable 

to modern structures or be closely associated with them in satellite and aerial images. 

Visual interpretation took place on groups of four square tiles of 250 m per side, simultaneously 

visualized on display at a fixed scale of 1:2500. Real-time adjustment of the data displayed on-

screen according to standard-deviation histogram stretch was used to guarantee contrast at the 

topography change. Although not useful for feature comparison because it distorts pixel values, 

this approach is very effective for feature detection because it enhances the detectability of new 

features. A fixed linear histogram stretch was used instead to compare different features.  

The detection process took place on the visualization image blend derived from the primary 

filtering process and, in the case of dense vegetation, additionally on the image blend derived 

from the complementary filtering process. Once a possible site was detected, it was further 

investigated using historical images available in Google Earth and the set of non-combined lidar 

visualizations. A class for the certainty of detection was then given to the sites ranging from 

certain to likely and uncertain. 

5.2.4 CONTROL MEASURES FOR INTERPRETATIONAL BIASES AND 
ESTIMATION OF MISSING SITES 

A series of control measures was implemented in the interpretation process to overcome 

possible biases in image interpretation and thus reduce intercomparability issues. A single 
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interpreter (the author) carried out the analysis. As such, biases in interpreting specific types of 

features can substantially affect this study's reliability. To counter this, repeated mapping of 

sample areas and paired mapping was implemented during a drone/UAV archaeology course 

organised by Tesse Stek for the Royal Netherlands Institute in Rome between May and June 

2019. This allowed for testing inter-observer interpretational biases for specific types of 

features. Similarly, the same analyst can interpret the same area differently at different stages of 

their work as their experience grows, creating the possibility for intraobserver bias. Following 

analysis of the entire research area, the author re-interpreted a sample of initially interpreted 

areas to identify possible intraobserver issues. No substantial biases were highlighted during the 

implementation of either of these control measures. This suggests the present study provides 

data on the presence/absence of hillforts without significant intercomparability issues. 

As lidar data is not available for all of Samnium, CORINE Land Cover (CLC) data (2018 edition) 

were used to investigate the distribution of suspected hillforts in different land cover classes and 

to predict the likely number of unknown sites in the areas for which lidar is unavailable. This was 

achieved by adjusting the distribution of presumed hillforts across various CLC classes and their 

extents, and then applying these proportions to the extents of these CLC classes in areas not 

examined in the current study. An estimate of the number of known hillforts in the area was 

subtracted from the total number of estimated hillforts. This was calculated using the 

percentage of known sites relative to the total number of hillforts detected during remote 

sensing for the area where lidar is available. The analysis used land cover as a proxy for ground 

visibility and obstruction to simulate the limitations of previous archaeological surveys. Despite 

only providing approximate results, this analysis was useful for evaluating the study's 

contribution of a representative dataset and for estimating the total number of hillforts in 

Samnium.  

5.2.5 GROUND-TRUTHING TECHNIQUES 

Following the lidar-based analysis, I ground-truthed a selection of suspected hillforts making 

physical visits to the sites. Using GPS tracking to trace the areas effectively surveyed, I searched 

for structures and materials both in enclosed areas and along the outer perimeters of potential 

sites. I took georeferenced photographs of all archaeological remains and, in the case of 

standing walls, photo series to produce three-dimensional models. Artifacts were not collected 

in the field. Instead, all sherds were described, georeferenced, and photographed in situ. For 

diagnostic pieces, a spongy phenolic foam (a type used for flower arranging) was used to record 

imprints of their profiles. These were then scanned at high resolution and digitized to produce 

standard pottery drawings after returning from the field (see appendix 3).  

https://www.knir.it/en/
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This non-invasive technique for recording materials was developed for two reasons. First, hillfort 

sites do not generally produce large pottery assemblages, and thus it is important to preserve 

the archaeological record in as intact a state as possible. Casual collection and/or incomplete 

publication and museum storage of sherds from ground-truthing could deplete a site's potential 

for future systematic intra-site work. Second, Italian legislation does not yet effectively regulate 

large-scale but punctuated surveys typical of ground-truthing for remote sensing. As such, the 

collection of materials would fall under other types of permits, which are demanding from an 

administrative perspective. Non-invasive techniques drastically reduce the administrative 

demand, and for this reason, they were the only feasible approach at this stage of the study.   

5.3 RESULTS  

5.3.1 LIDAR ANALYSIS RESULTS 

The initial lidar interpretation resulted in 519 detections, which comprised both known and 

unknown sites dated to different periods. Existing archaeological catalogues (Conta Haller, 1978; 

Oakley, 1995; Quilici and Quilici Gigli, 2016, 2004a, 2004b, 2006, 2010, 2012, 2014; Caiazza, 

2007; Quilici, 2011; Quilici Gigli and Renda, 2017; Sardella and Fasolo, 2018; Renda, 2020) were 

used to identify previously known hillforts that were simply re-identified in the current lidar 

analysis. After this, a total of 315 further sites remained in the dataset as suspected new 

hillforts. Some of these (n = 299) were potential hillforts for which no information was found in 

published materials, while others (n = 16) consisted of known archaeological sites that had not 

previously been interpreted as hillforts but which the lidar data suggested could be (Table 5.1). 

Of the 315 suspected hillforts, 125 were classified as certain, 71 as likely, and 119 as uncertain 

(Figure 5.3).  

Table 5.1 Total detections divided by type (all periods). 

Total detections: 519 

1. Known hillforts: 204 (39%) 

2. Suspected hillforts: 315 (61%) 

a. Unknown sites: 299 (58%) 

b. Known sites which are potentially interpretable as hillforts based on the lidar analysis: 

16 (3%) 

Interpretation of the images was undertaken without prior awareness of which sites were 

previously known. As such, an initial validation of the process involved verifying the number of 

known Samnite hillforts independently detected during the current study. Of the 116 known 

Samnite hillforts for which lidar data are available, 110 (95%) were detected in this study. In fact, 

for two of the six known sites not detected, it has been debated whether these should be 

interpreted as hillforts. The absence of clear features visible on lidar therefore adds weight to an 
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argument for rejecting this interpretation. Another site, instead, has been destroyed by modern 

infrastructural developments that preclude its detectability from lidar data. The results indicate 

that the analysis was extremely effective in detecting hillfort sites across the region. 

 

Figure 5.3 Distribution of A) known and B) suspected hillforts detected from lidar data. 

The distribution of the suspected hillforts across different land cover classes (Table 5.2) 

demonstrates the effectiveness of this study's approach for investigating forested regions, in 

particular. A comparison of the distribution of known and suspected hillforts showed that sites 

under forest are significantly underrepresented in the existing dataset, while the number of sites 

in other CLC classes are similar in both the existing and newly generated dataset (Figure 5.4). 

This confirms that representativeness is an issue within the legacy dataset of Italian hillforts. 

Similarly, comparison of the spatial distribution of known and suspected hillforts shows that 

known sites are concentrated in the western part of Samnium, in the proximity of the last 

Apennine ridges overlooking the northern Campanian plateau (Figure 5.5). It is not surprising to 

see larger clusters of known sites here, because this is the area of Samnium that has been most 

extensively studied (Conta Haller, 1978; Oakley, 1995; Quilici and Quilici Gigli, 2016, 2004a, 

2004b, 2006, 2010, 2012, 2014; Caiazza, 2007; Quilici, 2011; Quilici Gigli, 2012; Quilici Gigli and 

Renda, 2017; Renda, 2020). The new data shows that substantial clusters of hillforts are also 

present in the eastern mountain ridges of Samnium in areas overlooking the Adriatic coast that 

have been traditionally under-surveyed. 
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Table 5.2. Distribution of detections by CORINE Land Cover (CLC) classes and estimation of hillforts present in the 
areas where lidar data are missing, calculated proportionally to the number of suspected hillforts by the area of each 
class. 

CLC 

Codes 

CLC Code Description Lidar 

Available 

(km2) 

Lidar 

Missing 

(km2) 

Known 

Hillforts 

Suspected 

Hillforts 

Estimated 

Hillforts 

1.1.1 Continuous urban fabric 233 82 1 0 0.0 

1.1.2 Discontinuous urban fabric 419 201 6 0 0.0 

1.2.1 Industrial or commercial 

units 106 59 0 1 0.6 

1.2.2 Road and rail networks and 

associated land 4 4 0 0 0.0 

1.2.3 Port areas 0 6 0 0 0.0 

1.2.4 Airports 6 0 0 0 0.0 

1.3.1 Mineral extraction sites 20 15 0 0 0.0 

1.3.2 Dump sites 2 0 0 0 0.0 

1.3.3 Construction sites 3 0 0 0 0.0 

1.4.1 Green urban areas 4 4 1 0 0.0 

1.4.2 Sport and leisure facilities 4 5 0 0 0.0 

2.1.1 Non-irrigated arable land 5473 1964 16 13 4.7 

2.1.2 Permanently irrigated land 242 6 0 0 0.0 

2.2.1 Vineyards 257 111 0 0 0.0 

2.2.2 Fruit trees and berry 

plantations 511 123 1 4 1.0 

2.2.3 Olive groves 494 389 3 4 3.2 

2.3.1 Pastures 119 125 2 4 4.2 

2.4.1 Annual crops associated with 

permanent crops 222 48 2 1 0.2 

2.4.2 Complex cultivation patterns 1688 811 11 2 1.0 

2.4.3 Land principally occupied by 

agriculture, with significant 

areas of natural vegetation 1096 710 25 32 20.7 

2.4.4 Agro-forestry areas 1 0 0 0 0.0 

3.1.1 Broad-leaved forest 3073 1952 65 159 101.0 

3.1.2 Coniferous forest 86 53 3 4 2.5 

3.1.3 Mixed forest 97 86 3 5 4.4 

3.2.1 Natural grasslands 429 523 41 41 50.0 

3.2.2 Moors and heathland 3 12 0 0 0.0 

3.2.3 Sclerophyllous vegetation 46 38 4 2 1.6 

3.2.4 Transitional woodland-shrub 550 405 23 31 22.8 

3.3.1 Beaches, dunes, sands 6 10 0 0 0.0 

3.3.2 Bare rocks 11 27 0 0 0.0 

3.3.3 Sparsely vegetated areas 42 76 2 2 3.7 

3.3.4 Burnt areas 1 4 0 0 0.0 

4.1.1 Inland marshes 4 1 0 0 0.0 

4.2.1 Salt marshes 0 1 0 0 n/a 

5.1.1 Water courses 4 0 0 0 0.0 

5.1.2 Water bodies 38 6 0 0 0.0 

5.2.1 Coastal lagoons 0 0 0 0 0.0 
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Figure 5.4 Bar chart of the distribution of known and suspected hillforts by CLC classes. Table 5.2 reports the CLC 
code descriptions. 

 
Figure 5.5 Heatmap of A) known and B) suspected hillforts at a 15 km radius. 

The use of CLC also allowed for an estimation of the number of unknown hillforts that may be 

present in the area for which lidar data are not available. The analysis estimated a total of 221 

hillforts in the no-data area. After subtracting the percentage of known sites identified during 

remote sensing for the area with lidar coverage (41%), the final estimate was 131 unknown 

hillforts in the no-data area. This would bring the total population of unknown hillforts in the 

research area to 445. If land cover was not considered, an estimated 157 unknown sites would 

be expected based on a simple proportion between areas with and without lidar data. 

Consideration of land cover produces a lower estimated number of potential hillforts due to the 

high presence of CLC classes unlikely to host hillfort sites in the no-data area. Although these 

numbers are approximations, this type of analysis is helpful for evaluating the 
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representativeness of the area analysed in this study compared to the entire research area. The 

results suggest the area analysed is representative of the broader research area.  

The study also allowed for the detection of a wide range of other possible sites not interpretable 

as hillforts, such as farms or field systems. However, it is essential to note that the variable 

quality of the lidar data across the study region effectively hinders the identification of subtle 

features across heterogenous landscapes. For this reason, and because this study protocol was 

not designed to locate non-hillfort sites, the finds reported here are not necessarily 

representative of the distribution of these site types across the entire analysed area and are 

therefore of limited use in large-scale studies. Despite these limitations, these new data help 

enrich the existing knowledge of local regions (Fontana, 2022a). 

5.3.2 GROUND-TRUTHING RESULTS 

Ground observations were essential to understanding the relationship between different types 

of lidar detections and archaeological or landscape features. However, conducting fieldwork on 

all suspected sites would have required considerable time and funding that were not available 

within the framework of this doctoral dissertation. A sample of sites was visited in the field to 

survey different types of features and provide a reference dataset suitable for interpreting the 

remaining sites. Fieldwork was carried out in three different campaigns, totalling almost four 

months of solo activities during which I surveyed 145 detections on the ground. Among these, 

22 were known Samnite hillforts, visited to create a comparative control sample to understand 

how the range of hillfort sites appears on the ground and which types of materials are 

associated with them. The remaining 123 detections were divided among non-hillfort sites 

known in literature but for which the lidar data prompted a possible reinterpretation (n=16) and 

new suspected hillforts (n=107).  

Each visit was documented in a field journal, with corresponding GPS tracks of the areas 

effectively visited, as well as geolocations of the materials identified and photographs taken 

(Figure 5.6). Several hundred sherds were identified during fieldwork, with a total of 242 

recorded in detail and 132 drawn in the field (see appendix 3). Although this dataset is quite 

small compared to the number of sites visited, it is still significant. While it does not give a 

complete chronological range of use for each site, the dataset is still able to identify specific 

periods of use of each site, such as the Samnite phase. This, in combination with the presence of 

�‰�}�o�Ç�P�}�v���o���u���•�}�v�Œ�Ç�U���Á���•���µ�•�������š�}���]�v�š���Œ�‰�Œ���š���š�Z�����Z�]�o�o�(�}�Œ�š�•�[���}�����µ�‰���š�]�}�v�����µ�Œ�]�v�P���š�Z�����^���u�v�]�š�����‰���Œ�]�}���X���/�š��

must be noted, however, that a large portion of the documented surface finds are datable to the 

Samnite and Medieval periods, with only a few finds dating back to the Bronze Age. Despite its 

small size, this new dataset of materials is unique in that it enables comparison across all of 
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Samnium. For instance, it is remarkable how the same type of low-quality black gloss pottery, 

with a flaky slip and a sandy pink fabric (Munsell 7.5YR 8/4), can be found in the vast majority of 

Samnite sites on both sides of the Apennines and both on sites visited during this dissertation 

and in pre-existing studies. This contrasts with the typical Campanian black gloss pottery, which 

is harder-fired and has a more resistant slip. 

 

Figure 5.6 Example of GPS tracking implemented during the field visit to a newly identified Samnite hillfort, the site of 
Morgia Quadra (M32). 

Table 5.3 presents the outcomes of the ground-truthing activities. The results show that 14 

previously known sites were reinterpreted as hillforts, and out of these 8 are believed to date 

back to the Samnite period. Furthermore, out of the 107 suspected hillforts, 99 were confirmed 

as new archaeological sites. Among these newly identified sites, 70 are deemed to be hillforts, 

and 45 of them are dated back to the Samnite period based on the fortification type and the 

materials found on site. The remaining 29 sites are mostly comprised of Roman platform villas, 

enclosures, and field systems. 

Table 5.3. Results of the ground-truthing 

Visited sites: 145 

1. Control sample: 22 (15%) 

2. Suspected hillforts: 123 (85%) 

a. Possible reinterpretations: 16 (11%) 

i. Reinterpret as hillforts: 14 (10%) 

1. With Samnite phase: 8 (6%) 

ii. Rejected: 2 (1%) 

b. New detections: 107 (74%) 

i. Natural features: 8 (6%) 

ii. Archaeological sites: 99 (68%) 

1. Non-hillfort sites: 29 (20%) 

2. Hillforts: 70 (48%) 

a. With Samnite phase: 45 (31%) 
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5.3.3 A NEW DATASET 

The fieldwork data was used comparatively to interpret the remaining suspected hillforts, of 

which the majority were likely to be Medieval sites. Medieval hillforts differ from Samnite sites 

in lidar data as they are smaller and typically have elliptical circuits. They are also characterised 

by the presence of internal structures that are easily identified on lidar. In cases where medieval 

sites occupy earlier hillforts, the occupied area is usually smaller and focused on the summit of 

the sites, often fortified by a new circuit. These features make Medieval hillforts more 

homogeneous than Samnite ones, giving them a distinct appearance that was confirmed during 

fieldwork. This is likely due to the smaller and more regular hilltop areas occupied, which slopes 

have a stronger influence on the overall shape of the fortifications. The combination of desk-

based lidar study and fieldwork was highly effective in distinguishing pre-Roman and medieval 

hillforts, resulting in a reliable dataset of sites that can be dated to the Samnite period. 

The new dataset consists of a total of 206 hillforts, as shown in Table 5.4. Among these, lidar 

data are available for 177 sites, while 29 are currently outside the coverage. Among the sites 

with lidar data, 60 are new hillforts, of which 53 were new discoveries, and the remaining 7 

were previously known sites that were reinterpreted as hillforts in this study. The interpretation 

of 27 previously known hillforts was subject to debate in the literature, and this study validated 

the interpretation of 10 of them while rejecting the other 17. Moreover, it was possible to 

extensively remap some of the known sites, effectively changing their plan by enclosing areas 

previously interpreted as isolated enclosures and identifying new ones, as shown in Figure 5.7. If 

we consider only the confirmed hillfort sites, the present study has increased the number of 

Samnite hillforts in the dataset by over 40%, from 146 to 206. 

Table 5.4 Study results for the creation of the new dataset of Samnite hillforts. 

Total sites: 206 

1. Without lidar data: 29 (14%) 

2. With lidar data: 177 (86%) 

a. Known hillforts: 107 (52%) 

b. Sites validated as hillforts: 10 (5%) 

c. New hillforts: 60 (29%) 

i. Discoveries: 53 (26%) 

ii. Sites reinterpreted as hillforts: 7 (3%) 

Sites rejected: 17 

5.3.3.1 CHRONOLOGY 

Despite the integration with fieldwork, it was not always possible to build secure chronologies 

for all of these sites. The dataset was divided into three classes based on the certainty of the 

interpretation. 158 sites are classified as certain Samnite hillforts, 38 as likely and 10 as possible 

(see Table 5.5 and appendix 1). The sites classified as likely are hillforts for which it was 
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impossible to identify secure chronology due to the absence of materials in the field and/or the 

very poor preservation of the fortification wall. This was often due to particularly dense 

vegetation coverage, making it impossible to identify secure elements to interpret the hillforts 

as Samnite. Yet, the experience of surveying almost 150 sites provides a very strong comparative 

prospective on the range of hillforts in Samnium. The sites classified as likely are those hillforts 

that, even in the absence of secure data, are extremely likely to be Samnite sites compared to 

the known and new hillforts identified. A different matter is the sites interpreted as possible. 

The interpretation of these sites is far more speculative with the data available to date. For this 

reason, sites classified as possible were not included in several of the analyses that will be 

discussed in the upcoming chapters. 

 

Figure 5.7 Examples of the extensive remapping made possible by the implementation of LiDAR data at the site of 
Monte Crocella (K76). 

Table 5.5 Dataset confidence scores. 

Total sites: 206 

1. Certain: 158 (77%) 

2. Likely: 38 (18%) 

3. Possible: 10 (5%) 

Aside from the issues surrounding the identification of the sites as generally Samnite, it is also 

important to highlight how the fragmentary available data limits diachronic studies of hillforts. 

The precise chronologies of occupation for hillfort sites remain an open question in Samnium 

archaeology. As discussed in section 3.4.1.3, we lack secure data for the vast majority of sites, 

but there is a trend suggesting their emergence in the 6th and 5th centuries BCE, which is also 

supported by new data collected during fieldwork (see also section 5.3.3.1). While some of 

these sites exhibit continuity of occupation even during the Roman period, it appears that the 

majority ceased to be occupied after the Roman conquest around the 3rd century BCE. 
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The question here is how this chronological uncertainty impacts the analyses developed in the 

following chapters. The available data do not allow us to conduct reliable diachronic studies on 

the appearance or decline of hillfort sites. Although we have evidence of these sites emerging as 

early as the 6th and 5th centuries BCE, the evidence is too fragmented to extend beyond the 

specific site level and develop robust regional observations of settlement patterns. Similarly, 

despite observing a decline of sites after the Samnite wars, there are several exceptions, and we 

cannot make assumptions for the large group of sites for which we lack certain data. However, 

what we can confidently assume is that all the sites were in use towards the end of the 5th and 

during the 4th and 3rd centuries BCE. The extensive use of hillfort sites during this period was 

already noted in the literary sources. Existing research and the fieldwork conducted during this 

dissertation did not provide any evidence to refute this; instead, they consistently confirmed 

occupation during this period. Therefore, we can reliably consider all the sites as occupied for at 

least a significant part of this timeframe. 

Given the limitations of the available chronological data, this dissertation focuses on 

investigating the period from the end of the 5th century up to the 3rd century BCE, the only 

period for which we can confidently assume that all the sites were coexisting in the landscape. 

Thus, all the analyses developed in this dissertation will examine a specific moment in time 

when all Samnite hillforts were in use. As discussed in sections 5.4.3 and 8.3, this approach does 

not exclude the identification of relative chronologies of occupation among different categories 

of sites and the study of the emergence of different settlement systems from the end of the 5th 

century to the 3rd century BCE. 

5.4 KEY FINDINGS 
It is not possible here to offer a detailed discussion of how each newly identified hillfort interacts 

with existing knowledge of the local area. The large number of sites identified or remapped 

would require the creation of a separate book or catalogue to fully discuss the specificities. 

Instead, in the following three sections, I delve into three key findings from the lidar analysis 

that drastically change our understanding of the entire historical landscape within the region. 

These findings offer compelling new evidence that significantly redefines our understanding of 

Samnite occupation at both the regional and interregional levels. These findings pertain to the 

Daunian mountains, the area of Hirpinia, and western Samnium. First, I will discuss how the lidar 

analysis highlights a new hillfort system that effectively extends the fortified landscape to the 

Daunian Mountains. Then, I will delve into how the analysis reveals the absence of hillforts in 

the hinterland of Hirpinia, demonstrating that sites are only present at their borders. Lastly, I will 



104 

explore how a newly detected category of site, which I have defined as observation posts, forms 

a new system that extends along the entire western Samnium border. 

5.4.1 THE DAUNIAN MOUNTAINS 

A current area of interest within the archaeology of northern Apulia involves the Samnite 

presence in this region and how the Samnites and their settlements related to the Daunian 

people. Salmon (1967, p. 67) and La Regina (1989, pp. 17�t25) identify contrasting ways of 

inhabiting mountainous and flat areas as a key theme for understanding the relationship 

between these two groups. Yet, research in this area has focused almost exclusively on the flat 

Tavoliere delle Puglie due to the favourable conditions the plains present for developing regional 

studies through aerial and satellite remote sensing and pedestrian surveys (Marchi et al., 2015, 

2019). The Daunian mountains have instead seen far fewer research activities, often limited to 

data from rescue archaeology. This is particularly true for the pre-Roman period; despite the 

known presence of hillforts, interpretations of these sites have generally not been integrated 

within broader discussions about settlement strategies within this territory. Consequently, 

hillforts have never truly entered the debate about the Samnite presence in northern Apulia. 

Until now, discussion of Samnite settlements in this region has been limited to evidence from 

the Tavoliere, such as burials and farmsteads (Marchi, 2016).  

The lidar analysis developed in northern Apulia lays the foundation for a much more complete 

understanding of the function and role of this mountainous region during the pre-Roman 

period. The lidar analysis allowed 1) the discovery of new sites, 2) the reinterpretation of known 

sites, 3) the contextualization of material finds in areas where fortifications are almost invisible 

today, 4) the collection of comparative data on size, typology, systems of fortification, and 

internal organisation of hillforts, and 5) the production of the first representative and 

comparative dataset on the presence of pre-Roman hillforts in the Daunian mountains. 

Ten pre-Roman hillforts were identified (two forming a single complex), of which at least nine 

are likely to be Samnite sites (Figure 5.8). All these sites were ground-truthed in the field. These 

attest a previously unknown system of fortifications and suggest the region today known as 

Daunian mountains were an integral part of Samnite territory that was settled in the same ways 

known in other parts of Samnium (Oakley, 1995, pp. 143�t147). 

Starting in the north, a system of five sites controlled the middle valley of the Fortore river 

where it curves from the inner Apennines toward the Adriatic Sea. Of these, the newly identified 

complex spanning Monte Sambuco and Monte Orlando (Figure 5.9A, Figure 5.10A) occupies the 

most dominant position on one of the highest peaks of the Daunian mountains overlooking both 

the Tavoliere to the east and the mountainous hinterland to the west. On Monte Sambuco, lidar 
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data allowed for the identification of a main body and two annexes of fortifications that form an 

articulated system extending toward a third annex on the nearby Monte Orlando, where 

fragments of impasto and black gloss pottery compatible with the finds reported from Monte 

Sambuco were identified during ground-truthing. Survey materials and burials date occupation 

on Monte Sambuco to as early as the 6th and 5th century BCE, with more consistent data from 

rescue excavation available for the period between the 4th and the 1st century BCE, including 

black gloss and Herakles figurines (Volpe, 1990, p. 134). The dense vegetation and poor 

preservation of the structures make identifying fortifications challenging on the ground, and the 

site was originally interpreted as a farm (Volpe, 1990, p. 134). Only later, and solely based on the 

strategic location, was it proposed the site could be a hillfort (Gravina, 2007). The new data 

support the presence of a hillfort complex and provide the first mapping of the site. 

 

Figure 5.8 Distribution of the hillforts in the Daunian mountain range. The letters following site names correspond to 
the letters in Figure 5.9 and Figure 5.10 and refers to the new detections or the sites reinterpreted as Samnite 
hillforts discussed in section 5.4.1. 
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Figure 5.9 Comparative plans of the hillforts analysed in this study on the Daunian mountains. The numbering follows 
their order of appearance in the text. The mapping is based on lidar in combination with the data collected during 
ground-truthing. 

The Monte Sambuco-Orlando complex is centrally located in relation to three other hillforts in 

the area. These are located on the lower ridges that, from the peaks of Monte Sambuco-

Orlando, extend west and north toward the Fortore valley floor. The largest of these is Valva 

(Figure 5.9B, Figure 5.10B). This site is located on a prominent spur at the intersection of the 

Fortore and Tappino valleys in a commanding position over the transhumance road Lucera-

Castel di Sangro. The site has two distinct systems of fortifications that can be dated to different 

periods. The lower fortifications enclose the northern, more easily accessed part of the spur. 

They are composed of polygonal masonry (Figure 5.11A) with large blocks of stone up to 1.6 m 

long, preceded at around 20 m by a rampart that creates a pathway leading to a possible 

entrance. The other fortification system encloses the summit, but the wall is instead composed 
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of small blocks of stones consolidated with mortar, with masonry types indicative of the 

Medieval period (Figure 5.11B). The materials identified during ground-truthing support these 

interpretations. The presence of possible structures on the hill of Valva was previously reported 

by Cerulli (1964), along with the presence of burials dating to the 6th�t5th century BCE and 

survey materials ranging from the Hellenistic period to the 16th century A.D., when the site was 

destroyed (Cerulli, 1964; De Benedittis, 2006; Gravina, 2007). Information was, however, 

fragmentary, and no clear interpretation of the site had been proposed. The newly identified 

polygonal masonry allows for an interpretation of the lower fortification system as Samnite. The 

site is now under investigation by the Ager Lucerinus Project (Marchi et al., 2020). 

 

Figure 5.10 Hillforts of the Daunian mountains analysed in this study as seen on the complementary image blend of 
lidar visualizations. The numbering follows their order of appearance in the text. No complete lidar coverage is 
available for the site of Valva. 
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Figure 5.11 Fortification wall of the A) lower and B) upper circuits of the hillfort of Valva 

While the hillforts of Monte Sambuco/Orlando and Valva occupy similar extensions of around 13 

ha, the other two sites in the area are much smaller. Although these sites were known and have 

been studied �~���[���o���v���U���î�ì�ì�ò�V�������������v�����]�š�š�]�•�U���î�ì�ì�ò�U���î�ì�í�î�V���'�Œ���À�]�v���U���î�ì�ì�ò�U���î�ì�ì�ó�•, lidar data allowed 

for the identification and mapping of numerous previously unknown structures. The first, Monte 

San Giovanni (Figure 5.9C, Figure 5.10C), occupies 4.7 ha on a dominant position overlooking 

where the Fortore river curves east. Traces of human occupation range from the Neolithic to the 

Medieval period until the destruction of the site in the first half of the 15th century A.D. (De 

Benedittis, 2006). The wall circuits visible in the lidar data are related to the later phase of 

occupation, and it can only be assumed that the site had similar dimensions during the Samnite 

period. Samnite occupation of this site is, however, well attested by the nearby necropolis of 

Santo Venditti dated from the 6th�t4th century BCE (De Benedittis, 2006; Gravina, 2006), by 

burials from the modern center of Carlantino dated to the 4th and 3rd century BCE (Gravina, 

2007), and from the recovery of materials dated to the 4th and 3rd century BCE during the 

survey and excavation of the site (De Benedittis, 2012, pp. 44�t46).  

The second site is Monte Rotaro (Figure 5.9D, Figure 5.10D), which lies on a small hilltop on the 

last mountainous offshoots overlooking the Tavoliere. Here, a circuit encloses 1.8 ha, where 

numerous structures are located around a medieval tower on the northern part of the site. The 

recovery of materials indicates pre-Roman occupation from the 5th/4th�t1st century BCE 

�~���[���o���v���U���î�ì�ì�ò�V���'�Œ���À�]�v���U���î�ì�ì�ó�•. 

The dominant location of Monte Sambuco-Orlando plays a crucial role in visually connecting 

sites within this settlement system and between this system and the southern hillfort of Monte 

Saraceno (Figure 5.9E, Figure 5.10E). This is attested both through field observations and 

through the visual prominence index implemented in the analysis of chapter 8. Monte Saraceno 

is located along the same mountain range on the second highest peak of the Daunian mountains 

between the mouths of the rivers Fortore, Vulgano, and Celone. Here, stone wall remains are 
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present on the top of a scarp and a counterscarp system identified through lidar that, on the 

eastern side, presents four circular depressions of unknown function, each 14 m in diameter. 

The site encloses an area of 4.7 ha, similar to Monte San Giovanni. Materials from surveys and a 

rescue excavation undertaken in 1999 attest to the site's occupation between the 4th and 3rd 

century BCE and during the Medieval period (Russi, 2000). Recent surveys also indicate several 

small farms in the surrounding area that date to the 4th and 3rd century BCE and have been 

interpreted as Samnite (Marchi, 2016). This combination of evidence, showing hillforts and 

surrounding farms, is typical of Samnite occupation in the nearby area of the Tappino valley and 

contributes to the interpretation of this section of the Daunian mountain as Samnite. 

Southeast of Monte Saraceno, further evidence of Samnite occupation has been identified on 

the hillfort of Monte Cimato (Figure 5.9F, Figure 5.10F). The site is located on an isolated spur 

overlooking the stream Lavella, on the offshoot of the Daunian Mountains at the north of the 

river Cervaro. On the summit, a small circuit (Figure 5.12A) composed of a rampart was 

previously identified through aerial remote sensing by the University of Foggia, which 

interpreted it as medieval. Despite being in a deplorable state of preservation, the lidar analysis 

and ground-truthing allowed for the identification of a previously unknown, much larger lower 

circuit made of polygonal masonry (Figure 5.12B�tD) remarkably similar to that of Valva. Here 

too, the polygonal wall is preceded by an outer rampart 20 m away from it, and, to the east, a 

double rampart forms a pathway leading to the site from the lower fields. Both  sites are located 

on spurs naturally fortified on one side, with fortifications built only on the most easily 

reachable area, and each encloses a similar area of 11�t13 ha. This evidence suggests a 

connection between the two that, based on the extension of the fortifications and sizes, could 

also be tentatively extended to Monte Sambuco-Orlando. Assessment in the field confirmed 

medieval occupation for Monte Cimato upper circuit. It also allowed for the identification of a 

considerable amount of material on the margins of the ploughed fields leading to the lower wall 

circuit from the north. These date to the 9th�t8th century BCE and include matt-painted ware 

(proto-Daunian geometric) and impasto (Figure 5.13). Occupation after the Iron Age is not 

confirmed, but the dense vegetation made it virtually impossible to survey the area inside the 

walls, where it would be most likely to find traces of Samnite occupation in future research. This 

likelihood is not far-fetched, considering that data from the surrounding valley of Celone shows 

numerous traces of Samnite occupation in the necropolis of Monte Calvello, La Murgetta, and 

Masseria Festa/Pezza S. Michele, in the excavated structures of Macchia di Pierno, and in the 

recovery of Herakles figurines from Castelluccio Valmaggiore and Bovino (Corrente, Albanesi, et 

al., 2008; Corrente, Battiante, et al., 2008; Corrente et al., 2010; Marchi, 2016). The evidence 

suggests the site is not only similar to other hillforts discussed above but that it is also similarly 
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inscribed within the landscape, specifically, in a strategic position controlling the trans-Apennine 

routes that connect the Samnite Hirpinian region with the Tavoliere.   

 

Figure 5.12 A) Aerial view of the hillfort of Monte Cimato. B�tD) Only the rampart forming the upper circuit is visible, 
while the vegetation hides the remains of the lower stone wall circuit. 

 

 

Figure 5.13 Drawings of some of the diagnostic materials found at Monte Cimato. A) pale brown 2.5YR 7/3; matt 
painted ware (cf. De Juliis 1977, 27, tav. XXVIII, n. 23), 9th�t8th century BCE. B) brown 10YR 5/3 surface, grey 10YR 5/1 
core; impasto, smooth surface (cf. Natali 2006, n. 149), Early Iron Age. C) yellowish-brown 10YR 5/4 surface, grayish-
brown 10YR 5/2 core; impasto, smooth surface (cf. Gatti 2004, 88, fig. 69, 3); Early Iron Age. 
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The strategic importance of this area is also attested by the nearby known Roman villa of 

Località Nardusciello and the newly identified site of Monte Cerchio di Magliano (Figure 5.9G, 

Figure 5.10G). The latter lies only 1.5 km northwest of Monte Cimato on a large and gentle 

plateau. Two circuits of fortification enclose an estimated area of 39 ha. A large amount of 

impasto pottery was found in the ploughed fields around the inner ramparts. No diagnostic 

pieces were recovered, although the typology of materials and decorations with bugne 

(protusions) and cordoni (rope decorations) points to late prehistory. Although a monastery 

dedicated to San Nazario on Monte di Magliano has been reported (De Fino, 1996), no traces of 

it were located during a brief inspection of the site. The dimensions and location of the enclosed 

area support the interpretation of the site as one of the large, low-density settlements typical of 

the Daunian region (Marchi, 2009, 2014, 2016; Marchi and Forte, 2012). If confirmed, the site's 

location only a few kilometres from Monte Cimato becomes particularly interesting. This may 

suggest either co-existing settlements or a shift in the modality of occupation of the area at a 

time of political change. In the latter scenario, an earlier Daunian settlement could have been 

substituted by a Samnite hillfort, but this is only a hypothesis that requires further investigation.  

Moving south toward the end of the Daunian mountain, where it meets Campania and 

Basilicata, two other sites were detected. The interpretation of these as Samnite is, however, 

uncertain due to the lack of clear chronological indicators found during fieldwork. Although not 

as well-defined in lidar as the other sites discussed so far, two circuits enclosing 6.3 ha were 

detected on Monte Ultrino (Figure 5.9H, Figure 5.10H) in association with pottery sherds 

identified during ground-truthing. Similarly, two circuits enclosing an area of 18.9 ha were 

identified on the hilltop of Il Monte, located less than two kilometres south of the modern city 

of Lacedonia, in Campania. Of the latter, only the internal circuit was surveyed due to the very 

dense vegetation present at the time of the visit. In this area, several pottery sherds broadly 

datable to the pre-Roman period were found, together with tiles and other sherds datable to 

the Medieval period, to attest to a later reuse of the site (Figure 5.9I, Figure 5.10I). 

5.4.1.1 ARE THESE MOUNTAINS SAMNITE? 

The results from Apulia showcase the potential of this study. The lidar analysis allowed for the 

detection of the new sites of M. Orlando, M. Cerchio di Magliano, M. Utrino and Il Monte and 

provided substantial new data for reinterpreting the sites of Valva, M. Sambuco, and M. Cimato 

and mapping the fortifications of M. Rotaro, M. San Giovanni, and M. Saraceno. As mentioned, 

archaeological research in this region primarily focused on the plain of the Tavoliere. Because of 

this, current debates had largely neglected questions regarding ancient strategies of habitation 

and use of the Daunian mountains. This study provides the first cohesive picture of the 
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organisation of the landscape through hillfort sites. Most importantly, the new data demonstrate 

a structured Samnite occupation of this area and offer evidence for these sites as Samnite. 

The Apulian hillforts are located strategically to form a system consistent with examples known 

in other parts of Samnium, particularly in Campania or Molise (Oakley, 1995, pp. 143�t147; 

Caiazza, 2007). From the known hillforts of Montagna di Gildone (Oakley, 1995, pp. 126�t128) in 

Molise, the newly identified Daunian mountain hillforts extend the pattern of sites all the way 

�•�}�µ�š�Z���š�}���š�Z�����‰�Œ���À�]�}�µ�•�o�Ç���š�Z�}�µ�P�Z�š���]�•�}�o���š�������Z�]�o�o�(�}�Œ�š���}�(���o�[�/�v���}�Œ�}�v���š����(Oakley, 1995, pp. 68�t69), which 

is situated on the border between Campania, Apulia, and Basilicata in the southernmost part of 

Samnium. This interpretation of a hillfort system is supported by the fact that the general 

assemblages found on the Apulian sites closely resemble materials found in association with 

Campanian hillforts by this project and with Molisan sites like Montagna di Gildone by the 

Tappino Valley Survey (Stek, 2018). 

It is possible to envision a border zone between the Samnite and the Daunian areas where a 

system of hillforts likely played a key role. This suggests two different ways of inhabiting the 

landscape coexisted. In the mountains and their foothills, recent studies have revealed a series 

of small farms interpreted as Samnite holdings that span the entire territory (Marchi 2009, 

2019; Marchi et al. 2016). The present results show that a series of hillforts likely served as focal 

points among these minor settlements. By contrast, in the plains, Daunian villages consisted of 

houses interspersed with cemeteries, fields, and empty spaces in forms comparable to the low-

density urbanism present across much of temperate Iron Age Europe. These sites were naturally 

defended to a certain degree thanks to their location on the plateau, while fortifications with 

banks are attested only at Arpi, possibly at Tiati (Marchi, 2009, 2014, 2016; Marchi and Forte, 

2012) and possibly by the new site of Monte Cerchio di Magliano. Evidence of Samnite materials 

and burials mixed with the indigenous Daunian structure shows that a Samnite-Daunian ethnic 

dichotomy was fluid (Marchi, 2009, 2014; Corrente et al., 2010). 

The hillforts identified in the current study are unlikely to reflect isolated Daunian experiments 

in the landscape, as this type of occupation is so characteristic of the neighbouring Samnites. It 

is particularly likely these sites are Samnite considering the geographical continuity of hillforts 

from the Molisan, Apulian, and Campanian areas. This, together with the growing archaeological 

evidence of Samnite presence in the area described above, supports the interpretation of the 

hillfort system as Samnite. The exact timing of the consolidation of this hillfort system is 

unknown and is mostly inferred based on sporadic chronological data from surrounding 

necropoleis instead of the hillforts themselves. The available data show Samnite presence in the 

northern hillforts areas as early as the 6th and 5th century BCE However, the southern aspect of 

the hillfort system was probably not complete until a later phase. Whether Samnite occupation 
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of the mountains happened peacefully or violently is yet unknown, but the imposing 

fortifications of some of these sites, like the complex of Monte Sambuco-Orlando or the 

polygonal masonry of Valva and Monte Cimato, would suggest at least some degree of conflict. 

What is certain now is that with the arrival of the Romans in the 4th century BCE, Samnite 

occupation consisted not only of small, minor settlements, as previously assumed, but also of 

hillforts. These sites must have served an essential function in the Samnite occupation of the 

landscape, as they directly faced Roman occupation of the sites of Teanum Apulum and Lucera 

in the Tavoliere toward the end of the 4th century BCE Lidar analysis has allowed for these 

interpretations and, for the first time, provided a systematic tool for studying how the landscape 

of the Daunian mountains was structured. 

5.4.2 EMPTY HIRPINIA 

The analysis of the Daunian mountains has revealed the presence of several new hillforts along 

the southeastern border of Samnium. These findings not only provide valuable information for 

reinterpreting the regional area but also contribute to the ongoing debate on interregional 

systems, particularly in relation to the area of Samnium known as Hirpinia. 

Hirpinia derives its name from one of the Samnite tribes mentioned in ancient sources and 

encompasses the southern part of Samnium, including a portion of the Daunian mountains up 

to the area of the hillfort of Monte Saraceno (see Figure 5.14). Oakley recognised (1995, p. 69) 

that this area stands out in the hillfort landscape because it lacks hillfort sites. Prior to this study, 

only two hillforts were known: Monte Oppido (Oakley, 1995, pp. 67�t68) ���v���� �o�[�/�v���}�Œ�}�v���š����

(Oakley, 1995, pp. 68�t69). However, through lidar analysis, six additional hillforts were 

identified.  

This section does not provide the same level of detailed discussion as that of the hillforts in the 

Daunian mountains. The purpose of the previous section was to emphasise how the sites can be 

interpreted as part of the Samnite settlement system rather than the Daunian one. This is not 

necessary for this region because the presence of Samnites in Hirpinia is widely acknowledged 

in both ancient and modern historiography. Therefore, it is more beneficial to focus the 

discussion on the implications of these discoveries for understanding the settlement forms 

specific to this region. 

Oakley proposed several reasons to explain the absence of hillforts in Hirpinia (1995, pp. 68�t69). 

Firstly, the lack of research conducted thus far may have contributed to this situation. Secondly, 

there is a possibility of modern destruction resulting from agricultural activities and the 

construction of villages. Lastly, it is plausible that a different settlement pattern exists in this 



114 

region where hillforts are not prevalent, highlighting the flexibility of Samnite forms of 

occupation in this area. 

Lidar data availability for this area is incomplete, with several gaps in the analysis. Consequently, 

numerous hinterland areas that could potentially host hillforts were not thoroughly examined. 

This implies that possible sites may have gone undetected, and it is reasonable to expect the 

identification of new ones in the future. Nonetheless, even in areas with extensive lidar 

coverage, hillfort sites exhibit significantly lower concentrations compared to northern 

Samnium. This pattern is more akin to the sparser hillfort system described in the Daunian 

mountains, which is characteristic of eastern Samnium. Therefore, the existing notion of an 

Hirpinian landscape devoid of hillfort sites appears to be confirmed and substantiated by the 

lidar data. 

Modern destruction resulting from farming activities and village construction could play a role in 

the lack of hillforts detectable by lidar. During the fieldwork, evidence was collected indicating 

that several sites in the area are now nearly completely destroyed and extremely difficult to 

identify. However, it is unlikely that all the hillforts in this region disappeared while similar sites 

in Apulia and Molise remain well-preserved. 

A different reason to explain the lack of site lies instead in the different landscape characteristics 

of Hirpinia compared to other parts of Samnium. Natural outcrops and mountain ridges are less 

common in this area, and instead, a gentler hilly environment prevails. The scarcity of suitable 

locations may have fostered different forms of occupation where hillforts did not play a 

prominent role.  

Providing a definitive answer is not possible here. However, it is important to highlight that, even 

considering the gaps in lidar coverage, the hillforts landscape differs from the regions of 

northern Campania and Molise. The latter are characterised by very high densities of hillfort 

sites, whereas the area of Hirpinia exhibits a much sparser distribution of hillforts. 

Furthermore, when considering the specific distribution of this area, it is evident that almost all 

the newly identified sites are located along what is considered the ancient border of Samnium. 

They form a continuation of the site cordon discussed for the Daunian mountains, extending it 

to the Tyrrhenian area of Campania passing across the southern Apennines. This defensive 

system is further continued by the system of earthen hillforts discussed in the next section. 

Essentially, these sites together appear to form a defensive line encompassing the entire 

southern Samnium, leaving the region of Hirpinia relatively devoid of hillforts. The significance 

of this settlement pattern for understanding Samnite society will be discussed in section 10.4. 
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For now, it is important to acknowledge that it represents a distinct form of settlement 

organisation, even considering the likelihood of discovering new sites in the future. 

 

Figure 5.14 Distribution of hillforts in Southern Samnium with the approximate centre of the Hirpinian area Indicated. 

5.4.3 THE EARTHEN HILLFORTS OF WESTERN SAMNIUM 

Following the site distribution in Hirpinia and moving toward the coastal area of Campania, the 

analysis brought to light a previously unknown category of sites: earthen hillforts. These site are 

very different from the hillforts discussed above and they represent a distinct category of sites 

that had remained largely unknown prior to this study. Significantly, they form a new system 

located at the western frontier between Samnium and the coastal area, offering crucial evidence 

for interpreting Samnite society. 
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As detailed in section 5.4.1, there has been a greater focus on investigating hillfort sites in the 

Campania region compared to the Daunian mountains. However, this research has primarily 

concentrated on monumental sites fortified with polygonal masonry. Hillforts fortified with 

earthworks have received considerably less attention, with their fortifications often mistaken as 

lacking a stonewall due to erosion. This study sheds new light on the presence of earthworks 

hillforts in western Samnium and highlights the need for a different approach to interpreting 

these sites compared to traditional Samnite hillforts. Instead of polygonal walls, the fortifications 

of these sites consist of simple ramparts constructed from a mixture of soil and rubble. These 

ramparts likely represent the remains of the foundations of wooden palisades, which will be 

further explored in section 6.3 of the next chapter. 

The application of lidar analysis has facilitated the first comprehensive understanding of the 

function and significance of these sites during the Samnite period. This analytical technique has 

enabled: 1) the discovery of previously unknown sites, 2) the re-examination of known sites, 3) 

the acquisition of comparative data on size, fortifications, and material assemblages, and 4) the 

identification of an interregional system. Specifically, of the new dataset discussed above in 

Section 5.3.3, 36 sites are characterised by earthen fortifications (as shown in Figure 5.15). Of 

these, 31 were classified as certain Samnite sites and 5 as likely. Notably, this includes 19 newly 

detected sites, 5 validations of previously disputed hillforts, and 12 known hillforts. Moreover, 

five sites known in literature but beyond the lidar coverage can be added, of which two are 

considered certain and three are likely to be Samnite sites (see Table 5.6). 

Limited data are available for the known sites, most of which were only briefly mentioned by the 

local amateur archaeologist Caiazza, without providing further information (2007, pp. 269�t370). 

Although overviews or archaeological catalogues of the area (Caiazza, 1986, 2002; Calastri, 

2006; Canfora, 2006; Quilici Gigli, 2012, 2017) provide more information on 12 of them, this is 

usually limited to a few paragraphs, and only in one case are the materials published (Quilici 

Gigli, 2017, pp. 80�t88). It is clear that this site typology has received less attention than the 

typical Samnite hillfort. To address this, the AHS has so far conducted fieldwork on 21 of these 

sites, providing the first substantial data to understand their function. 

Earthen hillforts vary in size from a few hundred square meters to 2 hectares, with an average 

size of less than 0.5 hectares. They typically have a single circuit of fortification, which may 

consist of multiple ramparts at a short distance from one another. This is likely to support the 

steep slopes of the peaks where these sites are usually located (see Figure 5.16 and Figure 5.18). 

However, the small size of these earthworks suggests that they were not solely composed of 

ramparts for defence, even considering the degree of erosion that likely occurred at these 

locations. 
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Table 5.6 Study results for the detection of earthen hillforts. 

Total earthen hillforts: 41 

1. Without lidar data: 5 (12%) 

2. With lidar data: 36 (88%) 

a. Known hillforts: 15 (38%) 

b. Sites validated as hillforts: 7 (17%) 

c. New hillforts: 19 (45%) 

 

Figure 5.15 Distribution of earthen hillforts across western Samnium. 

Upon closer examination, it was noted that the upper rampart is usually larger than the lower 

ones, and in some cases, there are traces of quarrying and levelling of the bedrock. This 

evidence has traditionally been interpreted as the remains of a foundation for a polygonal wall 

(Caiazza, 2002, pp. 95�t96). However, the possibility of interpreting these as the foundations of a 

wooden palisade has also been discussed (Caiazza, 1986, p. 275; Oakley, 1995, p. 34). The new 
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data collected during fieldwork supports the latter hypothesis. Most sites do not have any trace 

of stone walls and are fortified by simple ramparts (see Figure 5.18). Therefore, it is likely that 

the upper ramparts, usually more complex and structured than the others, constituted a 

foundation for a wooden palisade instead of a stone wall. 

 

 

Figure 5.16 Comparative plans of a sample of earthen hillforts. 
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Figure 5.17 Comparative views of a sample of earthen hillforts as seen on the complementary image blend of lidar 
visualizations. 

 
Figure 5.18 Aerial view of the newly detected earthen hillfort of Monte Pantano (M30). 
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5.4.3.1 A DISTINCT POTTERY ASSEMBLAGE 

The pottery assemblage found at the sites was remarkably consistent, mainly consisting of 

medium-sized, round-bodied jars (ollae) and two-handled cups (skyphoi), with only a few tiles 

and larger-scale storage jars  (dolia), if any. Visibility was generally very good, as the sites were 

located in exposed areas with little vegetation. Additionally, the presence of ramparts helped 

retain materials on the site and prevent erosion. Therefore, there is no reason to doubt that the 

identified materials are representative of past use at the sites. 

Except for a few sites that also yielded materials dating to the Recent Bronze Age (1350�t1150 

BCE) or part of the Medieval period (700-1200 CE), there is a highly consistent pottery 

assemblage dating to the 4th and 3rd century BCE. Figure 5.19 presents some of the identified 

diagnostic pieces, while the full dataset is available in appendix 3. It is useful to discuss the 

different types identified in detail. As we will see, their dating is crucial for understanding this 

new site system. It is also important to note that several wall sherds were identified at these 

sites, including fragments with black gloss. The fabric of the pottery is remarkably consistent 

across the different sites, particularly in the case of black gloss, which exhibits the same type of 

slip described below. Furthermore, the intensive survey conducted on the hillfort of Monte 

Santa Croce-Cognolo, as discussed in chapter 9, provided invaluable data that substantiated the 

consistency of the assemblage and its associated dating discussed here. 

5.4.3.1.1 BLACK GLOSS 
Black gloss sherds (C178.1, C179.1, C179.2, C190.1, C112.1) are characterised by a moderately 

well-purified yellow-reddish clay, quite soft and compact, with an opaque black slip that tends to 

easily flake off. These can be attributed to the Morel series 4373 (1981, p. 311 tav. 131) and 

4382 (1981, p. 313 tav. 132) , widespread between the mid-4th and the first quarter of the 3rd 

century BCE. Examples from Campania can be attributed to the S1 and S2 types of Morcone (La 

Rocca and Rescigno, 2010, p. 272) and can also be identified in various contexts examined in the 

Carta archeologica e ricerche in Campania (Quilici and Quilici Gigli, 2004b, p. 190 fig. 145, fig. 11 

n.3; 2012, p. 145, 2016, p. 32 fig. 5 n.1; Quilici Gigli and Renda, 2017, pp. 85�t86 fig. 87-88). In 

Molise, in addition to the examples reported by Morel (Morel, 1981, p. 311 tav. 131) , specimens 

are found in the discharge of the sanctuary of Campochiaro (Capini, 1984, pp. 30�t31 fig. 6, 67, 

69) , in the settlement of Fonte del Romita in Capracotta  (Rainini, 1996, p. 163 tav. LXXXIV, 

n.438), and in the necropolis of Gildone (Macchiarola, 1989, p. 41 fig. 3, burial 21).  

5.4.3.1.2 OLLAE WITH DISTINCT AND SHAPED EVERTED RIMS. 
Ollae with this type of rim are found in many Samnite contexts such as Monte Variano (De 

Benedittis, 1990, pp. 55�t57, 68, fig. 18, 2a, 2b, 3a), the sanctuary of Campochiaro (Capini, 1984, 

pp. 39�t45 fig. 11-12, 85, 114) and the settlements of Carovilli (Capini, 1991, pp. 192-193, tav. 
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VIII n.27401, tav IX n.27579) and Fonte del Romita in Capracotta (Rainini, 1996, pp. 153, 205 tav. 

CXI n.504, tav LXXX n.396). In the Campanian territory, these correspond to the B2 type in the 

classification by Morcone (La Rocca and Rescigno, 2010, p. 281). Within the group, numerous 

variations more or less attested can be distinguished across the Samnite territory, characterised 

by a common dating to the 4th and 3rd centuries BCE. These are medium to small-sized jars, 

with a maximum height of approximately 30 cm. Traces of burning suggest that they were used 

as cooking pots, but it is also likely that they served as small containers. 

Parallels to the most common forms such as C127.3, C127.4, C190.4, and C164.1 can be 

identified from excavation contexts in the necropolis of San Prisco (Quilici and Quilici Gigli, 

2004b, p. 125 fig. 79, tomba 5), in Fratte (Danza and Scafuro, 2009; Serritella, 2009, pp. 147�t

149 fig. 61), and in Cuma (Tomeo, 2007, p. 55 fig. 5, n.5), where they are dated to the late 4th 

century to the first half of the 3rd century BCE. They are also reported from various contexts 

investigated in the Carta archeologica e ricerce in Campania (Quilici, 2011, p. 86 fig.76 n.1; 

Quilici Gigli and Renda, 2017, pp. 85�t86 Fig.87-88). Cases where the rim has a sub-triangular 

section, such as C179.6, are also common and are referenced to Morcone (La Rocca and 

Rescigno, 2010, p. 92 fig.50 n.37-38). 

5.4.3.1.1 OLLAE WITH FLARED AND STRAIGHT RIMS. 
This typology can be attributed to globular-bodied bowls common in the Samnite territory, 

widespread between the 6th and 3rd centuries BCE. Several parallels for C179.5 and, C127.1 are 

found in the settlement of Fonte del Romita in Capracotta (Rainini, 1996, pp. 90, 92 tav. LIII n.74, 

tav. LIV n84). This typology can be attributed to globular-bodied ollae common in the Samnite 

territory, widespread between the 6th and 3rd centuries BCE. M10.1 and C127.1 correspond to 

expanded rims, obliquely cut, with a slightly everted and rounded lip, inclined and straight 

shoulder, identified by Rainini (1996, p. 115 tav. LXV n.212-214). Finally, C179.4 and C181.3 have 

parallels dated to the 4th and 3rd centuries BCE in Morcone  (La Rocca and Rescigno, 2010, p. 91 

fig.49 n.14). 

5.4.3.1.1 OTHER VESSELS 
Only few fragments of cooking vessel were found at sites. C174.1 and C174.3 are deep basin 

pots with a slightly curved profile, a short everted and rounded rim flattened at the upper 

margin, dating to the 4th-3rd centuries BCE (Rainini, 1996, p. 115 tav. LXV n.201-202). 
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Figure 5.19 Drawings of some of the diagnostic materials found at earthen hillforts. C178.1) black GLEY1 2.5N 
surface, brown 10YR 7/3 core; black gloss. C179.1) black GLEY1 2.5N surface, brown 7.5YR 5/3 core; black gloss. 
C179.2) brown 7.5YR 5/4 surface and core; coarse ware. C190.1) black GLEY1 2.5N surface, brown 10YR 7/4 core; 
black gloss. C112.1) black GLEY1 2.5N surface, brown 10YR 6/3 core; black gloss. C164.1) reddish brown 5YR 5/4 
surface and core; coarse ware. C127.3) brown 10YR 5/3 surface and core; coarse ware. C127.4) reddish brown 5YR 
5/4 surface, grey 10YR 3/1 core; coarse ware. C179.6) reddish brown 5YR 5/4 surface and core; coarse ware. C190.4) 
reddish brown 5YR 5/4 surface and core; coarse ware. C111.1) very dark greyish brown 10YR 3/2 surface and core; 
coarse ware. C179.3) dark greyish brown 10YR 4/2 surface and core; coarse ware. C190.2) dark greyish brown 10YR 
4/2 surface and core; coarse ware. C112.4) yellowish red 5YR 5/6 surface and core; coarse ware. C127.1) brown 
7.5YR 5/4 surface and core; coarse ware. C179.4) brown 7.5YR 5/4 surface and core; coarse ware. C179.5) brown 
7.5YR 5/3 surface, grey 10YR 6/1 core, coarse ware. C190.3) light reddish brown 5YR 6/4 surface and core, coarse 
ware. C181.1) brown 10YR 5/3 surface and core; coarse ware. C181.2) red 2.5YR 5/6 surface, grey 5YR 5/1 core; 
coarse ware; coarse ware. C181.3) light yellowish brown 10YR 6/4 surface, dark grey 10YR 4/1 core; coarse ware. 
C181.4) light brown 7.5YR 6/4 surface and core; coarse ware. C112.2) yellowish red 5YR 5/6 surface, dark grey 5YR 
4/1 core; coarse ware. C181.5) brown 7.5YR 5/4 surface and core; coarse ware. C127.2) light yellowish brown 10YR 
6/4 surface and core, coarse ware. C127.5) brown 7.5YR 5/3 surface and core, coarse ware. C174.1) brown 7.5YR 5/3 
surface, greyish 10YR 4/2 core; impasto-coarse ware. C174.3) brown 7.5YR 4/3 surface and core; coarse ware. 
C181.6) yellowish brown 5YR 5/6 surface, dark grey 7.5YR 4/1 core; coarse ware. C190.5) reddish brown 5YR 5/4 
surface and core; coarse ware. C190.6) pale brown 10YR 6/3 surface and core; coarse ware. M10.1 dark brown 7.5YR 
3/2 surface and core; coarse ware. M30.1) yellowish red 5YR 5/8 surface and core; coarse ware. 
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5.4.3.2 A NEW COHESIVE SYSTEM 

Ollae and skyphoi constitute the large majority of the materials identified at the sites. Their 

typologies are extremely consistent, with the same types repeating in association with one 

another across the entire site distribution from the border of Lazio to the south of Campania. 

They consistently date from the 4th to the 3rd century BCE. However, if we consider the skyphoi, 

the precise range could be narrowed down to 350 to 275 BCE. 

The absence of large storage vessels commonly found in the area, such as dolia, along with the 

lack of building materials, suggests that these sites were not permanently settled. The presence 

of abundant cooking vessels suggests instead that they were likely used for temporary purposes, 

with the abundance of ollae functional to store and cook small quantities of food. This is 

particularly plausible given their remote location on exposed peaks that are often subject to 

harsh atmospheric conditions. Based on these observations, a previous study interpreted few of 

these sites as satellite outposts or watchtowers for nearby larger hillforts (Calastri, 2014). The 

fortification at these sites was unlikely to withstand direct attacks, and the larger hillforts, which 

were fortified with polygonal masonry, were undoubtedly more defensible. Therefore, it is more 

reasonable to view these sites as simple observation posts. In this scenario, it can be assumed 

that people from nearby settlements would visit these sites daily or for brief periods to monitor 

the surrounding area. As we will discuss in section 8.3.1, there is no evidence to connect these 

sites to subsistence strategies and, therefore, to a possible related seasonal occupation. 

Previous research on western Samnium has primarily focused on northern Campania, which has 

hindered the interpretation of these sites which have been largely neglected. The existing 

interpretation as satellites of larger hillforts is based on tentative observations made without 

real systematic study and largely accidental to the study of larger hillforts in the proximity. This 

first systematic study demonstrates the existence of a homogenous system of earthen hillforts, 

or observation posts, that extend beyond the concentrations of hillforts of this area. This system 

stretches from Lazio to the Sele Valley in southern Campania, forming a 160 km long alignment 

that delineates the western border of ancient Samnium from north to south, directly facing the 

Campanian plateau. These sites are located in the areas of southern Samnium, specifically in 

Hirpinia, where almost no hillforts fortified with polygonal masonry were found during the lidar 

analysis (see section 5.4.2). Therefore, the previous interpretation of these sites as satellites to 

nearby larger hillforts may not be entirely accurate. 

The consistency of the pottery assemblages across such a large area, as well as the unique 

construction techniques present at these sites, prompt a re-evaluation of these earthen hillforts 

outside of the interpretative limits derived from regional observations. The new evidence 

reveals a virtually unknown typology of sites with peculiar characteristics that extend over a 
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large area at the border of Samnium. This raises the question of whether these sites formed a 

system related to interregional rather than local needs. Instead of observation posts serving only 

local communities, these sites could have served as observation posts for the defence of the 

whole Samnite region. 

The chronology of these sites is narrower than that of other hillforts, coinciding with the period 

of the Samnite wars. This raises the possibility that they were created later to fortify the Samnite 

border in preparation for the Roman invasion. This evidence is critical in interpreting the 

Samnite socio-political organization and will be discussed in detail in section 10.4. 

5.5 CONCLUSIONS 
This chapter has given details of the methods employed �t and their potential �t in the first 

systematic analysis of Samnium tailored to detect and study unknown hillfort sites. 

Simultaneously, the analysis  constitutes one of the first large-scale, lidar-based analyses of the 

Italian territory. It contributes to methodological developments in the use of lidar data for 

archaeology and generates critical archaeological data of hillforts in Italy. 

The processing of lidar data for archaeological purposes was essential to the development of 

this study. This enabled the identification of sites invisible in the off-the-shelf ministerial DTM 

and provided much greater detail for visible sites, allowing for further interpretation. In 

particular, the double filtering process effectively addressed the qualitative limits of the lidar 

data available. The proposed approach is tailored around these intrinsic limits, allowing time-

efficient processing of the entire research area, producing standardised products, and allowing 

for speed and ease of use without compromising the detection of targeted site types. This is 

extremely important, considering that archaeological research in central and southern Italy still 

relies on the use of pre-made lidar DTMs, which hinders the reliability of the data and their 

interpretation. 

As lidar data is only available for only a portion of the research area, the number of suspected 

hillforts detected in this study cannot be considered exhaustive. Exhaustive detection was not 

the aim of this study, however. Instead, this research aimed to produce a systematic study of an 

extensive portion of Samnium while avoiding biases related to different archaeological 

visibilities. Research biases were the central problem inherent in previous studies, as the 

available dataset was not representative of the real typologies and distribution of Samnite 

hillforts. The study effectively addressed certain biases associated with traditional archaeological 

surveys by identifying hillforts independently of the level of vegetation or accessibility of sites. 

Therefore, the new dataset can be considered representative of the surviving distribution of 

hillforts across Samnium, providing data that can be used in comparative studies both locally 
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and cross-culturally. It provides the first comprehensive overview of the presence or absence of 

hillforts sites across a large sample area of Samnium. The partial coverage of the lidar data will 

be accounted for in the study of the spatial structure of the hillforts landscape through spatial 

statistical modelling, using the now-analysed area as a reliable sample suitable to develop robust 

inferences (see section 8.2.1). Additionally, the new sites detected during this study contribute 

to the creation of a rich training dataset of hillforts suitable for future development of machine 

learning-based approaches to archaeological object detection. 

The results from Apulia show the potential contributions of this approach for interpreting 

settlement patterns across the landscape. The new data show a consistent Samnite presence in 

the Daunian mountains that is similar in form to hillfort systems known in other parts of 

Samnium. This prompts us to think about this region not only in terms of the occupation of the 

Daunian lowlands, as has traditionally been discussed, but also as an integral part of the Samnite 

settlement system. Similarly, the new data from Campania highlights a previously largely 

unknown type of site fortified with earthen works, rather than polygonal walls. These sites form 

a defensive system of observation posts that extends along the entire western border of 

Samnium, likely marking the frontier between this area and the coastal one. As we will see later 

in chapter 10, understanding this system is crucial to comprehending Samnite socio-political 

organisation. 

Beyond contributing to regional site catalogues, the lidar-based analyses conducted have 

addressed longstanding debates and theories influenced by historiographical approaches and 

the limitations of previous archaeological research. More importantly, they enable the 

development of new spatial and statistical analyses to understand Samnite societies through 

original and representative datasets. One of these datasets consists of the mapping of the 

fortifications at the sites. For the first time, lidar allows for high-resolution mapping of the sites, 

ensuring consistency and comparability across the entire study region. This opens up the 

interesting possibility of quantitatively comparing the magnitude of fortification investment 

present at the sites. The next step lays the foundation for this endeavour by developing a new 

approach to calculate the architectural energetics involved in the construction of both stone and 

earthen fortifications. 
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6 LABOUR IN SAMNITE HILLFORTS  

6.1 INTRODUCTION 
Roman authors writing after the conquest of Samnium characterised their upland neighbours as 

less civilised. As discussed in section 3.2, part of this view is derived from the absence of cities. 

Understanding energy investment can play a role in this discourse, counteracting the assumed 

importance of the urban sites by providing a measure of the complexity of labour organisation 

and political structure enabling it. This chapter highlights this by providing a an approach able to 

�u�}�À���� �����Ç�}�v���� �š�Z���� �o�������o�� �Z���]�š�Ç�[ and understand hillforts through the lens of energetics. 

Furthermore, this lens provides important new data for the identification of hillfort categories 

carried out in the next chapter. 

Architectural energetics forms an increasingly prominent means of understanding the role and 

impact of architectural production in early societies (Abrams, 1994; Delaine, 1997; De Haan, 

2010; Pakkanen, 2013; Devolder, 2013; Murakami, 2015; Pickett et al., 2016; Turner, 2018; 

Brysbaert et al., 2018; McCurdy and Abrams, 2019; Harris, 2020; Xie et al., 2021; Boswinkel, 

2021; Barker, Snyder and Ward, 2022). The methodology involves analysing building as an 

investment of energy (Abrams, 1987; Trigger, 1990; Abrams and Bolland, 1999) and producing 

�‹�µ���v�š�]�š���š�]�À���� �u�}�����o�•�� �}�(�� ���� �P�]�À���v�� �u�}�v�µ�u���v�š�[�•�� ���}�•�š�� �]�v�� �‰���Œ�•�}�v-hours of labour. Such models 

facilitate the integration of the study of standing structures into a range of historical discussions, 

from socioeconomic impacts to labour organisation and political power. 

To date, the study of architectural energetics in Italy focuses almost exclusively on serial or 

�u�}���µ�o���Œ�� ���µ�]�o���]�v�P�� �š�����Z�v�]�‹�µ���•�� �‰���Œ�����]�À������ ���•�� �•�µ�+�]���]���v�š�o�Ç�� �Œ���P�µ�o���Œ�� �š�}�� �•�µ�‰�‰�}�Œ�š�� �‹�µ���v�š�]�š���š�]�À���� ���v���o�Ç�•�]�•�X��

This has entailed a strong focus on Roman architecture of the Late Republic and Imperial periods 

built of brick-faced concrete or squared stone blocks (Delaine, 1997; Maschek, 2016; Brogiolo, 

Camporeale and Chavarría Arnau, 2017; Courault and Marquez, 2020). Substantial and extensive 
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remains of Iron Age-Hellenistic (8th to 3rd centuries BCE) architecture in Italy have largely been 

neglected. These earlier structures are often characterised by their use of irregularly shaped, 

dry-set stone blocks. This technique is conventionally referred to as polygonal masonry (Lugli, 

1957). Polygonal masonry typifies monumental construction of many pre- or non-Roman 

societies in Italy, while similar masonry is common in other Mediterranean regions where is also 

refereed to as cyclopean masonry. 

While pre-Roman fortifications made of polygonal masonry have received some attention, 

earthwork fortifications have been even more neglected. Previous research on Samnite hillforts 

has focused on monumental stone structures, disregarding other types of fortifications that did 

not include masonry. However, the identification of numerous sites fortified with earthworks 

highlights the need to consider the varying levels of labour required for their construction. 

Therefore, to fully appreciate the significance of these sites, it is essential to take into account 

the diverse range of fortification methods employed in their construction. 

A robust approach to the energetics of polygonal masonry and earthworks is critical to a 

complete understanding of the historical impact of buildings in Italy. Digital approaches help 

overcome the issue of irregularity in building technique. Recent work on energetics in the 

Mediterranean, particularly the Aegean, makes increasing use of digital recording and 

computational tools (Pakkanen et al., 2020), but similar methods have yet to be applied to Italy. 

This chapter develops a statistical method for calculating the labour costs of Samnite hillforts. 

This undertaking required different approaches for the two types of fortifications detected: 

polygonal masonry and earthworks, with the latter including wooden palisades. The approach 

developed for the energetics of polygonal masonry was published in 2023 (Fontana and 

Bernard, 2023), as disclosed in the declaration form for chapter 6 at the start of this 

dissertation. All the calculations in this chapter have been integrated into a Quarto project along 

with the R scripts and data that are included in appendix 4. 

6.2 POLYGONAL MASONRY 
The Samnites are not the only people to build hillforts of polygonal masonry in Italy (e.g. De 

Gennaro, 2005; Nicosia and Bettini, 2009; Attenni and Baldassarre, 2012; Cambi, Di Paola and 

Pagliantini, 2013; Attenni, 2015, 2019). The methodology here developed intends to address 

two aims: first, to develop a model for the cost analysis of the stonemasonry typical of Samnite 

hillforts; second, to provide a formal and replicable approach to the cost analysis of polygonal 

masonry at other sites in Italy and across the Mediterranean (or in principle worldwide). 

�d�Z�����u�}�•�š���]�v�(�o�µ���v�š�]���o�����š�š���u�‰�š���š�}���(�}�Œ�u���o�o�Ç�����v���o�Ç�•�����‰�}�o�Ç�P�}�v���o���u���•�}�v�Œ�Ç�������‰�‰�����Œ�•���]�v���'�]�µ�•���‰�‰�����>�µ�P�o�]�[�•��

monumental study of Italian building technology (1957). Lugli identifies four styles (maniere) of 
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polygonal masonry based upon the appearance of their facades (Figure 6.1Figure 6.1). He posits 

an evolutionary schema with polygonal masonry developing over time from a rougher to a more 

�(�]�v�]�•�Z������ �}�Œ�� �^�Œ���(�]�v�����_�� ���‰�‰�����Œ���v�����X�� �^�š�Œ���š�]�P�Œ���‰�Z�]���� ���Æ�����À���š�]�}�v�� �Z���•�� �‰�Œ�}�À���v�� �Z�]�•�� ���Z�Œ�}�v�}�o�}�P�]�����o��

progression wrong (Gatti and Palombi, 2016)�U�����v�����]�v�����v�Ç�������•�������•�•�]�P�v�]�v�P���Á���o�o�•���š�}���>�µ�P�o�]�[�•���š�Ç�‰�}�o�}�P�Ç��

is often a highly subjective procedure, with in some cases single structures showing multiple 

�•�š�Ç�o���•�X�� �t���� �����v�� �Œ���š���]�v�� �•�}�u���� �}�(�� �š�Z���� �À���o�µ���� �š�}�� �>�µ�P�o�]�[�•�� �•���Z���u���� ���Ç�� �]�v�š���Œ�‰�Œ���š�]�v�P�� �]�š�� ���•�� ���•�•���v�š�]���o�o�Ç�� ����

reflection of different levels of energy investment. Rougher or more tightly joined blocks, or 

larger or smaller units of stone, may be seen to reflect different investments of labour. In the 

following, these differences are analysed as discrete and objective quantitative variables. 

 

Figure 6.1 The four masonry styles (maniere) identified by Lugli. 

Any systematic analysis of polygonal masonry depends on interpreting variability of walls from 

site to site. With over 200 hillforts identified for the Samnite period, there are a prohibitively 

large number of sites to consider. This was overcome through statistical modelling done on four 

hillforts survey within the AHS fieldwork. Wall sections were chosen from different sites to 

assess inter-site variability in order to create a systematic index of linear costs for fortification in 

person-hours (ph) that may be transferred to the analysis of other sites. 

Two hillforts were chosen from Campania: Monte Cila (K73) and Monte Santa Croce di Piana di 

Monte Verna (K105). The first is a very large site (122 ha) with an impressive 5 km fortification 

structured in multiple circuits. The site is often considered a key centre in the Samnite territorial 

organisation of the region and it is one of those sites often speculatively interpreted with as 

urban due to its size (Oakley, 1995, pp. 49�t51). The second site is much smaller (17 ha) and 
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forms one of dozens of medium-sized hillforts in Samnium often interpreted as supporting a 

degree of permanent occupation and agricultural activity (Renda, 2018). This site was the object 

of the intensive survey carried on by the AHS discussed in chapter 9. The other hillforts are 

across the Apennines in the region of Molise. The third site is Monte Saraceno di Cercemaggiore 

(K110), a medium-sized site (24 ha) but one of the largest in that area of Samnium (Oakley, 

1995, pp. 125�t126). The fourth is Montefalcone (K35), a small site (4 ha) located on a steep 

mountain ridge overlooking the Adriatic Sea (Oakley, 1995, pp. 96�t97). The AHS has extensively 

remapped site K35, identifying an entirely new complex interpreted as the site core. This new 

complex encloses the summit of Colle Seconda Croce with two circuits and extends west up to 

connect with the stretch of fortifications previously known. The new mapping triples the site 

size, enclosing areas much more likely to have seen some form of habitation than previously 

thought. Interestingly, the fortifications of the new complex are today almost invisible on the 

ground and were detected mainly thanks to lidar-led ground-truthing (Figure 6.2). This is a good 

example of the extent to which remote sensing was effective in remapping known hillforts. 

 

Figure 6.2 Plans of the four sites analysed with indicated the recorded wall stretches. 

6.2.1 METHODS 

6.2.1.1 RECORDING AND FORMAL COMPARISON OF WALL FAÇADES 

A wall section for each hillfort was recorded by drone and ground-based photogrammetry, using 

the drone position system to georeference the final model (Figure 6.3). This recording method 

has proven effective for the purposes of energetics calculation (Pakkanen et al., 2020). The use 
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of photogrammetric models has the advantage of being able to rectify the walls on the same 

plane, thus providing more accurate calculations. However, the method presented here can also 

be applied to simple sets of photos. Orthorectified elevations and plan views of the 3D models 

were then exported and digitalised. From these images, each block was drawn as a separate 

feature in the model. The footprint of resulting blocks was used to generate a filled and gap 

model of each prospect (Figure 6.4). Stone depth was recorded only for blocks where 

measurements were possible from the 3D model, normally the upper parts of walls not covered 

by vegetation or ground level. No depth recordings were possible for site K73 due to thick 

vegetation covering the upper parts of its fortifications. As visible in Figure 6.3, the walls of all 

four sites are characterised by large areas of collapse with structures preserved to different 

heights ranging from a single block to over 5 m. 

 

Figure 6.3 Image of the four stretches of polygonal wall drawn after the 3D models taken in the field. 
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and the surface finish of assembled blocks (Lugli, 1957, pp. 51�t165). His four styles are arranged 

according to a progression from large, roughly shaped, or unshaped blocks to smaller, quasi-

rectangular blocks. The size of gaps between blocks feeds into the identification of the four 

styles, with first style masonry displaying the largest gaps between blocks, while the fourth style 

displaying closely fit masonry. The change implies progressively higher labour inputs for shaping 

blocks to fit against others, with the first style involving less processing and the others involving 

increasing greater care to create a seemingly uninterrupted wall surface of irregularly sized but 

closely joined blocks. 

These observations can be converted into three measurable variables. Single blocks are analysed 

according to 1) façade area, 2) rectangularity index and 3) gap area around the block. The first 

�À���Œ�]�����o���� �]�•�� �•�]�u�‰�o�Ç�� ���� �u�����•�µ�Œ���u���v�š�� �}�(�� �š�Z���� ���Œ������ �}�(�� �������Z�� ���o�}���l�[�•�� �À�]�•�]���o���� �(������������ �~Figure 6.5). 

Rectangularity is an index measuring the degree to which a shape resembles a rectangle. It is 
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index ranging from 1 to 0 where 1 is a perfect rectangle and lower figures indicate increasing 

irregularity (Figure 6.6 and Figure 6.7). The third variable, gap area, considers the spacing 

between the stones. It is obtained by calculating the empty area surrounding those stone blocks 

set in between other blocks. Excluding the perimetral blocks prevent the introduction of bias in 

the analyses related to the preservation of the observable wall curtains (Figure 6.8). Once 

measured, the three variables can inform energetics modelling, while they also permit both 

inter- and intra-site comparison of differences of masonry technique. 

 

Figure 6.4  Example of the three models used in the analysis for each recorded wall stretch. 

 

Figure 6.5 Plotting of the variable stone Area on the wall stretches. 

 

Figure 6.6 Stone blocks with the worst and best rectangularity fit. 
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Figure 6.7 Plotting of the variable stone rectangularity on the wall stretches. 

 

Figure 6.8 Plotting of the variable stone gap on the wall stretches. 

6.2.1.1.1 WALL FAÇADES STATISTICAL COMPARISON 
Variations in masonry style across different sites was assessed by testing statistically significant 

differences in the distribution of the three variables (facade area, rectangularity, gap area). The 

procedure involves first checking for normality in the distribution of variables and then for 

homogeneity of variance between sites. Results help select the method for site-to-site 

comparison, as statistically significant differences, once identified, can be further analysed 

through pairwise comparison. 

A Shapiro-Wilk test was used to test for normality in the distribution of variables across the 

three sites. As expected by observing the general distribution of the three variables (Figure 6.9), 

the data were not normally distributed with the exception of rectangularity at sites K73 and 

K110 (Table 6.1). This result led to the choice to use a Fligner-Killeen test for homogeneity of 

variance across the different sites, which was confirmed for rectangularity and gap variables 

(Table 6.2). Once it was verified that the sites followed a non-parametric distribution, a Kruskal-

Wallis test was used for cross-site comparison and, in the eventuality of statistically significant 
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from others. The large sample size (n=2038) would allow the use of a parametric test like 

ANOVA; however, a non-parametric test such as Kruskal-Wallis was deemed more appropriate 

for the structure of the data. Results of the Kruskal-Wallis test indicate statistically significant 

differences in the distribution of variables across the sites (Figure 6.10). The results of the Dunn 

pairwise comparison emphasises the significant difference of the masonry of site K73 from that 

found at other sites. This conclusion offers a statistically grounded basis for the sensibly different 

style of masonry found on the site from the others studied here. For this reason, the masonry of 

K73 was treated separately in subsequent energetics calculations. The analyses also show a 

minor difference between the masonry of K105 and the other sites regarding the facade area, 

and gap area with K35. In contrast, rectangularity does not differ sensibly. 

 

Figure 6.9 Stone blocks variability across the different sites. 

Table 6.1 Results of the Shapiro-Wilk normality test. 

 w p-value 

K105 0.7774637 3.14e-31 

K110 0.8942820 1.70e-08 

K35 0.7650882 1.87e-28 

K73 0.8257028 2.24e-28 

 

Table 6.2 Results of the Fligner-Killeen test of homogeneity of variances. 

 med chi-squared df p-value 

Area 255.33813 3 4.58e-55 

Rectangularity 10.43904 3 1.52e-02 

Gap 11.07250 3 1.13e-02 
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Figure 6.10 Results of the Kruskal-Wallis test and Dunn pairwise comparison. 

6.2.1.1.2 WALL FAÇADES GRAPHICAL COMPARISON 
A second analysis grouped stone façades into clusters based on area and rectangularity. The 

variable gap area was not used in this analysis because it was not available for every stone or 

site. The development of this cluster analysis aimed at providing a visual tool for comparative 

analysis between and within wall sections and at identifying meaningful categories of stone size 

functional to the calculation of volume and labour costs. A first step involved identifying an 

optimal number of clusters using the silhouette method, which was then used to divide blocks 

into clusters using a k-means clustering algorithm (Figure 6.11Figure 6.11). This analysis 

identified three clusters. Cluster 1 and 3 group blocks of small façade areas according to 

rectangularity index, with cluster 3 characterised by higher rectangularity. Cluster 2, instead, 

groups blocks with the largest façade area. 

Visualising the clusters on the walls (Figure 6.12), it becomes clear how the composition of K73, 

with a predominant distribution of blocks of cluster 3, considerably differs from the other sites. 

Although less marked, site K105 also presents observable differences with blocks of cluster 3 

tending to be located on the upper part of the wall. We might expect stone blocks of exceptional 

size on the lower portions of a structure, and it is therefore interesting to notice how this is not 

the case and how the lower parts of K105 are built primarily with smaller block compositions of 

clusters 1 and 2, similar to K35 and K110. K105 is the only site showing evidence of later 

reoccupation during the Medieval period, and the pattern of large blocks high up on the wall 

might reflect later repair. Cluster analysis also revealed a noteworthy pattern at site K35, where 

two sections of the wall show a high concentration of cluster 3 stone blocks in contrast with the 

general composition of the wall. Site K35 sits on a steeply sloping ridge. Today, a large part of the 
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wall has collapsed down the slope, and it is likely that collapses occurred in the past. The pattern 

of different blocks might reflect earlier repair efforts. 

 

Figure 6.11 Results of the silhouette method with indicated the optimal number of clusters (a) and scatter plot of the 
consequent division in clusters (b). 

 

Figure 6.12 Plotting of the identified clusters on the wall stretches. 

6.2.1.2 WALLS ENERGETICS 

An energetics analysis of the labour input required to build these structures starts from a 

volumetric reconstruction of materials and building processes (McCurdy and Abrams, 2019, p. 

4). Without excavation, detailed reconstruction of the internal structure of the walls is not 

available, but some broader observations are possible. Previous studies identify two internal 

construction types for Samnite sites with polygonal masonry walls (Oakley, 1995; Colonna, 2012; 
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Bradley et al., 2014; De Benedittis, 2017; Renda, 2017). The first (Type A) is characterised by the 

use of interior as well as exterior stone curtains encasing a fill of rubble and earth, while the 

second (Type B) shows only a single outer curtain retaining a fill of similar composition. 

Generally, walls of Type A tend to display outer curtains of larger, more finished blocks with 

interior curtains built of smaller stones and sometimes buried under an earthen rampart (De 

Benedittis, 2017, p. 16). There is evidence that Type A and Type B walls appear together in single 

fortification systems, with the two techniques adopted according to the morphology of the 

terrain (De Benedittis, 2017, p. 14). Of the sites studied here, the recorded wall stretches of K73 

belong to Type B, while the other three sites feature walls of Type A. As already noted, K73 also 

stands out for the variables of its masonry, suggesting variations of technique extended both to 

�š�Z�����•�š�Œ�µ���š�µ�Œ���[�•���‰�o���v�����v�����]�š�•�����}�v�•�š�Œ�µ���š�]�}�v�X 

6.2.1.2.1 FAÇADE COMPOSITION 
One hindrance to the calculation of the volume of blocks is that, without excavation, it is not 

always possible to record depth. As a result, the energetics approach constructed cannot rely on 

the similar level of granular measurement for block depth as it does for exterior surface. One 

possible way forward would be simply to multiply the linear area of each structure by the mean 

depth of those limited blocks for which depths are measurable. However, this procedure would 

misrepresent the significant variability of block size. Because observable data show positive 

correlation between the façade area variable and depth, the depth mean value of each cluster 

multiplied by the façade area of the respective blocks of that cluster was used to obtain the 

approximate volumes of each block (Figure 6.13). The resulting calculation is used to reconstruct 

a hypothetical cube of building stone whose average side surface size for each cluster is 

reported in Table 6.3. 

Next, an average façade composition by square metre was calculated for walls of Type A and 

Type B according to three volume classes: stones measuring below 0.2 m3, between 0.2-0.5 m3, 

and above 0.5 m3. This subdivision was undertaken according to established differences for 

calculating energy input discussed below in section Labour Cost Calculation. The compositions 

are visible in Table 6.4. The average façade composition data were used to calculate average 

façade volume by m3. That is, using these calculations it was possible to reconstruct clusters of 
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size. This allows to assess how many stones used for the façade wall occupied the overall wall 

dimensions. Results presented in Table 6.5 show that the average volume of wall occupied by 

stones of Type B is greater than Type A and directly relates to the higher number of large-sized 

stones used in its construction. 
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6.2.1.2.2 WALL VOLUMETRICS 
Polygonal masonry at Samnite sites shows a range of characteristic dimensions with which to 

reconstruct volume. Published material shows structures between 1.5-2.5 m deep, leading to 

use a mean depth of 2.0 m in the reconstructions. Wall height appears more variable and is a 

more difficult question, but evidence suggests hillforts were lower than typical for contemporary 

fortifications in urban sites. In his fundamental work on Samnite hillforts, Oakley (1995, pp. 11�t

12) suggests a range of 3.0-4.0 m. The AHS greatly expands the number of sites in consideration, 

and this data support the lower end of this range. This figure is lower than typical for other, 

especially urban, regional fortifications. The recent establishment by Frederiksen (2011, p. 95) of 

a mean height of 6.0 m for Greek Archaic city walls was noted. In urban contexts in Greek South 

Italy contemporary to Samnite hillforts, taller walls are often encountered, as height formed an 
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suggest hillforts were on average shorter. This is true even for the most complex examples. 

Importantly, excavation data from the fortifications of Monte Vairano, one of the largest of all 

hillforts and built on a relatively flat site, indicates an average height of only 2.0 m increasing to 

3.0 m close to the main gate of Porta Vittoria (De Benedittis, 1988, p. 40, 2017, p. 16). Similar 

heights are reported by studies of well-preserved structures: at Castel Canonico in Molise, 

fortifications average 2.0 m in height (De Benedittis and Ricci, 2007, pp. 20�t21); at Monte 

Pugliano in Campania, they average 1.6 m, reaching a maximum 3.0 m only in select stretches 

(Renda, 2017, p. 136). Rare outliers are often ascribable to local circumstances. The site of 

Trebula Balliensis, for example, reaches 10.0 m in some places but this is the only hillfort of its 

scale built in a valley between peaks. In general, the lower average height of Samnite hillforts 

might be explained by terrain and location, as highly sloping hillsides mitigated the need for tall 

constructions. 
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support a mean height of 3.0 m. The external wall of the double circuit of Monte Santa Croce 

(K105) averages only 1.5 m high, and the internal wall 3.0 m (Renda, 2018, p. 21). Only Monte 

Cila (K73) stands above the upper limit of the AHS data with a few preserved stretches stranding 

up to 5.0 m, probably to compensate for depressions in the underlying terrain. Subsequently 

and considering the variation observed, a range of calculations for two heights is provided, using 

the 3.0 m figure as the average wall height in reconstructions of a typical Samnite fortification 

while it is also reported the costs for walls of 5.0 m height to reflect the construction of 

exceptional cases. 

The different material processes required for construction are calculated next. No direct data 

were available for calculating the volume of the interior curtain of walls of Type A. This study 
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assumes a volume of stonemasonry equal to the outer curtain wall built utilising only stones of 

dimensions below 0.2 m3. This procedure was chosen to reflect the tendency of internal curtains 

in better documented cases to be built with stones considerably smaller than outer curtains. 

The volume of earth and rubble fill was calculated by subtracting from the generalised linear 

wall volume the volume of the stonemasonry of the curtain wall or walls (Table 6.6). 

Table 6.3 Total volume of stones and rubble for a wall section 2 m deep and 1 m high of Type-A and Type-B walls. 

 Type-A Type-B 

Stone volume (m^3) 1.17 0.64 

Rubble volume (m^3) 0.83 1.36 

 

 

Figure 6.13 Scatter plot of depth and area distribution by site type (a) and depth distribution by cluster (b). 

Table 6.4 Properties of the average stone block by cluster. 

Cluster Count Mean volume (m^3) SD volume (m^3) IQR volume (m^3) Average stone side (m) 

1 908 0.06 0.05 0.07 0.40 

2 289 0.45 0.17 0.18 0.76 

3 1111 0.08 0.05 0.07 0.43 

Total 2308 0.12 0.15 0.10 0.49 

Table 6.5 Percentage of façade composition divided by blocks below 0.2m^3, between 0.2 and 0.5m^3, above 
0.5m^3 and gap area of walls of Type-A and Type-B. 

 Type-A Type-B 

Percentage of blocks up to 0.2m^3 64.0 34.4 

Percentage of blocks between 0.2 and 0.5m^3 24.5 36.7 

Percentage of blocks over 0.5m^3 9.1 27.1 

Gaps 2.5 1.8 

Table 6.6 Type-A and Type-B wall volumes divided by block composition. 

 Type-A Type-B 

Volume of blocks up to 0.2 (m^3) 0.38 0.22 

Volume of blocks between 0.2 and 0.5 (m^3) 0.15 0.24 

Volume of blocks over 0.5 (m^3) 0.05 0.18 



   139 

 Type-A Type-B 

Total (m^3) 0.58 0.64 

6.2.1.2.3 LABOUR COST CALCULATION 
The three variables calculated above help inform the estimation of labour costs of polygonal 

masonry. Particularly in shaping blocks, gap area and rectangularity index bear direct 

relationship to labour cost. As noted, these variables can be understood as formal expressions of 

�>�µ�P�o�]�[�•��(1957) typology according to levels of refinement. Rectangularity index exhibits a positive 

correlation to labour cost as compared to ashlar masonry. A wall with rectangularity index of 1.0 

requires identical costs to ashlar, while a lower index score implies less effort in shaping blocks. 

Gap area calculations negatively correlate to cost, as increasing labour is needed to fit blocks 

tightly against each other in a wall. In the future, a larger sample size would allow for a more 

nuanced understanding of the quantitative implications of these variables. For the purpose of 

this study, these factors were taken into account qualitatively in selecting between sources of 

comparative data. 

Before turning to the analysis, it is necessary to consider differences of material, technology, or 

biological capacity between the society constructing the monument under analysis and the 

largely modern sources of data (Bernard, 2018, p. 78). As far as possible, the method used 

sought to employ comparative data for stonemasonry using hard limestone similar to material 

characteristic of Samnite hillforts. Limestone is broadly typical of polygonal masonry in Italy 

(Cifarelli, 2008). For technology, the use of iron tools common in Italian architecture of the 

period were assumed. There are no indications from the four sites of the use of lifting machines 

(cf. Cifani, 2008, pp. 242�t243; Bernard, 2018, pp. 212�t220), suggesting levers, sledges, and 

ramps were employed to raise and position blocks. Finally, Bernard (Bernard et al., 2022) shows 
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human skeletal remains from Italy, including cemeteries in Samnium, suggests an average 

stature somewhat taller than in the subsequent Roman period, more comparable to Medieval 

and Early Modern periods (Giannecchini and Moggi-Cecchi, 2008). This facilitates comparison 

with data of these latter periods. 

The building process of the three hillforts may be distinguished into three main stages: 1. 

Quarrying and material extraction, 2. Site preparation, 3. On-site assembly and shaping. This 

study assumes minimal transportation costs. AHS identifies quarry sites directly on the hilltops 

of fortified Samnite settlements, often in close proximity to wall circuits. In some cases, bedrock 

was quarried to provide level foundations for walls (e.g. Renda, 2017, 2018). This suggests a 

commonly seen arrangement in which stone for polygonal masonry was extracted in loco or 

from sources close to ongoing construction (Brown, 1951, p. 35; De Rossi, 2009). 
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Workers quarried blocks by splitting stone off bedrock using wedges or feathers set into natural 

fissures and breaks. This process differs from channelling, where blocks are freed from the 

bedrock by cutting channels downward or inward from flat surfaces. Data suggest a wide range 

of work-rates for stone-quarrying, but the literature acknowledges significantly different labour 

inputs between these two main approaches, with surface quarrying being far less labour 

intensive than channelling. Consequently, the faster rate of 0.1 m3/ph favoured by Brysbaert 

(2015, p. 94) based on timed experiments by Bessac (2007) (cf. Devolder, 2013, p. 43; Boswinkel, 

2021, p. 106) was used. Rubble extraction from bedrock is faster, with rates of 0.5 m3/ph based 
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Samnite fortifications were built directly on bedrock. At all sites, bedrock is exposed or near the 

surface, suggesting the appropriateness of lower rates for carving back rocky soil or exposed 

rock to maximum 1 m depths. Because the terrain in most places is steep, the higher end of the 

range for this activity proposed by Boswinkel (2021, p. 119) of 0.3 m3/ph was used. 

Blocks at almost all Samnite hillforts show few signs of finishing or drafting. The study assumes 

minimal processing of quarried stone with loss rates of quarried-to-assembled material closer to 

the 15% of volume reported by Devolder (2013, p. 32) than upwards of 45% for dressed ashlar 

reported by Abrams (1994, p. 46). The relatively high gap area observed in masonry of sites 

studied here suggests minimal work shaping blocks to fit each other. Consequently, no separate 

shaping stage of production between quarry and assembly was assumed. Future work on more 

refined polygonal masonry might consider whether a separate shaping stage was required to 

produce tightly joined blocks, and costs are reported by Pegoretti (1863, vol. I 262) for shaping 

�/�š���o�]���v�� �o�]�u���•�š�}�v���•�X�� �W���P�}�Œ���š�š�]�[�•�� ���•�•���u���o�Ç�� ���}�•�š�� �u�}�����o��(cf. 1863, vol. II 99; see below) refers to 

teams of six workers including stone-cutters and masons. This implies block shaping costs folded 

into assembly, and I take this production stage as sufficient for shaping stones for the masonry 

typical of Samnite hillforts. 

For assembly costs, it is critical to formulate a standard work rate that could account for 

differently sized blocks at the sites studied here. Several recent attempts to quantify assembly 

rates for Bronze Age Aegean architecture also consider unmortared masonry of roughly worked 

blocks. However, rates used are either based on estimates for ashlar (e.g. Devolder, 2013, p. 34) 

or consider units of stone either too small (Harper, 2016) or too large (Boswinkel, 2021) for this 
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variable block sizes  are combined in this approach. The study provides a variable rate that can 

be extrapolated onto the calculation of clusters for each structure. Pegoretti offers a work rate 

�(�}�Œ��� �̂��µ���]�����u���š���Œ���}�(���(�}�Œ�š�]�(�]�����š�]�}�v�•�U�������•�š�]�}�v�•�U�����v�������]�Œ���µ�]�š���Á���o�o�•�����µ�]�o�š���Á�]�š�Z���Á�}�Œ�l�������}�Œ���µ�v�Á�}�Œ�l�������•�š�}�v����

�]�v�� �•�‹�µ���Œ������ �}�Œ�� �‰�}�o�Ç�Z�����Œ���o�� �(�}�Œ�u�_��(1863, p. vol II 100-102). He clarifies that, by polyhedral, he 
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refers to what we call polygonal masonry. Using his formula, the method adopts a rate of 0.0259 

m3/ph to assemble a wall of polygonal masonry three meters high and 0.019 m3/ph for a wall 

five meters high. This figure falls within the range of observed production rates for ashlar 

reported by Mayes (1859, p. 24). Usefully, Mayes differentiates assembly costs by block size, 

with structures built of smaller stones requiring less time: 0.034 m3/ph for blocks up to 0.2 m3, 

0.024 m3/ph for stones between 0.2-0.5 m3, and 0.019 m3/ph for stones over 0.5m3. While 

�D���Ç���•�[�� �Œ���(���Œ���v������ �š�}�� ���•�Z�o���Œ�� �u���•�}�v�Œ�Ç�� �]�•�� �]�v���‰�‰�Œ�}�‰�Œ�]���š���� �(�}�Œ�� �š�Z�]�•�� �•�š�µ���Ç�[�•�� �‰�µ�Œ�‰�}�•���•�U�� �š�Z���� �}���•���Œ�À������

�Œ���š�]�}���~�ì�X�ó�õ�W�í�X�ì�ì�W�í�X�ð�î�•���u���Ç�����������‰�‰�o�]�������š�}���W���P�}�Œ���š�š�]�[�•�����}���(�(�]���]���v�š���(�}�Œ���‰�}�o�Ç�P�}�v���o���u���•�}�v�Œ�Ç�U���•�]�v�������š�Z����

�Œ���š�]�}�� �����‰���v���•�� �}�v�� �š�Z���� �•�����o���� �}�(�� ���� ���o�}���l�[�•�� �Á���]�P�Z�š�U�� �v�}�š�� �v�������•�•���Œ�]�o�Ç�� �]�š�•�� �•�Z���‰���X�� �d�Z�]�•�� �u���š�Z�}���� �š���l���•��

�W���P�}�Œ���š�š�]�[�•���ì�X�ì�î�ñ�õ���u�ï�l�‰�Z�����•���Œ���(���Œ�Œ�]�v�P���š�}���u�����]�µ�u-sized stones and produce a variable assembly 

rate for size-class of blocks. 

Alongside stone construction, the other major assembly cost is rubble and earth fill. 

Components of this fill are easily manoeuvrable, and a figure of 0.375 m3/ph for a situation of 

low transportation costs and simple technology was used (Richardson, 2015, pp. 205�t306; 

compare Bernard, 2018, p. 238 n. 24). This study assumes minimal production costs for rubble 

largely obtained as a by-product of shaping quarry stone. 

Following Delaine (1997, p. 268), a percentage added to the total cost for supervision was 

accounted for. Her figure of 10% derived from Pegoretti may be high for ancient contexts. 

Boswinkel (2021, p. 156) produces documentary evidence to support a figure closer to 4% of the 

workforce for Mycenaean construction. An account of an ancient workforce for Hellenistic wall-

construction by the Greek historian Dionysius of Halicarnassus (14.8.3-8) likewise suggests a 

ratio of 7 supervisors to 200 workers, or 3.5% (Bernard, 2018, pp. 100�t102). A total of 4% to 

account for this aspect of the workforce was added. 

Putting everything together, Table 6.7 and Table 6.8 summarise the energetics rates employed 

and Table 6.9 reports the estimated costs for building the walls of Type-A and Type-B. The values 

are provided for walls 3 and 5 m tall.  

Table 6.7 Energetics rates employed in the analysis independent of wall height. 

 Rates 

Stone quarry (m^3/ph) 0.100 

Rubble quarry (m^3/ph) 0.500 

Leveling (m^3/ph) 0.300 

Rubble and earth fill assembly (m^3/ph) 0.375 

Table 6.8 Energetics rates employed in the analysis dependent on wall height. 

 Rates (3 m) Rates (5 m) 

Assembly up to 0.2 m^3 (m^3/ph) 0.037 0.027 

Assembly between 0.2 and 0.5 m^3 (m^3/ph) 0.025 0.019 
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 Rates (3 m) Rates (5 m) 

Assembly above 0.5 m^3 (m^3/ph) 0.020 0.015 

Table 6.9 Costs estimated for building wall Type-A and Type-B expressed as a linear rate of ph per m. Values provided 
for walls 3 and 5 m tall. 

 Type-A (3 m) Type-B (3 m) Type-A (5 m) Type-B (5 m) 

Stone quarry (ph/m) 40 22 67 37 

Rubble quarry (ph/m) 5 8 8 14 

Leveling (ph/m) 7 3 7 3 

Assembly outer façade (ph/m) 55 72 124 160 

Assembly inner façade (ph/m) 47 0 108 0 

Assembly fill (ph/m) 7 11 11 18 

Supervision (ph/m) 6 5 13 9 

Total wall construction (ph/m) 168 121 338 241 

6.3 EARTHEN FORTIFICATIONS 
Although some literature on the Samnites has focused on polygonal masonry fortifications  

(Oakley, 1995; Colonna, 2012; Bradley et al., 2014; De Benedittis, 2017; Renda, 2017), there is a 

noticeable lack of surveys or excavations dedicated to earthen fortifications. As a result, this 

type of architecture has been largely disregarded. This section aims to address this gap by 

providing the first analysis of earthen fortifications and their role in the establishment of 

Samnite hillforts. 

The AHS has only identified ramparts made of a combination of earth and rubble as earthen 

fortifications. The lack of excavations has made it challenging to fully understand the 

construction techniques employed at these sites. Nevertheless, observations made on the 

ground indicate that two functional types of ramparts were present across Samnium. The first 

type consists of earth ramparts found in conjunction with polygonal masonry walls. These 

ramparts typically follow the wall circuits and create a flat area approximately 20m wide in front 

of the polygonal wall. In some instances, double ramparts are present, which create a pathway 

leading to the entrance of the polygonal wall. For example, this type of fortification can be 

observed at Apulian sites like Valva (P19) and Monte Cimato (P14), as discussed in section 5.4.1. 

It should be noted that stone-made fortifications require a much more significant investment of 

energy and provide a more defendable position than the earthen ramparts described here. 

Therefore, these earthen ramparts are likely functional to the polygonal walls rather than 

serving as independent fortifications. 

The second type of earthen fortification also consists of earth ramparts, but it differs from the 

first type in that it is not associated with polygonal walls. Rather, it constitutes the only 

fortification system present at these sites and likely formed the rampart and foundation of a 

wooden palisade. The use of wooden structures on Samnite hillforts has been documented by 
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the Monte Pidocchio (K92) excavation, where postholes for wooden structures, interpreted as 

towers, were found (Bradley et al., 2014). Furthermore, several authors have discussed the 

possibility of a wooden palisade being built on top of polygonal walls (Caiazza, 1986, p. 175; 

Oakley, 1995, p. 139; Faustoferri et al., 2012, p. 419; Fontaine, 2013, p. 272; Renda, 2018, p. 21), 

as well as for sites where no clear polygonal walls are present (Oakley, 1995, p. 139; Fontana, 

2022a). The small size of the earthworks still visible at hillfort sites are unlikely to have served as 

defensive structures on their own, even considering the degree of erosion that likely occurred at 

these locations. Therefore, this study assume the presence of wooden palisades when 

calculating the architectural energetics of sites without polygonal masonry. 

6.3.1 METHODS 

Modelling the construction of polygonal walls required a complex statistical method to account 

for differences in masonry styles and calculate labour costs for each stage of the building 

process. In contrast, for the earthen fortifications, this study simplified the approach into two 

major labour costs: ramparts and palisades. The energetics of ramparts alone were used to 

calculate the first type of earthen fortifications, while the combination of ramparts and palisades 

was used for the second type. 

6.3.1.1 RAMPARTS ENERGETICS 

We can hypothesize that the building process for the construction of ramparts involved a single 

phase. Earth and rubble were most likely excavated downhill of the fortification and transported 

uphill to form the embankment. This process would have created a depression in front of the 

rampart, which would have enhanced its height and defensibility. The proportion of earth and 

rubble used in the construction may have varied depending on the local soil conditions, as 

suggested by the lack of a regional or interregional pattern identified during fieldwork. While 

the construction of earthen ramparts could have involved more sophisticated processes (e.g. Xie 

et al., 2021), the absence of excavation data led me to adopt a more conservative approach to 

model the ramparts present on Samnite hillforts. 

Identifying the volume of earth and rubble that was quarried and moved is crucial in accurately 

calculating the labour involved in constructing the ramparts. One potential method for doing 

this is using lidar data to extract the actual volume of each hillfort. This would involve identifying 

the slope's general trend and calculating the volume of earth that was moved for each section 

of the fortification, ultimately obtaining the total volume for each site. However, the often-poor 

state of preservation and low-quality lidar data available for hillfort sites limit the effectiveness 

of this approach and may lead to inaccurate labour estimates. Instead, this study selected a 

series of well-preserved rampart sections from different sites to model a linear coefficient that 
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can be applied to the entire dataset, similar to the method used for the polygonal masonry. Each 

section represents a one-meter-wide slice of the rampart, providing a direct measure of the 

earthwork volume per linear meter of fortification. 

A total of eight sections were calculated from six different sites located across Samnium, as 

shown in Figure 6.14. Two of these sites, Monte Della Croce di Senerchia (C179) and Monte 

Pantano (M30), were newly identified small hillforts fortified only with earthen fortifications and 

located at the southern and northern border of Samnium, respectively. Each site had two 

sections calculated: one for the rampart interpreted as functional to constructing a palisade, and 

one for the rampart preceding it. The remaining sections were all of ramparts that precede 

polygonal walls. One section was from Campania, Monte Santa Croce di Piana di Monte Verna 

(K105), and two were from Apulia, Monte Cimato (P14) and Valva (P19). The last section was 

taken from Monte Cavallerizzo (K80), a medium-sized hillfort spanning 13 hectares located in 

Molise toward the northern border of Samnium. 

Table 6.10 displays the recorded volumes of the eight analysed rampart sections from six 

different hillfort sites. The results reveal significant variations both between and within sites, as 

evidenced by the differences in volumes at site M30. The variations do not correlate with 

different types of ramparts, but are likely to have varied based on local topography rather than 

function. Therefore, an average volume of 5 m3 has been used for all ramparts due to the lack of 

a discernible pattern. 

 

Figure 6.14 Plans of the six sites analysed with indicated the eight recorded rampart sections. 
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Table 6.10 Volumes of the recorded sections of earth ramparts and their average. 

 volume (m3) 

C179 (upper rampart) 2.5 

C179 (lower rampart) 2.7 

M30 (upper rampart) 7.7 

M30 (lower rampart) 3.7 

K105 3.2 

P14 7.0 

P19 8.0 

K80 5.1 

Average 5.0 

 

The construction of ramparts involves varying proportions of earth and rubble, and both 

components could be accounted for separately. However, due to the lack of data on the actual 

proportion used, a conservative rate for rubble extraction was used as a single rate for both soil 

and rubble extraction. Turner (2018, p. 199) developed a comparison of labour rates and found 

that the extraction of compact soil using metal tools has an energy rate of 0.556 m3/ph, which is 

very similar to the extraction of rubble (0.5 m3/ph). The analysis in this study uses this rate for 

the entire construction phase without differentiating between subphases (Table 6.11). 

Additionally, no supervision cost was included in the study due to the straightforward building 

process involved in rampart construction. The final cost per linear meter was calculated by 

dividing the energetic rate by the average volume identified as 5 m3 (Table 6.12). 

6.3.1.2 PALISADES ENERGETICS 

The comparative study by Turner (Turner, 2010, 2018) on the energetics of sites fortified with 

wooden palisades and ramparts provides a measure of the labour required for their 

construction. He adopts a rate of 0.625 m3/ph based on Hammerstedt's (2005) work to account 

for cutting, transporting, and setting wooden poles with a 0.3 m post diameter and 0.15 m post 

spacing, gathered within 1 km of the construction site. Although this work refers to palisades 

constructed in different cultural and geographical contexts than Italy or the Mediterranean, it is 

assumed that this type of architecture is identical in its simpler form cross-culturally. The 

gathering range of 1 km is also suitable for the Samnite area, so this energetic rate was adopted 

in this study (Table 6.11). Table 6.12 shows the estimated total costs for building the earthen 

fortifications detected at hillfort sites. 

Table 6.11  Energetics rates employed in the analysis of ramparts and palisades 

 Rates 

Rubble and earth (m3/ph) 0.500 

Palisade construction (m3/ph) 0.625 
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Table 6.12 Costs estimated for building earthen fortifications 

 Volume Total 

Total ramparts (ph/m) 5 10 

Total ramparts with palisades (ph/m) 1/(0.3+0.15) 14 

6.4 TOTAL LABOUR ESTIMATES 
This study aimed to develop a single coefficient for each type of fortification that could be 

applied to the entire dataset of sites digitized through lidar. While a single coefficient was 

identified for each type of earthen fortification, two different coefficients were necessary for the 

polygonal masonry (Type A and Type B). The level of detail achieved is crucial for site-specific 

investigations and constitutes a valuable resource for studying polygonal masonry across the 

Mediterranean. However, the analysis of lidar data did not provide reliable distinctions between 

the two types of polygonal walls remotely, and there was insufficient information available from 

fieldwork and literature across all sites. Therefore, this study calculated an average of the two 

estimated costs to model the labour involved in constructing hillfort sites (Table 6.13). As 

discussed in section 6.2.1.2, evidence suggests that Type A and Type B walls appear together in 

single fortification systems, with each technique adopted based on the terrain's morphology (De 

Benedittis, 2017, p. 14). Using the average of the two costs estimated provides a suitable model 

for the average labour involved in constructing polygonal walls. Furthermore, a height of 3 m is 

considered a useful proxy for the average site. 

Table 6.13 Total costs estimated for the construction of the different types of fortifications present in Samnite 
hillforts 

 Total 

Total polygonal walls (3m tall) (ph/m) 145 

Total ramparts with palisades (ph/m) 14 

Total ramparts (ph/m) 10 

 

Table 6.14 presents the estimated total costs for different sites discussed in this chapter, as 

mapped by the AHS. These costs are reported in person-hours and days, assuming a 

hypothetical workforce of 100 people working 8 hours a day. However, as there is no direct 

evidence of work team size or organisation, these figures are speculative. It should be noted 

that the estimated workforce size represents only half of the work groups reported for building a 

fortification wall in Italy at Syracuse in 401 BCE. This building project involved teams of 200 

workers, but the walls were ashlar masonry and approximately twice the size of a typical 

Samnite hillfort (Diod. Sic. 14.18.5; cf. Bernard, 2018, pp. 99�t102). 
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Table 6.14 Total costs estimated for the different sites analysed in this chapter expressed in person-hour and in days, 
the latter considering a hypothetical workforce of 100 people working 8 h a day.  

 ph  days 

K73  880,875 1,101 

K110 366,560 458 

K105  323,045 403 

P14 176,305 220 

K35  160,805 201 

P19 158,480 198 

K80  33,680 42 

M30 3,168 4 

C179 2,938 4 

6.5 CONCLUSION 
This study has developed a new method for modelling labour costs of polygonal masonry, using 

the example of four Samnite hillforts. Starting from digital recording techniques, aspects of 

polygonal walls that reflect distinguishing characteristics of their masonry style were formally 

quantified. This was possible even for sites with a poor state of preservation, showing the 

flexibility of the method developed. The ability to categorise walls mathematically based upon 

rectangularity index, gap area, and façade area represents a major improvement on the 

qualitative typology elaborated by Lugli (1957). A site-to-site comparison of four hillforts based 

on these calculations shows that the distribution of these aspects is statistically relevant, making 

the approach useful for characterising individual examples of polygonal masonry and identifying 

different masonry styles used within sites. Additionally, this study is the first to include 

earthworks and wooden structures in the analysis of Samnite hillforts. Although the approach 

adopted is relatively simple, it effectively highlights the variations in the magnitude of labour 

required for the construction of these sites. 

Using the methods developed for polygonal masonry, this study creates an energetics model 

�š���l�]�v�P�� �]�v�š�}�� �������}�µ�v�š�� �������Z�� �•�]�š���[�•�� ���Z���Œ�����š���Œ�]�•�š�]���•�X�� ���]�P�]�š���o�� ���}���µ�u���v�š���š�]�}�v�� ���v���� �•�š���š�]�•�š�]�����o��

characterisation supported volumetric reconstructions adapted to different styles of polygonal 

masonry and guided selection of appropriate comparative data. Results provide a linear cost for 

generalised structures of both Type A and B hillforts in Samnium. The impact on production 

times implied by a change in wall-height was notable. As observed, Samnite hillforts appear 

lower than contemporary urban fortifications. Nonetheless, in exceptional cases where walls 

reached 5 m, costs were significantly amplified. The change of height from 3 to 5 m implies an 

almost twofold increase of costs, as greater energy is required to assemble taller structures. 

Another major factor was fortification type. Expectedly, two-curtain Type A walls show 35% 

higher linear costs than one-curtain Type B walls, 161 to 121 ph/m. The current state of research 

does not allow full advantage of the precision offered by this method , which is instead reserved 
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for the investigation of specific sites and future works. Instead, an average linear rate of 145 

person-hours per meter (ph/m) is utilised in conjunction with the rates developed for ramparts 

and palisades. 

While applying these linear rates gives a rough idea of the overall labour required to construct 

hillfort sites, it cannot be considered accurate for every site. It is important to note that these 

figures should be viewed as heuristic and not as precise measures. However, providing a precise 

measure was not my primary objective. Rather, the aim was to generate estimations suitable for 

investigating how the level of labour investment at sites varies regionally and in relation to other 

characteristics. Their usefulness lies not in the investigation of a single site, but rather in the 

macro comparisons among the two hundred sites analysed. Furthermore, using a wall height of 

3 meters underrepresents the labour necessary at several sites, especially in the largest hillforts 

which often have taller fortifications. This was done to adopt a conservative approach aimed at 

minimizing estimated labour on sites as a means to test the minimum manpower necessary for 

their construction and, consequently, how the workforce relates to the site layout (see chapter 

7). 

The results show a distribution of labour investment that corresponds to the scale of each 

hillfort, raising intriguing questions about the functions assigned to them by the literature. The 

large and complex fortifications of Monte Cila (K73), for example, required a substantial 

investment of labour, even though two-fifths of the enclosed area are steep and unlikely to have 

supported habitation or agriculture. The whole site also shows very few traces of settlement, 

suggesting that its purpose may have been different from what is traditionally assumed. On the 

other hand, the fortifications of Monte Saraceno di Cercemaggiore (K110) or Monte Santa Croce 

di Piana di Monte Verna (K105), which suggest possible permanent or semi-permanent 

occupation in the enclosed area, were comparatively less costly, totalling less than half of the 

overall investment of Monte Cila. The small and narrow circuit of Montefalcone (K35) or the 

steep area enclosed by Monte Cimato (P14) and Valva (P19) also do not appear suitable for 

substantial occupation, yet the labour investment required remains notable, representing 

perhaps half a year's labour for a team of 100 workers. This investment may speak to purposes 
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of the Adriatic Sea and their steep positions above main routes suggest the importance of 

visibility. The energy investment required by their creation may thus reflect an attempt to 

display power on the part of their builders (see section 4.3 for a discussion on monumentality in 

hillforts and chapter 10.2.5 for Samnite hillforts). The fortifications of Monte Cavallerizzo (K80), 

on the other hand, required less than two months of labour to construct, which could indicate 

that the site served a smaller community or was functional to the larger hillfort of Monte Miglio 
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(K86), which is located nearby. Finally, it is evident that the construction of the small Campanian 

sites fortified with earthworks required a significantly different magnitude of labour investment 

than those fortified with polygonal walls. Monte Pantano (M30) and Monte della Croce di 

Senerchia (C179), for example, required an estimation of less than a week of work, even though 

their construction was unlikely to have involved 100 people simultaneously. These differences in 

labour investment need to be considered when interpreting broader patterns of site 

development. 

The methodology developed here also aims to facilitate cross-cultural and cross-temporal 

comparisons by estimating labour costs for similar masonry structures across the Mediterranean 

and beyond. Polygonal or cyclopean masonry is a prevalent architectural style that characterises 

sites not only in the Mediterranean but also in other regions of the world, such as South 

America and the Caucasus. This study's approach intends to include Samnite sites and other 

non-Roman or non-urban sites of polygonal masonry in broader assessments of architecture's 

historical significance in the ancient world, which moves beyond the still predominant urban-

centric perspective. This effort may contribute to a more nuanced understanding of ancient 

societies' labour and social organisation. 

Traditional approaches to hillfort sites have been limited by data fragmentation, local 

perspectives, and subjective interpretations. While labour investment provides a useful proxy for 

interpretation, it is not sufficient on its own to identify broader patterns and trends. Site-by-site 

observations have proved challenging in this regard. In the next chapter, however, labour 

investment will be integrated with other observations to develop a statistical comparison 

between sites, which will enable the identification of broader typologies and trends. 
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7 UNDERSTANDING HILLFORTS 
VARIABILITY 

7.1 INTRODUCTION 
Developing a better understanding of variability in hillfort types is crucial because, as 

demonstrated in previous chapters, Samnite sites exhibit significant diversity, and their 

interpretation often varies according to their features (Oakley, 1995, pp. 129�t139). Failure to 

identify different types before undertaking spatial analysis would not only bias the results but 

also limit our understanding of the relationship between these different sites. Therefore, it is 

imperative to address this issue and develop a comprehensive classification of Samnite hillforts. 

Conta Haller (1978, pp. 73�t86) developed a classification of Samnite hillforts that considered 

various factors, including the number of summits enclosed by the walls, whether the walls 

encompassed the lower slopes of the hill, and whether the site contained both a fortified 

summit (sometimes referred to as an acropolis) and a lower level. However, this system was too 

complex to be effectively implemented and was later revised by Guadagno (1978), who 

simplified the division into sites with an internal circuit marking the summit and sites without it. 

Despite these efforts, classifications have not been systematically implemented in the study of 

Samnite hillforts. This is primarily because the classifications do not account for the high degree 

of variability present in hillfort sites, and their subjectivity makes them unreliable. As a result, 

interpretation of Samnite hillforts largely relies on local observations, which further highlights 

the need for a more comprehensive and objective system of classification. 

The classification of hillforts is a common challenge not only in Italy and the Mediterranean, but 

also in other regions. The Atlas of the Hillforts of Britain and Ireland (Gary and Ralston, 2022) 

presents one way to tackle this issue. The authors examined various site categories using a 
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number of criteria based on observable features and research traditions. Different schemes 

have been used across the British Isles to identify hillfort categories, but many of them 

encompass a range of observations about their topographic setting and broader location in 

single descriptors. However, applying these regional classifications to different regions within the 

British Isles can be difficult, as different research traditions and site categories create a complex 

palimpsest of partially overlapping definitions. To bridge this gap, the authors propose a series 

of criteria to categorise the sites. The first two draw on different research traditions and are type 

(e.g. contour fort, promontory fort) and topographic position (e.g. coastal promontory, inland 

promontory) (Gary and Ralston, 2022, pp. 55�t100). Although these categories have limitations, 

they aim to remain close to the previous regional nomenclature while incorporating evidence 

from a larger geographical area. It is worth noting that the same site may be counted multiple 

times or not at all in each category, and this process can be subjective. In addition to these two, 

the authors also suggest the need to investigate sites according to size and number of circuits, 

as well as other criteria such as the presence of annexes, wall construction types, and number 

and types of entrances. 

Although the criteria analysed in the Atlas of the Hillforts of Britain and Ireland are useful in 

highlighting regional differences within each criterion, they fail to account for the overall 

variation of hillforts across the study area. Each criterion is used in isolation, resulting in simple 

distribution maps for each. This lack of integration between criteria used to describe hillforts 

was also noted in the classification proposed by Conta Haller and highlighted by Oakley (1995, p. 

129). These approaches have limitations for larger regional studies aimed at understanding the 

relationship between different categories of complex sites. These limitations become clear when 

we consider the spatial interaction study presented in the Atlas of the Hillforts of Britain and 

Ireland. Despite proposing several criteria, this study ultimately treats all hillforts as simple 

points on a map and analyses at most a single criterion at a time (Maddison, 2022). 

This chapter describes a different approach: building upon previous research on Samnite and 

other hillforts, it will integrate multiple quantitative and qualitative criteria into a single analysis, 

allowing for the identification of interregional typologies of hillforts. I start by discussing and 

motivating the variables implemented in the analysis. Then, I review how a factor analysis of 

mixed data can be used to integrate both quantitative and qualitative observations. The 

outcome is used to identify groups of sites through a hierarchical clustering analysis. These 

groups are then briefly discussed to provide the basis for their analysis in the next chapter of 

this dissertation. All the calculations in this chapter have been integrated into a Quarto project 

available in appendix 5 that includes the R scripts and data. 
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7.2 MULTIVARIATE MIXED-DATA CLUSTER ANALYSIS 
Multivariate clustering techniques aim to identify subgroups of observations within a dataset. 

These subgroups should consist of similar observations and be dissimilar to observations outside 

the subgroup. In this study, these techniques are used to highlight associations between 
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multivariate groups, not to any geographic clustering of sites. 

7.2.1 VARIABLES USED 

The analysis utilised a combination of five quantitative and qualitative variables: site area, 

exploited area, labour, number of circuits, and wall type. Each of these variables serves as a 

proxy and integrates one or more criteria previously used to identify hillfort categories. This 

approach enables the production of statistically sound groups that go beyond local and often 

subjective interpretations, providing a more systematised understanding of hillfort variation. 

Furthermore, all the variables used for the cluster analysis are all independent of the presence 

or absence of other sites in the surroundings. All variables were chosen at the site level 

considering the hillforts as isolated from the broader landscape setting. This was done because 

landscape observations are analysed in the next step of this work, the point process model. 

Keeping them separate not only avoids the overrepresentation of environmental factors in the 

final results but also makes each stage of the computational approach more flexible and 

transferable to different cultural contexts and typologies of sites. 

The first variable considered in this study is the site area, which is a commonly used element for 

the interpretation of archaeological sites. In Italy, it has often been used as a marker of site 

importance and hierarchy, sometimes even as a threshold for the label "urban" (Guidi, 2008). 

Although site size is still important, its significance in hillforts is limited due to the topographical 

location of these sites, which range from largely flat hilltops to very steep slopes and mountain 

ridges. The largest hillforts often enclose entire mountain slopes, and simple parameters such as 

area can bias the interpretation of these sites. For instance, the 134 hectares enclosed by the 

hillforts of Monte Auro (K59, Figure 7.1, bottom) encompasses an entire valley bottom and the 

steep slopes that delimit it. A large part of these areas is too steep to support activities such as 

agriculture or habitation. Therefore, taking into account only the size of the site can create a bias 

when compared to sites located on gentle hilltops, such as Montagna di Gildone (K54, Figure 

7.1, top-right).  

To address this issue a second variable was implemented: exploited area. Part of the debate on 

Samnite hillforts consists of the degree to which these constituted places of habitation or simple 

enclosures for animals and defence refuges in time of war. Furthermore, recent research of pre-
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Roman sites indicates how agriculture could have taken place within walled areas in between 

bubbles of inhabitation (Pacciarelli, 2001; Guidi, 2008; Damiani and Parisi, 2019). Exploited area 

was used as proxy to divide portions of the enclosed areas actually useful for habitation and 

agriculture versus areas suitable only for animal husbandry and, to a certain degree, temporary 

occupation in time of crisis. Using the Greek island of Kythera as a case study, Bevan et al. (2003) 

identifies in 12 degrees slope the upper threshold in which different cultural landscapes are 

structured in the Mediterranean basin. These are a landscape constituted by villages, trackways, 

flat fields and cross-channel terraced agriculture below 12 degree slope and another of shelters, 

winding tracks and terraced hillsides above that very approximate threshold. Lidar data and 

ground-truthing show how terracing on Samnite hillforts is rare. The only evidence of terracing 

suitable for agriculture takes the form of cross-channel terraces, while terraced hillsides are 
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between these two different landscape, and particularly the different types of terraces present, 

resonate with the situation in Samnium. This division was thus implemented in the analysis to 

account for those areas of the hillforts which could have host habitation and agriculture, here 

modelled as areas with slope below 12 degrees, and those instead too steep that are more likely 

to have been used for animal husbandry and temporary occupation. Although approximate, this 

division is useful for providing a general measure of the differences between the sites. 

The third variable, labour, is used as a proxy for the energetic investments made at sites and 

how it relates to the enclosed areas. Several hillforts are located on spurs that are partially 

defended by cliffs. These sites, known as promontory hillforts in continental Europe, only fortify 

the most accessible areas, resulting in cases where large areas are naturally fortified with very 

little investment in fortifications. These sites are markedly different from other hillforts of similar 

size located on more gentle hilltops, which require fortifications all around the sites. Considering 

only the area or exploited area would not accurately represent this variability at the site. The use 

of labour allows us to account for these differences and, together with the other variables, 

better highlight variation among sites. A simpler way to account for this would be to consider 

the perimeter of the areas fortified by man-made structures. However, this would 

underrepresent the variability of the complexity that these fortifications can take across 

different sites or even within the same site, where, in addition to multiple circuits, we often 

have the same fortification wall system composed of multiple ramparts and a polygonal wall 

(see Figure 7.2). Labour can better account for these cases than the simple measure of 

perimeter and better represent real investment . 
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Figure 7.1 Example of sites variability in the study area. 

Although labour is an effective measure to synthesize fortification variability, this was integrated 

with two additional qualitative variables. The first variable, number of circuits, takes into 

account the number of fortification systems present at the site. As previously discussed in 

section 7.1, the number of circuits on a site has often been considered an important element in 

the study of hillforts in Samnium and elsewhere. This is related to the idea that multiple circuits 

are connected to differential areas on the site, with the one enclosing the summit often 

interpreted in a similar manner to a Greek city-state acropolis. Without delving into the 

interpretation, I have adopted a simple division between univallate and multivallate hillforts. It 

could have been possible to implement this by identifying the exact number of circuits. 

However, this approach was rejected due to the heterogeneity of the sites, which feature 

multiple circuits that can be concentric or enclose different sections of the site. The simpler 
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system adopted is, therefore, more robust and still suitable to divide simple sites built with a 

single circuit and more complex ones. I consider multiple circuits only when they enclose 

distinct areas of the site. As such, single fortification alignments built with multiple fortifications 

are considered as univallate, as it was also done for the British isles (Gary and Ralston, 2022) 

(see Figure 7.2).  

Finally, the last variable implemented in this study is the main type of fortification used at sites. 

As discussed in the previous chapter, some sites do not have polygonal walls but only earthen 

fortifications. This division is crucial because it implies different planning and organisation of the 

site construction, likely resulting in different uses. For this reason, polygonal or earthen 

fortifications have been used as two qualitative observations. 

There were many other possible observations that could have been implemented as variables, 

such as the number and typology of gates, towers, or the presence of terraces or other 

elements associated to the sites. However, the ability to reliably detect these features varies 

greatly based on the quality of the lidar data available and the vegetation canopy. Implementing 

them in the study would have introduced a new level of uncertainty and bias related to this local 

variation, potentially compromising the final results. Therefore, only those variables that were 

identifiable across the entire area were used to avoid this issue. This does not preclude their 

implementation in future studies or for other areas of the Mediterranean and Europe where it is 

possible to reliably record them. In fact, the proposed approach is flexible and suitable for doing 

so while still providing a good degree of comparability between study regions. 

 

Figure 7.2 Example of a multivallate site (left) and a univallate site (right). 

7.2.2 SITE DATA USED 

Only a sample of sites was used in the multivariate mixed-data cluster analysis to identify site 

typologies. The total population of hillforts also includes sites with dubious interpretation. Using 
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them in the cluster analysis could have potentially led to biases in the identifications of 

typologies. To avoid this, only the sites for which interpretation is certain or likely were used (see 

section 5.3.3 for the explanation of these categories). A further sample was chosen including 

only the sites for which lidar data or substantial studies are available. The use of lidar allowed 

the first mapping of numerous sites and the production of highly comparative data on the 

fortifications. For those sites outside the lidar coverage, published data was used to trace the 

circuits and calculate the variables above described. This was not possible for all sites due to 
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subject to substantial and systematic studies were included in the database used to create 

typologies. The remaining sites were later classified trough comparison with the newly identified 

typologies. 

The sample used for the analysis includes a subset of 179 of the 206 total sites. The omission of 

some sites does not hinder the identification of typologies because 1) all the variables are on 

site-level and thus independent on the presence-absence of other sites in the surroundings, and 

2) the characteristics of the omitted sites do not present any specific pattern divergent from the 

data used, and therefore, there is no reason to believe that they could represent an 

independent site category. 

The raster calculations for the variables area and exploited area took place using the 10m DEM 

available for the Italian territory (Tarquini et al., 2007). The use of lidar data would have 

provided a more accurate calculation of these variables, but as discussed above, the analysis 

also includes some sites for which lidar data are not available. Therefore, it was preferred to use 

the 10m DEM because it is available for all sites. The mapping of the fortifications is based on 

the lidar data, literature and AHS fieldwork while the calculation of labour is based on the 

methods developed in the previous chapter. 

7.2.3 CALCULATIONS 

The multivariate clustering technique implemented in this study analyses a mixed dataset 

composed of quantitative (area, exploited area and labour) and qualitative variables (number of 

circuits and main type of fortifications) using a Factor Analysis of Mixed Data (FAMD) followed by 

a Hierarchical Clustering on Principal Components (HCPC ) (Pages, 2004). 

7.2.3.1 FACTOR ANALYSIS OF MIXED DATA (FAMD) 

Dimensionality reduction techniques aim to transform the data into a lower dimensional space 

while retaining as much information about the original data. FAMD belong to these techniques 

but, instead of converting the data into a lower dimensional space, it uses the same principle to 
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homogenise a mixed dataset by converting all of the variables into a normalised numeric values. 

In practice, FAMD works by first standardising the continuous variables and then transforming 

the categorical variables into a set of continuous variables using multiple correspondence 

analysis (MCA). The standardised continuous variables and transformed categorical variables are 

then combined into a single matrix, which is used to perform a Principal Components Analysis 

(PCA). 

Table 7.1 shows the eigenvalue and variance of each component identified by FAMD while 

Figure 7.3 the contributions of each variable to the components identified. Around 58% of the 

variance can be explained by the first component which is primary based on the combination of 

area, exploited area and labour. The main type of fortifications and number of circuits account 

for the large majority of the second component, which in turn correspond to 20% of the 

variance. They are even more determinant for the third component which is equal to 14% of the 

variance. All together, the first two components account for 77% of the total variance while the 

first three 91%.  

 

Figure 7.3 Contribution of variables for the first three components. The red dashed line indicates the expected 
average value If the contributions were uniform (=20). 

Table 7.1 Results of the FAMD analysis. 

 eigenvalue percentage of variance cumulative percentage of variance 

PC 1 2.84 57 57 

PC 2 1.01 20 77 

PC 3 0.68 14 91 
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 eigenvalue percentage of variance cumulative percentage of variance 

PC 4 0.37 7 98 

PC 5 0.10 2 100 

 

 

Figure 7.4 Plots of the qualitative and quantitative variables on the first two components with indicated the deviance 
from the centre of their qualitative variables. 

7.2.3.2 HIERARCHICAL CLUSTERING ON PRINCIPAL COMPONENTS (HCPC) 

Hierarchical clustering is an agglomerative method that successively merges or splits clusters 

based on a measure of similarity or distance between them. Hierarchical clustering on principal 

components is simply a hierarchical clustering performed on the results of a PCA analysis. It 

implements Ward's method to measure the clustering structure found in the specific subset 

through the analysis of dissimilarity between the different groups. The sum of the within-cluster 

inertia is calculated for each partition in the given number of clusters, and the partition with the 

highest relative loss of inertia is selected as the optimal division. In this study, based on the data 

structure, four clusters were identified as the optimal division and are discussed below. A series 

of exploratory analyses were also conducted by increasing the number of clusters to produce a 

more detailed division of the sites. These analyses indicated some local variations and subgroups 

across the study area. This approach was useful in highlighting two subgroups within the fourth 

cluster, which are discussed in the next section. Although these subgroups represent a 
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significant archaeological division, they were kept together as a single cluster to allow statistical 

validation through Monte Carlo simulations in the point process models analysis. If the group 

was further subdivided, the resulting small sample size would have precluded the generation of 

Monte Carlo simulations as implemented in chapter 8. 

7.3 POPULATION AND DENSITY OF HABITATION ESTIMATES 
In order to gain a better understanding of the variability of hillfort sites and the related 

identified clusters, we can also estimate the total population and average density of inhabitation 

at these sites. However, due to the lack of consistent survey data or excavation, robust estimates 

cannot be developed, and thus these factors were not included as additional variables in the 

cluster analysis mentioned earlier. Nonetheless, exercising caution, analysing these factors can 

be valuable in further understanding the differences among hillforts. Furthermore, this would 

enable us to compare these sites in the broader debate on global hillforts discussed in chapter 

4, using Fletcher's I-C matrix (Fletcher, 1995, pp. 69�t81 and 235�t236). This approach requires 

three variables: site area, total population, and average population density. While we have the 

first variable, we need to calculate the other two. 

In the absence of survey data and considering the lack of terracing at sites, we can use the 

exploited area as a proxy for the maximum permanent population likely living at the sites. The 

exploited area models different patterns of inhabitation, such as pockets of inhabitation 

throughout the site or specific densely inhabited areas like the upper circuits. These situations 

are common in other hillforts globally, and recent research conducted within this dissertation 

(chapter 9) and in other parts of Samnium (Sánchez et al., 2023) supports these models. 

Although we don't have robust evidence to estimate the population density in these areas, a 

general observation based on the large quantities of pottery and construction materials 

recovered, such as tiles, suggests that they could have been quite densely built. It is possible, 

therefore, to assume that these areas were as densely inhabited as the contemporary urban 

settlements, for which an estimate is provided by Hanson and Ortman (2017). In their work, 

they calculate an average population density of 190 people per hectare in Roman and Greek 

settlements during the 4th century BCE (2017, p. 315 fig. 2). As a point of reference, this is 

higher than the average they propose for the well-known Campanian settlements of Pompeii 

and Herculaneum (166 and 115 respectively), but lower than that of Roman Ostia (227) (Hanson 

and Ortman, 2017, p. 319 table 6). Although this average may not necessarily be representative 

of the specific Samite case, especially considering that it is calculated based on a pool of only 

ten sites, it is still useful to model these areas as if they were densely inhabited like 

contemporary urban settlements in the Mediterranean. This way, we can derive an estimate of 
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the total population by multiplying the average density they identify with the calculated 

exploited area, assuming that the remaining parts of the site, which are not terraced steep 

terrains, are empty. 

Once we have calculated an estimate of the total population, we can determine an average 

density for each site by dividing the population by the total enclosed area, regardless of whether 

it is suitable for inhabitation or other activities. This provides an estimate of the density per 

hectare, which, together with the area and the total population previously calculated, allows us 

to further investigate the sites and also classify them within the I-C matrix.  

It is important to emphasize that calculating population and density of inhabitation inherently 

comes with a set of challenges. Therefore, exercising caution is necessary when interpreting the 

results. The final figures do not aim to be precise reconstructions of ancient populations but 

rather to provide heuristic figures useful for interpretation alongside the labour figures. This 

helps to understand if the potential population living permanently at the site was sufficient to 

construct the fortifications. As such, the entire approach developed aims to maximize the 

possible population at the sites. As already mentioned, it is unlikely that Samnite hillforts, even 

in those areas most suitable for permanent habitation, were as densely inhabited as the 

neighbouring Roman urban settlements. Conversely, as discussed in section 6.5, labour 

calculation was tailored to minimize the necessary labour for the construction of fortifications. 

Maximizing population and minimizing labour have the advantage of providing an approach able 

to test in a conservative way whether the population at the site was sufficient to build the 

fortifications, and they provide an effective means of testing the coherence of the models. As 

such, if the results indicate that the necessary minimum labour for the construction of 

fortifications was not fulfilled by the maximum population living at the site, they provide strong 

evidence to argue that the necessary manpower for the construction of fortifications derived 

from elsewhere. 

7.4 RESULTS 
To gain a deeper understanding of the four clusters identified by the multivariate mixed-data 

cluster analysis, we can first analyse the key elements that underlie their division and then 

integrate in their discussion considerations on the estimated population and density of 

habitation. To facilitate comparison and subsequent analysis, Figure 7.5 displays some examples 

of the individuals closest to each cluster centre. The clusters have been renamed based on the 

observations discussed below, with cluster 1 named observation posts (O), cluster 2 simple 

hillforts (SH), cluster 3 complex hillforts (CH), and cluster 4 macro hillforts (MH). These acronyms 

will be used in subsequent chapters. 
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Figure 7.5 Examples of the closest individuals to each cluster centre (all sites are shown at the same scale). 

In Figure 7.6, we can see the cluster division based on the first two PCA components. It is 

important to note that the first component is largely influenced by the combination of area, 

exploited area, and labour. Thus, data points on the right side of the image are characterised by 

higher values of these variables. Additionally, the factor maps for categorical variables clearly 

demonstrate that the type of fortification and number of circuits are crucial elements in the 

cluster division. 

 

Figure 7.6 Results of the multivariate mixed-data cluster analysis. 

From the plots, we can observe that cluster O is comprised of small univallate sites fortified with 

palisades, which are discussed in section 5.4.3 as observation posts. This cluster is well-defined 
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from the others due to their unique type of fortifications with earthworks and remarkably little 

labour involved in their construction. On the other hand, the remaining groups are 

comparatively less clustered, but they all share the presence of polygonal fortifications. They 

differ in terms of the combination of quantitative variables and number of circuits, where the 

number of circuits plays a significant role in discriminating cluster SH from CH. Cluster SH is 

composed of univallate hillforts, while cluster CH is composed of multivallate sites. Size and 

labour also contribute to this division, with univallate sites tending to be smaller and require less 

labour than multivallate sites. However, this division is not well-defined and only partially divides 

the sites. Without the number of circuits variable, we could expect these sites to partially merge 

into a single cluster, as suggested by the scatter plots in Figure 7.7 and Figure 7.8, where they 

largely overlap, especially when considering the exploited area. Cluster MH, on the contrary, is 

primarily identified by the combination of area, exploited area, and labour. It includes both 

univallate and multivallate sites but differs from clusters SH and CH because it includes those 

sites that enclose very large areas. The variation of the first component shows how these sites 

greatly differ from the other sites, constituting a separate cluster that combines both univallate 

and multivallate sites. 

If we further analyse the relationship between the three quantitative variables, some new and 

interesting trends emerge. Figure 7.7 shows the scatter plots for the entire population of sites, 

while Figure 7.8 divides the macro sites from the others and subdivides the former into two 

subgroups. The plots present labour simplified as 100 people working 8 hours a day to facilitate 

reading. 

From the plots, it is noticeable that the increase in site area does not follow the same positive 

correlation with exploited area or labour across the entire dataset. Instead, it seems to follow 

two trends broadly divided into sites below and above 50 hectares. Below this threshold, there 

is a strong positive correlation between labour and area, while there is a moderate one between 

exploited area and area. Above 50 hectares, the correlation weakens until it is absent. Labour 

tends to stabilize at around 1000 days of work for the largest sites, while exploited area stabilizes 

at only 18 hectares. This means that while small and medium-scale sites follow an expected 

positive correlation between the enclosed area, its portion suitable for habitation and 

agricultural activities, and the labour involved in the construction of fortifications, the largest 

sites do not display this correlation. Instead, there is a cap on the labour involved in the 

fortifications, regardless of how big the enclosed area is, which pairs with a similar cap in the 

area usable for habitation and/or agriculture which constitute just a small fraction of the total 

area. 
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If we further investigate this pattern, we can see that macro hillforts take two different trends, 

particularly regarding the relationship between area and labour. These two trends correspond to 

two subgroups of macro hillforts that are identified if in the previous analysis we divide the 

dataset into 5 instead of 4 clusters. Figure 7.8 shows the hillforts belonging to the macro hillforts 

cluster as they would have been further divided using a total dataset division into 5 clusters, 

together with a scatterplot of the remaining sites. It is clear how four of these sites form a 

subgroup (MH2) in the macro sites. These are Monte Auro (K59), Monte Cila (K73), Monte San 

Paolo (K103), and Roccavecchia di Pratella (K127), all sites located in Western Samnium. They all 

show the largest energetic investments of all hillforts for their construction, which average 

double the other macro sites. It would be expected that this would be paired by an equally high 

exploited area, but on the contrary, they show comparable values, and even some of the lowest, 

of the macro hillforts. The other subgroup (MH1) shows a much more similar correlation 

between labour, area, and exploited area to the one identified for the other clusters, with 

exploited area averaging at around half the entire enclosed surface. Of these sites, Montagna di 

Gildone (K54) and Monte Pallano (K90), both located in Eastern Samnium, show the best 

relation between these two variables, with the exploited area almost equal to the enclosed area. 

It is now opportune to discuss the estimated population and density of habitation. Figure 7.9 

presents the total population of the sites in relation to labour and the density of inhabitation. 

We can make two main observations based on the population estimate. The first observation is 

that the population remains extremely low for up to a little less than a year of labour for the 

construction of the site. After this point, we notice a sharp increase in population corresponding 

to the average labour estimate in complex hillforts. Following this, we observe a positive 

correlation between population and labour, which identifies a common trajectory for the largest 

complex hillforts and the first group of macro hillforts (MH1). Within this trend, we can observe 

that the sites mentioned earlier, Montagna di Gildone (K54) and Monte Pallano (K90), represent 

anomalies due to their highest estimated population in the entire dataset, approximately 6000 

and 7000 people, respectively. Taking into account how we calculated the estimated population, 

this should be directly related to the large exploited areas at these sites, which are almost equal 

to the enclosed areas. Nevertheless, this is interesting because it potentially identifies these 

sites as densely inhabited settlements. However, the high estimated density of inhabitation 

should not be considered exceptional. If we examine the plot illustrating the relationship 

between population and density, the density of inhabitation at these sites is among the highest, 

but similar values are present in several other sites. 
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Figure 7.7 Scatter plots of the clusters based on the quantitative variables. 

 

Figure 7.8 Scatter plots of portions of the dataset highlighting the trend below 40 ha of area and the subdivision of 
the macro sites. 

The second observation pertains to the distinctiveness of the second group of macro hillforts 

(MH2). When considering the relationship between population and labour, we notice that the 

estimated population is remarkably similar to MH1. However, labour clearly distinguishes them 

as a different group. Similarly, when considering the density of inhabitation, we see that while 

MH1 as a whole generally follows the variability present across all hillforts, MH2 exhibits very 

low population density. 

To summarize, the largest subgroup of macro hillforts (MH1) exhibits similarities to the 

remaining clusters, demonstrating positive correlations among the analysed variables. However, 

they stand out from other sites due to their significant dimensions and associated population. 

These sites follow a trend that can be compared to the large hilltop settlements found in other 
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parts of Italy, such as Latium and Etruria, as well as in continental Europe. These hillforts enclose 

vast flat areas suitable for habitation and agricultural activities. Notably, Montagna di Gildone 

(K54) and Monte Pallano (K90) serve as prime examples of hillforts that align with the concept of 

permanently inhabited oppida discussed in section 4.2.1. 

In contrast, the remaining four sites (MH2) demonstrate a distinct pattern within the macro 

sites. Firstly, there exists a noticeable disparity between the labour required for their 

construction and the estimated population. The estimated population is similar to that of many 

macro and complex hillforts. If we assume that the entire estimated population of the other 

sites was involved in the construction, MH2 would have needed to draw a substantial amount of 

manpower from the surrounding area. Secondly, despite comparable population numbers, the 

density of these sites is remarkably low. This is interesting because it suggests that there were 

large areas suitable for temporary occupation by the people living in the surrounding areas who 

participated in the construction of these sites. The data show how MH2 are the least likely 

among the macro hillforts to have accommodated permanent habitation following densely 

populated urban models.  

A thorough discussion of what these sites represent for the understanding of Samnite society is 

presented in section 10.3, where they are also interpreted based on their role in structuring the 

Samnite landscape as discussed in the next chapter.  

 

Figure 7.9 Scatter plots of the site distribution according to the estimated labour, population and average population 
density portions of the dataset highlighting the trend below 40 ha of area and the subdivision of the macro sites. 

7.5 CONCLUSION 
Research on the Samnites and other hillforts has failed to account for the complexity of these 

sites in a single analysis. The study of hillforts according to one criterion at a time fails to 



166 

appreciate the complexity of the sites and precludes the analysis of how different criteria 

interact with one another. The approach developed in this chapter addresses this issue by 

providing a flexible way to account for a wide range of different site characteristics. The five 

variables implemented can be integrated with other observable features such as the presence 

and typology of gates, towers, terraces, etc. Furthermore, they can be extended to address a 

series of features that have traditionally been used for urban centres, such as public spaces like 

markets, forums, basilicas, theatres, and religious spaces such as sanctuaries. These can easily 

be implemented in the analysis through additional qualitative and quantitative variables. As 

such, the use of mixed-data multivariate cluster analyses is a promising tool to extend the 

present analysis to other typologies of sites comparatively. A very simple example consists of the 

possibility of using the same variables to analyse the Roman municipia present in Samnium. This 

would allow, for example, highlighting differences in the use of labour and its relationship with 

the fortified area between these sites and the Samnite hillforts. 

Implementing calculations of population and habitation density is a challenging task in 

archaeology, and always likely to provoke heated debate. The Samnite case is no exception, and 

the approach presented here is just one of the possible models implemented that can address 

this issue. Maximizing population and minimizing labour has the advantage of allowing robust 

observations in cases where the population is too low to effectively provide the manpower for 

the construction of fortifications. Simultaneously, it has the disadvantage of potentially 

overestimating the possible population of the site if this figure is taken in isolation from the 

method of calculation and the aims of the analysis. Therefore, it is important to exercise caution 

when interpreting the results. Nevertheless, the analysis highlights consistent patterns among 

the clusters identified through mixed-data multivariate cluster analysis and the more speculative 

population modelling. The results provide an initial insight into certain trends that can be 

observed in the data, particularly concerning the distinct nature of the macro hillforts. These 

sites have been grouped together in the analysis because they will be treated as a single 

category in the subsequent spatial analysis. This is due to the statistical constraint that requires a 

larger population of sites than what is provided by the two groups in isolation. However, in the 

final discussion, I will emphasise how the internal differences among these sites are extremely 

important in understanding Samnite society. 

For the aim of this chapter, the analysis revealed to be very effective in finding new patterns, 

aiding in the identification and description of site groups and outliers. The small observation 

posts, for instance, present very different characteristics than the other hillforts that need to be 

taken into account in spatial analysis. Treating them as fully-fledged hillforts would greatly 

overestimate their impact on the hillfort system in Samnium. The subsequent analysis considers 
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this variability and explores how the different identified groups interact with the landscape and 

each other, providing the first comprehensive examination of the structure of the Samnite 

landscape. 
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8 THE SPATIAL STRUCTURE OF A 
HILLFORTS LANDSCAPE 

8.1 INTRODUCTION 
Analyses of the spatial distribution of archaeological sites can offer evidence about past human 

behaviour and social organisation. This chapter therefore duly investigates the spatial structure 

of the hillfort landscape of Samnium with an eye to the interpretative and explanatory 

frameworks first presented in section 3.5. After analysing a series of site-level features in 

chapter 7, this chapter now studies how these sites relate to wider landscape features and to 

one another via the use of point process models (PPM). The aim is to highlight the extent to 

which site locations exhibit specific environmental characteristics and whether we can see 

specific organisational systems and hierarchies among the different hillfort categories. 

Point process models are statistical models that that seek to characterise the generative 

processes behind observed distributions of points, most often in two-dimensional space.  

(Baddeley, Rubak and Turner, 2016; Bevan, 2020). PPM combine two analyses traditionally done 

independently in archaeology: the study of settlement location preferences with regard to 

properties of the wider landscape, on the one hand, and clustering or dispersion of sites on the 

other (Kvamme, 2020). These two agendas fall in more general terms into what are known as a 

�‰�}�]�v�š���‰���š�š���Œ�v�[�•���(�]�Œ�•�š-order and second-order characteristics. In what follows, "cluster" refers to a 

geographic clustering of sites and not to multivariate non-geographic clustering as in the 

previous chapter.  

The first part of the analysis investigates first-order factors behind site location by examining 

their relation to a series of landscape-scale covariates. These covariates are usually 

environmental factors that are believed to have potentially influenced the strategies behind the 
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decision to settle in specific areas of the landscape (e.g. elevation or slope, see Spencer and 

Bevan, 2018; Carrero-Pazos, Bevan and Lake, 2019). The second part focuses on exploring 

second-order interaction through a series of analyses of the clustering or dispersion of sites 

across various spatial scales. These methods offer a significant advantage because by jointly 

modelling first-order preferences for settlement locations and second-order interactions, the 

influence of the former can be de-trended before assessing the latter. For example, while hillfort 

sites are typically found on hilltops rather than plains, the distribution of hilltops can vary 

significantly across the landscape. Only by accounting for this first-order variation first (whether 

there is spatial structure in hilltops) can we conduct meaningful analyses to determine whether 

the sites exhibit further second-order spatial regularity (they are evenly spaced above and 

beyond the simple location of hilltops) or clustering (they are found close together above and 

beyond the simple location of hilltops).  

This chapter begins by introducing the adopted methodology in greater detail and then 

proceeds to present and discuss the results obtained from the different point process models 

developed. All calculations for generating the covariates were performed in Grass GIS using 

Python and the point process models were implemented in Quarto using R. The Python and R 

scripts for the entire workflow are available in appendix 6 and appendix 7 respectively. 

8.2 METHODOLOGY 

8.2.1 SAMPLING STRATEGIES 

One crucial aspect of investigating spatial patterns is definition of a clearly-bounded study 

region, also sometimes known as a window of analysis. The choice of study region can have a 

substantial impact on the results, particularly any second-order interaction model. For instance, 

if we have sites evenly distributed across an island, but our analysis includes a large portion of 

the surrounding sea, the sites may appear clustered. It is only by focusing on the actual land 

area where the sites are located (and indeed only that area which is likely to preserve sites and 

where archaeologists have been bothered to look) that we can accurately identify their regular 

distribution. 

In this study, I use three distinct windows of analysis: (a) a polygon encompassing the entire 

research area, (b) another focusing on just a core area of hillfort sites, and (c) eastern Samnium 

(Figure 8.1). In general, this use of several different study regions allows me to uncover patterns 

that would otherwise remain concealed if instead there was just one general region, and more 

specifically this also enables me to use an additional covariate surface relating to modern 

transhumance in a way that is only available here. Similar to the multivariate cluster analysis, 
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only sites classified as "certain" or "likely" according to the AHS were included in this study. The 

risk of incorrectly modelling the absence of data for those sites that could potentially be 

Samnite hillforts was deemed less significant than the risk associated with introducing false sites 

into the analysis. 

The first study region encompasses the entire research area, as defined in section 5.2, which 

represents the approximate territory of ancient Samnium,  including the Adriatic and Tyrrhenian 

coasts. However, from the perspective of point process modelling, this study region poses some 

challenges due to the quite distinct settlement strategies observed in northern and southern 

Samnium respectively. As discussed in section 5.4.2, the region of Hirpinia exhibits peculiar site 

patterns compared to the rest of the research area. Site presence is concentrated along the 

border of ancient Samnium, with few sites in the hinterland of the region. This significant 

variation introduces issues of (what is known formally as) non-stationarity into the analysis. 

Non-stationarity occurs when the statistical properties of a point process change over time or 

space. In the context of southern Samnium, this can involve modelling sites that were not 

present at the same time or were founded with an altogether different set of motivations. While 

this issue can be partially addressed through modelling approaches, the simpler and more 

effective solution is to subset the area and consider a more restricted window of analysis where 

this issue is less of a problem. The second window of analysis, referred to as the Core Area, 

address this focussing on a specific portion of northern Samnium that contains the vast majority 

of hillforts within the entire research area. The third and final window of analysis, referred to 

hereafter as Eastern Samnium, divides the study area along the Apennine mountain range, 

isolating the eastern part that faces the Adriatic Sea. This particular area allows for modelling 

the covariate of transhumance. Using this covariate for the entire research area would introduce 

bias into the analysis due to the lack of data available to model transhumance roads in western 

Samnium. By implementing this covariate solely for the eastern study region, we can address 

this issue and investigate the relationship between transhumance roads and hillforts more 

accurately. 

A further fundamental principle adopted for all windows of analysis is that they should be  areas 

for which good lidar or survey data are available. As explained in section 5.2, the local availability 

of lidar data posed limitations on conducting a remote sensing study encompassing the entirety 

of Samnium. Including the entire area would have introduced significant bias by modelling site 

absence in areas where it was not possible to test for it. Therefore, the decision was made to 

only consider the actual analysed area, accounting for the constraints of the lidar study and 

allowing for the statistical modelling of the information gap in those regions. 
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Moreover, the area was expanded to include a portion of the landscape between the provinces 

of Isernia and L'Aquila. Although these areas lack lidar coverage, extensive archaeological 

research has been conducted there, including the work of the Landscape of Early Roman 

Colonisation project (Stek, 2018). The past and ongoing scholarly interest in this region allows 

me to assume that nearly all hillforts have been discovered, enabling their inclusion in the 

windows of analysis without a significant risk of introducing biases in the analysis. 

Finally, for each subarea, the analysis considers only the portion derived from a Ripley-Rasson 

estimate of the actual window of analysis (Ripley and Rasson, 1977). This estimate represents 

the spatial domain from which a point pattern originates. Its function in this analysis is to 

exclude from the analysed area those landscape portions at the margin of the point distribution 

that would have biased the analysis by indicating clustering if included. Figure 8.2 provides a 

summary of the general approach employed for identifying the windows of analysis. 

 

Figure 8.1 The different windows of analysis investigated in this chapter. 

 

Figure 8.2 Overview of the general approach adopted to obtain a final window of analysis from the original window 
using the example of the core area and considering all sites independently of categories. 
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8.2.2 COVARIATES  

This study takes into consideration ten covariates: elevation, slope, solar irradiance, topographic 

wetness, topographic prominence, visual prominence, natural corridors, soil properties (divided 

into soils PC1 and PC2 which, as discussed in section 8.2.2.2, are the first two principle 

components of a series of soil properties), and transhumance roads. Each of these variables is a 

proxy that directly aids in investigating one or more drivers of site location that are known from 

the existing literature or plausible from existing theory. As such, the influence of each covariate 

in the final model has a direct implication on the interpretation of the sites and the validation of 

the theoretical model proposed for Samnite society. The main issues investigated are the 

relationship of the sites to 1) subsistence practices, 2) military necessities, and 3) political 

organisation. Figure 8.3 shows how each covariate contributes to one or more of the issues 

investigated by this study. 

 

Figure 8.3 Plot of the relationship between each covariate and the issues investigates 

Subsistence strategies are modelled by analysing how various covariates influence agricultural 

and animal husbandry activities. The suitability of different parts of the landscape for agriculture 

and animal husbandry practices is examined through the interplay of factors such as elevation, 

slope, solar irradiance, topographic wetness, soils PC1, soils PC2, and the presence of 

transhumance roads. 

Military necessities are modelled through defence and territorial control. Defence necessities 

are modelled through the analysis of the topographic prominence of the sites and their 

relationship with the density of least-cost paths across the study areas, which here models the 

natural corridors. Topographic prominence indicates whether the sites are located in easily 

defendable positions in the landscape, while the relationship of sites and least-cost paths 
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density is used to model the local ability to move across the landscape. Visual prominence 

measures the visibility of each location from its surroundings, indicating its potential for hillfort 

construction in relation to its visibility within the surrounding landscape. In other words, it 

calculates the view towards the sites, instead of from the sites. Consequently, visual prominence 

can contribute to investigating whether site locations are conducive to the establishment of a 

symbolic landscape (see section 4.4). Considering that this covariate assesses whether a site is 

situated in areas highly visible across the landscape, it could suggest settlement strategies 

centred around showcasing power through the construction of polygonal walls. This is 

particularly significant when visual prominence results prove to be more important than 

topographical prominence, as it may conceivably indicates  that location preferences are more 

focused on site visibility rather than just defensive necessities. 

Some of the above variables in the study focus on the site's immediate relationship with specific 

locations (what terrain a hillfort literally sites on), while others analyse a broader area 

surrounding the site (i.e. a wider neighbourhood). For instance, solar irradiance measured at the 

site's location may have little relevance in modelling agricultural suitability since most 

agricultural activities would have taken place in the catchment area outside the site, not 

immediately on the site. Estimating the size of this wider site catchment area or neighbourhood 

is challenging, especially in a highly heterogeneous mountain environment. In this study, site 

catchment areas of 2500 meters radius were considered, roughly equivalent to an hour walk in 

the region where sites are typically located. The variables examined at a regional scale include 

slope neighbourhood, solar irradiance, topographic wetness, and soils PC1 and PC2.  

Figure 8.4 display the covariates employed in the analysis, while Table 8.1 provides a summary 

of how they were created and processed. All the covariates span the entire research area and 

are independent of the response variable in the sense of not having been created based on the 

presence or absence of sites. Therefore, they can be used with different subsets of hillfort sites 

and with diverse categories of sites. Except for transhumance, which relies on local data 

availability, all other variables are based on European-scale data and can thus be applied directly 

to the entire continent. This adheres to the principle of transferability adopted in this study, 

making it easier to replicate this methodology in other European regions for future comparative 

studies on hillfort societies.  
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Figure 8.4 Covariates implemented in the analysis 
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Table 8.1 Calculations of the covariates used in the analysis with indicated the main GRASS tools used (see appendix 6 
for coefficients). Please note that they have all been normalised on a scale of 0 to 1 during the analysis. 

 Source Processing 

Elevation 25 m resolution 

EU-DEM 

Resampling to 50 m. 

Slope neighbourhood EU-DEM derivate Low-pass focal filter at 2.5km radius on r.slope.aspect 

outcome. 

Irradiance EU-DEM derivate Low-pass focal filter at 2.5km radius on a cumulative 

twelve-month calculation using r.sun. 

Topographic Wetness 

Index (TWI) 

EU-DEM derivate Low-pass focal filter at 2.5km radius on r.topidx outcome. 

Topographic 

Prominence Index (TPI) 

EU-DEM derivate Outcome of r.tpi rescaled in the range of positive values. 

Visual Prominence 

Index (VPI) 

EU-DEM derivate Cumulative viewshed on a 1km grid with 10km visibility 

range using r.viewshed.cva. 

Least-cost path density 

(LCPD) 

EU-DEM derivate Kernel density surface  on pairwise least-cost paths on a 

5km grid using r.walk. 

Soils PC1 LUCAS derivate First Principal Component of the LUCAS data once 

resampled to 50m and processed with a low-pass focal 

filter at 2.5km radius 

Soils PC2 LUCAS derivate Second Principal Component of the LUCAS data once 

resampled to 50m and processed with a low-pass focal 

filter at 2.5km radius 

Transhumance  Carta dei tratturi 

and lidar analysis 

Euclidean distance from reconstructed transhumance 

roads 

 

8.2.2.1 COVARIATES DERIVED FROM ELEVATION 

The digital elevation model (DEM) used in this analysis is based on the EU-DEM dataset 

developed by the European Environment Agency (Report of the European Environment Agency, 

2018). The base resolution of the dataset was 25x25m pixels, but it was resampled to 50m to 

reduce computational load  in processing the large area of Samnium. Slope neighbourhood and 

topographic wetness index (TWI) were first calculated from this EU-DEM but then summarised 

for a wider region via a low-pass focal filter based on a circular neighbourhood with radius 

2500m. Solar irradiance was calculated once a month across the year, and then the same low-

pass focal filter was applied to the average monthly calculations. The Topographic Prominence 

Index (TPI) was calculated and then reclassified within the range of positive values to facilitate 

interpretation.. 

Visual prominence index (VPI) was calculated through viewshed analysis of systematically-

sampled locations on a 1km grid covering the entire study area. For each point on the grid, a 
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viewshed analysis was calculated, considering a maximum visibility radius of 10km. This created 

a total of 23,126 viewsheds, which were then merged into a single cumulative map representing 

a model of the visual prominence of each location in the landscape. 

The least-cost path density covariate seeks to capture natural corridors of movement and was 

calculated by creating a 5km grid and calculating  a series of least-cost paths from each point on 

the grid to all other points. This created 924 starting points and a total of 852,852 pairwise least-

cost paths. The result was then summarised via kernel density surface that was resampled at the 

same spacing as the grid, 5km. A higher resolution could have been achieved by reducing the 

grid spacing to lower values, but this was not possible due to the computational power 

available. Instead, the final resampling was used to model large corridors capable of 

encompassing locations outside the original grid points.  

Larger values for these covariates in all cases indicate increases in slope neighbourhood 

(measured in degrees), in wetness, in topographic prominence, in solar irradiation, in visual 

prominence, and in path density, respectively. 

8.2.2.2 SOIL PROPERTIES 

The degree to which the Samnite economy was based on agriculture versus animal husbandry 

(probably focused on cattle) is a topic of debate (Dench, 1995, pp. 111�t153). However, 

agricultural and animal economies should not be considered as opposites in past Mediterranean 

societies, but rather as different subsistence practices that likely fulfilled different roles across 

landscapes and site types (Horden and Purcell, 2000, pp. 197�t200). One approach to explore 

this is by examining the extent to which hillfort sites are situated in regions with fertile soil 

suitable for agriculture and, more importantly, which type of cultivation can be effectively 

practiced. Modelling soil productivity thus serves as a useful proxy for determining whether 

hillfort sites are situated in regions that support or at least permit significant agricultural 

activities for subsistence, or whether soil limitations are present. 

Modelling potential soil productivity in the past is a difficult issue. A common approach in 

archaeology is to create a single soil classification composed of a descendant system of quality 

classes identified according to a series of factors that negatively influence potential use (Akinci, 

Özalp and Turgut, 2013; Ahmed et al., 2016). Common factors implemented in these techniques 

are elevation, slope neighbourhood, solar irradiance, distance from water, geology, and modern 

soil capacity and land use. 

Several archaeological studies have adopted this type of land evaluation approach �~���[���v�P���o�}��et 

al., 2000; van Joolen, 2003; Carrer, 2012), but there are three main issues with using it. First, the 

methods involved are usually sophisticated user-based weighted interpolations of a series of 
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factors. The necessity of manually identifying weight for each factor introduces in the analysis a 

series of user-defined choices that are extremely difficult to substantiate with objective 

observations. As such, even starting with the same factors, two users can easily generate 

extremely different soil capacity models. Second, the use of factors such as elevation and slope 

neighbourhood, among others, often creates redundancy of variables when this analysis is 

integrated with others for the study of spatial structures, such as in point process models. The 

presence of the same variables both for the generation of soil capacity and then for the study of 

settlement location preferences overrepresents these in the final analysis, introducing potential 

biases. Finally, this approach is often tailored to specific areas and the availability of specific 

datasets. This implies that analyses developed for a research area are difficult to transfer in 

other regions, and this limits the potential for interregional comparative studies. 

To overcome these limitations, I take a different approach for modelling soil productivity in the 

past. This is based on the Land Use and Coverage Area frame Survey (LUCAS) dataset, which was 

developed by the European Soil Data Centre (Orgiazzi et al., 2018). The dataset provide physical, 

chemical, and biological properties of soils that were collected through a systematic grid of 

samples across the entire European Union. Availability across this large area makes it extremely 

useful for comparative studies. The dataset include 6 continuous numeric soils coverages that 

were used in this analysis, four were directly sampled on the ground by the LUCAS project (sand, 

silt, clay, and coarse fragments), and two were derived from these soil properties combined with 

other datasets (available water capacity and bulk density). Of these, sand, silt, and clay relate to 

soil texture, coarse fragments and bulk density to soil structure, and available water capacity to 

soil water holding capacity. Different combinations of these variables indicate different soil types 

that can then be related to different levels of suitability for different types of cultivations. 

Despite having a lower resolution (500m) than what is typically used in traditional land 

evaluation approaches in archaeology, the dataset is optimal for accounting for the broader soil 

variability across large interregional areas, such as the ones investigated in this study. 

Including all of the soil variables individually as covariates in the point process model would have 

considerably complicated the analysis and thus made the interpretation of the results more 

challenging. Instead, a principal component analysis (PCA) was used to reduce the 

dimensionality of the LUCAS data into two covariates, keeping only the first and second 

components. This had the effect of reducing noise in the data and providing two simple 

covariate easy to interpret . 

To prepare the data for analysis, the native 500m resolution of the was first resampled to the 

50m resolution adopted for the study using nearest-neighbour interpolation. It was then applied 



178 

a low-pass filter with a radius of 2500m to the data, as was done for the covariates discussed 

above.  

 

Figure 8.5 The six LUCAS soil properties used in the analysis. 

Table 8.2 displays the eigenvalues and variances of each component identified by the PCA on 

the LUCAS dataset. The first and second components account for 49% and 32% of the variance, 

respectively, with a total of 81% of the variance explained by these two components. If we 

include the third component, the total variance explained increases to 93%.  

Table 8.2 Results of the PCA analysis. 

 eigenvalue percentage of variance cumulative percentage of variance 

PC 1 1.71 49 49 

PC 2 1.39 32 81 

PC 3 0.83 12 93 

PC 4 0.59 5 98 

PC 5 0.33 2 100 

PC 6 0.00 0 100 

 

Table 8.3 reports the loadings for each component, which indicate the degree to which each 

variable contributes to each component, while Figure 8.6 display the principal components. By 

examining the loadings in Table 8.3, it becomes clear that soils with high scores on PC1 tend to 

have higher levels of silt and clay, lower sand content, and higher water-holding capacity. These 

soil characteristics are generally well-suited for grain crops that require good soil moisture levels 
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and nutrient availability, such as emmer wheat, spelt, barley, and oats - all of which were 

commonly cultivated in central Italy during the Archaic period when they constituted staple 

crops (Motta and Beydler, 2020). In contrast, low scores on PC1 indicate soils with high sand 

content and low bulk density, which are better suited for crops that require good drainage, such 

as certain types of fruit trees, grape vines or legumes. Considering subsistence strategies, 

legumes seem to be the most likely choice for cultivation among these three options, and in 

fact, they remain a predominant crop in the hinterland of Samnium. Legumes are well-suited to 

seasonal changes and animal husbandry, including pastoralism. The short growth cycle aligns 

well with seasonal movements, and plants like alfalfa, for instance, offer an excellent source of 

forage. They are still widely cultivated in the area. Consequently, we can interpret areas with low 

PC1 scores as being conducive to animal husbandry. 

Table 8.3 PCA loadings 

 PC 1 PC 2 PC 3 PC 4 PC 5 

 

PC 6 

Clay 0.522 0.268 0.246 0.103 0.414 0.643 

Sand -0.412 -0.501 0.115  -0.289 0.693 

Silt -0.154 0.536 -0.730  -0.203 0.326 

Coarse fragments 0.220 -0.524 -0.571 0.527 0.271  

Available water capacity 0.558   0.235 -0.793  

Bulk density -0.418 0.340 0.249 0.804   

 

Soils with high scores on PC2, on the other hand, are characterised by higher sand content, 

lower silt and clay content, and higher levels of coarse fragments. These soil characteristics are 

not favourable for the cereal crops commonly found in the area. Only crops more tolerant of 

drier soil conditions and lower fertility levels could be cultivated. Millet is one of these, although 

it was more commonly grown in the Po Plain and southern Italy instead of central Italy, where it 

did not represent any major economic importance (Motta and Beydler, 2020, p. 405) 

In summary, higher scores in PC1 indicate soils favourable for the cultivation of a range of grains, 

while lower scores indicate soils better suited for some types of legumes, fruit trees or grape 

vines. Higher scores in PC2 generally indicate soils not suitable for the cultivations present in the 

area, while lower scores indicate soils limitedly suitable for cultivation. Activities of animal 

husbandry typically involve grazing livestock on natural vegetation, which can be affected by a 

variety of soil characteristics. In general, soils with high fertility levels and good moisture-holding 

capacity are favourable for animal husbandry, as they can support more abundant and diverse 

plant growth, which in turn can provide better forage for livestock. Therefore, soils with high 

scores on PC1 may be also suitable for animal husbandry, as they tend to have higher water-

holding capacity and higher fertility levels. However, this study assumes an agricultural use for 
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those soils suitable for this activity, with a view on animal husbandry as a last resort 

implemented in cases where agriculture was unfavourable. This may underestimate the 

potential importance of animal husbandry in the area, but doing so reinforces the eventual 

results that highlight settlement locations in areas unsuitable for agriculture and thus more likely 

to be exploited for a animal economy. 

 

Figure 8.6  Display of the principal components of the PCA carried on the LUCAS dataset. 

8.2.2.3 TRANSHUMANCE 

We have limited knowledge regarding the existence of long-distance transhumance roads during 

the Samnite period, as the earliest datable evidence primarily pertains to the Roman period. 

Modelling transhumance poses significant challenges, as it can introduce modern biases into the 

analysis because of the lack of reliable data about ancient transhumance roads. Consequently, 

this covariate was not utilised alongside the others for interpreting the sites but rather as 

additional hypothetical evidence for a separate analysis discussed in section 8.3.1.2. 

We do have insufficient information to reconstruct potential transhumance routes for the 

Roman or earlier periods. However, evidence of modern transhumance roads passing through 

Roman cities, where this activity is documented in inscriptions, allows us to assume a degree of 

continuity in their usage. Based on this premise, the study reconstructs ancient paths using the 

Carta dei tratturi (Commissariato per la reintegra dei tratturi di Foggia, 1959) and data from the 

WebGIS of various local authorities. Lidar data was then employed to refine the mapping of 
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these routes and even identify previously unknown stretches. It is important to note that lidar 

data is only available for eastern Samnium, in the regions of Apulia, Molise, and Abruzzo, while 

our understanding of this practice in the Campania region is limited. Consequently, due to this 

data asymmetry, the potential influence of transhumance on site pattern was exclusively 

investigated within the eastern subset area. The covariate was constructed by modelling the 

Euclidean distance from the transhumance road across the entire study area. Therefore, higher 

values of the covariate indicate areas that are farther away from these paths. 

8.2.3 STRUCTURE OF THE ANALYSIS 

This study developed a set of different point process models that each addresses a different 

subset of sites and window of analysis. Before discussing them, it is useful to outline the general 

structure used for each of these analyses and the key points necessary for interpreting the 

results.  

8.2.3.1 EXPLORATORY ANALYSES 

The first part of what follows comprises a series of exploratory analyses. A non-parametric 

summary of variation in the density (referred to as intensity in PPM) of sites is assessed against 

variation in each covariate, highlighting the univariate relationship between them. Next, the 

point pattern is tested for complete spatial randomness (CSR), which determines whether the 

point pattern shows any signs of clustering or regular distribution, without considering the 

influence of the covariates. CSR is tested through the pair correlation function (PCF, Bevan et al., 

2013; Baddeley, Rubak and Turner, 2016; Bevan, 2020). This function measures site clustering or 

dispersion at multiple scales of interaction and allows for the implementation of Monte Carlo 

simulations to test the likelihood of the observed pattern occurring by chance. The PCF uses non 

cumulative donut-shaped rings to provide the measure of density of points (intensity) at each 

scale independently of the density measured at previous scales of analysis. It is implemented in 

the analysis with a Monte Carlo simulation that simulates 999 random point patterns with the 

same characteristics as the one being analysed. The middle 95% of these simulated patterns are 

used to create an envelope (depicted as the grey area in all figures below). If the observed 

values are larger than this envelope, the observed pattern can be considered clustered at that 

distance. Conversely, if they fall below the envelope, they are more likely to be regularly spaced. 

8.2.3.2 FIRST-ORDER LOCATION MODEL 

The second part of the analysis consists of a multivariate regression model that captures the 

first-order characteristics of the point pattern. The aim is to explain the overall spatial trend 

observed in the data, based on properties of the environment. 
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The simplest version of this first order model involves adding the effect of each covariate to the 

others across the entire point pattern, regardless of site category. To better facilitate 

understanding of the results, the variables are all first normalised to a scale from 0 to 1. If two 

covariates are linearly related and tend to vary together, the formula may overrepresent specific 

environmental features. To address this issue, a Pearson correlation coefficient is used to test for 

covariance, adopting 0.7 as threshold (Dormann et al., 2013). If covariance is found, the 

covariates with the highest number of covariances were progressively excluded from the 

analysis until no major covariance remains. Only the remaining covariates are used in the trend 

formula, meaning not all covariates are used in all point process models. 

A further step then analyses whether the same covariate behaves differently for different site 

categories within the same point process model. This is tested through a parametric test for 

segregation. In cases where the covariate behaves differently, a new level of freedom was 

introduced for that specific covariate in the trend formula. This allows to model the effect of the 

covariate on each site category independently. 

The next step involves fitting the newly identified trend to the data and reducing its dimensional 

complexity by stepwise selection that minimises an Akaike Information Criterion (AIC) (Akaike, 

1973). This approach has both its supporters and critics (Cavanaugh and Neath, 2019) but can 

be helpful because it is a way to measure the quality of different combinations of covariates in 

fitting the data and provides a way to trade-off the goodness-of-fit of the model versus the 

complexity of the model. It thereby produces a simpler model that highlights key covariates that 

explain dominant trends in the point pattern, making it easier to interpret. 

Finally, the models are further validated through PCF plots for second-order interaction using 

Monte Carlo simulations as explained above, but now with the effect of the first-order model 

included.  This approach highlights whether the model fully explains the data and whether we 

need to consider including second-order interactions as possible additional explanations for the 

point pattern. 

8.2.3.3 SECOND-ORDER CLUSTERING 

The last part of the analysis investigates second-order point interactions that may sometimes 

better be explained in terms of social processes than environmental factors. It is worth 

emphasising that this analysis was, in the end, carried out solely when investigating interactions 

between different categories of sites, as the patterns of the single hillfort categories in isolation 

were all sufficiently well explained by the first-order models discussed below. 

The first step in this process is to test for complete spatial randomness and independence (CSRI) 

between the different categories of sites. This involves testing each site category against the 



   183 

others to determine whether they are independent or if there is a hidden interaction when 

considering the sites together. After checking for CSRI, I chose to fit parameters for a Geyer-type 

second-order interaction (Geyer and Møller, 1994). A Geyer interaction refers to a type of 

interaction between points in a point pattern, where the probability of a point occurring at a 

given location is influenced by the presence of other points in the pattern and the distances 

between those points. It requires two parameters: the distance between points and the strength 

of attraction or inhibition between them. A maximum pseudolikelihood estimate is used to 

assess 180 initial models with different parameter combinations until a best fit is obtained. Once 

the second-order model is fitted, it undergoes validation using the PCF function, similar to the 

process followed for the first-order model. This methodology ensures that the second-order 

model effectively aligns with the data. 

8.3 RESULTS 
Four main analyses were conducted in this study. The first analysis examines each site category 

independently, developing a simple point process model for each category without considering 

the other categories in the dataset. This approach was also used to investigate the potential 

effect of transhumance on the site patterns. Although this single-category approach is 

straightforward, it provides less robust results as it does not account for the presence or 

absence of other sites. 

To address this limitation, subsequent analyses focus on pairs of site categories to explore 

possible second-order interactions between them. The second analysis thus explores the 

interactions between simple and complex hillforts, the third combines these two categories into 

a single group and studies their relationship with macro hillforts, while the fourth analysis 

examines the interaction between all properly defined hillforts and observation posts. 

This section presents a summary of the results obtained from these analyses as applied to the 

core area defined above. A more complete set of analyses can be found in appendix 7, including 

results using the entire research area as an analysis window. The results from the entire 

research area are similar to those for the core area, but they revealed  non-stationary  patterns 

between the northern and southern regions of Samnium and hence it is primarily worth 

focusing on discussing the results of the core area. 

8.3.1 SINGLE-CATEGORY MODELS 

The first analysis focuses on each of the four site categories individually. It is conducted on the 

core area, which has been resampled to best fit the available data as discussed in section 8.2.1 
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8.3.1.1 SITE LOCATION PREFERENCES 

This section is divided into two parts: exploratory analysis and model fitting. The first part offers 

general observations based on the multiscale analysis of the density of the sites as a function of 

different covariates. The results help in interpreting each category and will also be useful for 

interpreting the different two-categories models. The second part focuses instead on fitting the 

different single-category models. 

8.3.1.1.1 EXPLORATORY ANALYSES 
Figure 8.7 illustrates the distribution of different site categories in relation to terrain elevation. 

SH sites show a significant decrease in density at lower elevations and a notable increase at 

higher elevations. Additionally, O-sites appear at higher elevations. CH and MH do not show a 

significant trend and are distributed uniformly across different elevation ranges. 

Figure 8.8 investigates the relationship between site occurrence and the covariate that 

expresses the slope neighbourhood. Complex hillforts display a higher frequency than expected 

around a 14-degrees of slope. Regarding topographic wetness, Figure 8.9 shows that sites tend 

to be located in quite heterogeneous areas, with Simple-type hillforts more likely to occur in 

zones of higher topographical wetness. The location of these sites in areas at high elevations but 

with moisture-trapping topographies in their vicinity is interesting because these two variables 

are not intuitively ones we would expect to be positively correlated. By contrast, the location of 

observation post sites in zones with lower wetness scores further emphasises that the locations 

of these sites are likely not influenced by subsistence strategies. This observation is reinforced 

when considering solar irradiance, which might otherwise be linked theoretically to agricultural 

prioritisation of access to sunshine for crops (Figure 8.10), as O-sites tend to occur less 

frequently in regions with high irradiance and more frequently in areas with limited irradiance. 

Similar but less pronounced patterns are observed for the other site categories. 

 

Figure 8.7 Different site category intensities as a function of terrain elevation. 
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Figure 8.8 Different site category intensities as a function of terrain slope neighbourhood. 

 

Figure 8.9 Different site category intensities as a function of terrain topographic wetness (TWI). 

 

Figure 8.10 Different site category intensities as a function of solar irradiance. 

Figure 8.11 displays the density of site occurrence as a function of soil PC1. It reveals a tendency 

for sites to be situated in areas with neutral or low PC1 scores, indicating a weak correlation 

between site locations and favourable agricultural soils for the cultivation of grains. Low scores 

of PC1 indicate areas more suitable for the cultivation of legumes, fruit trees, or grape vines. No 
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clear patterns are revealed by the analysis on soils PC2 (Figure 8.12), other than a general trend 

of the sites avoiding locations with extremely low scores of agricultural suitability. 

 

Figure 8.11 Different site category intensities as a function of soils PC1. 

 

Figure 8.12 Different site category intensities as a function of soils PC2. 

Both topographic prominence (Figure 8.13) and visual prominence (Figure 8.14) exhibit a strong 

trend, indicating that sites are predominantly found in areas with high prominence and visibility. 

However, the occurrence of MH sites in areas of high topographic prominence is less 

pronounced compared to SH and CH sites. This discrepancy could be attributed to the larger size 

of MH sites, which may limit their construction on mountain peaks. 

Lastly, Figure 8.15 illustrates site intensities in relation to least-cost path density, which models 

valley-bottom movement across the study area. SH and CH sites clearly tend to be located closer 

to the movement corridors, indicating that these sites are likely related to the defence and 

control of surrounding areas. MH sites do not show a clear pattern. O-sites are extremely likely 

to occur close to movement corridors, but this could have been expected considering their 

location on the ridges and passes that separate Samnium from Campania. 
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Figure 8.13 Different site category intensities as a function of terrain topographic prominence (TPI). 

 

 

Figure 8.14 Different site category intensities as a function of terrain visual prominence (VPI). 

 

 

Figure 8.15 Different site category intensities as a function of least-cost paths density (LCPD). 

8.3.1.1.2 LOCATION MODELS 
Table 8.4 presents the results of the analysis conducted on the core area. It displays the 

coefficients of the different first-order models fitted when considering each site category 
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individually. The findings indicate the most influential factors for the location of each site 

category. 

Table 8.4 Results of the regressions carried on each site categories considered independently from the others on the 
core area. 

Core area -  trend used to fit all models:  

~ TWI + Irradiance + Soils PC1 + Soils PC2 + TPI + VPI + LCPD 

 

Simple hillforts (SH) 

 Estimate Std. Error Z value Z test 

(Intercept) -13.687 1.111 -12.316 ***  

TWI 2.080 0.868 2.395 *  

Irradiance 2.166 0.978 2.215 *  

TPI 13.568 0.932 14.552 ***  

 

Complex hillforts  (CH) 

 Estimate Std. Error Z value Z test 

(Intercept) -15.922 1.539 -10.347 ***  

Irradiance 4.234 1.405 3.014 **  

TPI 12.935 1.299 9.955 ***  

VPI 5.366 1.281 4.188 ***  

 

Macro hillforts (MH) 

 Estimate Std. Error Z value Z test 

(Intercept) -15.177 3.591 -4.226 ***  

Irradiance 4.865 2.779 1.751 n 

Soils PC2 -5.290 2.881 -1.836 n 

TPI 10.417 4.104 2.538 *  

VPI 9.734 3.008 3.236 **  

 

Observation posts  (O) 

 Estimate Std. Error Z value Z test 

(Intercept) -12.729 1.108 -11.487 ***  

TPI 13.753 1.727 7.962 ***  

VPI 2.830 1.662 1.702 n 

 

Significance codes: *** = p<0.001; ** = p<0.01; * = p<0.05; n= not significant. 

For SH sites, topographical prominence emerges as the most influential covariate, with 

additional contributions from irradiance and topographic wetness. In other words, this implies 

that SH sites are primarily characterised by their occurrence in prominent areas, exhibiting a 

moderate but significant positive correlation with both wetness and solar irradiance. Regarding 

CH sites, topographic prominence remains highly influential, but it is equally matched by visual 

prominence. Additionally, solar irradiance plays a minor role in the model. Visual prominence 

stands out as the most significant covariate for the identification of MH sites, followed once 

again by topographic prominence. Lastly, the location of O-sites can be explained primarily by 
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topographic prominence, with visual prominence playing a relatively smaller role. This indicates 

that these sites are located in areas difficult to access from a topographical point of view, such 

as peaks, but simultaneously not easily visible from the surrounding landscape. It is interesting 

because it does not support the role of the sites in the construction of a symbolic landscape, as 

with other hillforts (see section 8.4). Instead, their location seems mainly related to functional 

necessities of defence. 

Once the first-order model has been fitted, its validity can be assessed using a pair correlation 

function. Figure 8.16 presents the results obtained from the non-fitted model, which represents 

a completely random Poisson process. In contrast, Figure 8.17 displays the results obtained once 

the trend from the first-order model is also included. The findings indicate that the data largely 

conform to complete spatial randomness even without considering the covariates in the 

analysis. Furthermore, when the covariates are taken into account, the data fit comfortably 

within the envelope, demonstrating no evidence of clustering or regular distribution. This 

suggests that the identified covariates for the different site categories are sufficient to predict 

each individual site pattern, without the need to explore second-order interactions . 

 

Figure 8.16 Pair correlation function from wholly random Poisson process for each site category (95% envelope). 

 

Figure 8.17 Pair correlation function of the first-order model. 
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8.3.1.2 TESTING THE POTENTIAL INFLUENCE OF TRANSHUMANCE 

The analyses conducted in the eastern area primarily focus on testing the significance of the 

covariate transhumance as a predictor for site location. Due to the absence of observation posts 

in this area, only SH, CH, and MH sites could be analysed. Examining the intensities of the 

different site categories in relation to transhumance reveals that SH and CH tend to be located 

closer to the transhumance roads, but not significantly more than what would be expected by 

chance alone (Figure 8.18). The very low number of MH sites investigated in this area (n=5) does 

not allow for robust observations, but informally we can see a general trend of these sites being 

located far from the routes. 

Table 8.5 suggests that transhumance is not significant in modelling the location of SH and CH, 

as the AIC approach excludes it. However, it is retained in the MH model, indicating a positive 

correlation. This confirms that MH tends to be located at greater distances from the 

transhumance roads. 

The results can be interpreted as suggesting that the vast majority of sites do not appear to be 

significantly associated with the presence of transhumance roads, despite the tendency for 

simple and complex hillforts to be located closer to them. Interestingly, the small number of 

macro hillforts in eastern Samnium demonstrate a negative relationship with these routes. Upon 

observing each site's location, it becomes apparent that these sites tend to be situated in the 

middle of areas between two transhumance roads. This pattern could suggest that these sites 

might have functioned as nodes between the roads rather than controlling them at their 

intersections. However, this interpretation is not without its challenges. It is important to 

consider that there is limited robust evidence indicating that these routes were in use during the 

Samnite period. Thus, the lack of a relationship between hillforts and transhumance routes 

could potentially serve as evidence to reject the notion that transhumance roads were already 

in use during this period. 

 

Figure 8.18 Different site categories intensities as a function of transhumance. 
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Table 8.5 Results of the regressions carried on each site categories considered independently from the others on the 
east area. 

East area -  trend used to fit all models:  

~ TWI + Irradiance + Soils PC1 + Soils PC2 + TPI + VPI + LCPD + Transhumance 

 

Simple hillforts (SH) 

 Estimate Std. Error Z value Z test 

(Intercept) -17.285 2.699 -6.404 ***  

Irradiance 7.349 2.752 2.670 **  

Soils PC1 -2.635 1.576 -1.672 n 

TPI 13.087 1.843 7.099 ***  

VPI 3.860 2.006 1.924 n 

 

Complex hillforts  (CH) 

 Estimate Std. Error Z value Z test 

(Intercept) -16.594 1.347 -12.323 ***  

TPI 17.379 2.244 7.744 ***  

VPI 4.060 1.925 2.108 *  

 

Macro hillforts (MH) 

 Estimate Std. Error Z value Z test 

(Intercept) -88.780 54.889 -1.617 n 

Irradiance 45.250 29.627 1.527 n 

Soils PC1 -39.233 42.945 -0.914 n 

TPI 63.412 41.188 1.540 n 

VPI 76.812 77.618 0.990 n 

Transhumance 57.966 41.877 1.384 n 

 

Significance codes: *** = p<0.001; ** = p<0.01; * = p<0.05; n= not significant. 

8.3.2 TWO-CATEGORY MODEL OF SIMPLE VERSUS COMPLEX HILLFORTS 

The single-category models highlighted how the location of the different sites can be fully 

explained by the environmental covariates. However, it is important to note that the analysis 

modelled each site category independently from the others while instead it is more likely that 

different categories of hillforts were constructed in relation to one another. Therefore, it 

becomes necessary to investigate the patterns through the interaction of each component. 

While it would be theoretically possible to accomplish this within a single model, it would 

require modelling sixteen interactions, resulting in an incredibly complex undertaking and 

because of this complexity also very difficult to interpret. Instead, a series of two-category 

analyses were conducted to examine specific interactions relevant to the archaeological 

interpretation in a more manageable manner.  
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The first two-categories interaction analysed is between simple and complex hillforts. The aim is 

twofold: 1) to determine whether they have distinct locations or if they follow similar 

preferences, and 2) to examine if there is an interaction between their locations. 

Table 8.6 presents the first-order fit of the SH-CH model. It reveals that topographic prominence, 

solar irradiance, and visual prominence all demonstrate significant positive correlations with the 

locations of both site categories, compared to the single-category models. However, as 

expected, the different site categories also exhibit their own influential factors (as indicated by 

CH). Overall, this indicates how these site locations follow common general parameters. 

Table 8.6 Result of the regression carried on the SH-CH categories 

Core area - trend used:  

~ Marks + TWI + Irradiance + Soils PC1 + Soils PC2 + TPI + VPI + LCPD 

 

Model SH-CH 

 Estimate Std. Error Z value Z test 

(Intercept) -12.347 0.798 -15.474 ***  

Marks CH -0.801 0.203 -3.939 ***  

Irradiance 2.600 0.790 3.291 ***  

TPI 11.134 0.793 14.048 ***  

VPI 2.015 0.653 3.09 **  

 

Significance codes: *** = p<0.001; ** = p<0.01; * = p<0.05; n= not significant. 

The pair correlation functions depicted in Figure 8.19 demonstrate that when considering all the 

sites together, they still adhere to complete spatial randomness once the first-order trend is 

accounted for. However, upon further examination of their relationship, new insights emerge. 

Figure 8.20 display the results of the pair correlation  function, assessing complete spatial 

randomness for the individual site categories and complete spatial randomness and 

independence between the two categories derived from the first-order model. 

These plots reveal interesting patterns. CH exhibit a regular distribution beyond the 10-

kilometer threshold, with recurring instances of both regular and random distribution below this 

threshold. SH demonstrate a more consistent random distribution up to approximately 14 

kilometres, after which they tend to exhibit regularity. The interaction between the two site 

categories indicates that they tend to be regularly distributed at distances of 5 kilometres and 

above. 

The model developed assumes that all site categories were constructed in the landscape at the 

same time. It is therefore useful to test whether there is evidence to support different phases of 

construction. This can be done by treating one of the site category as a covariate and examining 

its influence in the previous model, as if it were already present in the landscape at the time of 
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constructing the other site category. We can conduct this test using a likelihood ratio test 

through ANOVA between the single-category model and a new model that includes the new 

covariate. The covariate is here modelled as the Euclidean distance from the other site category. 

In other words, we are treating the distance of an hypothetical already existing site category as 

an environmental covariate, which is actually a cultural one. Table 8.7 indicates that the new 

covariate is not significant in either the SH or CH model. This result indicates that the location of 

one site category did not significantly influence the location of the other site category. 

 

Figure 8.19 Pair correlation function of the non-fitted and first-order models SH-CH. 

 

Figure 8.20 Pair correlation functions testing complete spatial randomness of the single category sites and complete 
spatial randomness and independence between the two categories as considered in the first-order model SH-CH. 

Table 8.7 Results of the ANOVA test between each single-category model and the model including the covariate 
based on the other sites of the interaction SH-CH 

ANOVA test on SH 

Original trend: ~ TWI + Irradiance + TPI  

Tested trend: ~ TWI + Irradiance + TP + Distance from sites CH 

P value: 0.813 

 

ANOVA test on CH 

Original trend: ~ TWI + Irradiance + TPI  

Tested trend: ~ TWI + Irradiance + TPI + Distance from sites SH 

P value: 1 

 



194 

8.3.3 TWO-CATEGORY MODEL OF SIMPLE AND COMPLEX VERSUS MACRO 
HILLFORTS 

The second two-category model investigates the relationship between simple and complex 

hillforts as a combined group versus macro hillforts. We have observed that despite some 

underlying interaction, there are several similarities in the spatial distribution of simple hillforts 

(SH) and complex hillforts (CH). Therefore, it is valuable to examine how this larger group of 

hillforts (referred to as SCH) interacts with the few macro hillforts (MH) identified in the core 

area. However, it is important to consider that we are now modelling over a hundred SCH 

against a dozen MH, and this could impact the analysis. For instance, the small number of MH 

makes it impossible to develop envelopes in several instances. 

Table 8.8 presents the results of the fitted first-order model. As observed in the SH-CH analysis, 

topographic prominence remains highly influential, followed by visual prominence, which 

exhibits increased significance compared to the previous model. On the other hand, the 

importance of irradiance decreases. This outcome directly stems from the strong influence of 

visual prominence and low influence of irradiance in modelling MH that we already observed in 

the single-category models. 

Table 8.8 Result of the regression carried on the SCH-MH categories 

Core area - trend used:  

~ Marks + TWI + Irradiance + Soils PC1 + Soils PC2 + TPI + VPI + LCPD 

 

Model SCH-MH 

 Estimate Std. Error Z value Z test 

(Intercept) -11.314 0.764 -14.806 ***  

Marks MH 2.425 0.330 -7.350 ***  

Irradiance 2.232 0.742 3.008 **  

TPI 10.141 0.743 13.653 ***  

VPI 2.382 0.555 4.295 ***  

 

Significance codes: *** = p<0.001; ** = p<0.01; * = p<0.05; n= not significant. 

When we examine the pair correlation function (Figure 8.21), we once again observe that the 

sites exhibit complete spatial randomness, regardless of whether we consider the first-order 

covariates. This finding aligns with the results from our previous analysis. However, when we 

test for complete spatial randomness and independence (Figure 8.22), we discover that simple 

and complex hillforts tend to display regular distribution at distances above 4-5 km while MH do 

not exhibit clear clustering or regular distribution. The interaction between the two groups does 

instead show indication of regular distribution between 8 and 13 km. 
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Figure 8.21 Pair correlation function of the non-fitted and first-order models SCH-MH. 

 

Figure 8.22 Pair correlation functions testing complete spatial randomness of the single category sites and complete 
spatial randomness and independence between the two categories as considered in the first-order model SCH-MH 
(CSR MH lacks the envelope due to the low number of MH) 

I now conduct an ANOVA test to explore potential generative patterns between the SCH and MH 

groups (Table 8.9). The analysis reveals that the inclusion of the covariate based on the distance 

from the other sites is now significant for both categories, suggesting that there is a correlation 

between the location of the two categories. Correlation does not necessarily imply causation. 

Therefore, the results do not conclusively indicate that one category of hillforts was created 

before the other. However, they suggest a possibility that they were established in relation to 

each other within the landscape, albeit without indicating which of the two appeared first. 

Table 8.9 Results of the ANOVA test between each single-category model and the model including the covariate 
based on the other sites of the interaction SH-CH 

ANOVA test on SCH 

Original trend: ~ Irradiance + TPI  +VPI 

Tested trend: ~ Irradiance + TPI  +VPI + Distance from sites MH 

P value: 0.033 

 

ANOVA test on MH 

Original trend: ~ TWI + Irradiance + TPI  

Tested trend: ~ Soils PC2 + TPI + VPI + Distance from sites SCH 

P value: 0.024 
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8.3.4 TWO-CATEGORY MODEL OF HILLFORTS VERSUS OBSERVATION 
POSTS 

The third two-category model investigates the relationship between the group of proper hillforts 

and the observation posts, which have been considered as satellite sites to the hillforts. If this 

hypothesis holds true, we would expect the distribution of observation posts to cluster around 

these sites. However, if the observation posts are not exclusively related to local systems but 

instead to a regional system of sites as proposed in section 5.4.3, we would anticipate a regular 

distribution. 

Table 8.10 presents the results of the first-order model. Topographical and visual prominence 

remain significant for both categories, but we can already see from the trend formula how the 

segregation analysis discussed in section 8.2.3.2 identified significantly different relationships 

between some of the variables and the two different categories. These findings are confirmed in 

the analysis that modelled Irradiance and LCPD independently for the two marks. While 

irradiance has a positive correlation with hillforts, as we have seen in previous analyses, there is 

a negative correlation with observation posts. This indicates that irradiance is not a determining 

factor for the location of observation posts. Additionally, we observe a stronger negative 

correlation between observation posts and LCPD, which indicates that sites tend to be closer to 

movement corridors. These two observations align with the proposed interpretation of the sites 

as not being dependent on subsistence strategies but instead mainly serving the function of 

controlling the territory. Moreover, they further highlight the differences between the proper 

hillforts and the observation posts. The segregation analysis did not highlight the necessity to 

account for the same covariates differently between SH, CH, and MH. This indicates that, even 

though to different degrees, all these sites can be effectively explained with a single simpler 

model. On the other hand, the differences behind the location of the observation posts require 

a significantly different model.  

When examining the pair correlation function (Figure 8.23), we initially observe clustering of the 

sites at short distances if we do not consider the environmental characteristics of the landscape. 

However, once we incorporate these factors as first-order effects, we find that the sites then 

exhibit complete spatial randomness. When testing for CSR and CSRI (Figure 8.24), we discover 

that observation posts (O) exhibit complete spatial randomness when analysed individually. 

However, when testing for independence with hillforts (H), they demonstrate a regular 

distribution at very short distances. This finding confirms that observation posts are typically 

located in close proximity to other hillforts, but it does not indicate clustering around them. 

Instead, the regular distribution of observation posts with hillforts indicates the presence of a 

consistent pattern that extends beyond the surroundings of individual hillforts. I already 
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observed a similar trend when looking at southern Samnium. In this area, observation posts 

occur without hillforts in their vicinity and appear to be regularly distributed even without close 

examination. The analysis confirms this and extends the presence of the pattern to northern 

Samnium as well, where the abundance of sites makes the pattern difficult to discern without 

statistical analysis. 

Table 8.10 Result of the regression carried on the SCH-MH categories 

Core area - trend used:  

~ Marks + Marks*TWI + Marks*Irradiance + Soils PC1 + Soils PC2 + TPI + VPI + Marks*LCPD 

 

Model SCH-MH 

 Estimate Std. Error Z value Z test 

(Intercept) -11.126 0.761 -14.615 ***  

Marks O 2.675 1.040 2.572 *  

Irradiance 2.399 0.737 3.256 **  

TPI 9.802 0.702 13.953 ***  

VPI 2.567 0.540 4.756 ***  

LCPD -0.152 0.598 -0.253 n 

Marks O: Irradiance -5.735 1.676 -3.421 ***  

Marks O: LCPD -3.710 1.706 -2.174 *  

 

Significance codes: *** = p<0.001; ** = p<0.01; * = p<0.05; n= not significant. 

 

Figure 8.23 Pair correlation function of the non-fitted and first-order models H-O. 

By investigating the potential relationship in the establishment of hillforts and observation posts, 

we gain valuable insights into how the site patterns were formed. The ANOVA analysis reported 

in Table 8.11 reveals that the distance from observation posts does not significantly impact their 

distribution in the landscape. However, the presence of hillforts appears to play a much more 

influential role in shaping the distribution of observation posts. Although the difference falls just 

outside the traditional range of statistical significance, it is quite significant in terms of 

magnitude compared to the results for hillforts alone. Moreover, when fitting a new first-order 

trend by adding hillforts as a covariate to observation posts, it is retained by the AIC selection 

process as both useful and significant for a good-fit model (see appendix 7 for the coefficients). 

This suggests that the observation posts might have been established in relation to a pre-

existing pattern of hillforts. 
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Figure 8.24 Pair correlation functions testing complete spatial randomness of the single category sites and complete 
spatial randomness and independence between the two categories as considered in the first-order model H-O. 

Table 8.11 Results of the ANOVA test between each single-category model and the model including the covariate 
based on the other sites of the interaction SH-CH 

ANOVA test on H 

Original trend: ~ Irradiance + TPI  +VPI 

Tested trend: ~ Irradiance + TPI  +VPI + Distance from sites O 

P value: 0.592 

 

ANOVA test on O 

Original trend: ~ TWI + Irradiance + TPI  

Tested trend: ~ Soils PC2 + TPI + VPI + Distance from sites H 

P value: 0.081 

8.4 DISCUSSION 
The analysis of site categories helps us identify the primary factors responsible for the location 

of each site, enabling me now to offer interpretations. Topographic prominence consistently 

emerges as a crucial factor in determining the location of all site categories. Additional 

covariates such as visual prominence, solar irradiance, and topographic wetness contribute to 

varying degrees depending on the site category. During exploratory analysis, it was observed 

that all sites tend to be located in areas that are not particularly favourable for grain cultivation. 

Instead, there is a tendency towards areas that seem to be more suitable for animal husbandry 

as well as fast-growing crops such as legumes. 

Simple hillforts are primarily defined by topographic prominence, followed to a lesser extent by 

topographic wetness and irradiance. There is also a tendency for these sites to be located at 

higher elevations and in connection with movement corridors. The combination of elevation, 

wetness, and movement makes simple hillforts the most likely site category to be associated 

with potential activities of animal husbandry. 
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We can observe in simple and complex hillforts a clear common need to construct sites in 

strategically defensible locations, as indicated by the significant influence of the topographic 

prominence covariate. This holds true even in the single-category models of simple hillforts and 

complex hillforts. Furthermore, we also see a tendency for both site categories to be located 

close to movement corridors. Complex hillforts differ from simple hillforts mainly due to the 

strong influence of visual prominence in their location. Additionally, considering the results of 

the previous chapter, another difference lies in the higher amount of labour invested in 

constructing fortifications for complex hillforts. As discussed in section 10.2.5, the combination 

of visual prominence and intensive labour can be interpreted as a functional factor in selecting 

specific locations to display power in the region. In this regard, it is interesting to investigate if 

there could be a hierarchical relationship between these two site categories. 

Before delving into this, it is crucial to emphasize that spatially hierarchical or heterarchical 

distributions of settlements are not directly related to social or political hierarchical or 

heterarchical systems. In the following paragraphs, hierarchical and heterarchical site patterns 

are observed from a spatial perspective and only subsequently interpreted as indicative of a 

specific form of socio-political organization that deviates from randomness, thus providing 

evidence for some form of social organization behind the distribution. The fundamental 

assumption is that clustering or regular distribution in site patterns reflects a certain form of 

spatial organization that deviates from randomness, thus providing evidence for some form of 

social organization behind the spatial distribution. Clustering is perceived as an indicator of a 

hierarchical spatial system, wherein the gravitational pull of larger sites clusters smaller ones 

around them. Conversely, a regular distribution is seen as a signifier of heterarchical settlement 

patterns, where sites, regardless of their size, form a more homogeneous spatial system. 

However, the multi-scale nature of settlement distributions complicates this straightforward 

division, necessitating consideration of specific cases. 

After conducting the CSR and CSRI analyses, we see that SH and CH are consistently distributed 

in close proximity to each other, more so than if they were considered individually. These sites 

demonstrate a tendency to form small-scale patterns that repeat regularly on a smaller scale 

than each category does on its own. Multiple sites in close proximity to individual ones often 

indicate clusters, particularly in the case of urban centres that serve as focal points for nearby 

satellite settlements. This phenomenon is often suggestive of settlement hierarchies and the 

ability of certain sites to attract others. 

However, it is important to note that the observed system deviates from the model that sees 

clustering around sites as evidence of a hierarchical organisation among them. Instead, this 

pattern can be interpreted as a more balanced system where multiple sites, even of different 
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categories, are regularly distributed throughout the territory. In the absence of evidence 

supporting a hierarchical spatial relationship between complex and simple hillforts and 

considering their consistent distribution, we can argue in favour of a more uniform system of 

sites. This interpretation suggests a more heterarchical spatial system, where the sites are 

representative of a more equal and interconnected structure. 

Complex hillforts are characterised by a main wall circuit with attached walled annexes, often 

situated on steep slopes. The presence of annexes instead of independent circuits suggests that 

these could be later additions to pre-existing sites rather than planned designs. Based on this, 

we can hypothesize that some sites evolved from simple hillforts to complex hillforts at a later 

stage. The results of the ANOVA analysis between SH and CH support this hypothesis and let me 

develop two observations. Firstly, since the locations of different categories are unrelated to one 

another, we can assume that the sites were built concurrently. This assumption is based on the 

concept that hillfort sites must be interconnected. It is highly improbable that new sites within 

the same community would have been constructed without taking existing ones into account. 

Secondly, we can argue that all sites could have initially been of the same category, with 

different patterns emerging later on. 

The analysis provides at least two explanations for this potential transition. Firstly, in terms of 

spatial interaction, certain sites located centrally within a system of equals may have evolved 

into complex hillforts. Secondly, complex hillforts exhibit a strong correlation with visual 

prominence and display a higher level of labour, which we consider an indicator of power display 

and territorial control. These factors could contribute to the emergence of complex hillforts 

from the simple hillforts pattern. The absence of clear clustering around these sites and the 

presence of complex and diverse interactions can be interpreted as evidence of a lack of distinct 

spatial hierarchies, but rather as an indication of their growing significance within a relatively 

homogeneous landscape. 

I now examine the results of the analysis involving simple and complex hillforts in conjunction 

with macro hillforts. Considering the narrative that portrays macro sites as potential urban 

centres, one might have expected clustering around these sites. Additionally, one could 

anticipate a certain level of regular distribution across the landscape, indicating different areas 

of influence or control. However, the analysis reveals a different scenario. The macro sites are 

randomly distributed among themselves, but they do exhibit a regular distribution in relation to 

the other sites. Similar to the interaction between simple and complex hillforts, the absence of 

clustering prevents us from seeing spatial hierarchies between sites. Nevertheless, we can still 

observe a series of repetitive patterns where simple and complex hillforts revolve around macro 

hillforts. This finding aligns well with the extremely high significance of visual prominence in 
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determining the location of these sites. In this perspective, macro hillforts function to some 

extent in the same way as smaller complex hillforts, with the notable difference that visual 

prominence plays an even more crucial role in explaining their location. Moreover, the ANOVA 

test suggests that we are dealing with a potentially multitemporal generative pattern where 

different site categories are located in relation to one another at different moments in time. The 

analysis cannot determine which site category was located in relation to which other category, 

but considering the exceptional nature of the macro hillforts, it is plausible to argue that they 

took the shape that they took at the onset of their construction. In this regard, they would differ 

from the CH that instead develop from pre-existing  SH. 

If we consider the macro sites as �‰�}�š���v�š�]���o�� �Zcentral places�[ (Grant, 1986), the analysis confirms 

that they did not function as aggregators of settlements. Instead, I suggest that they could have 

served as large-scale central places within a relatively homogeneous settlement pattern. Similar 

to complex hillforts, we observe a correlation between high visual prominence and labour, 

indicating the potential importance of these sites in the hillfort systems. However, in contrast to 

complex hillforts, the ANOVA analysis can be interpreted as an indication that these sites might 

have been constructed in a subsequent phase rather than contemporaneously with the other 

hillforts. It is also noteworthy that there is an unexpected relationship between these potential 

central places and their proximity to movement corridors and transhumance roads. One would 

expect these sites to be located at the core of these movement networks, but the analysis 

highlights that they are situated between them. 

In the previous chapter, I emphasised the division of the macro hillforts into two distinct 

subgroups that require separate interpretations. It is worth noting that a second round of 

analyses, not presented in this chapter, was conducted, considering each of these subgroups 

independently. However, this additional analysis yielded the same results as those discussed 

earlier for the overall category of macro hillforts. This suggests that all macro hillforts, 

irrespective of the variations discussed in chapter 7, share common first and second-order 

characteristics based on their location and function in shaping the hillfort landscape. While both 

function as central places, they follow distinct trajectories in doing so. These differences will be 

explored in greater detail in section 10.3. 

Lastly, the analysis emphasises the distinctiveness of the observation posts compared to the 

other hillforts. When fitting the first-order, several covariates had to be considered 

independently for these sites. Furthermore, observation posts are primarily determined by high 

topographical prominence, and there does not appear to be a relationship with subsistence  

practices. The analysis also reveals that these sites were generated at a later stage in relation to 

a pre-existing hillfort system and, most importantly, they are regularly distributed both within 
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and outside this system in the southern Samnium area. These findings align with previous 

analyses conducted during the AHS survey based on pottery assemblages and provide 

independent confirmation for the interpretation of these sites. 

In summary and to develop a further level of slightly more speculative interpretation, the 

findings suggest a multiscale system of hillfort sites. At the lower level, we observe a general 

pattern of simple hillforts regularly seemingly located to prioritise defence and animal 

husbandry across the landscape. From this system, it is worth proposing that a series of complex 

hillforts emerged due to their centrality and high visibility in the landscape. At a later stage, on 

this argument, a series of macro hillforts were then constructed in areas of exceptional visibility. 

These different scales of settlement patterns do not exhibit spatial hierarchies between them; 

instead, the persistent regular distribution of the sites suggests a balanced system that could be 

interpreted as spatially heterarchical. Perhaps at a later stage in time, and thus dependent on 

this pre-existing hillfort system, a new system of observation posts was constructed throughout 

western Samnium, seemingly for defence purposes. The presence of this regular system across 

all western Samnium confirms the hypothesis of a degree of shared planning behind the 

location of these sites. As discussed later in this dissertation (section 10.4), this can be 

interpreted as evidence of a central authority behind the construction of this system. 

8.5 CONCLUSION 
The analyses discussed in this chapter shed light on locational priorities and possible 

interactions among different kinds of Samnite site. A series of covariates was used to investigate 

what factors might influence site locations across different sample areas. These covariates were 

designed with the aim of being easily reproducible in different study regions within and beyond 

those used in this dissertation. Thus, they integrate well with the methodologies developed in 

the previous chapters, creating a reproducible and transferable method for cross-cultural studies 

on hillfort societies. Moreover, they are highly suitable for further studies in Samnium, such as 

diachronic comparisons between Samnite and medieval hillforts or examinations of the 

relationship between Samnite hillforts and other categories of settlement, such as farmsteads or 

sanctuaries. In fact, both of these additional avenues are currently being explored (outside the 

remit of this dissertation) thanks to the collaboration between the Landscape of Early Roman 

Colonisation project (Stek, 2018) and the data collected by the Ancient Hillfort Survey (Fontana, 

2022b). 

The results from this chapter provide important insights into the structure of the Samnite hillfort 

landscape. Differences in hillfort categories are strongly related to varying levels of visibility in 

the surrounding landscape. However, the absence of evidence for spatial hierarchies suggests 
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that the sites likely served communities that settled the territory in a relatively homogeneous 

and regular manner across all site categories. This supports the interpretation proposed for the 

macro hillforts as central places (for focal activities at certain times, but without necessarily 

implying large year-round populations) within a more heterarchical spatial system, rather than 

urban aggregators of a more hierarchical one. The seeming association of all hillforts with 

locations that favour animal husbandry activities, rather than agricultural ones, suggests the 

possible seasonal use of these sites. 

As we will discuss in detail in Section 10.2.4, we lack clear evidence for elites at hillfort sites. 

This, combined with the peculiar heterarchical spatial organization of the landscape revealed by 

the analysis, can be used to suggest for a more heterarchical social organization of the Samnite 

people. As already mentioned, a hierarchical or heterarchical spatial settlement organization 

does not directly relate to a respective socio-political organization. In the case of Samnite 

hillforts, however, this connection is suggested by  the multi-scale organization of the hillfort 

settlements discussed above, and its peculiar homogeneity at different scales without, however, 

presenting forms of settlement aggregation on the landscape level, and presence of elites on 

the intra-site level (see section 10.2.4). 

The analysis also is consistent with (albeit cannot formally prove) the interpretation of the 

observation posts as later defensive additions to a pre-existing system of sites and emphasises 

their distinct functions. Their purely defensive nature and distribution across all western 

Samnium, regardless of the presence or absence of hillforts, can suggest the involvement of a 

centralised authority in their construction (see section 10.4 for discussion). 

Overall, the analysis supports the notion of a heterarchical pastoral society underlying the 

hillfort system. At the same time, the construction of the observation posts suggests that some 

kind of more centralised authority is more likely to have initiated this later system (a possibility 

that will be explored in chapter 10). Before delving into this topic, however, it is useful to further 

investigate the activities and forms of habitation at hillfort sites. This will be done in the next 

chapter, where I will discuss the results obtained from intensive fieldwork conducted on a 

Campanian hillfort. 
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9 TESTING URBANISM: NON-
INVASIVE FIELDWORK ON AN 
ARCHETYPAL HILLFORT 

9.1 INTRODUCTION 
A crucial aspect of the debate surrounding Samnite hillforts revolves around the question of 

whether they were permanently inhabited. The presence or absence of permanent occupation 

is a key factor in establishing a connection between these sites and the stereotypical 'oppida', 

thereby providing evidence to support the argument for urbanism (see sections 3.4.1.3 and 4.2). 

This motivation has driven research efforts to investigate several Samnite hillforts. However, 

these endeavours have not yielded the desired evidence of urban planning or widespread 

permanent habitation. Similarly, the modelling of on-site activity areas implemented in chapter 

7 and the analysis of site locational choices in chapter 8 suggest that the potentially inhabitable 

area of the sites and the agricultural potential of the surrounding landscape do not necessarily 

indicate that these sites should be considered urban centres. Empirical validation, however, is 

extremely useful for model building. Following this, this chapter presents an intensive 

investigation of an archetypal Samnite hillfort aimed at characterising habitation patterns. 

Previous research on hillforts has primarily focused on macro hillforts, such as Monte Vairano 

(De Benedittis, 2017), Monte Pallano (Faustoferri and Lloyd, 1998), and Trebula Baliniensis 

(Caiazza and Pagano, 2012a), while neglecting the smaller and medium-sized sites, which 

represent the majority of Samnite hillforts. Interestingly, the analysis presented in chapter 7 

highlights how many of these macro hillforts actually deviate significantly from conditions 

conducive to habitation. Therefore, it is not surprising that research has failed to provide 

substantial evidence of hypothetical urbanism at these sites. These new data, coupled with the 
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exceptional nature of the excavated sites thus far, prevent us from making comparative 

interpretations about other sites. On the contrary, targeted explorations of small and medium-

sized sites are useful to ascertain the presence, nature, and distribution of structures and 

materials. They can help us understand the types of occupation found at these sites and assess 

whether any hypothetical urban models are applicable. 

This chapter investigates one of the most promising hillforts that can demonstrate the 

applicability of urban models and test whether urbanism or permanent occupation is present on 

Samnite hillforts: the site of Monte Santa Croce-Cognolo, in Campania. In chapter 6, this site was 

used as a test case to develop a novel methodological approach to the energetics of polygonal 

masonry. It occupies a strategic location controlling one of the main passages between the 

coastal and inland areas of Campania (Figure 9.1). The Volturno River creates a natural passage 

between the Trebulani and Tifatini mountains, effectively dividing the Campanian plateaus into 

two areas: a coastal area traditionally identified as Campanian and later Roman, and an inland 

area that is distinctly Samnite. These mountains are also where the system of observation posts 

developed to monitor the Samnite border. Just behind the system, on a semi-isolated mountain 

complex in the middle of the inland plain, lies the twin-peak site of Monte Santa Croce (580m) 

and Monte Cognolo (518m), separated by a small pass (499m) where a modern cemetery is 

located today (Figure 9.2). While Monte Santa Croce is a steep and narrow summit of less than 1 

ha, Monte Cognolo is a gentle and large plateau spanning more than 11 ha. The hillfort is 

directly connected to two other fortified sites on the same mountain complex: Monte Caruso 

(592m, K63) and Monte Pizzola (505m, K93), which have been interpreted as guard posts for 

Monte Santa Croce-Cognolo (Caiazza 1986, 282). The western, southern, and eastern foothills of 

the mountain complex are characterised by extremely fertile soils suitable for agricultural 

activities, while to the north, it connects with the Trebulani mountains and their forest 

resources. 

The highly defensive and strategic location of the site, along with its proximity to fertile soils and 

other resources, as well as the nature of the large and gentle plateau of Monte Cognolo, makes 

the hillfort of Monte Santa Croce-Cognolo an ideal candidate for permanent habitation and 

urban development. Consequently, the site has received significant attention in previous studies, 

primarily focusing on the summit of Monte Santa Croce. At this location, the remnants of 

polygonal walls are still visible today, along with the ruins of a Benedictine monastery that was 

constructed within the Samnite circuit (Busino, 2016). Excavations were carried out by Conta 

Haller (1978), followed by a topographic survey conducted by Caiazza (1986), and G. Renda 

(Renda, 2004, pp. 368�t374, 2018), who included the site in his archaeological overview of the 

ancient territory of Caiatia, present-day Caiazzo. Excavations specifically focused on the 
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Benedictine monastery were recently carried out by Busino (2016). The summit yielded 

evidence of continuous occupation, such as tiles and dolia, leading to speculation that it served 

as the "acropolis" for the lower village of Monte Cognolo. However, the latter has been largely 

overlooked by research, and we lack substantial evidence to interpret this vast area, even with 

regards to the presence of fortification walls, which remains uncertain. These walls are nearly 

imperceptible on the ground and are only discernible as alignments visible through satellite 

images and lidar technology. 

 
Figure 9.1 Site location within the Campanian plain. 

 
Figure 9.2 W-E drone view of the site. In the foreground is the plateau of Cognolo, while in the background stands the 
summit of Santa Croce, with the village of Villa Santa Croce on the left. This picture offers an exceptional view of the 
fortification circuit, allowing for clear identification of a double curtain forming the wall. 

In summary, Monte Santa Croce-Cognolo emerges as one of the most promising hillforts that 

could potentially reveal traces of urbanism for Samnite sites. Examining the extent of urban 
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development or permanent settlement at this site can offer valuable insight into Samnite 

society. To investigate this, a new fieldwork project was carried out as part of the Ancient 

Hillforts Survey (AHS). This project involved a non-invasive systematic pedestrian survey 

integrated with lidar and multispectral remote sensing, as well as geophysical survey and coring. 

This was carried out in collaboration with the University of Bamberg and the Royal Netherlands 

Institute Rome. Importantly, the geophysical work and coring were carried out in collaboration 

with Wieke de Neef. Her comprehensive report, which includes a detailed technical description 

of the geophysical survey and the analysis of each core, is provided in appendix 8. Sections 9.2.2 

and 9.2.3 directly reference this report, while 9.3.1 and 9.3.2 are based on the collaborative 

interpretation of the results conducted by both Wieke de Neef and myself.  

This chapter presents the approach developed for integrating these different tools in a 

comprehensive non-invasive analysis of the site. Additionally, it explains how point process 

models were employed to investigate the representativeness of the data collected from the 

pedestrian survey, using a novel approach that incorporates infrared data to model a high-

resolution visibility covariate derived from drone data (see appendix 9). Furthermore, the study 

of the diagnostic materials is reported, and their significance is discussed in terms of providing a 

consistent assemblage that lays the groundwork for future studies (see appendix 10). All of this 

data highlights the lack of permanent habitation at the site, which is, in turn, interpreted as 

connected to animal husbandry. 

9.2 METHODOLOGY 
The initial phase of this project involved conducting a lidar-based analysis of the site and its 

surrounding area, as discussed in chapter 5. Subsequently, fieldwork was conducted over a one-

week period (13-18 February 2023) by a team of six people. This phase included a series of 

preliminary drone surveys, followed by geophysical investigations, coring activities, and an 

intensive pedestrian survey that did not involve the collection of materials.  

9.2.1 DRONE SURVEY 

Drone surveys were conducted across the entire area of Monte Santa Croce-Cognolo and they 

resulted in the creation of two three-dimensional terrain models: a standard model and a 

multispectral model, with the latter limited to the Monte Cognolo area. The drone study was 

motivated by two primary factors. Firstly, the high-resolution models obtained have the 

potential to provide additional insights for interpreting visible structures on the ground, as well 

as identifying new ones. Secondly, the use of a multispectral sensor allows for effective 
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modelling of vegetation growth through the NDVI (Normalised Difference Vegetation Index), 

which aids in assessing site visibility. 

Hillfort sites, when not covered by forests, are typically uncultivated and currently overgrown 

with grass. Identification of the archaeology in this context is largely influenced by varying 

visibility conditions on the ground. Specifically, there is a tendency to identify materials in areas 

experiencing increased levels of erosion, near natural outcrops, or in small clearings formed by 

animal scraping, such as those caused by wild boars (Figure 9.3). Traditional grid-based 

recording of visibility conditions is ineffective in modelling the real situation due to the irregular 

and sporadic nature of these clearings. Therefore, a more precise yet time-efficient method is 

required. Drone-based NDVI analysis was employed to address this issue. A detailed map of the 

entire surveyed area was created using a 3.5 cm resolution NDVI map as an indicator of 

vegetation-free areas and, consequently, areas with high visibility. This map was then 

incorporated into a site-level Point Process Model, along with a DEM (Digital Elevation Model) 

and an erosion map, to assess whether the material distribution is representative across the site 

and to establish a solid basis for interpretation. 

  
Figure 9.3 Soil scraping results from animal activities on the site (left) and exposed soil due to erosion and bedrock 
(right). 

9.2.2 GEOPHYSICAL SURVEY 

Geophysical surveys hold tremendous potential for non-invasive investigations aimed at 

identifying permanent occupation at archaeological sites. However, the challenging terrains and 

rugged landscapes in which Italian hillforts are situated have posed obstacles to archaeological 

research. Only recently has there been a growing interest in investigating Italian hillforts in such 

difficult environments, revealing their exceptional suitability for these approaches in 

mountainous and rugged landscapes. These sites are often relatively undisturbed, which 

enhances the detection potential of buried traces (Capozzoli et al., 2020; De Neef et al., 2022). 

The mountain complex of Monte Santa-Croce-Cognolo is part of the Apennine chain and 

comprises pre-orogenic Cretaceous calcareous sediments. The lower sections of the mountain 

consist of limestones containing Cladocoropsis and Clypeina, as well as limestones with 
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Requienie and Gasteropoda (Pleinsbachian �t Cenomanian). The summits are characterised by 

shallow-sea limestones with Rudiste and Orbitolinidae, along with limestones containing 

Radiolitidae (Cenomanian �t Senonian) (Vitale and Ciarcia, 2018). Limestones typically exhibit 

weak diamagnetic properties, meaning they are repelled by an external magnetic field and 

generally produce negative magnetic amplitudes in magnetometer surveys. However, when 

subjected to heating, limestones can acquire magnetic properties due to the thermoremanent 

magnetization of magnetite present in the sedimentary rock. Karstic dissolution of the bedrock 

is common in these Apennine limestones, and we anticipated similar phenomena at Monte 

Santa Croce-Cognolo. The filling of karstic sinkholes and cracks with organic soil often creates a 

positive magnetic contrast with the diamagnetic bedrock. These magnetic contrasts can be quite 

strong and, in some cases, obscure weaker, potentially anthropogenic features (De Neef et al., 

2022). 

The geophysical work involved a large-scale magnetometry survey conducted on the gently 

sloping southern side of Monte Cognolo and parts of the small promontory to the northwest of 

the hill, where there were significant concentrations of materials. Some areas of the hill were 

inaccessible due to the presence of large stone blocks or dense vegetation, particularly on the 

steep northern slope. This method is suitable for mapping near-surface features that exhibit 

contrast in magnetic properties. Typically, features can be detected at depths of 1-2 meters, 

depending on local soil and geology conditions, the size and depth of buried objects, and the 

contrasts between natural soils and magnetic objects in the surroundings. 

At Monte Cognolo, we anticipated the detection of various types of features. Considering the 

known wall construction techniques used in pre-Roman hillforts in the Apennines, we expected 

to find remains of walls constructed with limestone (resulting in negative magnetic amplitudes), 

as well as the organic fill material trapped behind or within them (resulting in positive magnetic 

enhancement). Previous magnetometer work on a series of enclosures at a pre-Roman 

mountaintop site in Marche demonstrated the potential of magnetometry in distinguishing 

different building techniques (De Neef et al., 2022). By utilizing the contrast with the 

diamagnetic limestone bedrock, we also expected to identify anthropogenic deposits in pits, 

ditches, and postholes, as well as thermoremanent features such as kilns or ovens. 

The magnetometry surveys were conducted using a mobile cart array equipped with four 

fluxgate gradiometer probes mounted on a lightweight and flexible fiberglass frame (LEA MINI 

system, Eastern Atlas). Each probe contains two sensors, positioned at opposite ends: one closer 

to the Earth's surface and the other further away. These sensors measure the vertical 

component of the Earth's magnetic field with a sensitivity of 0.1nT (nanoTesla). By measuring 

the difference between the two sensors using a datalogger, local variations are mapped. This 
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difference, known as the gradient, is unaffected by background fluctuations in the Earth's 

magnetic field. This system is highly adaptable to different environments and has proven 

particularly effective in surveying the steep and rocky areas outside the walls (see Figure 9.4). 

 
Figure 9.4 Magnetometry survey crossing the north-western wall of Monte Cognolo, which is nearly invisible on the 
ground today. 

9.2.3 CORING 

The magnetometry survey was complemented by a soil mapping survey, which aimed to 

characterize the soil composition in the survey area, identify soil layers, and determine the 

depth to bedrock. This information was crucial for assessing soil contrasts and their impact on 

the magnetometry results. Coring was selectively performed on identified anomalies to gain a 

deeper understanding of their nature and gather information about potential human activities. 

The collected data were subsequently utilised to aid in the interpretation of the geophysical data 

and create a more detailed map of the recorded features. 

For coring, a minimally invasive approach was employed using an Edelman auger equipped with 

a screw auger head measuring 7 cm in diameter and 25 cm in length. Soil samples were 

extracted using this auger, and the sequences of soil samples were carefully arranged on the 

ground for further examination and description. 

9.2.4 PEDESTRIAN SURVEY 

The site was thoroughly surveyed in the field by two team members who possessed expertise in 

the pottery assemblage found in the region. The entire area of Monte Cognolo was divided into 

a grid with dimensions of 20 by 20 meters, with the exception of the portion currently utilised 

for private cultivation. The grid layout aimed to cover the entire area, including the walls, until 
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the terrain became too steep for effective surveying. This process resulted in the identification 

of 278 grids, encompassing a total area of 11.2 hectares. 

Each grid was systematically surveyed by one team member who walked along parallel lines 

spaced 1 meter apart, ensuring complete coverage of the grid. Real-time GPS tracking was 

employed to assist in the survey, marking the paths that had already been covered. Additionally, 

the visibility of each grid was recorded to serve as a control check for the drone-based NDVI 

visibility map. 

During the fieldwork, artifacts were not collected. Instead, the position of each pottery fragment 

encountered during the survey was recorded using GPS coordinates, along with its pottery class 

and any relevant observations. Diagnostic pieces were temporarily collected and described on-

site using the same method developed during the AHS ground-truthing phase (see section 

5.2.5). Subsequently, these pieces were returned to their original recorded locations, as marked 

by the GPS track. This approach ensures the preservation of the archaeological record as intact 

as possible. 

Furthermore, a specific survey was conducted along the wall circuits identified through lidar and 

aerial images. Although nearly invisible on the ground today, remote sensing data indicated that 

the circuit might have consisted of a stone wall rather than more ephemeral structures such as 

earthworks or wooden palisades. To investigate this, the entire circuit was traversed to identify 

any preserved remains of wall structures at different elevations. This task was facilitated by 

following the lidar-based reconstruction using a tablet equipped with real-time GPS tracking. 

9.3 RESULTS 
Figure 9.5 provides the interpretation of the lidar data for the entire site, Figure 9.6 the results 

of the magnetometry survey of Monte Cognolo with the general position of the surveys areas, 

Figure 9.7 its full interpretation with the position of the cores, while Figure 9.8 a detail with only 

those features related to ancient anthropogenic activities on the site. It is important to note that 

in the subsequent analysis, a positive magnetic amplitude indicates the presence of features 

with fills, such as ditches, pits, postholes, and dumps. Conversely, a negative magnetic amplitude 

suggests the presence of features with building materials, such as walls, terraces, and 

foundations. 
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Figure 9.5 Lidar visualisation and interpretation with a detail of the small southern entrance. 

 
Figure 9.6 Results of the magnetometry survey. 
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Figure 9.7 Results of the magnetometry with indicated the survey areas and core locations. 

The survey area on Monte Cognolo exhibits numerous small-scale features with both positive 

and negative magnetic amplitudes, primarily influenced by the karstic bedrock and the diverse 

fills found within cracks and sinkholes caused by dissolved limestone. Figure 9.7 reports some of 

the more prominent features. Distinguishing between karstic phenomena with positive magnetic 

amplitudes and archaeological features like pits and ditches can be challenging due to their 

similar magnetic signatures, size, and shape. Consequently, some of the features interpreted as 

archaeological fills may actually be of natural origin, and vice versa. Two soil columns extracted 

from features with positive magnetic amplitudes on the northern promontory (Figure 9.7, cores 

105 and 108) confirmed that these features are deep natural karstic pockets filled with loamy 

organic soil (Figure 9.9). Notably, no archaeological indicators such as charcoal, ceramics, or 

bone fragments were found in these extracted deposits, further emphasizing confirming their 

natural formation. 
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Figure 9.8 Ancient anthropogenic features identified in the magnetometry survey. 

 
Figure 9.9 Core 105. It is evident the absence of any noticeable human activity from the karstic pockets identified, 
which are filled with loamy organic soil. 
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Several modern disturbances affected the magnetometer survey, including four metal poles on 

the summit, smaller related metal objects, and potentially a metal cable or pipe causing a 

strongly irregular dipole anomaly (light blue in Figure 9.7). An intriguing anomaly is the star-

shaped dipole magnetic feature in the southern part of the slope (in purple in Figure 9.7), which 

resulted from remanent magnetization following a lightning strike. Part of the lightning energy 

followed the path along the southern edge of the summit. 

9.3.1 FORTIFICATIONS 

The LiDAR analysis resulted in a significant remapping of the fortifications at the site. Previous 

interpretations presented contrasting views regarding whether a single circuit enclosed both 

summits of Monte Cognolo and Monte Santa Croce (Caiazza, 1986, pp. 249�t270), or if two 

different complexes were present (Renda, 2004, pp. 368�t374). The LiDAR study confirmed the 

first hypothesis and provided substantial new data for interpreting the circuit. 

A single enclosure originates from the summit of Monte Santa Croce and extends to enclose the 

entire plateau of Monte Cognolo. While the slopes of Santa Croce display single wall alignments, 

the part enclosing Monte Cognolo appears to be constructed in different ways. In its southern 

and western sections, the enclosure seems to consist of a wall preceded by a rampart. 

Magnetometry data confirmed the presence of a stone wall in two sections, exhibiting linear 

features with weakly positive magnetic amplitudes (Figure 9.8, feature 1). An alignment of 

positive magnetic amplitudes along the upper edge of these features suggests that the blocks 

were likely extracted on-site. 

Lidar data revealed a small entrance measuring 3 meters wide in this area (Figure 9.8, feature 2). 

This entrance is characteristic of a Samnite gateway 'a baionetta,' which involves an adjustment 

in the alignment of the walls on either side of the entrance, setting the passage into the hillfort 

at an angle and exposing attackers. East of these, lidar data uncovered a series of localized 

depressions spanning 30 meters between the wall and the upper modern path (Figure 9.8, 

feature 3). These depressions were identified as a strong negative magnetic feature by the 

geophysical survey. Coring on the feature (Figure 9.7, core 104) revealed a heterogeneous 

anthropogenic fill containing green glazed Medieval pottery, a tile fragment, and a piece of 

worked tuff stone. This suggests that the depression likely relates to later activities that took 

place against the inner part of the wall. 

In the northern area, the lidar analysis revealed that the circuit consists of a single wall without a 

rampart. It runs beneath the forest from Santa Croce and crosses a series of cross-channel 

terraces built on the small pass between the two site areas. The dating of these terraces is 

uncertain, but it was possible to identify that the one corresponding to the wall is constructed 
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on top of the remnants of a wall in polygonal masonry. West of this, the analysis allowed for the 

identification of a previously unknown entrance (Figure 9.8, feature 4). This entrance opens 

towards the lower medieval village of Villa Santa Croce, in an area where the site is most 

accessible. A path connecting the two locations is identifiable in the lidar data, and local 

residents have confirmed that a corresponding path was still in use in that area prior to the 

construction of the modern road leading to the cemetery. This entrance is particularly large, 

with a passage that is 15 meters wide and develops perpendicular to the wall. It is delimited by 

possible terraces which are also visible in the magnetometry data (Figure 9.8, feature 5). A very 

similar entrance is known for the nearby site of Trebula Baliniensis, which is very well preserved. 

It is therefore strange how this possible entrance is almost invisible today. 

Just west of it, magnetometry highlighted the presence of two curvilinear magnetic features 

with negative amplitudes, which are interpreted as stone walls (Figure 9.8, feature 6). The outer 

one can be identified as part of the circuit that is clearly visible from lidar. The identification of 

the inner one is more challenging. Its detection prompted a new analysis of the lidar data that 

revealed how the anomaly is also visible through lidar when analysing the specific area. 

Magnetometry data indicated a series of aligned positive magnetic anomalies that correspond 

to the orientation of the curvilinear wall. These are interpreted as a series of pits and a trench, 

likely the remains of a structure in perishable material (Figure 9.8, feature 7). 

The magnetometry study on the northwest edge of the plateau highlighted a series of irregular 

linear features, mostly displaying negative magnetic amplitudes. Most of these features appear 

to be oriented north-south along the plateau edge. Some of them can be related to possible 

collapses of the fortification wall resulting from the construction of a later field system that 

intersected the circuit (Figure 9.8, feature 8). However, the interpretation of others is more 

challenging. A possible passage leading east toward the sites of Monte Caruso and Monte 

Pizzola could be indicated by two weakly positive linear features running downslope, whose 

traces are not visible in the lidar data (Figure 9.8, feature 9). Additionally, there are linear 

features with a southwest-northeast orientation. 

Just below the possible collapse, the survey conducted along the circuit allowed for the 

identification of a few remaining stone wall remnants (Figure 9.8, feature 10). These remnants 

consist of a few courses of blocks that are visible at the bases of the wall terraces (Figure 9.10). 

These stone blocks, still in their original positions, bear a clear resemblance to the polygonal 

wall remains identified in other Samnite hillforts by the AHS. This finding, along with the one 

identified on the cross-channel terraces, confirms the suspicion that the modern terraces were 

constructed atop the remnants of the ancient walls. 
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Although the fortifications of Monte Cognolo are almost indiscernible on the ground today, the 

data collected from lidar, geophysics, and surveying combined confirm that the site was fortified 

with a polygonal wall in the past. The locals have confirmed this, pointing out that traces of walls 

on Monte Cognolo were clearly visible and in significantly better condition seventy years ago. 

However,  an exact estimate of the ancient wall's height is impossible to assess. The walls likely 

underwent significant reuse during medieval times with the construction of the Benedictine 

Monastery on Monte Santa Croce and the nearby village of Villa Santa Croce. The ease of access 

from Villa Santa Croce, in particular, is likely the reason why the fortifications of Monte Cognolo 

are nearly imperceptible today.  

 
Figure 9.10 Typical head of a wall in polygonal masonry identified at the site. 

9.3.2 INTERNAL LAYOUT 

Lidar and aerial data provided limited assistance in identifying the internal layout of the site. 

Lidar analysis revealed the presence of a terrace wall that marked the flatter part of Monte 

Cognolo (Figure 9.8, feature 11). This is the feature that Renda mistakenly interpreted as the 

fortification perimeter and used to support the argument for an independent circuit at Monte 

Cognolo (Renda, 2004, pp. 368�t374). Towards the south, a series of low limestone terraces were 

identified, which are also visible on the surface and in the magnetometry data (Figure 9.8, 

feature 12). These terraces exhibit a magnetic signature characterised by weakly negative 

amplitudes (up to -15nT), and all of the linear features align to the south with a narrow positive 

signature (up to 10nT). This suggests that the limestone used for constructing these low walls 

was sourced locally, resulting in depressions that are filled with organic soils. 

Magnetometry and coring proved to be much more useful than lidar and aerial imagery in 

understanding the internal layout of the site. In the southern part of the surveyed area, a 

negative alignment indicates the presence of another possible terrace wall running from 

southeast to northwest, which forms the western boundary of the limestone terraces (Figure 
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9.8, feature 13). A weak alignment of positive linear features, individual anomalies, and a series 

of elongated dipole anomalies suggest the existence of another structure encircling the upper 

part of the hilltop (Figure 9.8, feature 14). This is likely to be interpreted as a wooden enclosure. 

Adjacent to the enclosure, in the east, is a rectangular positive anomaly measuring 

approximately 20x22 meters (Figure 9.8, feature 15), which contains a clover-shaped positive 

magnetic feature, likely a pit (Figure 9.8, feature 16). Not far south of it, another feature 

interpreted as a pit is within a circular positive anomaly with a diameter of around 7 meters, 

possibly indicating the presence of a shed (Figure 9.8, feature 17). Moving north to the summit 

of Monte Cognolo, several features with a positive signature were identified. However, at the 

time, it was challenging to provide an interpretation for these features (Figure 9.8, feature 18). 

In the central part of the northwest promontory, the survey area is characterised by numerous 

individual magnetic anomalies with positive amplitudes (Figure 9.7. Manual coring conducted in 

two of these anomalies confirmed that they are natural karst holes filled with organic deposits 

mixed with volcanic materials such as tephra and mica minerals. This combination creates a 

significant magnetic contrast between the limestone and the fill. Based on the analysis of soil 

columns obtained from coring, most anomalies in this area are interpreted as natural features, 

with the exception of the anomalies previously discussed in relation to the fortification wall 

(Figure 9.8, feature 7). 

9.3.3 DISTRIBUTION OF THE MATERIALS 

The intensive survey conducted in the area allowed for the identification of 645 sherds, out of 

which 34 were selected as diagnostic samples (Figure 9.11). I present the distribution of the 

materials categorised by typology, along with the locations of the diagnostic sherds. It is 

noteworthy that there are concentrations of materials observed on the southern and eastern 

slopes of Monte Cognolo. These areas appear to have sparse vegetation during fieldwork. 

Hence, it is important to develop a simple point process model to assess the representativeness 

of this distribution. The comprehensive project, including data and code for replicating the 

analysis, is available in appendix 9. 

The analysis considered three covariates: elevation, erosion, and NDVI. Elevation was utilised to 

model the topography of the site using high-resolution DEM data obtained from lidar. A simple 

erosion model was derived from this, incorporating slope length and steepness to generate an 

erosion map. External factors such as wind or other agents were not considered due to limited 

data availability. Therefore, a straightforward formula was preferred which combines the slope 

and aspect of the terrain to estimate erosion potential at different locations. Steeper and more 

curved slopes contribute more to erosion, while flatter slopes with less curvature have lower 
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erosion potential (see appendix 9). In the model, lower scores corresponded to lower erosion, 

while higher scores indicated higher erosion. 

 
Figure 9.11 Maps of the finds distribution. 

As discussed in section 9.2.1, NDVI was used to model visibility (Figure 9.12). Areas with low 

model values indicated bare soil, while higher values represented areas with abundant 

vegetation. The entire survey grid was used as the analysis window. 

 
Figure 9.12 Covariates used in the intra-site point process model. 

Figure 9.13 presents a non-parametric summary of the density of the findings in relation to each 

covariate, highlighting the univariate relationship between the presence or absence of findings 

and the analysed covariate at different scales. Examining the elevation covariate, it is evident 

that the materials tend to be situated just below the summit of Monte Cognolo, forming a ring 

within the elevation range of 495-515m. The erosion graph suggests that materials tend to be 

found in areas with lower erosion rates. Furthermore, the NDVI analysis clearly shows a strong 

tendency to find materials in areas with bare soils, indicating areas good visibility conditions. 

This confirms the presence of a bias in the identification of materials, but as the subsequent 

analysis demonstrates, this bias does not significantly impact the results. 



220 

 

Figure 9.13 Finds density as a function of the different covariates used. 

Table 9.1 presents the results of the regression conducted on the distribution of the findings. It 

is evident that the elevation covariate is highly significant in modelling the materials' 

distribution. As expected, erosion also has a significant effect on the distribution, although its 

significance is lower compared to elevation. On the other hand, NDVI does not appear to be 

significant in modelling the pattern. This finding is crucial because it indicates that although 

there is a tendency to identify finds in areas with good visibility, this factor does not significantly 

impact the overall distribution. Thus, the general distribution can still be considered 

representative. 

Figure 9.14 shows the comparison between the predicted density, the original density of finds, 

and the smoothed residual field of the fitted model. The smoothed residual field demonstrates 

the model's effectiveness in capturing the material distribution across large portions of the site. 

Exceptions can be observed at the main concentration of finds south of the summit and some 

other clusters around the summit, which are now more evident compared to the original 

density. These areas are further highlighted by the pair correlation function (PCF), which 

confirms second-order clustering at short distances (Figure 9.15). It is important to note, 

however, that the overall distribution remains consistent, reaffirming the representativeness of 

the modern situation compared to the past distribution. 

Table 9.1 Results of the regressions carried on the finds distribution. 

Trend used:  

~ Elevation + Erosion + NDVI 

 

Finds distribution model 

 Estimate Std. Error Z value Z test 

(Intercept) -7.417 0.210 -35.302 ***  

Elevation 3.632 0.246 14.771 ***  

Erosion -7.916 3.967 -1.995 *  

NDVI 0.050 0.244 0.204 n 

 

Significance codes: *** = p<0.001; ** = p<0.01; * = p<0.05; n= not significant. 
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Figure 9.14 Comparison between the predicted density, the original finds density and the smoothed residual field of 
the fitted model. 

 

Figure 9.15 Pair correlation function of the fitted and not fitted finds distribution. 

The distribution of materials alone does not provide useful data for interpreting different 

functional areas within the site, as no discernible pattern was detected among the various 

typologies of identified materials. The majority of these materials consists of small and medium-

sized vessels made of coarse ware, which, as discussed in section 9.3.4, can predominantly be 

dated to the 4th and 3rd centuries BCE. There were moderate quantities of black gloss and plain 

ware present. It is worth noting that the black gloss exhibited poor slip quality. Considering the 

poor preservation state of the surfaces of the plain ware, there is a possibility that some of the 

plain ware could actually be poorly preserved black gloss that has lost its slip over time; a 

common phenomenon in the area. The coarse ware and black gloss materials identified in the 

assemblage correspond to those found at the observation posts discussed in section 5.4.3. The 

presence of additional types of materials is crucial and further strengthens the argument that 

observation posts represent a distinct type of site separate from proper hillforts such as Monte 

Santa Croce-Cognolo. In this latter, eight sherds of impasto pottery were discovered, along with 

fragments of cylindrical vessels and two dolia, all dating back to the pre-Roman period. Although 

these materials were relatively scarce on Monte Cognolo, similar materials were found in 

greater abundance during different excavations conducted on Monte Santa Croce (Conta Haller, 

1978; Busino, 2016). 

Regarding the medieval period, a few sherds of coarse ware, mainly from jars, were found, along 

with a single sherd of majolica and one of green glazed ware, the latter being uncovered during 

coring. Two tile fragments tentatively dated to the same period were also uncovered during the 

excavation. 
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9.3.4 DATING OF THE MATERIALS 

9.3.4.1 BLACK GLOSS 

Figure 9.16 displays the drawings of the diagnostic materials identified on Monte Cognolo. As for 

the observation posts (see section 5.4.3.1), black gloss sherds are characterised by a moderately 

well-purified yellow-reddish clay, quite soft and compact, with an opaque black slip that tends to 

easily flake off. References can be found in Morel series 4373 (1981, p. 311 tav. 131), with also 

numerous examples from Campania (Quilici and Quilici Gigli, 2004b, p. 190 fig. 145, fig. 11 n.3; 

2012, p. 145, 2016, p. 32 fig. 5 n.1; Quilici Gigli and Renda, 2017, pp. 85�t86 fig. 87-88) and 

Molise (Capini, 1984, pp. 30�t31 fig. 6, 67, 69; Macchiarola, 1989, p. 41 fig.3, burial 21; Rainini, 

1996, pp. 30�t31 fig. 6, 67, 69). These sherds can be attributed to the S1 and S2 types of 

Morcone (La Rocca and Rescigno, 2010, p. 272). 

9.3.4.2 OLLAE WITH DISTINCT AND SHAPED EVERTED RIMS. 

A comparatively large number of ollae of this type were identified at the site. These are the 

same ones identified in observation posts, which find general comparisons in many Samnite 

contexts such as Monte Variano (De Benedittis, 1990, pp. 55�t57, 68, fig. 18, 2a, 2b, 3a), the 

sanctuary of Campochiaro (Capini, 1984, pp. 39�t45 fig. 11-12, 85, 114) and the settlements of 

Carovilli (Capini, 1991, pp. 192-193, tav. VIII n.27401, tav IX n.27579) and Fonte del Romita in 

Capracotta (Rainini, 1996, pp. 153, 205 tav. CXI n.504, tav LXXX n.396). In the Campanian 

territory, these correspond to the B2 type in the classification by Morcone (La Rocca and 

Rescigno, 2010, p. 281). K105.2 find comparison with C127.3, C127.4, C190.4, and C164.1, 

already discussed in section 5.4.3. They are all dated from the 4th century to the first half of the 

3rd century BCE, based on comparisons in the necropolis of San Prisco (Quilici and Quilici Gigli, 

2004b, p. 125 fig. 79, tomba 5), in Fratte (Danza and Scafuro, 2009; Serritella, 2009, pp. 147�t

149 fig. 61), in Cuma (Tomeo, 2007, p. 55 fig. 5, n.5), and in several contexts investigated in the 

Carta archeologica e ricerche in Campania (Quilici, 2011, p. 86 fig.76 n.1; Quilici Gigli and Renda, 

2017, pp. 85�t86 Fig.87-88). K105.31, K105.25, K105.27, K105.24 find comparisons in Morcone 

(La Rocca and Rescigno, 2010, p. 92 fig.50 n.37-38), and the same is true for K105.3, K105.14, 

K105.34, K105.29 (La Rocca and Rescigno, 2010, p. 95 fig.56 n.7). 

The new data provide important evidence for understanding the typology of this material. The 

identification of numerous rim variations identified during the survey highlights how, despite the 

differences, all these sherds belong to a single type that consistently dates to the 4th and 3rd 

century BCE, as supported by known ceramic comparanda. This assemblage is therefore 

important as a reference for future studies. Furthermore, the presence of these materials across 

the entirety of Samnium, as attested by the study discussed above and by the work of the AHS, 
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along with their absence in coastal Campanian contexts, indicates that they can be regarded as  

Samnite. 

9.3.4.3 OLLAE WITH FLARED AND STRAIGHT RIMS 

This typology can be attributed to globular-bodied bowls commonly found in the Samnite 

territory, which were widespread between the 6th and 3rd centuries BCE. Parallels to K105.12 

can be found in the settlement of Fonte del Romita in Capracotta (Rainini, 1996, pp. 90, 92 tav. 

LIII n.74, tav. LIV n84). The same is true for K105.12 (Rainini, 1996, pp. 87, 90, 96 tav. VLII n.61-

62, tav.LIII n.76, tav.VLVI n.117) and K105.23(1996, p. 115 tav. LXV n.212-214). 

9.3.4.4 OTHER VESSELS 

K105.18 and K105.22 are vessels with a cylindrical body, attributed to highly prevalent forms at 

Monte Vairano (De Benedittis, 1990, p. 67 fig.17 n.4) and also found in the territory of Morcone 

(La Rocca and Rescigno, 2010, p. 183 fig.194 n.3) dating to contexts of the 3rd-2nd centuries 

BCE. 

K105.20 is a basin with a solid band running along the rim, a spout, and a shallow truncated-

conical basin, dating between the 3rd century and the first half of the 2nd century BCE (Olcese, 

2003, p. 146 tav.XXXV n.6-7) 

Finally, K105.6 is a pot with a horizontally thickened outer rim. Parallels are found in the territory 

of the Liguri Baebiani (Federico, 1996, p. 194 fig.6 n75-76-77) where they are dated between 

the 1st century BCE and the 1st century AD. The late dating is difficult to interpret considering 

the highly homogeneous context of the other recovered materials. A single sherd is insufficient 

to indicate a second phase or continuity of occupation. Moreover, given the significant number 

of sherds identified, it is unlikely that only the materials from a single phase have disappeared. 

This is especially true when considering that the period indicated by this sherd is marked by the 

widespread presence of Italian Terra Sigillata in the entire area, which is completely absent from 

the assemblage identified at the site. For these reasons, this finding is not considered 

representative of a different phase of occupation at the site. 
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Figure 9.16 Drawings of the diagnostic materials from Monte Cognolo. K105.1) reddish yellow 7.5YR 6/6 surface, grey 
7.5YR 6/1 core; coarse ware. K105.2) light brown 7.5YR 6/4 surface, pinkish grey 7.5YR 6/2; coarse ware. K105.3) 
reddish yellow 7.5YR 7/6 surface and core; coarse ware. K105.4) reddish yellow 7.5YR 6/6 surface and core; coarse 
ware. K105.5) reddish yellow 5YR 6/6 surface and core; coarse ware. K105.6) reddish yellow 7.5YR 6/6 surface, very 
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pale brown 10YR 7/3 core; coarse ware. K105.8) light brown 7.5YR 6/4 surface and core; coarse ware. K105.9) very 
dark bluish grey GLEY2 3/5PB surface, light grey 10YR 7/2 core; black gloss. K105.11) bluish black GLEY2 2.5/5PB 
surface, very pale brown 10YR 8/4 core; black gloss. K105.12) light yellowish brown 10YR 6/4 surface, grey 10YR 6/2 
internal surface; coarse ware. K105.13) very dark bluish grey GLEY2 3/10B surface, pink 7.5YR 8/4 core; black gloss. 
K105.14) light brown 7.5YR 6/4 surface and core; coarse ware. K105.15) vey pale brown 10YR 8/2 surface and core; 
coarse ware. K105.16) vey pale brown 10YR 7/3 surface and core; coarse ware. K105.17) bluish black GLEY2 2.5/5PB 
surface, pink 7.5YR 7/4 core; black gloss. K105.18) reddish yellow 7.5YR 7/6 surface and core; coarse ware. K105.19) 
very pale brown 10YR 7/4 surface and core; coarse ware. K105.20) pale brown 10YR 6/3 surface, greyish brown 10YR 
5/2 core; coarse ware. K105.21) pink 7YR 7/3 surface, pale brown 10YR 6/3 core; coarse ware. K105.22) light reddish 
brown 5YR 6/4 surface, light brown 7.5YR 6/3 core; coarse ware. K105.23) greyish brown 10YR 5/2 surface, brown 
10YR 5/3 core; coarse ware. K105.24) dark grey 10YR 4/1, light brownish grey 10YR 6/2 internal surface, light 
brownish grey 10YR 6/2 core; coarse ware. K105.25) greyish brown 10YR 5/2, light brownish grey 10YR 6/2 internal 
surface, light brownish grey 10YR 6/2 core; coarse ware. K105.26) reddish yellow 7.5YR 7/6 surface, pinkish grey 
7.5YR 7/2 core, coarse ware. K105.27) pale brown 2.5YR 7/3 surface and core; coarse ware. K105.28) pale brown 
10YR 6/3 surface, light grey 10YR 7/2 core, coarse ware. K105.29) brown 10YR 5/3 surface and core; coarse ware. 
K105.30) pale brown 10YR 6/3 surface and core; coarse ware. K105.31) brown 7.5YR 5/4 surface, brown 7.5YR 5/2 
core; coarse ware. K105.33) greenish black GLEY2 2.5/5BG surface, light yellowish brown 10YR 6/4 core; black gloss. 

9.4 DISCUSSION 
The results obtained from non-invasive surveys significantly contribute to our understanding of 

the site's function. Previous research conducted on Monte Santa Croce suggested that the 

summit was continuously occupied. Excavation trenches carried out by Conta Haller yielded 

abundant quantities of Hellenistic tiles and dolia, providing substantial support for this 

interpretation (Conta Haller, 1978). Remarkably, these materials can still be observed on the 

surface today, despite its later reuse during the medieval period for the construction of the 

Benedictine abbey. 

By contrast, previous research on Monte Cognolo has been significantly constrained. The 

absence of a fortification wall likely influenced this research, as it made the area less attractive 

according to prevalent biases in settlement archaeology of Hellenistic and Roman periods. 

Consequently, interpretations of the area have been largely speculative, lacking robust evidence. 

The elevated plateau of Monte Cognolo has been interpreted as a residential area associated 

with the occupation of Santa Croce (Caiazza, 1986, pp. 249�t262; Renda, 2004, p. 374, 2018, p. 

26). This interpretation primarily relied on the favourable nature of the gentle plateau, aligning 

with the traditional understanding of European hillfort sites coloured by an urban-centric 

perspective. The newly obtained data challenge this viewpoint. 

Magnetometry data reveal the absence of structures that could support substantial permanent 

habitation at the sites. Apart from a circular anomaly interpreted as a possible hut, no structures 

can be definitively identified as residential units. Instead, the identified stone structures and 

wooden enclosures are better understood as terraces and enclosures, respectively. The 

identified terraces appear to serve the purpose of delimiting the plateau, with small parallel 

limestone terraces, especially on the south slope, suggesting activities related to cultivation. This 

interpretation is further supported by their location facing south. However, determining their 

precise age is challenging, as they could also be associated with the later medieval reuse of the 
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site, which seems to have focused on this particular area. The enclosures, on the other hand, 

are likely connected to animal keeping activities. 

The identified materials strongly support the conclusion that there was no permanent 

habitation on Monte Cognolo. The assemblage predominantly consists of cooking vessels and 

drinking cups, which are typically found in temporary occupation contexts such as the 

observation posts. The absence of tiles and the recovery of only two dolia sherds starkly contrast 

with the abundance of these materials on the summit of Santa Croce, further reinforcing the 

argument for the lack of permanent habitation on Monte Cognolo. 

Recent models consider low-density urbanism as a valuable framework for comprehending 

habitation patterns on hillforts in temperate Europe (Moore, 2012; Moore and Fern��ndez-G�‚tz, 

2022). These models suggest that habitation might have taken place in the surrounding 

environment of the site, rather than being confined exclusively within the walls. This invites an 

examination of the site's surrounding area to trace potential habitation. If we do so by looking at 

the data available from the archaeological catalogue of the area (Renda, 2004), these models 

are not supported. There is no substantial evidence of habitation in farms or other settlements 

around the site, which undermines the applicability of low-density urbanism models. 

Furthermore, the situation within the site itself does not readily align with these models that 

suggest a higher, though not necessarily dense, degree of permanent inhabitation (see section 

4.2). 

It is important to mention, though, that previous research primarily focused on the lower 

ploughed fields. The higher fields just north of the village of Villa Santa Croce, covered partially 

by forest and dense vegetation, were likely not surveyed. Lidar data did not yield useful 

information for identifying sites in this area. Nevertheless, it must be acknowledged that the 

detection of remnants of farms and hamlets using this technology remains challenging. 

Consequently, it is possible that some form of permanent habitation existed in this area, a 

notion that seems plausible considering the historical occupation of the region, including the 

medieval period with Villa Santa Croce. This would provide some similarities with the situation 

detected during survey on the hillforts of Montagna di Gildone in Molise by the Tappino Valley 

Survey (unpublished survey data). This site, much larger than Monte Santa Croce-Cognolo, 

provided additional evidence for some permanent habitation within and outside the walls. 

Nonetheless, even in that case, field research did not yield substantial evidence to support the 

argument for low-density urbanism or similar models. Therefore, it is unlikely that similar 

models can explain the lack of habitation revealed of these sites. 
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The site is much more likely to have served animal husbandry activities and as a refuge in times 

of crisis. This interpretation aligns with the findings of recent research conducted within the 

Landscape of Early Roman Colonisation project, which investigated a series of Samnite hillforts 

at high latitudes in Molise (Stek, 2018). A similar dichotomy between the usage of the summit 

and the larger enclosed area is observed at sites like Monte Santa Croce di Cerro al Volturno 

(unpublished survey data). There the upper circuit enclosing the summit yielded abundant 

materials, including tiles and dolia, while the lower area was relatively empty, with only 

fragments of coarse ware. The site's location at an altitude of 1120 meters and its surrounding 

pastoral landscapes suggest its function as both a enclosure related to animal husbandry and a 

place of refuge, indicated by the monumentality of the fortifications. 

A similar function is proposed for Monte Santa Croce-Cognolo. The presence of fortifications 

and its strategic location support the idea of the site as a refuge for defence and military 

activities. Activities related to animal husbandry are also likely to have occurred at the site, as 

suggested also by the local accounts collected in the field. Interviews with  the residents of the 

close by village of Villa Santa Croce  provided valuable insight into the past use of the area for 

animal husbandry. They shared accounts from seventy years ago when the entire area of Monte 

Cognolo was used as pasture year-round for the village. The livestock (sheep and pigs) of the 

700 inhabitants was kept within the area, which was able to meet the animal needs throughout 

the seasons, except for particularly warm summers when animals were moved to the lower 

fields north of the village. Additionally, the site supported the foraging requirements of flocks of 

turkeys that seasonally reached the sites. It is not far-fetched to imagine that this seasonal 

movement mirrors past activities involving different animal species. With the current data, it is 

impossible to argue for the continuity of site use for animal husbandry through time. However, 

this ethnographic account is significant as it aligns with the new evidence collected and presents 

the most plausible explanation for the site. 

An interpretation related to animal economy has never truly been considered by modern 

scholars. This is directly linked to the prevailing historiography and urban-centric perspectives 

that have dominated the discourse on Samnite hillforts. Even today, these views persist among 

young academics who, despite using a different terminology, continue to search for Samnite 

urbanism (see Lee, 2022 for an example of this). The new data instead show how an 

ethnographic approach, even in this simplified form, is truly valuable. This also highlights how 

previous research has never engaged with oral accounts and local information on the ground, 

betraying a colonialist attitude that failed to actively engage with the territories and 

communities where these sites are embedded. Researchers have approached these sites merely 

as visitors, without engaging with the local stakeholders and asking them about the social and 
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historical significance these sites held for them. If the locals were interviewed, they would 

undoubtedly reveal how the site held immense resources for animal husbandry until as recently 

as half a century ago. 

The strong connection between the village of Villa Santa Croce and the hillfort becomes evident. 

The village itself, characterised by its stone structures, betrays a profound relationship with the 

site, evidenced by the likely reuse of the walls of Monte Cognolo in the construction of the 

village. The accounts of the locals further underscore this bond, as they recall childhood 

memories spent tending to animals atop Monte Cognolo. 

Until a few decades ago, this site served still as a hub for animal husbandry, but the widespread 

depopulation of rural and mountainous areas prompted people to migrate to nearby cities. 

However, in recent years, a new movement of deurbanisation has emerged. Young locals are 

reclaiming these places, seeking to rediscover the sense of community and identity that is still 

proudly embodied in Monte Cognolo and similar sites. Future research must actively involve 

them in the understanding and preservation of these sites, especially considering their strong 

sense of belonging to these places. 

9.5 CONCLUSION 
The objective of the survey was to determine if and how permanent occupation took place at 

Monte Cognolo. The non-invasive approach adopted proved to be very effective in providing 

new data on the site, laying the foundation for a new interpretation.  

The approach developed here for effectively integrating various non-invasive on site survey 

approaches in one I hope can serve as a useful example in a wider range of settings.  

Traditionally, remote sensing analysis and fieldwork have been viewed as separate steps. 

However, they should be regarded as an ongoing and reflective process. Fieldwork data often 

stimulate a revaluation of lidar data, which, in turn, can uncover new aspects to explore on site. 

This was precisely the case with the gate and its surrounding features. The data collected during 

fieldwork provided new insight that challenged the initial mapping, leading to a new 

interpretation of the data. Moreover, the inclusion of multispectral images as visibility maps in 

spatial analysis represents a valuable addition to the field. This innovative approach shows 

considerable promise, particularly in studying vegetated areas that prove challenging for 

traditional methods. By adopting this integrated methodology, this research not only 

demonstrates the potential of combining remote sensing and fieldwork, but it also emphasises 

the importance of an iterative process that allows for continuous refinement. 
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Previous research tentatively interpreted the area as a site of permanent habitation, influenced 

by biases associated with the idealization of hillfort sites. However, the new evidence challenges 

this view and instead interprets Monte Cognolo as a place of temporary occupation, primarily 

serving an animal economy. This interpretation aligns with the data emerging from the 

Landscape of Early Roman Colonisation project and the Tappino Valley Survey (unpublished 

survey data). Furthermore, it also aligns with recent data emerging from other European 

hillforts. The recent archaeobotanical study conducted at the oppidum of Bibracte on Mont 

Beuvray, for instance, strongly supports how large open empty spaces within the site were never 

farmed or built upon, but were instead kept as grassland (Hajnalová et al., 2023). The new data 

collected for the site of Monte Santa Croce-Orlando allows for a similar interpretation, albeit 

using different data. It is therefore important to adopt the same archaeobotanical approach in 

future studies to further support this argument. 

The significance of the new data from Monte Cognolo lies in exposing the urban-centric biases 

of previous research. These biases often sought to explain Samnite resistance to Roman invasion 

through urban phenomena. Sites like Monte Santa Croce-Cognolo had high potential for 

developing permanent habitation and urbanism, even more considering their strategic location 

overlooking the natural corridor created by the Volturno River between the internal and coastal 

areas. However, the data show a different pattern with a general lack of permanent habitation 

other than the limited area on the summit. The different use of the large 11-ha fortified area of 

Monte Cognolo prompts a revaluation of the interpretation of many other Samnite hillforts, 

which have been understood from urban-centric perspectives rather than concrete evidence. 

The next chapter does so by integrating the discussion with the large amount and different 

types of primary data collected within this dissertation and offers a new view of Samnite hillforts 

and society in the frame of global debates on hillforts sites. 
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10 DISCUSSION 

10.1 INTRODUCTION 
It is now time to summarise the results so far and examine how the different pieces of evidence 

interconnect, with a view to providing a new narrative about Samnite society. This chapter is 

divided into three parts. The first part focuses on the majority of Samnite hillforts, which consist 

of small and medium-sized sites, and analyses their role in shaping the Samnite landscape. The 

second part delves into macro hillforts, emphasizing their significance as central places within 

the settlement system and drawing comparisons from the global debate on hillforts. In the third 

part, I incorporate the role of observation posts into the discussion. Building upon the preceding 

sections, I examine whether the emergence of these sites can be viewed as evidence for state 

formation during the Samnite wars and how an archaeology of resistance provides a valuable 

avenue for investigation. To these three parts, a fourth one is added at the end, which offers a 

review of the overall computational approach and its impact. 

For simplicity, I will continue in this chapter to use the categories of simple, complex, and macro 

hillforts, together with observation posts, as used in the analysis of the previous chapters. 

However, it is important to highlight that these categories are heuristically useful but not as 

neatly bounded. The scatter plots presented in section 7.4 showcase how the variability of 

hillforts follows a more continuous trajectory than the use of these categories might suggest. 

Specifically, among the different hillforts, the ones that most diverge are the observation posts 

and the second category of macro hillforts, with the distinction between the remaining sites 

being much fuzzier. The use of categories was a helpful step in simplifying complexity to advance 

the analysis, but they are not hard-edged. The same is true for the different soil classes used to 

investigate the predominance of agricultural versus animal husbandry activities. The key here 

was identifying the most likely principal type of economy, but the reality likely saw both of them 
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present at the sites, and we must not read the results as an indication of exclusiveness in 

subsistence practices. All of this is important to remember before delving deeper into the 

interpretations to avoid producing a picture of solid and static site types and phenomena, while 

the entire analysis showcases the high level of variability among the different hillfort sites. 

Keeping this in mind, we can move into the interpretation of the hillfort landscapes. 

10.2 A LANDSCAPE OF HILLFORTS 
As we discussed in the previous chapter, small and medium-sized hillforts have been largely 

overlooked by previous research, with much more attention given to the few large centres found 

in Samnium. Therefore, it is useful to begin our discussion with these sites, which generally fall 

into the categories referred to as simple hillforts and complex hillforts in this dissertation. In this 

first part of the chapter, my argument will align with the current understanding of several of 

these sites as both related to the pastoral economy and acting as places of refuge. However, my 

interpretation differs from existing ones in that I believe this view is applicable to the vast 

majority of these sites, even in areas that have been interpreted differently, such as Campania. 

However, I will argue that they are not related to forms of long-distance transhumance, but 

rather to short-distance mobility of a population permanently living in an agricultural hinterland. 

Furthermore, I will argue that these sites demonstrate a high degree of power display and 

collective action that is not, however, to be necessarily seen as the products of hierarchical 

communities, but rather the result of heterarchical ones. In my perspective, the hillfort 

landscape assumes significant symbolic value in relation to the self-definition of these 

communities, which coincides with a increasingly important sense of collective ethnic identity 

extending beyond the local scale in response to a significant military challenge. 

10.2.1 INTERNAL LAYOUT 

The systematic survey presented in chapter 9, along with the growing body of evidence from 

other surveys conducted in Molise (Stek, Hamel and García Sánchez, 2021; Sánchez et al., 2023), 

highlights that traces of permanent inhabitation at hillfort sites are concentrated in the upper 

parts of the sites or in small areas within the fortifications. There is no evidence of continuous 

densely occupied areas, as seen in Greco-Roman towns. Instead, these sites often enclose large 

empty areas that are too steep for permanent habitation without the construction of terracing. 

In chapter 7, I used the variable exploited areas as a proxy of the threshold at which terracing 

becomes necessary for habitation or agricultural activities. The analysis showed that large areas 

enclosed by the fortifications are unsuitable for habitation. This trend is less pronounced for 

smaller sites, where the exploited area is generally about half of the enclosed area, but becomes 
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progressively more marked, constituting only a quarter of the enclosed area (see Figure 7.8) 

(excluding the macro sites). The absence of terracing in the majority of these sites indicates that 

a large part of the enclosed area was likely devoid of habitation or agricultural activities. Instead, 

these areas were likely used to host people and animals during specific times of the year. 

This pattern is even evident in sites that have traditionally been interpreted as places of 

permanent habitation for exploiting the surrounding fertile soil for agriculture. As shown in 

chapter 9, sites like Monte Santa Croce-Cognolo present optimal situations where sites could 

have functioned according to these interpretative lines. However, intensive surveys conducted 

within this site reveal that the site was likely used to support animal economy. Traces of 

permanent habitation are only found in the upper circuit, covering an area of just 0.7 hectares. 

The remaining 16 hectares of the site do not show any evidence of permanent habitation, but 

instead exhibit traces interpreted as animal enclosures and materials suggesting temporary 

habitation. Importantly, these areas occupy the flat portion of Monte Cognolo, which is 

classified by the model developed in chapter 7 as suitable for habitation and agriculture. This 

highlights that even seemingly suitable areas within the site do not necessarily indicate 

habitation. 

Ongoing intensive surveys at other sites show similar patterns, where empty spaces cover large 

areas of the sites. This holds true for the complex hillforts of Monte Santa Croce di Cerro al 

Volturno (unpublished survey data), La Romana (Sánchez et al., 2023), and even for the macro 

hillfort of Montagna di Gildone (Stek, Hamel and García Sánchez, 2021). However, it should be 

noted that these intensive surveys tend to focus more on complex and large sites, while 

research on simple hillforts is still largely lacking. Numerous visits conducted during the Ancient 

Hillforts Survey confirm the perspective that even the small sites were largely empty. However, 

these visits did not cover the entirety of the sites systematically, so there may be a research bias 

influencing this perspective. Nevertheless, it remains true that even on sites with minimal 

vegetation where visibility was good, such as the newly identified hillfort of Morgia Quadra 

(M32), very little construction material was found, leading to the interpretation of the site as 

largely empty. Considering how it is not possible to interpret these sites as inhabited, it is useful 

to consider their location to highlight their possible function.  

10.2.2 LOCATION 

The analysis of settlement location preferences for simple hillforts highlights that these sites�v

aside from their topographical prominence which is unsurprisingly important for all hillforts�v

show a positive correlation with areas of high topographic wetness, irradiance, and relatively 

short distances from the main movement corridors in the landscape. Topographical wetness and 
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irradiance are factors that contribute positively to agricultural activities. However, these sites are 

not typically associated with soils suitable for cultivating the main staple cereals in the region, 

such as emmer wheat, spelt, barley, and oats. Instead, they are found in locations more closely 

related to the presence of soils suitable for legumes, fruit trees, or grape vines. Before Roman 

colonisation, there is no substantial evidence to suggest that grape vines held any significant 

importance in the Samnite area. Legumes and fruit trees are well suited to mobility patterns. 

Once planted, fruit trees do not require a high degree of maintenance, while legumes have 

short cultivation cycles and can easily be cultivated seasonally. The high topographical wetness 

and irradiance can support fast cultivation cycles and the cultivation of plants like Alfalfa, which 

offer an excellent source of forage. 

The analysis suggests that sites were located in areas characterised by high potential for 

activities that complement animal husbandry rather than for agricultural production, in contrast 

to neighbouring areas such as Latium. The proximity of these sites to natural corridors supports 

this view, as it would have facilitated the movement of animals. However, the analysis of 

transhumance highlights that there is no significant relationship between long-distance 

transhumance roads and these sites.  On one hand, this can be explained by the limitations in 

modelling these roads, which are largely based on paths dated to much later periods. This is an 

inevitable limitation of this study, but it should be noted that there is a general consensus 

among scholars that these roads were generally the same as those used in ancient times. 

Therefore, a negative correlation between sites and transhumance roads can actually provide 

further evidence to challenge the assumption that long-distance transhumance took place 

during the Iron Age or earlier periods. This would align with recent archaeozoological work 

conducted in Etruria (Trentacoste et al., 2020), which shows no evidence for long-distance 

vertical transhumance in the region, but instead demonstrates that livestock husbandry took 

place on a local scale. 

The fact that hillforts do not show a strong relationship with agricultural activities should not be 

interpreted as evidence that the Samnite economy was purely pastoral. The dichotomy between 

agricultural and pastoral economies has already been deconstructed (Horden and Purcell, 2000, 

pp. 197�t200). However, it is worth noting that different types of sites likely served different 

purposes. While hillforts primarily served an animal economy, rural settlements such as farms 

were functional for the agricultural economy. Recent research across Samnium is revealing the 

presence of a widespread but sparse system of farms throughout the entire region (see section 

3.4.1.1). Recent pedestrian surveys are confirming the existence of a significant number of small 

farms even around hillfort sites (Stek, Hamel and García Sánchez, 2021). The large number of 

farms in the Samnite landscape can be interpreted as an agricultural hinterland at the family 



234 

level, which was settled throughout most of the year. Given the extensive habitation throughout 

the territory, an important question arises regarding the function of hillfort sites, particularly in 

relation to animal husbandry. 

10.2.3 FUNCTION 

The large uninhabited areas at the site, along with their connection to the animal economy, 

necessitate our consideration of the possible functions of these sites. I see two ways in which 

hillforts could have operated. It is important to note that these should not be viewed as 

mutually exclusive, but rather as varying in importance across the different site categories 

identified in this dissertation. 

Firstly, based on the prevailing interpretation commonly found in Samnite archaeology  (Oakley, 

1995, pp. 141�t149), hillforts could have served as destinations for seasonal vertical mobility 

from the surrounding dispersed farms. According to this perspective, the empty areas within the 

site would have functioned as seasonal gathering places for animals that would have likely been 

kept elsewhere throughout the year. A second possibility is that these hillforts could have been 

places where animals were kept year-round. This idea is not far-fetched, as evidenced by the 

local account presented in chapter 9 for the site of Monte Santa Croce-Cognolo. There, the 

entire animal population of a village of 700 people was housed within the walls of the site, 

providing sustenance throughout the year, except during particularly hot summers when 

animals were moved to the fields just below the site. 

Simple hillforts align well with the latter interpretation. With an average area of just 2.5 

hectares, these sites are too small to serve as convincing gathering places for substantial animal 

keeping on a larger scale. The average distance between them, at just 3.8 km, is also 

considerably lower than what one would expect if interpreting them as seasonal gathering 

places. For these reasons, I believe that these sites could have been used permanently by 

communities that kept their animals within the enclosures while engaging in farming and living 

in the surrounding areas. The sparse permanent inhabitation at these sites could have served 

the purpose of site and animal control, while also serving a military function for the surrounding 

areas. 

On the other hand, I propose that complex hillforts could have served as locations for both 

permanent animal keeping and seasonal gatherings from a broader area. In chapter 9, I 

discussed evidence suggesting that complex hillforts emerged from a pattern where all sites 

were originally simple hillforts. The location preferences related to subsistence strategies 

between simple and complex hillforts are very similar, with both types of sites showing a 
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connection to a possible animal economy. One difference lies in the number of circuits or, more 

accurately, the types of enclosed areas present. 

The multiple circuits that characterize complex hillforts usually consist of annexes that descend 

from a flattened summit, enclosing steep areas well above the threshold for habitation. While 

the circuits on the summits generally resemble those identified in simple hillforts, with a mix of 

inhabitable and non-inhabitable areas, the enclosed slope areas differ in that they are 

predominantly suitable for hosting animals, likely cattle, and temporary occupation. This 

suggests the need to accommodate larger animal and human gatherings at these sites, 

indicating that they could have fulfilled both functions of permanent and temporary animal 

keeping, as clearly suggested by the new evidence from Monte Santa Croce-Cognolo. 

10.2.4 EVIDENCE FOR INEQUALITY 

If we consider this additional role for complex hillforts, it is important to think about why these 

sites emerged within the system. The analysis of energetics and location preferences has 

highlighted that these sites are characterised by higher labour requirements and visual 

prominence in the landscape, but I will discuss this further later. For now, let us focus on the 

areas that, although small, show evidence of permanent inhabitation. 

The crucial question here is whether patterns in traces of permanent habitation at the sites can 

be attributed to social hierarchies or not. In complex hillforts, permanent habitation tends to 

concentrate significantly more on the fortified summit than in the lower enclosed areas. For this 

reason, researchers have been tempted to consider these areas as "acropolis" of the sites, 

where some form of political power may have resided, somewhat akin to what has been 

proposed for Irish royal sites (Becker, 2019). If this were the case, we might expect to find traces 

of social inequality in these areas, which could be represented by the accumulation of resources 

from a material perspective. 

Unfortunately, excavation data is limited, but it is worth noting that there is no evidence to 

support the presence of hierarchies within these sites. We have found traces of storage vessels 

such as dolia, but their quantities are not significantly different from what would be expected 

considering permanent habitation in the areas. For instance, the proportions between dolia and 

tiles are the same or less as what we find in contemporary Hellenistic farms in the region. Other 

indicators of social inequality are also absent. Therefore, it is more likely that the low amount of 

permanent inhabitation at the site should not be attributed to a few prominent families or elites 

residing there, but rather to relatively small groups associated with animal keeping and likely 

serving as military stations. 
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The arrangement of space can mirror social structure where differences can be minimised or 

accentuated (Rautman, 2016). Together with the material assemblages, it plays a role in shaping 

the daily life of communities creating barriers and differences among them. Despite the 

presence of multiple circuits in some of these sites, there is no distinct group residing on the 

fortified summit that is differentiated from the people living in the lower areas of the sites. 

Instead, the data indicates that the different layouts should be attributed to varying uses rather 

than a hierarchical division of space. The emptiness of the lower circuits itself can be interpreted 

as a space serving an entire community. The proposed function of the sites as places where 

communities permanently kept animals is in itself evidence of collective action showing a great 

degree of collaboration and organisational power. 

Evidence indicating the lack of hierarchies among these sites is provided by the study of the 

spatial structure of the hillfort landscape discussed in Chapter 8. The second-order analysis, 

specifically, shows that there is no clustering among sites (Section 8.3.2). This finding is 

significant because site clustering is generally considered a result of the attractive power that 

large centres exert on surrounding small settlements. According to this perspective, we might 

have expected simple hillforts to cluster around large hillforts. However, these sites demonstrate 

a tendency to form small-scale patterns that consistently repeat within a limited region. Within 

the system, sites are typically located around 3km apart, while different systems repeat 

themselves at an average distance of approximately 6km. This pattern is too small to consider its 

constituent elements as independent hierarchical entities. Instead, as suggested by the analysis, 

it can be interpreted as a more balanced system where multiple sites, even of different 

categories, are regularly distributed throughout the territory. This indicates that the system is 

likely more heterarchical in nature, especially at the regional level, with sites representing a 

more equal and interconnected structure that resembles a broader community rather than a 

series of independent entities. Independent entities would have likely created a more 

heterogeneous pattern characterised by a higher local differentiation between sites. The 

homogeneity of the pattern is instead more likely to resemble a common broader community. 

To summarize, both simple and complex hillforts lack evidence of social hierarchy. There are no 

traces of palaces or similar structures, and the materials discovered do not indicate significant 

wealth accumulation. Moreover, the spatial layout of these sites does not suggest any 

hierarchical patterns. Similarly, the spatial structure of the landscape does not show clear signs 

of hierarchies among sites, but instead portrays a cohesive system of small-scale repeating 

patterns. In the following section, I argue that monumentality contributes to this view, 

highlighting a symbolic landscape that showcases a common sense of ethnic identity among the 

Samnite people. 
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10.2.5 MONUMENTALITY 

Chapter 7 introduces the labour required for the construction of fortifications as a proxy for 

better understanding monumentality at hillfort sites. The analysis revealed that a considerable 

amount of labour was necessary even for the construction of small sites, while larger sites 

required proportionally less labour relative to the size of the enclosed areas (see Figure 7.8). The 

average estimated population for simple hillforts is 150 people, and for complex hillforts, it is 

480 people. This is, of course, considering the highly improbable scenario that they were 

permanently settled as contemporaneous urban centres. The average labour estimate, assuming 

the entire estimated population participated in the construction of the fortifications, is two 

months for both categories. The same calculation for macro hillforts results in just 20 days for 

the construction of the sites. However, it is highly unlikely that the entire estimated population 

living at the site was solely dedicated to construction, and that the sites were as densely 

inhabited as contemporary urban settlements. This highlights that small and medium-sized sites 

required relatively high labour for their construction, representing a communal effort that is still 

visible today in the monumental fortifications that have been preserved. The substantial 

quantity of labour involved, along with the monumentality of the fortifications, exceeds what 

would be expected solely for the purpose of animal keeping, indicating that additional 

explanations must be sought. 

Defensive necessities are clearly a function of these fortifications. Hillforts are situated in easily 

defensible locations, often in areas that are difficult to access, and they certainly played a 

prominent role in the defensive strategies of Samnite society. Livy confirms this by mentioning 

how the Romans had to conquer several hillforts during their expansion. Monumental 

fortifications not only provided effective refuge for people and animals in the surrounding areas, 

but I suggest that they also held symbolic meaning beyond their military function. 

Large-scale fortifications are signals of strength and cohesion of the community building them 

and its capacity for collective action (Glatz and Plourde, 2011; Wright, 2017), particularly at 

times of endemic warfare �~�K�[���Œ�]�•���}�o�o�U���î�ì�í�ó�V�����Œ�l�µ�•�Z�����v�����/�l���Z���Œ���U���î�ì�í�õ�•. In contexts of impending 

threat, fortifications assume additional meaning as they require considerable labour in a 

relatively short time and significant coordination. The global debate on hillforts has shifted away 

from conceptualizing monumentality as solely indicative of social hierarchies (Arkush, 2017). 

Instead, it recognises how monumentality can be the result of collective action. This is 

particularly true for non-hierarchical societies, where collective action is seen as essential in 

coordinating defence activities such as the construction of fortifications (Roscoe, 2013). 

Based on the discussion so far, it is not uncommon to observe fortifications on both simple and 

complex hillforts as the result of collective action by heterarchical or oligarchical communities. 
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The ongoing debate on European oppida has depicted Late Iron Age societies without a strong 

hierarchy. Instead, they exhibit oligarchical forms where power is negotiated among rival 

families in a more heterarchical manner characterised by power-sharing and the cycling of 

authority between multiple rival families or different types of power holders. The competition 

for power also involves the utilisation of monumentality (Moore et al., 2023). This interpretation 

finds support for Samnite society in funerary elite display from the fifth century BC or earlier. 

From this perspective, the construction and upkeep of fortifications would have served as a 

platform for negotiation among elites capable of gathering people from the surrounding areas.  

This would have been particularly important given the dispersed nature of Samnite rural 

settlements. However, considering the lack of hierarchical evidence at the site, it is more likely 

that this process does not reflect a hierarchical social framework but instead evolved as process 

aimed at strengthening community identity. The power exerted through the required labour 

would have been negotiated within a more heterarchical community framework. Considering 

the lack of evidence for elites at hillfort sites, one could also argue that elites lived in the same 

types of dispersed farms characteristic of the Samnite rural landscape. From this perspective, 

the nature of the dispersed occupation could be seen as connected to the preservation of more 

heterarchical forms, where power is exercised, displayed, and contested within the specific 

context provided by hillforts. 

Towards the end of the fifth century and especially the fourth century BCE, as discussed in 

section 3.3, a series of changes in burial practices and other evidence has been interpreted as 

an ideological effort by Samnite communities to establish a common ethnic identity at both 

within local groups and at the broader Samnite community level (Tagliamonte, 2017, pp. 438�t

444). This period coincides with the generally accepted construction phase of Samnite hillforts. 

Therefore, it is interesting to consider the role of these sites in power negotiation not only 

among local elite circles but also in the context of an emerging shared identity beyond the local 

scale. The structuration of the landscape provides valuable insights in this regard. 

Returning to the distinction between simple and complex hillforts, the analysis of the spatial 

structure of the landscape in chapter 9 highlighted that the main difference between these two 

categories of sites lies in the high visibility of complex hillforts. This is particularly significant. 

Considering that these sites likely originated as simple hillforts, the development of complex 

hillforts in the most prominent locations can be associated with the process of an emerging 

common identity between the 4th and 3rd centuries BCE. 

In section 4.4, I explored how the landscape can serve as a powerful tool for materializing an 

ideological discourse and embodying meanings aligned with the political interests of 

communities (Tilley, 1994, p. 34; Earle, 2001, p. 107; Orser, 2006, p. 31). In the context of an 
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emerging regional ethnic identity, the hillforts landscape likely served as an arena where it was 

possible to transcend local individualities and assert broader commonalities. In this perspective, 

the heightened visibility of certain locations could have contributed to the affirmation of an 

increasingly regional identity, manifested through the construction of new circuits of 

fortifications for communal use. This interpretation aligns with the notion that macro hillforts 

functioned as sites for seasonal gatherings beyond the local level, shaping both the economic 

and ideological landscapes. Consequently, fortifications would have served not only for 

militaristic and defensive purposes, but also as socio-cultural symbols, showcasing the power of 

the community that constructed them (see Armit, 2007 for a similar perspective applied to 

hillforts in Wessex). The site of Montefalcone (K35) exemplifies this concept. 

The hillfort of Montefalcone was discussed in chapter 6, where it was utilised to explore the 

energetics of polygonal masonry. It consists of multiple circuits and has been categorised as a 

complex hillfort. The site is intriguing due to its strategic position and the location of its 

fortifications. It encompasses a narrow mountain ridge that overlooks the Adriatic Sea, 

stretching between two summits: Colle Prima Croce to the west and Colle Seconda Croce to the 

east. The fortifications are only evident on the western side, where a polygonal wall encloses a 

steep and narrow area measuring 34 meters in width just below the ridge. The lidar analysis, 

discussed in chapter 5, facilitated a comprehensive remapping of the site and revealed the 

presence of fortifications on the eastern summit as well, further enhancing our understanding of 

the site (see Figure 10.1). These fortifications on the eastern summit are particularly noteworthy 

as evidence for power display within complex hillforts. 

 

Figure 10.1 Plan of the hillfort of Montefalcone (K35). 

The site is delimited by a short polygonal wall on the eastern side. The monumentality of this 

wall differs significantly from the previously known wall on the western part of the site, as it is 
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relatively short and appears more like a retaining terrace rather than a proper fortification wall. 

It is not surprising that previous research failed to identify this stretch of wall, especially 

considering that the possible connecting stretch of wall between the two is completely lost 

today, likely due to collapses resulting from the extreme steepness of the ridge. The modest 

eastern wall encloses the flatter and larger portion of the site, where permanent habitation was 

more likely to have occurred. This stands in stark contrast to the western part, which is 

extremely steep, narrow, exposed to harsh weather conditions, and therefore less suitable for 

permanent inhabitation. Interestingly, despite being the most naturally defended area due to 

the cliff below the site, it features the most monumental fortifications, demonstrating a 

significantly higher degree of labour invested in its construction compared to the eastern area. 

This raises the question why the most impressive fortifications enclose an area of seemingly 

limited practical use, while the more optimal area is surrounded by a modest wall. Defensive 

reasons cannot adequately explain this, but modes of power display can. 

The western area is the most visible part from the surrounding landscape, particularly when 

considering the Trigno River valley situated to the east of the site. The analysis of the least cost 

path density conducted in chapter 8 identifies this area as one of the most important natural 

corridors at the regional level. Its significance remains valid today, as it serves as the border 

between Abruzzo and Molise and hosts the main road connecting the Adriatic and Tyrrhenian 

areas, traversing the heart of northern Samnium up to Campania. There are no convincing 

reasons why local communities would have invested in such heavy monumentality in the 

western ridge of Colle Prima Croce other than to create a strong territorial marker visible from 

this highly significant natural corridor with interregional value. The site is the last hillfort before 

the coastal area and the only one overlooking this passage within a 15 km range. Considering 

the relatively small size of the site, just 4 hectares, with a exploited area of only 0.5 hectares and 

an estimated population of around 90 people, the impressive fortifications were likely the result 

of communal effort extending beyond the local scale. This site serves as a concrete and 

convincing example of the importance of visual prominence in shaping the Samnite landscape 

and the emergence of complex hillforts. Furthermore, it provides evidence to the argument that 

the landscape served as an arena for symbolic expression by communities in the process of 

creating a regional identity beyond the local level. 

We have observed various pieces of evidence that highlight a more heterarchical nature in the 

organisation of Samnite hillforts and the structuring of the landscape. While complex hillforts 

express a certain degree of centralisation, as demonstrated by their interpreted local role and 

their function in shaping a symbolic landscape, this centralisation does not exhibit a clear 

hierarchical nature. Instead, we witness a cohesive and homogeneous system that characterises 
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both hillfort sites and the landscape they created, which can be interpreted as heterarchical. I 

argue that this heterarchical system is not exclusive to simple and complex hillforts. Its most 

prominent expression is found in the construction of macro hillforts, although these sites also 

display some noteworthy changes. The following part of this chapter delves into an investigation 

of this topic. 

10.3 THE ROLE OF MACRO HILLFORTS 
Macro hillforts provide important insight into a new way of structing the Samnite landscape. 

Here, I suggest that macro hillforts are interpreted as central places of regional-scale 

communities, but that there are two possible ways in which they were structured. The first 

follows a local trajectory that sees sites increasing in size and providing permanent habitation to 

become similar to a range of oppida of temperate Europe. These sites belong to the first 

category of macro hillforts (MH1) discussed previously. They share several characteristics with 

other sites, and to some extent, we can argue for an urban trajectory in their regional 

development. The second group corresponds to the second category of macro hillforts (MH2). 

These sites exhibit significantly different characteristics compared to the previous group, 

characteristics that cannot be easily explained by other known Mediterranean settlement 

patterns. Instead, I propose that these sites hold the characteristics of large low occupation 

density settlements (LLODS) found worldwide, as discussed in section 4.2.3.1. Before dwelling 

on this difference, it is important to discuss the similar role of these sites in the structuration of 

the hillfort landscape. 

10.3.1 MACRO HILLFORTS AND THE SPATIAL STRUCTURE OF THE HILLFORT 
LANDSCAPE 

The study of the spatial structure of the hillfort landscape in section 8.3.3 highlights how these 

sites function very similarly to complex hillforts in relation to simple hillforts, but on a larger 

scale that encompasses both categories. Macro hillforts are situated within a system of regularly 

distributed simple and complex hillforts. Considering the narrative that portrays macro sites as 

potential urban centres (see section 3.4), one might have expected clustering around these 

sites. However, these sites do not show signs of clustering, but instead replicate the type of 

repetitive pattern observed among other sites discussed earlier in this chapter. In the case of 

macro hillforts, this pattern repeats itself at a larger scale, with an average distance of around 3 

km between sites within each individual group, while different systems repeat themselves at 

approximately 12 km intervals. This indicates the presence of a multiscale system of hillfort sites. 

At the local scale, numerous simple hillforts served local communities. At an intermediate scale, 

complex hillforts served a dimension beyond purely local communities. At the larger scale, 
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macro hillforts acted as centres of regional importance. The centrality of these sites within the 

entire system is a first indicator of their role as regional central places. However, these various 

scales of settlement patterns do not exhibit spatial hierarchies between them.  

The lack of spatial hierarchies is argued based on the absence of clustering on one hand, and on 

the other, the peculiar type of regular distribution among the sites. This distribution is unusual 

because it is not consistent across the entire region or even in specific locations, but it still 

presents a high level of regional variability while remaining quite homogeneous overall. This is a 

crucial point because this high degree of variability, along with the absence of elites at the 

macro hillforts, does not support the view of this type of multi-scale system as conducive to a 

form of hierarchy that, although not through clustering, creates a regularly structured 

landscape. In other words, the analysis does not reveal a type of regularly structured landscape 

that could have been created by a centralized organization because it is too variable. Instead, it 

is better explained by the development of a more homogeneous organization that lacks clear 

settlement aggregators and finds in the macro hillforts a central place very different from 

traditional urban systems. These are not conducive to settlement organization but, instead, they 

emerged later and organically in a pre-existing homogeneous settlement pattern without 

subverting it. As such, we also do not see traces of territorialities. We do not have groups of 

sites marking specific regional areas. Instead, the continuous distribution of hillforts shows a 

cohesive landscape where macro hillforts act as central sites of a more spatially heterarchically 

organised, sparsely but largely inhabited hinterland. 

The character of the location of these sites in the system is a second indicator of their 

importance. The high significance of visual prominence in determining the location of complex 

hillforts, together with the substantial labour involved in their construction, can be seen as 

markers of the importance of these sites for the organisation of the surrounding landscape. I 

discussed in section 10.2.5 how monumentality and visual prominence in complex hillforts 

played a prominent role in constructing a symbolic Samnite landscape. In a period of emerging 

regional identity, complex hillforts emerged from a local dimension to represent sites of 

communal values. I believe the same holds true for macro hillforts but on an even larger scale. 

The visibility and monumentality of these extremely large sites would have served as regional 

markers. Their imposing presence would have created a strong sense of identity and community 

cohesion, effectively structuring a symbolic landscape for a society in the process of regional 

self-identification. 

The analysis also highlights how these sites likely appeared at a later stage in the hillfort 

landscape. As discussed in section 8.3.3, there is evidence to indicate that macro hillforts were 

constructed during a later phase of the settlement system. If confirmed, this would further 
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underscore the importance behind the centrality and character of the chosen locations for the 

construction of these sites, thus emphasizing their role in shaping a broader landscape. 

Apart from the character and centrality of their location, as well as the substantial labour 

involved in fortification construction, we can examine the internal layout of these sites to better 

understand their function in organising the surrounding landscape. However, the sites differ in 

this aspect and, while sharing a broader regional function, they differ in how they fulfil that 

function. I discuss this in detail next. 

10.3.2 MACRO HILLFORTS AS OPPIDA 

The first group discussed correspond to the first category of macro hillforts presented in chapter 

7. This includes at least eight sites found both in the Samnium region facing the Adriatic and in 

the central area of Campania. These sites are Monte Pallano (K90), Serra Guardiola (K136), 

Monte Vairano (K112), Montagna di Gildone (K54), Monte Saraceno di Cercemaggiore (K110), 

San Pasquale (K130), Monte Pugliano (K95), and Trebula Balliensis (K140) (Figure 10.2). It is 

important to highlight that this is not an exhaustive list, and it is likely that some complex 

hillforts could be included in this group. However, this division is functional to defend a series of 

observations that differentiate these sites from the larger group of small and medium-sized 

hillforts. These sites show several similarities with oppida of temperate Europe, being 

characterised by low-density permanent habitation and, possibly, urbanism. 

This category includes sites with an average size of 40 hectares and an estimated population of 

3,700 people. In the Adriatic area, the sites are located on flat, large hilltops, while in Campania, 

the locations range to include foothill areas such as San Pasquale and Trebula Balliensis. As 

discussed in section 7.4, these sites have a high proportion of exploited areas within the 

enclosed areas, with sites like Montagna di Gildone and Monte Pallano where this proportion is 

almost equal to the enclosed area. A first consideration is whether and how these sites present 

particularly favourable conditions for the development of permanent habitation or other 

activities within the fortified area. In this regard, they could be similar to towns in Etruria or 

Rome, where large plateaux are fortified and permanently settled. 

Identifying the type of habitation at these sites is, however, difficult. As discussed in section 

3.4.1.3, several of these sites have received a good degree of scholarly interest. However, this 

research often stops at the second century BCE, and only fragmentary data are available for 

earlier periods. Consequently, we lack robust data to understand the forms of habitation at the 

sites prior the Roman conquest. Excavation data are available for Trebula Balliensis, Monte 

Pallano, Monte Vairano and Monte Saraceno di Cercemaggiore. Trebula Balliensis was primarily 

investigated through the monumental fortifications and the excavation of the gate, which does 
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not provide useful information regarding the internal organisation of the site, especially 

concerning pre-Roman phases (Calastri, 2006, pp. 42�t55; Caiazza and Pagano, 2012b, 2012a). 

The work on Monte Saraceno led to the identification of a sanctuary but there are scarce 

information on inhabitation (Di Niro, 2007). A sanctuary and possible other sacred areas have 

been identified also at Monte Pallano (Faustoferri and Riccitelli, 2005). Importantly, on this site 

and Monte Vairano, evidence of urban systems from the second century BCE is available (De 

Benedittis, 1988, 2013, 2017; Faustoferri and Lloyd, 1998; Faustoferri and Riccitelli, 2005). 

Similar forms of habitation have been proposed for earlier periods, but research tends to project 

later patterns to earlier periods without consistent data (see section 3.4.1.3 for discussion). For 

this reason, we still lack robust information about the methods of occupation and whether they 

can be related to urban systems. However, permanent habitation at the site was likely present in 

earlier phases and is attested in some cases.  

 

Figure 10.2 Sites categorised in the first category of macro hillforts. 

Data from surveys are primarily available from Monte Pugliano and Montagna di Gildone. 

Research on Monte Pugliano focused on the fortification system, and permanent habitation 

within the walls is only assumed due to the large size of the site without concrete evidence 

(Renda, 2017). On the other hand, Montagna di Gildone presents a much clearer situation. The 

site has undergone extensive study by the Tappino Valley Survey and is currently in the 

publication phase. The preliminary results demonstrate that habitation took the form of small 

pockets within the circuit instead of continuous densely inhabited areas (Stek, Hamel and García 

Sánchez, 2021). Furthermore, research on the surrounding landscape has highlighted the 

presence of numerous small-scale farms dating to the same period. 

Considering the available data, we have some evidence for permanent habitation at these sites 

and indications that it likely took shape in small clusters within the fortified areas. Additionally, 
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we have an understanding of several small farms surrounding these sites. However, data for 

interpreting these sites as urban centres are lacking for the fourth and third century BCE and are 

only available for later periods following the process of monumentalisation of inhabited areas. 

Based on this evidence, we can argue that these sites were likely occupied with forms of low-

density permanent habitation. The size of the sites, together with pockets of habitation 

interspersed between empty areas, mirror well the characteristics of oppida of Temperate 

Europe discussed in section 4.2.1. It is thus useful to develop a comparison between the two. 

I already discussed that the internal layout of these sites is similar to that of several oppida. As 

mentioned in section 4.2.1,  the presence of pockets of occupation at oppida is seen as the 

materialisation of a process where different groups negotiated power in oligarchic, or 

heterarchical, systems in a process of aggregation of a more rural and heterarchical society 

towards more centralised forms. This would have allowed the establishment of client networks 

spanning regional areas without the need for direct control or the presence of large, permanent 

population centres (Moore, 2017b). Considering the discussion so far, it is not far-fetched to see 

similar processes taking place at Samnite hillforts. Most importantly, the processes argued for 

European oppida do not see settlement aggregation as the result of hierarchical settlement 

systems, but rather as the result of the long-lasting symbolic meaning given to the locations 

where oppida arose. 

The long history of occupation and the symbolic significance of oppida locations have been thus 

interpreted as key in the development of these centres. For the Samnite sites, the presence of 

ritual places in some of them can be used to support a similar interpretation. Votive figurines 

have been recovered in a number of them while the presence of a sanctuary is confirmed at 

least for later periods at Monte Pallano (Faustoferri and Riccitelli, 2005) and Monte Saraceno di 

Cercemaggiore (Di Niro, 2007). However, the limited available data on Samnite sites does not 

allow us to investigate the extent to which these sites were inhabited prior to the Samnite 

period, although there are some traces of Bronze Age occupation in several of them. We have 

however data from several of these site which suggest that they could have also hosted ritual 

places. The importance of the location, as a topographically striking or significant place in the 

surrounding landscape, is also confirmed for these macro hillforts, located in dominant areas 

that are highly visible from their surroundings. 

Furthermore, due to their topographic prominence, European oppida are seen as crucial in the 

development of regional identities, to the extent that some of them maintained their 

importance even during the Roman period. These sites are interpreted as spaces for collective 

assemblies in an increasingly interconnected yet still rural society, which gradually developed 

regional identities. This, in turn, led to the emergence of larger, more centralised social 
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structures that were later recognised by Roman writers (Fern��ndez-G�‚tz, 2014). The proposed 

role of macro hillforts in structuring the symbolic landscape aligns well with these 

interpretations of European oppida. Macro hillforts also served communities that still largely 

relied on a rural hinterland, as evidenced by the abundance of farms and small hillforts. The 

enduring importance of these sites during the later Roman period is also attested to at locations 

such as Monte Pallano, Monte Vairano, and Trebula Balliensis where more densely populated 

settlements developed after the conquest. The latter even achieved the status of a Roman 

municipium. 

While hypotheses about low-density urbanism in oppida remain contested, similar ones can be 

argued for the first category of macro hillforts. In section 4.2.1, I discussed that self-sufficient 

agricultural production within the sites is crucial to low-density urbanism (Fletcher, 2012). 

However, the areas enclosed by oppida are not self-sufficient, and agricultural activities within 

the walls should be seen as exceptions. Instead of focusing on agriculture, the debate has 

revolved around forms of habitation and the significance of multiple fortified agglomerations in 

close proximity to argue for forms of low-density urbanism (Moore, 2017b; Moore and 

Fern��ndez-G�‚tz, 2022). When considering the presence of multiple fortified agglomerations as 

an indicator of low-density urbanism, it becomes clear that Samnite sites do not align with this 

contested model. As discussed earlier, there are no traces of territoriality or specific well-

defined spatial complexes. Instead, we have a more cohesive and homogeneous landscape. 

Therefore, I suggest that it is not possible to argue for forms of low-density urbanism in 

Samnium. In fact, I think that it is not currently easy or advisable to apply the concept of low-

density urbanism to a Mediterranean context, as it easily biases our perspectives toward an 

urban-centric view (e.g. Lee, 2022) and remains highly speculative at the current stage of 

research. 

Moving beyond low-density urbanism, we can observe that this first category of macro hillforts 

shares several characteristics highlighted for oppida. Similar forms of habitation, importance, 

and symbolic significance that continue even after the Roman conquest, as well as a central role 

in structuring the surrounding landscape, unite these sites between Temperate Europe and 

Samnium. However, they also seem to resemble local Italian trajectories toward centralisation, 

as observed in Etruria and Latium Vetus starting in the 9th century (Terrenato, 2011). In these 

areas, the early Iron Age populations of sites that later became urban centres took shape as 

clusters of occupation, a process which have been interpreted as the materialisation of power 

negotiation within increasingly centralised societies. This seems confirmed when we plot these 

�•�]�š���•���}�v���&�o���š���Z���Œ�[�•���/-C matrix (Fletcher, 1995, pp. 69�t81 and 235�t236) (see section 4.2.3). Figure 

10.3 show how these sites comfortably fit within the trajectory that sees a correlation between 
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increasing population and density of habitation in sites below 100 ha, which is the trajectory 

identified by Fletcher and colleagues as leading to classical urbanism (Fletcher, White and 

Dharmendra, 2022, pp. 37�t41). This could suggest that Samnite society simply resisted 

aggregation and political centralisation longer than neighbouring societies, but still followed the 

trajectory toward similar forms of settlement organisation and political centralisation. This will 

be discussed further in section 10.4, but for now it is useful to first look at the other category of 

macro hillforts. 

 

Figure 10.3 Macro hillforts on the I-C matrix with indicated the LLODS distribution (after Fletcher, White and 
Dharmendra, 2022, p. 52 fig. 3.14 modified). 

10.3.3 MACRO HILLFORTS AS LARGE LOW OCCUPATION DENSITY 
SETTLEMENTS 

The second category of macro hillforts consists of only four sites: Monte Auro (K59), Monte Cila 

(K73), Roccavecchia di Pratella (K127), and Monte San Paolo (K103) (Figure 10.4). These sites are 

all situated in north-west Samnium, facing the Campanian plateau along the Volturno River and 

the valley where it originates from the internal Appennine area. Here, I argue that these sites 

differ from the previous groups and exhibit characteristics similar to those of large low 

occupation density settlements (LLODS) discussed in section 4.2.3. 

This category includes sites with an average size of 135 hectares, reaching up to 205 hectares in 

the case of Monte San Paolo, with an estimated average population of around 2500 people. The 

difference with the other category of macro hillforts is evident here. Despite having an average 

area more than three times larger than the latter, these sites have only two-thirds of the 
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estimated population. As discussed in section 7.4, despite comparable population numbers, the 

estimated population density of these sites is remarkably low. 

 

Figure 10.4 Sites categorised in the second category of macro hillforts. 

The significant effort put into fortifying these sites and the large enclosed areas appear 

inconsistent with the relatively low estimated population. The latter is similar to that of many 

macro and complex hillforts. If we assume that the entire estimated population of the other 

sites was involved in the construction, these sites would have required a substantial amount of 

manpower from the surrounding area. However, their central role in shaping the landscape, as 

discussed in section 10.3.1, indicates that they were likely able to do so. The ability to mobilize 

this manpower is further supported when we examine the spatial layout of the sites. 

While the first category of macro hillforts primarily encloses flat areas on high plateaux, these 

sites enclose extremely steep mountain sides, creating circuits several kilometres long that 

extend from mountaintops all the way down to the foothills. In this layout, these sites resemble 

giant versions of the complex hillforts characterised by additional circuits enclosing slopes, as 

discussed in section 10.2.1. Similar to those hillforts, the majority of the enclosed area is too 

steep to support substantial permanent habitation or agricultural activities. Even forms of 

temporary habitation appear limited at these sites. This confirms that the population involved in 

constructing these sites likely did not reside within the settlement but rather outside it. Building 

upon the discussion of complex hillforts, I suggest that the large empty areas within these sites 

were dedicated to animal keeping practices related to pastoral activities. 

Archaeological data for better understanding the internal layout of these sites are scarce. 

Research has predominantly focused on the fortifications, and therefore, information regarding 
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the internal layout or the presence of a pastoral economy is simply unavailable. However, there 

is some evidence suggesting the existence of cult practices. Allegedly, votive figures were 

discovered at the summit of Monte Auro, although they have since been lost. Possible 

sanctuaries have been identified at Monte San Paolo and Roccavecchia di Pratella. For the latter, 

even the presence of a potential theatre has been proposed (Caiazza, 1986, pp. 306�t313), but 

this is currently highly speculative. These findings would confirm the prominent role of the sites 

in the landscape, but it must be noted that many of these interpretations largely rely on 

speculative endeavours instead of robust data. 

What is evident is that the model highlights how these sites sharply contrast with the first 

category of macro hillforts, as they are the least likely to have accommodated permanent 

habitation following densely populated urban models. Instead, despite the limited 

archaeological data, the new evidence emphasises the significant labour required for fortifying 

these sites, the large enclosed areas, and their central role in shaping the landscape. These 

factors lead me to interpret these sites as central places, while the limited habitable area and 

population density suggest their ability to attract sizable communities on a regional level, 

potentially drawn to the site due to animal-related economic activities. In this regard, it is 

valuable to examine the debate on large low occupation density settlements and how these 

sites compare to them. 

As discussed in section 4.2.3.1, Fletcher (1995) argues that densely and continuously habited 

settlements can only expand beyond a 100-hectare threshold when accompanied by shifts in 

socio-political organisation and/or technological advancements. Large low occupation density 

settlements are sites ranging from 100 to 10,000 hectares, surpassing the constraint of 

continuous permanent habitation through patterns of mobility (Fletcher, White and 

Dharmendra, 2022; White, 2022; White and Fletcher, 2023). In these sites, continuous 

population generally does not exceed 20 people per hectare, except in specific circumstances. 

The interaction stress of large communities is minimised through short-term occupations or 

predictable patterns of periodic occupation. Examples of such settlements include periodic 

gathering places or regional centres with mobile populations dispersed across a broad 

geographic area. 

From this definition, it becomes clear that this interpretation of large low occupation density 

settlements shares similarities with the scenario discussed for the second category of macro 

hillforts. The site size and the estimated low density of habitation confirm this, as well as my 

interpretation of these sites as temporary places utilised by larger communities residing in the 

surrounding landscape. In fact, when we plot the sites on the I-C matrix, we observe how they 

align with the trajectory proposed for large low occupation density sites (Figure 10.3). It is 
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important to exercise caution when suggesting this comparison due to the potentially 

problematic population estimates. Nevertheless, it is intriguing to note that the two categories 

of macro hillforts identified in the analysis follow distinct trends toward different forms of 

settlement organisation, independently identified and based on other sites worldwide. It is now 

useful to dwell deeper into the comparison with LLODS. 

First, characteristic of LLODS is that they are similar to the smaller settlements within the same 

cultural region in terms of settlement structure, features, and spatial patterns. They are 

interpreted as magnified versions of established regional patterns, typically lacking significant 

novelty in their form (White, 2022, pp. 159�t167). Samnite sites follow this trend. As discussed in 

section 10.3.1, macro hillforts follow the same settlement pattern highlighted between simple 

and complex hillfort, but on a larger scale. Similarly, they have similar layouts and proposed 

functions as the complex hillforts but, again, on a much larger scale. These observation 

highlights how the sites follow the settlement structure of LLODS. 

Second, regarding monumentality, large low occupation density settlements display substantial 

investment in infrastructure, but do not have a considerable permanent population, with 80% of 

them showcasing some forms of mobility (White, 2022; White and Fletcher, 2023). As discussed 

already, Samnite hillforts can be interpreted along these lines. 

Thirdly, LLODS often emerged within broader patterns of regional population growth, but they 

had relatively short lifespans of two to three centuries and did not result in the development of 

similar settlement structures in other regions. When regional changes occurred, particularly 

with the introduction of densely inhabited urban forms, LLODS declined and were generally not 

reoccupied (Fletcher, White, and Dharmendra 2022; White 2022). While we lack robust data to 

support population growth, historical sources emphasise the remarkable demographic power of 

the Samnites. We could tentatively interpret this as a result of earlier processes of population 

growth preceding the emergence of Samnite identity in the 5th and 4th centuries BCE. However, 

we are certain that these sites shared the short lifespan characteristic of LLODS. There is no 

evidence of continuous occupation after the Roman conquest, bringing the duration of these 

sites to approximately two to three centuries. This shift in habitation towards nearby urban 

centres further reinforces the similarities between these sites and LLODS, where sites were 

abandoned in favour of more densely inhabited urban settlements. Interestingly, this contrasts 

with the continuity of occupation during the Roman period observed in the other macro 

hillforts, highlighting the differences between the two and that the latter follow trajectories 

towards classical urbanism. Finally, the second category of macro hillforts represents a unique 

occurrence in the neighbouring areas, emphasizing that this settlement form did not extend to 

other regions even during the periods of Samnite occupation. 
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The evidence discussed so far thus reveals several similarities between this category of macro 

hillforts and large low occupation density settlements. We observe comparable spatial 

structures, functions, roles in shaping the landscape, and processes of decline. The debate on 

LLODS has emerged to explain a series of extremely large sites that exhibit a high degree of 

organisation and population, even without traditional urban forms. The significance of these 

sites is evident. As anticipated at the beginning of this section of the chapter, we now see that 

both categories of macro hillforts served as central places within a broader landscape. While 

one category resembled neighbouring sites, the other represents a distinct type of settlement 

form that requires further investigation within the Italian and Mediterranean context. It is 

unlikely to be unique to the Samnites, but its novelty could help explain why the debate on 

Samnite urbanism has never reached a scholarly consensus. It appears that that debate has 

been blending two very different settlement forms in a discussion already dominated by an 

urban-centric view. However, what is common to both is their prominent role in the settlement 

pattern, as both acted as central places, perhaps just in slightly different ways. So far, the 

discussion has overlooked another category of hillforts studied in this dissertation, namely 

observation posts. The next part of this chapter will address this and explore their potential 

relation to state formation in Samnium. 

10.4 RESISTANCE AND STATE FORMATION 
The observation posts represent an interesting typology of sites for understanding Samnite 

organisation. Here, I argue that their construction demonstrates an active form of resistance to 

Roman expansionism that goes beyond the regional level and instead encompasses different 

areas characterised by diverse settlement patterns. I utilize this evidence to support the 

existence of a cohesive Samnite society and to suggest an increase in political centralisation 

during the Samnite wars. Furthermore, drawing from González-Ruibal's (2014) archaeology of 

resistance, I contend that through an analysis of Samnite resistance, resilience, and rebellion 

against Roman society, we can discern a level of political centralisation that could be interpreted 

as indicative of state formation. 

10.4.1 OBSERVATION POSTS AS A FORM OF RESISTANCE  

In section 5.4.3, I discussed how lidar analysis enabled the identification of a previously 

unknown typology of sites in western Samnium known as observation posts. A total of thirty-six 

sites were classified under this category. These sites differ from traditional hillforts in terms of 

their size, fortification types, labour requirements, locations, associated materials, chronology, 

and function. Consequently, they have been interpreted as observation posts serving the 

purpose of visual territorial control rather than habitation or subsistence activities. 
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These observation posts are characterised by their small dimensions, with an average size of less 

than 0.5 hectares. They exhibit temporary occupation and modest fortifications consisting of 

earthworks and palisades. The data collected indicates a narrow period of occupation during the 

4th and 3rd centuries BCE, possibly ranging from 350 to 275 BCE. It is thus likely that they were 

used exclusively during the Samnite wars (343 to 290 BCE). The location only on the western 

border supports this view, considering how this was the area of the greatest risk of Roman 

military action. Despite being constructed during a later period compared to other hillforts, they 

were all built within the same timeframe. 

The distinctiveness of these sites was confirmed by the multivariate analysis discussed in 

Chapter 7, as well as the spatial analysis of chapter 8. The first analysis isolated these sites as a 

separate group based on the nature of their fortifications, the minimal labour required for 

construction, and their significantly smaller dimensions when compared to hillforts. Further 

confirmation of their distinct nature was provided in section 8.3.4, where the analysis 

highlighted several covariates that needed to be considered independently from other hillforts 

when examining these sites. Additionally, the analysis confirmed that these sites were likely 

constructed at a later stage than the hillforts, further supported by the analysis of the materials. 

The location modelling emphasised that observation posts were primarily determined by high 

topographical prominence, with no apparent relationship to subsistence practices. They were 

not situated in areas suitable for agriculture or other activities but were typically found on 

summits of isolated high peaks. Taking into account their location, materials, and site structures, 

these sites were interpreted as observation posts instead of hillforts, serving the purpose of 

visual control over the landscape. 

One of the most significant observations from the spatial analysis is the regular distribution of 

these sites across different settlement patterns. We need to revisit the basic observation of the 

spatial distribution of the sites discussed in section 5.4.2. In the region of Hirpinia in southern 

Samnium, there is a contrast with the northern part, as hillforts are absent in the hinterland and 

only located along the border of the region. This differs from the densely populated landscape 

of hillfort sites in the northern part. These areas represent two distinct forms of settling the 

landscape: one characterised by hillforts, and the other populated by farms and rural 

settlements but lacking hillfort sites. It is not possible to provide an interpretation of how the 

latter functioned. However, it is important to highlight that these two settlement patterns 

correspond to different Samnite groups mentioned in historical sources, which have also been 

recognised in archaeological data (Tagliamonte, 1996, 2017). This new observation further 

confirms the presence of different regional communities in western Samnium. 
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The presence of the observation post system becomes crucial, as discussed in section 5.4.3. It 

spans a distance of 160 km along the entire western border of ancient Samnium, encompassing 

different regional communities. This system is consistently distributed in both areas where 

hillfort sites are present in the north and areas where they are absent in the south, integrating 

the two into a single interregional system that remains unchanged regardless of specific regional 

settlement forms. I argue the hypothesis that this system provides evidence for the existence of 

a cohesive interregional Samnite society capable of acting collectively in resisting the Roman 

invasion. 

In summary, the data reveals a new system of sites that are highly cohesive with each other 

across a 160 km expanse, spanning different regional communities characterised by distinct 

settlement patterns. This system is unique compared to other hillforts, as its sole purpose is 

territorial control along the western border of Samnium. It emerged later than the other sites 

and, most importantly, during the period of the Samnite wars, only to cease to exist at the end 

of these wars. I argue the hypothesis that this system could be interpreted as the outcome of 

the collective ability of Samnite communities to transcend regional differences in defending 

their territory. In this, we can observe a form of resistance to Roman expansionism and evidence 

of increased capacity of organisation and collective action during the time of the Samnite wars. 

10.4.2 RESISTANCE AND POLITICAL CENTRALISATION 

In the first two parts of this chapter I discussed that it is possible to interpret the monumentality 

of Samnite hillforts and the landscape their create as venues in negotiating power both within 

local communities and in the context of an emerging shared regional identity toward the fourth 

century BCE. In this perspective, both categories of macro hillforts testify the presence of 

communities at the regional level able to act collectively in the creation of sites and a symbolic 

landscape projecting a sense of cohesiveness and capacity for collective action. I suggest the 

hypothesis that the system of observation posts extends this interpretation at the interregional 

level, showing the existence of a cohesive broader Samnite community. 

I discussed already that we can see an increasing shared identity in Samnite society during the 

5th and 4th century BCE. This is expressed by the literary texts, archaeological, epigraphic and 

numismatic evidence (Tagliamonte, 1996, pp. 129�t135, 2017). The emergence of complex 

hillforts and then large regional macro hillforts and the interregional system of observation posts 

all support this. They are all manifestation of a progressive increase in a shared identify that 

goes beyond the local spheres and embrace broader territories and communities to create a 

distinct Samnite regional ethnic identity. As demonstrated by the interregional system of 
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observation posts, I argue the hypothesis that we can see the maximum expression of this 

during the Samnite wars and that these can be read as a main catalyst for this. 

In section 2.3.1 I discussed that ethnic identity can manifest itself in ���� �•�}���]���š�Ç�[�•��resistance to 

external threat. When communities face threats such as subjugation, they frequently assert 

their identities as a means of resistance against the intimidating or dominant authority. Identity 

serves as a unifying force for collective action, reinforcing the bonds within the resisting group 

and cultivating a sense of unity in opposition to external authority. In such circumstances, 

political entities can emerge through the mobilisation of "politicised ethnic identities" where 

different communities join forces in response to an external threat (Jones, 1997, pp. 75�t76, 95�t

96). As seen in section 4.3, hillforts and the fortified landscape can be seen as instrumental in 

such processes. They deter enemies and establish a regional political unity of a strong and 

cohesive community capable of collective action for defence (Arkush and Ikehara, 2019). 

The data discussed so far fit well with such a scenario. The establishment of observation posts 

clearly highlights interregional mobilisation towards border defence. Most importantly, it 

highlights a degree of collective action and organisation that was not seen before this period. 

The key question here is the degree of political centralisation that these data express and 

whether we can interpret the latter as evidence of state formation. 

As discussed, the different settlement patterns between southern and northern Samnium 

indicate the presence of distinct communities across this territory. The same argument can be 

made when considering the different categories of macro hillforts. By examining their spatial 

distribution, we can observe that the second category of sites is localized only in north-west 

Samnium, while the other category spans a broader area, encompassing central Campania, 

northeastern Samnium, and the Adriatic region. Considering the different trajectories of 

settlement organisation that these sites follow, we could propose that they were used by 

communities that were organised differently from each other. It is therefore useful to consider 

how they each might have been organised. 

The pattern of simple, complex, and macro hillforts all highlight a balanced system, where no 

clear spatial hierarchies between the sites are evident. The layout of the sites supports this 

observation. However, we can see how macro hillforts likely served as central places for broader 

communities, albeit in different ways. The second category of macro hillforts reflects settlement 

models in which the interaction stress of large communities is minimised without significant 

shifts in socio-political organisation or technological advancements, as seen in the case of large 

low occupation density settlements. From this perspective, these sites align with the concept of 

a heterarchical society that manages power dynamics through mobility patterns, without 
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necessarily increasing socio-political organisation. On the other hand, the first category of macro 

hillforts presents a different scenario. They exhibit a trajectory towards the classic urban model 

and likely indicate a shift in organisation towards state formation. However, they do not seem to 

reach that level of complexity until after the Roman conquest, with the subsequent shift in 

settlement patterns and the development of monumental public spaces. 

We can argue the hypothesis that the new system of observation posts indicates a shift in 

political organisation towards state formation. We observe a clear mobilisation of resources and 

people in the fortification of a well-defined territory that extends beyond the regional level. On 

one hand, this can be seen as a significant expression of collective action and organisation from 

a society that is still largely heterarchical. This is not unlikely, considering the emerging evidence 

discussed in section 2.2.5, which suggests the high degree of community organisation that 

societies could express even in the absence of social hierarchies. Yet, these examples primarily 

refer to labour and organisation at the site level, even though some of these sites are 

exceptionally large and complex. We lack evidence for heterarchical societies capable of 

collective action within an interregional system, as demonstrated by the observation posts. 

Instead, I argue the hypothesis that it is more plausible to interpret this labour organisation and 

fortification of a well-defined territory as indicators of political centralisation and likely state 

formation. 

In section 2.2.5, I reviewed Graeber and Wengrow�[�• (2021, p. 413) argument on the birth of the 

state to be considered not a completely new form, but rather a change occurring within an 

already existing regional system. They also argue for a strong relationship between warfare and 

increasing social inequalities, which provide space for the development of ranking systems and 

large systems of domination leading to the formation of a state  (Graeber and Wengrow, 2021, 

pp. 504�t514). The emergence of macro centres and their significance in the landscape highlight 

existing trends towards centralisation, especially when considering the first category of macro 

hillforts. Moreover, it is evident that warfare would have likely led to an increase in social 

inequalities and political centralisation. This would also tally with the historical sources that refer 

to a Samnite League headed by magistrates (see section 3.2). 

Considering all the above, I suggest the hypothesis that we can see the Samnite wars as the 

catalyst for political centralisation and possibly Samnite state formation. Various opposing forces 

come into play here. The different settlement patterns and categories of macro hillforts 

demonstrate the presence of varying degrees of social complexity expressed in more or less 

heterarchical forms. Some of these patterns appear to be trending towards the same patterns of 

state formation observed in neighbouring areas of Italy. The Roman expansion could have acted 

as an accelerator and catalyst for this phenomenon, which, starting from the regional level, 
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extended to interregional spheres in conjunction with an already increasing common ethnic 

identity. However, this hypothesis leaves uncertain whether this process reached a full stage of 

state formation as seen in Roman and other Mediterranean societies. 

If we examine the forms of domination discussed by Graeber and Wengrow (2021, pp. 362�t369) 

(see section 2.2.5), we can identify in the archaeological record and historical sources evidence 

of control over violence, charismatic competition, and to some extent, bureaucracy. The 

presence of office holders in control of vast armies during the wars with Rome is emblematic of 

this, showcasing the ability to organise violence (Bourdin, 2014). The election of leaders from 

the elites betrays also a form of charismatic competition, where some individuals emerge to 

lead the entire community. Bureaucracy is more difficult to trace, but it is worth noticing that in 

this period we also have the emergence of Samnite coinage (Termeer, 2016). These pieces of 

evidence could suggest an incipient phase in state formation. 

There is an ongoing debate about the organisation of the Samnites, whether they were a 

federation, a state, or independent entities capable of acting collectively. This debate stems 

from conflicting archaeological data and historical sources. The model I am proposing is 

contributing to this debate because it seeks to reconcile these opposing viewpoints, considering 

them as opposing and evolving forces where warfare played a significant role in shaping a new 

societal structure. By delving deeper into the forms of resistance exhibited by Samnite society, I 

believe we can trace this development and present a more cohesive and reconciling narrative 

about Samnite society. 

10.4.3 RESISTANCE, RESILIENCE AND REBELLION 

The later developments of Samnite society further highlight a strong sense of identity among 

the Samnites. We can see this in the forms of resistance expressed by Samnite society. 

According to González-Ruibal (2014), societies actively define themselves and interact with 

external powers through a process of resistance, which can take three different forms. Initially, 

active resistance to external domination can result in open conflict and warfare. Then, under 

external domination, societies express resilience by developing cultural coping mechanisms 

without openly challenging the dominant power. Finally, when the domination becomes 

unbearable, societies rebel through violent and intensely politicised actions, which, if 

suppressed, often lead to the disappearance of the rebelling society (González-Ruibal, 2014, pp. 

6�t12). 

We can observe a similar process within Samnite society. First, we have strong evidence from 

the Samnite wars of an open conflict and resistance to Roman expansionism (Bourdin, 2014). I 
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believe this should not be interpreted as a negotiation process, as often discussed in Roman 

provincial archaeology (Mattingly, 1997, 2010). Instead, it should be regarded as a deliberate 

and violent action aimed at countering external domination. The construction of observation 

posts clearly demonstrates interregional mobilisation for the defence of the border, hence 

highlighting this. 

In considering the broader settlement patterns, we can see the dispersed form of rural 

habitation and hillforts as another example of resistance. Since urban forms were known in the 

region, there is no reason to argue that the Samnites were unable to create them. Instead, I 

believe they actively rejected urbanism for two main reasons. Firstly, urban forms were unlikely 

to be the most effective way to organise themselves. As discussed, the hillforts illustrate the 

importance of animal husbandry in Samnite communities. This type of economy requires a 

higher level of mobility than what one sees in urban environments. The absence of urban 

centres can be motivated by the limitations they pose for this type of subsistence. Additionally, 

the mountainous landscape where settlement aggregation and extensive farming are more 

challenging provides a different range of possibilities compared to the coastal areas, and favours 

subsistence practices such as pastoralism. 

Secondly, the absence of cities could be interpreted as a conscious refusal of the forms of 

inequality characteristic of neighbouring urban societies. This would explain why large 

settlement aggregators, such as the first category of hillforts, emerged much later than in Etruria 

or Latium Vetus, and why other forms of more heterarchical settlement organisation, such as 

the second category of macro hillforts, are present. Furthermore, we could see this as a 

deliberate act of creative refusal (Graeber, 2013) of organisational forms, distinct from 

competing societies. In this regard, the Samnites may have favoured specific settlement patterns 

as self-defining of their communal traits, as discussed in the previous paragraphs, which were 

also influenced by the specific mountain landscape. Following Scott (2009), this would highlight 

forms of resistance specific to rural mountain societies found in other parts of the world. 

After the conquest, we can interpret the monumentalisation of sanctuaries and the continuous 

rejection of Roman settlement patterns as evidence of the resilience of Samnite society. As 

discussed in section 3.4.1.2, a widespread process of monumentalisation of pre-existing and 

new sanctuaries began after the Roman conquest in the 2nd century BCE. This has been 

interpreted as evidence to suggest that these sites served broader communities than in earlier 

centuries and were associated with ethnic groups (La Regina, 1989). I see this 

monumentalisation as a continuation of a self-definition process that had begun in earlier 

centuries. In this perspective, the monumentalisation of sanctuaries, now of pan-Samnite 

importance, can be viewed as a cultural coping mechanism in which the Samnites continued the 
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process of self-identification by adopting a form of monumentality seen in sanctuaries typical of 

Roman culture. Thus, I see this cultural appropriation as a subtle form of resilience. 

Another form of resilience can be observed in the endurance of Samnite settlement patterns. 

Recent research has shown that the Samnite landscape did not undergo drastic changes 

following the Roman conquest, as has traditionally been suggested (Casarotto, Pelgrom and 

Stek, 2019). Instead, settlement patterns remained largely unaffected. Importantly, the new 

urban forms introduced by the Romans remained largely symbolic forms of domination. They 

never became clear societal centres, and instead, the population remained predominantly rural 

with an unaffected settlement distribution. In fact, several of these towns, such as Isernia, never 

developed into complex cities and still today exhibit a largely dispersed settlement pattern 

instead of centralisation. Even when hillforts like Monte Vairano and Monte Pallano adopted 

urban forms after the Roman conquest, there is little evidence that this changed the 

surrounding settlements pattern. The continuity of Samnite rural occupation and the limited 

success of Roman cities reveal another act of resilience by Samnite society against Roman 

colonisation. 

Finally, Samnite rebellion against Roman dominion is attested by numerous revolts reported in 

literary sources. Even after the conclusion of the Samnite wars, the Samnites rebelled against 

Rome in various periods (Salmon, 1967; Bourdin, 2014). They rebelled in 279-275 BCE when 

they joined forces with Pyrrhus, in 265 and 259 BCE, in 216 BCE when they allied with Hannibal, 

in 91-89 BCE during the Social War, and in 82 BCE when they joined Marius in the Civil Wars. 

Among these, the most significant period of rebellion is the Social War when the Samnites 

played a prominent role in leading the anti-Roman coalition, demonstrating a highly politicised 

agenda characteristic of the forms of resistance discussed by González-Ruibal (2014, pp. 6�t12). 

All of these episodes indicate the persistence of a strong identity that reached its most violent 

climax during the Social War, after which the Samnites as a strong entity survived only for a few 

more years until the Civil Wars before undergoing a transformation and being gradually 

assimilated within Roman society (Scopacasa, 2015, pp. 153�t158). 

The period of strong resistance, resilience, and rebellion against Roman invasion can be better 

explained by hypothesising the existence of a Samnite state. González-Ruibal argues that a state 

society can survive even under external domination and often develops various cultural 

elements to reaffirm its identity during this period. Based on the evidence discussed so far, I 

suggest the hypothesis that a common ethnic identity was first created within Samnite society, 

with additional early traces of state formation even in the absence of urbanism. The period of 

warfare then acted as a catalyst for political centralisation and the formation of a state-like 

organisation, which would have consolidated during the Roman conquest through processes of 
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resilience and self-definition of Samnite society as a whole. This would have led to several 

phases of rebellion against Roman colonisation, as the Samnites assumed a primary and 

politically influential role in the Social Wars. Following the defeat of this now more mature state, 

the Samnites' downfall would have resulted in their gradual assimilation within Roman society. 

10.5 A COMPUTATIONAL APPROACH 
In answering its main research questions, this dissertation developed a computation approach 

for the study of hillfort communities that lay the basis for future comparative studies. It is thus 

useful to briefly review its structure, potential, and limitations both for the study of Samnite 

society and for its transferability to other cultural and regional contexts. 

10.5.1 LIDAR AS DATA COLLECTION TOOL 

The first part of the approach involved the development of a large-scale lidar-based remote 

sensing analysis to create a more representative dataset of hillfort sites. Data fragmentation is a 

common issue in archaeological research, especially when dealing with non-systematic legacy 

data at the landscape level. The limitations of traditional pedestrian and aerial images in 

studying mountainous and forested environments further exacerbate this problem. The use of 

lidar in this dissertation addresses these challenges. By conducting a study covering 23,000 

sq.km and analysing lidar data for 15,300 sq.km, it was possible to provide a systematic view of 

the settlement patterns of hillfort sites. This highlighted several research and visibility biases in 

the previous dataset as I created a more representative dataset of Samnite hillforts, which 

contributes to both local site catalogues and broader historical narratives. 

Issues with the available data were overcome through in-house processing of the raw data for 

archaeological purposes. This allowed for a better representation of different landscapes and 

typologies in the final outcomes. However, it became clear that the current quality of the 

available data limits the use of lidar as a data collection tool. Several types of sites are simply not 

detectable in the data, or their detectability drastically changes across regions. This implies that 

lidar can still be useful for enhancing local site catalogues, but its limitations in understanding 

broader regional and interregional site patterns need to be acknowledged. As discussed in 

section 5.3, if lidar data are effective in identifying hillforts, the same cannot be assumed for 

other sites, and specific studies are necessary. 

Lidar coverage in the Mediterranean context is often patchy and presents several gaps. In this 

regard, it can be compared to the intrinsic limitations of aerial images in addressing landscapes 

with no ground visibility, such as forested areas. These gaps are often overlooked in remote 

sensing research when developing spatial studies, resulting in a biased view of site systems. This 
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study addresses this issue by treating lidar coverage as a sampling area in the spatial analysis of 

chapter 8. Consequently, it was possible to statistically account for the gaps in the study of site 

distribution. I believe this approach can also be applied to aerial images or other remote sensing 

data that contain gaps or areas where interpretation is not possible. Considering forested areas 

as gap areas in aerial images, for instance, would be an easy solution in order to address 

differences in how landscapes are represented in remote sensing data. 

In this study, lidar data were visually interpreted. Another approach would have been to apply 

automatic detection methods for the identification of hillfort sites. Archaeological research has 

shown great interest in these techniques in recent years, but the methods are still limited. 

However, applying these methods in this dissertation would have negatively affected my results. 

Visual interpretation allowed for the identification of a category of sites that was largely 

unknown. Considering that AI-derived methods require a training dataset, they would not have 

been able to identify this virtually unknown category of sites. Furthermore, the low number of 

previously known hillforts was not sufficient to train a robust classifier, making the AI tool less 

effective. 

Lastly, the use of the data allowed for a consistent mapping across all sites, largely unbiased by 

site location and vegetation canopy. This not only facilitated the creation of a new dataset but 

also enabled the characterization and mapping of sites at an interregional level. This provided 

unique data on the variation of sites across the entirety of Samnium, allowing for the 

identification of different regional patterns (see section 5.4) and providing data to develop 

computational approaches to account for site variability discussed in chapter 7. 

10.5.2 NON-SPATIAL STATISTICS TO UNDERSTAND SITE VARIABILITY 

Understanding the variability at sites is another significant issue in archaeological research, and 

the study of hillforts is no exception. This dissertation adopted a statistical approach that 

combined a series of quantitative and qualitative observations into multivariate cluster analyses 

aimed at differentiating site categories. This approach proved to be highly effective in 

highlighting macro differences among the sites, considering site-level attributes mapped 

through the lidar analysis and labour cost models. 

The dissertation developed also the first statistically grounded cross-regional approach to study 

polygonal masonry. Architecture energetics in the Mediterranean have primarily relied on 

historical-derived research, lacking the use of more advanced statistical tools capable of better 

integrating historical information with case-by-case examples of monumentality. My work has 

the merit of effectively integrating architecture energetics studies with three-dimensional 

modelling and statistical tools. By producing these quantitative models, it was possible to 
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incorporate past architecture into a range of historical questions, from the socioeconomic 

impact of monumentality to labour organisation and political power. 

The analysis on labour was integrated into another set of non-spatial statistics to account for site 

complexity. Instead of relying solely on subjective observations of site categories, the use of 

multivariate cluster analysis allowed for the delineation of a flexible approach where different 

observations, both qualitative and quantitative, could be integrated to understand the complex 

relationships of different features and aspects at hillfort sites. For instance, the interaction of 

exploited areas together with the total area enclosed by the fortification proved essential in 

better appreciating the complex relationship between site function, labour, and possible human 

occupation. 

Here, it is also important to highlight that there is a certain level of simplification in how the 

energetics have been introduced in the analysis. The use of average wall heights and thickness 

has clear limitations when conducting site-by-site comparisons. The same issue is present in the 

calculation of site population and density of habitation. However, these limitations do not 

significantly hinder the broader perspective in which they are used in the analysis. The aim here 

was to study the broader settlement patterns and the magnitude of differences among sites. 

The employed analysis provides this view and, in fact, allows us to move beyond the intrinsic 

limitations of detailed analysis at the site level. 

The new method developed for architectural energetics and the implementation of its results 

into the framework of multivariate cluster analysis to understand site variability open up 

possibilities for comparative studies across different hillfort sites and even other site typologies. 

For example, the entire approach is well-suited to investigate urban settlements with hillfort 

sites in a comparative perspective, thereby shedding light on whether assumptions about the 

prominent role of cities in organising labour are confirmed or derived from a poor 

understanding of hillfort sites. Similarly, it is also well-suited to cross-regional and cross-cultural 

studies of hillfort communities. 

10.5.3 SPATIAL STATISTICS TO UNDERSTAND LANDSCAPE STRUCTURE 

Building on this analysis, I then changed scale from the site-level to a broader pattern, 

considering settlement location choices and the interaction between different categories of sites 

in marked point process models. Although still somewhat unexplored in archaeology, it is clear 

that point process models represent effective tools in advancing research by considering both 

site location preferences and how different sites intersect with one another to form systems in a 

single model. This dissertation advances this by further exploring the ways we can study 
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interaction between different site categories and providing new ways to develop effective but 

simple covariates in the analysis. 

Among the different covariates implemented, two that are related to soil productivity are the 

most innovative. Contrasting previous research on soil productivity, this study moves beyond the 

local level by identifying two covariates that grasp soil variability across large regions and 

provide direct data on the suitability of soil for different types of subsistence practices. 

Importantly, the creation of these covariates does not require the use of subjective criteria to 

understand the relative importance of different elements. Instead, the produced covariate is 

independent of the specific regional or cultural context, making it suitable to be applied to other 

contexts. 

The analysis of site categories highlights how useful this type of approach can be in revealing 

hidden patterns in the data. At first glance, all hillforts showed a random distribution, but when 

analysing the pairwise interactions, the complexity of the site pattern became clear. This was 

essential in advancing our understanding of Samnite society and its heterarchical structure. 

Another benefit of the analysis was the possibility to see different moments in which sites could 

appear in the system. The use of different site categories as covariates suggested different 

phases in which different sites could have emerged within the pattern. Although revealing, this 

approach also has limitations. The latter are apparent when considering diachronic site patterns, 

specifically when studying complex interactions based on their origins/change. This study offers 

a simple way to address this issue, but further research is required to fully understand complex 

processes diachronically. 

It should finally be noted that this project was facilitated when dealing with uncertainty as it was 

possible to address major issues of data fragmentation in the lidar analysis; which is not always 

possible. Furthermore, I could reliably consider all sites as used at the same moment, which 

greatly facilitated the development of spatial analysis. However, the limited uncertainty also 

implies that the results of this project are exceptionally robust. 

10.6 CONCLUSION 
This chapter has integrated the different pieces of evidence obtained for this research into a 

cohesive narrative. It begins with a detailed analysis of the settlement patterns of hillforts, 

shedding light on the challenges in understanding forms of settlement organisation that are 

uncommon in the Mediterranean region or that are still largely understudied. By drawing 

comparisons to global perspectives on hillforts, it highlights the diverse trajectories observed in 

Samnite settlement organisation prior to the period of conflict with Rome, which can be seen as 
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regional expressions of inherently heterarchical communities undergoing a process of identity 

formation at the interregional level. This process finds its first complete expression during the 

Samnite wars with the fortification of the territorial border of Samnium. I argued that the period 

of wars acted as a catalyst for heightened political centralisation and likely state formation, 

leading to the crystallisation of Samnite ethnic identity. This can be observed through the study 

of Samnite resistance, resilience, and rebellion, showing that this society developed incipient 

political centralisation evolving into a mature form, and reaching its most politicised expression 

two centuries after the end of the Samnite wars during the Social Wars. Following this period, 

Samnite merged into Roman society, leaving behind the enigmatic landscape that is the focus of 

this dissertation. It is a landscape devoid of familiar urban forms, but as I have demonstrated 

throughout, it is no less complex than neighbouring societies. Instead, it represents a new 

avenue for understanding alternative forms of settlement and socio-political organisation that 

are still largely unexplored, particularly in the Mediterranean context. 

In this regard, the computational approach developed has significant potential as it can be easily 

transferred across different cultures and regions. With the exception of the remote sensing 

study, which relies on data availability, both non-spatial and spatial statistical analyses are based 

on data that are accessible at the European scale and can be readily replaced with similar 

datasets for other parts of the world. Starting from the energetics analysis, one can 

straightforwardly modify the coefficients used in the final part of the calculation to tailor these 

to specific cultural contexts. The statistical approach developed to compare and study masonry 

styles can be directly applied to other walls constructed using polygonal or cyclopean masonry 

techniques. The implementation of Digital Elevation Model and the LUCAS dataset can be 

extended as it is throughout the entirety of Europe, enabling the development of effective 

comparative studies at this scale. Furthermore, due to the widespread availability of this type of 

data, the analysis can be easily extended to other regional contexts worldwide. 

The transferability of these methods is enhanced by as the adoption of a transparent, 

reproducible and open-source approach to the computational analysis. The implementation is a 

combination of R and Grass (the latter implemented through Python), providing a 

comprehensive set of scripts that demonstrate the entire process, from the initial data 

processing to the most complex statistical analyses. The incorporation of Quarto for a significant 

portion of these scripts also facilitates the provision of all the necessary resources to generate 

analysis graphs within the same scripts. These choices make the approach easily replicable 

across regions and cultures, thus encouraging reuse for studying hillforts and other communities 

across time and space. 
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11 CONCLUSION 

This dissertation aimed to advance research on Samnite society through the study of their 

hillforts and their landscape. The main research question revolved around the kind of 

organisation reflected by the pattern of Samnite hillforts and its relationship to Samnite socio-

political organisation. This question was divided into three sub-questions. 

The first sub-question asked whether we can identify different kinds of hillforts and, if so, how 

they relate to the surrounding landscape. In chapter 5, the analysis began with a simple criterion 

for identifying hillfort sites, which included any type of fortification on hilltops. chapter 7 shed 

light on the variability within this pool of sites and distinguished observation posts as a 

significantly different category. The work also integrated the role and impact of fortification 

investments at hillfort sites, providing new insights into power display processes. These 

categories were further substantiated in the spatial analysis of chapter 8, which highlighted 

commonalities and differences among sites, ultimately providing a multi-scale model for 

understanding the structure of Samnium's landscape. This process led to the identification of 

four general categories of sites that, despite their similarities, functioned differently in the 

landscape, gradually accommodating larger communities. 

The second sub-question focused on the system(s) of hillforts and its relationship to the Samnite 

wars. The research revealed the presence of two distinct systems: one consisting of hillforts and 

the other of observation posts. Comparing these systems was crucial for understanding the 

landscape structure at different scales of analysis, while also highlighting changes in settlement 

patterns associated with the Samnite wars. The new evidence from this period demonstrated 

the emergence of interregional systems, which supported the hypothesis for increased political 

centralisation from a previously more hierarchical scenario. 
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The third sub-question explored whether there is a common identity in the settlement pattern 

and the Samnite landscape and whether this can be linked to state formation. The study 

presented new findings supporting a shared Samnite identity, as evidenced by sites that 

progressively gathered local, regional, and interregional communities. It also emphasised that a 

large part of these communities may not necessarily be linked to state formation. Instead, the 

construction of the Samnite landscape appeared to be driven by more heterarchical 

communities. Only during times of war did this seem to change towards state formation. 

Urbanism did not seem to play a significant role; instead, different processes were observed in 

the organisation of complexity. 

Overall, I would argue that the approach taken in this dissertation has proven highly effective in 

advancing research on Samnite society and its socio-political organisation, as evidenced by the 

settlement patterns of hillforts. The Samnite debate has seen conflicting views on the role of 

hillforts, ranging from simple places of refuge to central urban settlements. The ongoing debate 

is whether Samnite political organisation took the form of a state or if other more independent 

polities existed. The results highlight that all these aspects were present to some extent, but 

also demonstrate that change occurred at different times, indicating a remarkable strength of 

heterarchical societies that organised themselves as a response to periods of crisis related to 

wars. 

However, many questions remain unanswered. While this dissertation was able to model 

different site categories and propose interpretations of their use and function in the surrounding 

landscape, further archaeological data is necessary to clarify several aspects of the proposed 

model. This would require additional studies in the territory, especially in relation to subsistence 

practices and forms of habitation. As demonstrated in chapter 9, a simple intensive survey was 

already able to provide important evidence to further our understanding of hillfort sites. 

Replicating this approach and integrating it with excavation and specific studies on animal 

husbandry holds promise for future research. 

I see four main contributions of this work to the field. First, as discussed above, the 

interpretation of the collected data offers a cohesive narrative of Samnite society that effectively 

advances research in the Italian context. This highlights how effective an archaeological and 

quantitative approach can be in advancing research even in areas where historical approaches 

have played a prominent role. In fact, the entire design of this dissertation was aimed at 

distancing the research from the historical narrative, almost neglecting it. This was necessary to 

stimulate novel thinking and allow for archaeological interpretation of the data, without biased 

previous conceptualisations. In other words, I believe this approach was necessary to give the 

Samnites their own archaeological history. Having accomplished this, we must revisit the 
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historical narrative and compare it with new evidence in a way that goes beyond what was 

possible to do in this dissertation. This would certainly contribute further to the study of 

Samnite society. 

Second, the new data on hillforts and their landscape contribute to the global debate on these 

sites. They also provide evidence that, even in the Mediterranean area, alternative forms of 

settlement organisation existed. This prompts a revaluation of all those Mediterranean societies 

that have been interpreted through the lens of Graeco-Roman urbanism. On one hand, it 

encourages researchers to break regional focus and engage with global debates. On the other 

hand, it introduces the debate on the Samnites and their socio-political organisation into the 

global discourse on trajectories towards complexity beyond traditional urban models. 

Third, the different computational methods developed directly contribute to several fields of 

archaeology. The lidar analysis and the derived datasets are currently being utilised for the 

implementation of a cross-regional, transferable AI-based classifier for hillfort sites. One of the 

main limitations I encountered when I began this dissertation was the availability and quality of 

datasets for training the classifiers, which affected the use of AI methods in hillfort 

identification. However, the implementation of this work in the development of AI classifiers 

demonstrates that the approach developed is not limited to the local identification of sites but 

can also be applied in other fields of research. Similarly, the methods for calculating energetics 

represent an innovative approach that is now being adopted by colleagues in South America, the 

Levant, and Eastern Asia. Although in a early stage, this highlights the value of the approach in 

contributing beyond the local or regional level, showcasing the transferability of the methods. 

These examples are based on the work published thus far, and I hope that the other methods 

developed will also pique the interest of other scholars and find further application elsewhere.  

Fourth, beyond my interpretation of the data and computational tools, the extensive fieldwork 

carried out as part of the Ancient Hillforts Survey, a new project initiated during this dissertation, 

significantly contributes to the field by providing new primary data. A total of 145 archaeological 

sites were surveyed in the field, gathering data on fortifications, materials, and preservation 

states. Among these sites, 99 were newly discovered archaeological sites uncovered during this 

project. Additionally, intensive survey work was conducted at the site of Monte Santa Croce-

Cognolo. The substantial amount of data collected has substantially expanded regional 

catalogues of sites, particularly in mountainous and forested areas. This work addresses several 

research gaps inherent in the way archaeology has been traditionally conducted in the region, 

while also presenting new and exciting opportunities. Only a fraction of the primary data 

collected has been thoroughly analysed during this dissertation, specifically those related to 
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Samnite occupation. However, extensive data on Roman and Medieval sites have also been 

collected. Their publication will undoubtedly advance several aspects of research in Samnium. 

In conclusion, this dissertation makes significant strides in advancing our understanding of 

Samnite society and the various forms of settlement organisation found in the Mediterranean 

context. It highlights that urbanism and state formation are not always necessary for complexity, 

even in the Mediterranean. The approach taken in this dissertation effectively challenges 

prevailing interpretations and presents a coherent narrative of Samnite society, free from biases 

that have dominated previous debates. The developed computational methods and the 

acquisition of primary data further strengthen the contributions of this work, showcasing their 

adaptability and potential for wider applications in archaeology. This dissertation sets the stage 

for future research and encourages scholars to reexamine atypical Mediterranean societies that 

have been viewed solely through a narrow urban-centric lens and, simultaneously, contributes 

to global narratives on the organisation of complexity in past societies. 
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APPENDIX 1: CATALOGUE OF 
SAMNITE HILLFORTS 

 

This appendix1 presents the catalogue of sites identified as Samnite settlements during the 

remote sensing and ground-truthing analysis. Firstly, the list of sites is provided, along with the 

site ID used in the project and various information, including the certainty of the interpretations 

and the mapping method employed. Subsequently, individual maps for each site offer the 

geographical location and the mapping of the fortifications resulting from the analysis. 

 

 

 

 

 

 

 

 

 

 

 
1 This and the other appendices are available on GitHub at https://github.com/Giacomo-Arch. 
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APPENDIX 2: LIDAR DATA 
PROCESSING METHODS 

This appendix1 provides a comprehensive report on the challenges faced during the processing 

of available LiDAR data, the decisions taken to overcome these challenges, and the modified VAT 

used in the analysis. It expands upon the approach presented in section 5.2.2 of the 

dissertation, offering detailed insight into the coefficients utilised in the calculations. 

 

 

 

 

 

 

 

 

 

 

 

 

1 This and the other appendices are available on GitHub at https://github.com/Giacomo-Arch. 
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APPENDIX 3: POTTERY DATA FROM 
GROUND TRUTHING 

This appendix1 presents the pottery data collected during ground truthing. The first part of the 

appendix provides a list of recorded sherds, along with the corresponding site ID, recording date, 

and descriptive information regarding sherd shape, size, and colour. Additionally, a selection of 

sherds was drawn in the field and each is indicated by a unique find ID. The second part of the 

appendix reports the drawings of the various sherds, categorised by site, and presented at a 1:3 

scale. 

 

 

 

 

 

 

 

 

 

 

1 This and the other appendices are available on GitHub at https://github.com/Giacomo-Arch. 
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APPENDIX 4: DATA AND SCRIPTS 
FOR ARCHITECTURAL ENERGETICS 

This appendix1 presents the data and scripts used for conducting the analysis of the architectural 

energetics discussed in chapter 6: Labour in Samnite hillforts. The analysis is divided into two 

parts: one for the construction of polygonal masonry and another for ramparts and palisades. 

The dataset used is accessible in the 'data' folder, while the generated figures can be found in 

the 'images' folder. The file ' Architectural_energetics.Rproj' represents the Quarto project, and 

'Polygonal_masonry.qmd' and 'Ramparts_and_palisades.qmd' are the Quarto scripts. 

To view the scripts and analysis results in a single document without the need for any software, 

refer to the files 'Polygonal_masonry.html' and 'Ramparts_and_palisades.html'. For proper 

visualization, make sure that the respective 'Polygonal_masonry_files' and 

'Ramparts_and_palisades_files' folders accompany the aforementioned files and are moved 

together with them. 

 

 

 

 

 

 

1 This and the other appendices are available on GitHub at https://github.com/Giacomo-Arch. 
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APPENDIX 5: DATA AND SCRIPTS 
FOR MULTIVARIATE CLUSTER 
ANALYSIS 

This appendix1 presents the data and scripts utilised to conduct the multivariate cluster analysis 

discussed in chapter 7: Understanding hillforts variability. The dataset used is accessible in the 

'inputs' folder, while the generated figures and shapefiles can be found in the 'outputs' folder. 

The file 'MCA.Rproj' represents the Quarto project, and 'MCA.qmd' is the Quarto script. 

To view the script and analysis results in a single document without the need for any software, 

refer to the 'MCA.html' file. For proper visualization, ensure that the 'MCA_files' folder 

accompanies the aforementioned file and is moved together with it. 

 

 

 

 

 

 

 

 

1 This and the other appendices are available on GitHub at https://github.com/Giacomo-Arch. 
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APPENDIX 6: DATA AND SCRIPTS 
FOR THE CREATION OF THE 
COVARIATES USED IN THE POINT 
PROCESS MODELS 

This appendix1 presents the data and scripts used to create the covariates for the point process 

models discussed in chapter 8: The spatial structure of a hillforts landscape. These covariates 

were generated using the datasets EU-DEM (Report of the European Environment Agency, 2018) 

and LUCAS (Orgiazzi et al., 2018), both of which are available open-source at 

https://land.copernicus.eu/imagery-in-situ, along with the paths of transhumance roads 

reconstructed during this dissertation, available as a shapefile in the 'Transhumance' folder. 

The file 'DEM_covariates.py' contains the Python script for creating the covariates for slope 

neighbourhood, irradiance, topographic wetness index, and topographic prominence index. 

Meanwhile, the file 'Transhumance.py' contains the script for calculating the covariate 

'transhumance.' The files 'VPI.py' and 'LCPD.py' contain the Python scripts for creating the 

covariates 'visual prominence index' and 'Least-cost path density' respectively. 

Finally, the file 'LUCAS_covariates.py' contains the Python script used to prepare the LUCAS 

dataset for the Principal Component Analysis (PCA) used to generate the covariates 'Soils PC' 

and 'Soils PC2.' The script for the latter is located in the 'PCA_Soils' folder, where the processed 

LUCAS data are available in the 'inputs' folder, while the generated figures and rasters can be 

found in the 'outputs' folder. The file 'PCAsoils.Rproj' represents the Quarto project, and 

'PCAsoils.qmd' is the Quarto script. To view the PCA script and analysis results in a single 

document without the need for any software, refer to the 'PCAsoils.html' file. For proper 
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visualization, ensure that the 'PCAsoils_files' folder accompanies the aforementioned file and is 

moved together with it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 This and the other appendices are available on GitHub at https://github.com/Giacomo-Arch. 



   297 

APPENDIX 7: DATA AND SCRIPTS 
FOR POINT PROCESS MODELS 

This appendix1 presents the data and scripts used to conduct the point process models 

discussed in 8: The spatial structure of a hillforts landscape. The dataset used is accessible in the 

'data' folder, while the generated figures and Rdata can be found in the 'output' folder. The file 

'PPM.Rproj' represents the Quarto project, and the different '.qmd' files represent the Quarto 

scripts for the various analyses developed: 

�x 'All_AOI.qmd' and 'All_core.qmd' contain the single-category models developed for the 

entire research area and the core area, respectively, as discussed in section 8.3.1.1. 

�x 'All_east.qmd' contains the single-category models developed in eastern Samnium to 

test the potential influence of transhumance, as discussed in section 8.3.1.2. 

�x 'SH.CH_core.qmd' contains the two-category model simple versus complex hillforts 

developed in the core area, as discussed in section  8.3.2. 

�x 'SCH.MH_core.qmd' contains the two-category model of simple and complex versus 

macro hillforts developed in the core area, as discussed in section  8.3.3. 

�x 'H.O_core.qmd' contains the two-category model of hillforts versus observation posts 

developed in the core area, as discussed in section 8.3.4. 

The '.html' files available allow you to view the different scripts and analysis results in a single 

document without the need for any software. Each of them is named after a '.qmd' file and 

refers to the analysis it contains, as explained above. For proper visualization, ensure that the 

respective folders ending with '_files' accompany the aforementioned files and are moved 

together with them. 

1 This and the other appendices are available on GitHub at https://github.com/Giacomo-Arch. 
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APPENDIX 8: REPORT OF THE 
GEOPHYSICAL SURVEY AND 
CORING AT THE HILLFORT OF 
MONTE SANTA CROCE-COGNOLO 

This appendix1 comprises the report of the geophysical survey and coring conducted at the 

hillfort of Monte Santa Croce-Cognolo by Wieke de Neef. The data from this report has been 

incorporated into chapter 9: Testing urbanism: non-invasive fieldwork on an archetypal hillfort. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1 This and the other appendices are available on GitHub at https://github.com/Giacomo-Arch. 
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APPENDIX 9: INTRA-SITE POINT 
PROCESS MODEL FOR THE STUDY 
OF THE HILLFORT OF MONTE 
SANTA CROCE-COGNOLO 

This appendix1 comprises the intra-site point process model developed to study the distribution 

of materials at the hillfort of Monte Santa Croce-Cognolo discussed in chapter 9: Testing 

urbanism: non-invasive fieldwork on an archetypal hillfort. The dataset used is accessible in the 

'input' folder, while the generated figures, rasters and Rdata can be found in the 'output' folder. 

The file ' PPM_SiteLevel.qmd' is the Quarto script. 

To view the script and analysis results in a single document without the need for any software, 

refer to the 'PPM_SiteLevel.html' file. For proper visualization, ensure that the 

'PPM_SiteLevel_files' folder accompanies the aforementioned file and is moved together with it. 

 

 

 

 

 

 

 

 

 
 

1 This and the other appendices are available on GitHub at https://github.com/Giacomo-Arch.  
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APPENDIX 10: POTTERY DATA 
FROM PEDESTRIAN SURVEY AT 
THE HILLFORT OF MONTE SANTA 
CROCE-COGNOLO 

This appendix1 presents the pottery data collected during the pedestrian survey at the hillfort of 

Monte Santa Croce-Cognolo. The first part of the appendix provides a list of recorded sherds, 

along with the corresponding site ID, recording date, and descriptive information regarding 

sherd shape, size, and colour. The second part of the appendix reports the drawings of the 

various sherds presented at a 1:3 scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

1 This and the other appendices are available on GitHub at https://github.com/Giacomo-Arch. 
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