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ABSTRACT

The role of cities in our modern society shapes our view of the possible ways past communities
organisedhemselves. However, not all complex societies revolved around cities, even in heavily
urbanisedareas like the Mediterranean. One such example is the Samnites, -arb@m
mountain society that inhabited the Apennine region of seaghtral Italy during the first
millennium BCE Despite theirorganisation 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 urdzamtric and historiographical views that rendered material
evidence subservient to aprioristic models. When archaeological researchréoafipisedhe

fallacy of the dominant narrativét, 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
guantitative approach to investigate the complex phenomenon ofumban organisation It

draws from recent global debates on hillfort communities to develop a transferable approach
that integrates extensive fieldwork with spatial and 4spatial computational methods, both
qualitative and quantitative, to address lestgnding 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-potitcal change, leading to a rapid
increase in politicatentralisationand even state formation, despite the absence of nitra
Importantly, the entire computational approach was designed to be replicable and suitable for

crossregional and crossultural analysis of hillfort communities. This opens up new and exciting



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.



IMPACTSTATEMENT

This work contributes significantly to the scholarly debate onoatiganisationof complex
societies, challenging traditional views on the impact of cities on the latter. By examining a
cultural region of ¥-millenniumBC 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 thedmillenniumBC 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
organisedthemselves 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 cuttilyg, 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. | have implemented these methods using -gpernce 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 ltalian soil and the identification of areas at risk or currently facing the
threat of heritage loss. Through systematic Hoased 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



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 BEE
Early Iron Age 1020/950- 750/725
Late Iron Age (Orientalizing Age) 750/725 1580
Archaic 580 t350
PostArchaic 480 t 350
Hellenistic (Republican) 350130

1Theabsolute datefiavebeen adopted aftePalmisanet al.(2018)
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1 INTRODUCTION

Since the Enlightenment, scholars have routinely suggest developmental associations between
urbanisation, state formation anather forms of perceived social complexity. However, not all
ancient complex societies were centred around ceied stateseven in the heavily urbanised
Mediterranean area. While the global debate is shifting towards understanding alternative forms
of complex socigolitical organisatiornthat are independent of states or cities, research in this

region has stagnated and failed to appreciate other wagsgahisingcomplexity.

This perspective lies at the heart of a longstanding debate about Samnite society. The Samnites
inhabited soutkcentral Italy during the second half of the 1st millenniB€E 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) Figurel.1). The Samnites were involved in 50 years of repeated wars against the
emerging Roman Republic (3230 BCE and remained a formidable force even under Roman
domination for another two centuries, up to the Social Wars eB BBCE For this reason, they

are often regarded as having offered unusually effective military and political resistance,
compared to other opponents of Rome across lItaly, and scholars have struggled to understand
why this might be, given the absence of cities of clearly hierarchicatpmitical systems
comparable to contemporaigocieties In contrast to many neighbouring societies, the Samnites

did not develop any clearly defined urban organisation. Insteads#idgd the landscape more
sparsely, with a mixture of farms, sanctuaries, and hillforts, closer perhaps in nature to the many
other hillfortbased societies in central and northern Europe at this time. This has sparked a
longstanding and enduring debate about Samnite-mdian society, where several biases

intertwine.
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Figurel.1 Map of the reconstructed geographical extent of ancient Samnium with the main groups known from
literary sources indicate(®tek, 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 paople
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 heraldwuilisation(Dench, 1995, pp. %, 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 beenregarded as marginal territories, borderlands, and places of refuge
environments inherently unsuitable for complex socieltieth in the Italian context (Bourdin,

2014) and globdl (e.g. Scott, 2009)Additionally, they are frequently seen as passive
peripheries to urban or statbased 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 modernthaedésation

of these landscapes, combined with the urzamtric 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 MediterranedBradley, 2000, pp. 383, see section 2.2.3%5cholars 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 wodwatnic 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 urbeentric 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 societ{fesy. Jennings and Earle, 2016; Graeber and
Wengrow, 2021)They highlight the diverse trajectories towards and away form organisational
complexity organisatiofe.g. Scott, 2009; GonzalRzibal, 2014)In light of this, reevaluating
Samnite and other societies that do not conform to traditional wdtate 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 andagbtit biases.

This dissertation develops an innovative approach to deconstructing modern assumptions by
employing computational and quantitative methods to investigate the complex phenomenon of
nonurban 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 leanding 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, urbanentric, 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 guestions, tHissertationunfolds 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 specificallfthey alsgprovide 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, chapte? introduces the debate on state formation, and discusses how
research now sees multiple trajectories aoganisingcomplexity and how the urbastate
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 -atioal
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 thiglissertationto investigate the Samnite hillfort landscape.

Chapter4 presents the global perspective on hillfort sites through three key themes that |
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, | discuss the role of hillforts in structuring functional and symbolic

landscapes.

After setting the theoretical framework, chaptepresents the research done to create a new

representative dataset of Samnite hillforts. It discusses the biases of previous remsdrch
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describes anew project, the Ancient Hillforts Survey, which | set up to address these. This
involved a largacale lidabased study of the entirety of ancient Samnium, paired with around a
hundred and fifty site visits during fieldwork. This provided me with a unigue perspective and

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

A case of this is the work in chaptr 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.

Chapter7 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, chaf@gresents a second phase of the Ancient Hillfort
Survey, which investigated a key category of sites through intensive andvasive surveys,
followed by point process models to understand the representativeness of the data. Lidar,
multispectralaerial images, geophysics, coring, and pedestrian surveys were integrated into the
study of a Campanian hillfort, providing unique insightsthiedforms of habitation on Samnite

hillforts and challenging the urbaentric perspective on these sites.

Chapterl0 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 squaditical organisation and contextuss the Italian
debate, contributing to the global discussion on alternative trajectories ofganising

complexity that do not conform to the urban model.

Finally, chaptefill 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

2.1INTRODUCTION

Academic debate has witnessed contrasting views, with regarthetodegree of political
centralisation present in Samnite society. While some scholars perceive a Samni(gastate
Regina, 1981ptherscriticisethe existence of strong soepwlitical cohesion and organisational
capacity(Cornell, 2004; Grossman, 2008)pth interpretationsare significantly influenced by

the GreceRoman citystate model and its close connection between a higher degree of political
centralisationand 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 withadbanisation 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 acknowteelge
progress ofesearch beyond the cistate model and introduce some key conceptsvhich |

will return later inmyfinal discussiofsee chapted.0).

The first part of thischapter discusseghe origins of unilinear evolutionary approaches to
complexity and thememphasise how current researctecognise multiple trajectoriesowards
complexity. A common aspect of past approaches is the close relationship between urbanism
and state formation. Thehaptercontinues to discuss the same urkaentric viewof Italian
researchin the interpretation of state formatiorthat is howeverunable to explain Samnite
society. Thechapter then moves on to the debate on state formation without urbanism,

examining various forms of domination that underlie estdye 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 GorRaliézal(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 URBARNTATE RELATIONSHIP

2.2.1UNILINEAR EVOLUTIONARY APPROACHES TO COMPLEXITY
Studies of cultural evolution have often assumed that simple and small communities tend to
evolve into complex and larger ongxinman, 2013)Earlier traditional versions of this model
proposed a unidirectional evolution, progressing from bands to tribes, then to chiefdoms, and
finally to statesThe social evolutionary approatchcomplexity originated from the examination

of crosscultural similarities among ethnographic groyporgan 1985; Tylor 1878nd was
subsequently applied to archaeology. Various factors have been proposed as drivers of
increasing complexity, primarily based on sacilbural change¢Steward, 1955, 1968s well

as technological and economic fact¢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 approachdsave 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 neevolutionists 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, crafiiecialisatiog, writing systems, and so on

(see Shanks and Tilley 198This theoretical framework, exemplified by Childe's attempt
(Childe, 1950ajo categoriseearly 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 ent{fleigger, 2013, pp. 442).
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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 shoriterm competitive advantage that complex societies possess over others. In
competitive scenarios, complex societies tend to dominate, even if other societies may have
greater longterm viability(Yoffee, 1993)Thus, while thdrivetowards 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.

2.2.2MULTITRAJECTORY APPROACHES TO COMPLEXITY

Multi-trajectory approaches emerged as a responsesdoial evolutionary approaches of
traditional type recognisinghe existence of multiple paths towards increasing complexity that
are shaped by contextual constraints and influenced by both natural and human @pdfets,

1993; Shennan, 2010These approachemmphasisehe role of human agency and individual
decisioamaking 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 critises and rejects the notion that all social institutions (economic,
politica), beliefs and sociabrganisationchange simultaneously and in the same direction, as

envisioned byocial evolutionary approaches of traditional tyjgeffee, 2005)

Within this school of thought, Haas argues that certain typical trajectories towards complexity
can be identified crossulturally, including politicatentralisation the development of social
hierarchies, settlement nucleation, andbanisation(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 'tinkevimgre

societies adopt varied strategies at similar stages of complesdgiyports this view by
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emphasizing adaptability and innovation over a singular, linear progression iReitehan
proposes two modes of social evolution from egalitarian to hierarchical societies which would
happen in different circumstancéseinman, 2001)Group-oriented societies tend to obscure
social differences by emphasizing communal rituals, shHatemir powersharing, and non

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

people of Europe during the third millenniuBCE On the contrary, individualhg societies,
emphasiseeconomic differentiation and social hierarchy through practices such as elite display
and the exchange of prestige items, as observed in Miivparenaean Greecgshelmerdine,

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 hiermciged view on the
development of societie€€ommon to several of these scholars is the conceptualisation of the
state as a necessary entity without which lasgaele societies cannot functioBtate here is
intended asa specific form of socipolitical 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 necessitganising
societies have beeproblematised 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 inequalityGraeber, 2004; Graeber and Wengrow, 2021)

Crumley introduced the concept of heterarchy as a contraktei@archyfocused viewsarguing

for the existence of societies that are not strictly hierarchical, where pisveinared and
checked through various systems such as federations and coalitions. Calsoleyggestd

that societes transition from heterarchical to hierarchical systems over time and at different
scales. These differesystemscan 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 differens tifrthe year within the

same society following seasonal(i§rumley 1995; Crumley 2010)

In their recent bookDavidGraeber andavidWengrow(Graeber and Wengrow, 202d)ovide

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 authoriy can change across different periods of the year for

communal gaifiGraeber and Wengrow, 2021, pp. 1049). For examplethey report how Inuit
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societyof the late 19' century ADtook 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. Simalartngthe 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, reseraldtate even without

the existence of atate (Graeber and Wengrow, 2021, pp. 1049)

Graeber and Wengrowmphasisea multiplicity and adaptability of humasrganisationand

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 communityGraeber and Wengrow, 2021, pp. 1189) 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-staldl domestic level,

while selfconscious egalitarian politics arise to regulate and prevent these dynamics from
extending beyond the private sphere to the public (Geaeber and Wengrow, 2021, pp. 208

209) The ability tointeract at different scales, from the small and private to spanning vast
territories, is indeed a characteristic of humans, as also discussed by Ci@Qmlejey, 1995,

2010; Graeber and Wengrow, 2021, pp. 2280)

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
institutionalisedwithin a political frameworkYoffee, 2005)These groups are formed through

the exercise of "power,hamelythe means by which leaders conttabour production, and
distribution. Yoffee contends that the relationship between power dynamics and social actors
gives rise to a complex adaptive system that carosgdiniseand undergo profound changes.

The stateform emergesonly when economic, social, and political power achiewed 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 Spie(Spier, 2010, 2017fomplexity arises and is sustained only
under specific conditionsyhich herefers to as the "Goldilocks principle". As 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. 131Hence, 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 recognisabldéorms of sociepoliticalorganisatios described as the state.

2.2.3STATE FORMATION IN ITALY

The dominant debate on urbanism, specifically tied to the particular form eftaig; has
overshadowed the study of early statermation in Italy during the first millenniunBCE
(Bradley, 2000, pp. 333). This has resulted in amndertheorisation of societies in the
Apennine regions, which laakurban systems, and has also biasadunderstanding of coastal
communities where urbanism has been strictly associated with the rise of the(Btatiey,

2000, pp. 3Q033; Riva, 2009, pp. 222). Consequently, research has ofmmsideredhighland

areas as backward peripheries of lowlananisedcores.

The concept of citgtateisregarded as the archetypal moddlcomplex political organisatiam

the Mediterranean during th&stmillenniumBCEIts origins can be traced back to the polis, the
Greek form of state, society, and econowlassopoulos, 2007, p. 538uilding upon the
research conducted by The Copenhagen Polis Centre Project, Hansen argues thastite city
model extends beyond the Grealorld and can berecognisé in various historical contexts.
This model igharacterisediy the following criteria: 1) a substantial population; 2) dense and
permanent settlement patterns; 3pecialisatiorof roles and division dabour, 4) a market
based economy; 5) a moogganisedsystem than what sparse inhabitation would require; and
6) the central role of the settlemefuar its hinterland, encompassing social, economic, religious,
and military aspect¢Hansen, 2000, pp. 112). A citystate issuchwhen the relationship
betweenurbanisationand the state is on#-one. In regios with a hierarchy or federation of
city-states, Hansen refers to them as a “siigte culture"(Hansen, 2000)The independent
GraeceRoman cities emerged from a competitive systamed onsettlementsize, economy,
and political powe where independent and competitive citiesaintained however,contact
with each other, and the elites often shared symbolism and religious beliefs through what is

known as peepolity 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 polarisedfor a long timebetween two opposing perspectives known as the "exogenous"
and "endogenous" schools of thougRulminante, 2013, p. 2The exogenous vieemphasise
external influences in the emergence of cities and urban aristocracies, following a diffusionist
modelwhere the cityoriginated 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.

39



Initially, the exogenous model considered Greek colonies as catalysts for therleanigation

of Etruria. However, these models were later revised to highlight the importance of endogenous
factors and taecognisehat the italiccentresof Etruria and Latium Vetus were already complex
enough to be considered protorban (Guidi, 2008; Riva, 2009, 201%Yhile this changing
perspective stimulated a model of indigenaubanisationin central Italy, it also replicated the
exogenous model by replacing Greece with Etruria in the role of catalystbfimisationin
neighbouringregions(Vanzetti, 2004, pp. 1129; Riva, 2015)This led to the development of a
new coreperiphery scenario, opposing a riigrrhenian urban core to a namban periphery

at its margingPacciarelli, 2001)

Recent studies have challenged the epeeiphery model and, in line with broader European
debates on urbanisation have acknowledged the diverse and intricate processes and
trajectories that led tourbanisationin Italy (Guidi and Santoro, 2004; Guidi, 2008he
polarisation between the exogenous and endogenous factoharacteriseda 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/endogenggdarisation Instead, there is a growing interest in
comprehending anciententres not as isolated entities driven solely by autochthonous or
diffusionist movements, but rather by focusing on the systems and networks within which these

centresoperated(Riva, 2015)

With the aim to explain state formation, Renfrew proposed the Early State NReefrew,
1974; Renfrew and Cherry, 198%his was later adoptday Italian pre and protohistoriarmsit
was barely considered by classical archaeolodistrding to this modeomplexityis 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 oucstr to trigger state

formation (Smith, 2003; Sanmarti, 2004)

Discussing the evidence wfbanisationin Italy, Guid{2008, pp. 187188)outlines three steps
towards state formation The first seea prestate society exhibiting forms ogentilicial
dynamicqdand social differentiation, residing in sizable settlemefitse 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 groupdgns orgentes) 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 therfsmith, 2019) The second stage refers to an early state

characterisedy protourban settlements governed by a heterarchical or oligarchical system of
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elites, accompanied by a progressively hierarclioghnisationof 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 urbatike characteristics such as higher population densttytralisation
specialisedcraft production, architecturabrganisation and exploitation of the surrounding
landscape for resourcefRiva, 2009, pp. 1t29). Noticeably, they often do not present
continuously densely inhabited areas but are insteladracterisecby pockets of occupation
(Carandini, 1997; Terrenato, 201Third, a mature state marked by monumentalisedand
fortified urbancentre, a hierarchicabrganisatiorof the territory, a stratified society, and a well

organisedeligion.

From this model, it is evident how the establishment of central authoritycizgnisedas 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(Raraedini,

2012) and neighbouring EtrurigSmith, 2011, p. 33)However, research over the past few
decades has increasingly given greater importance to archaeological evidence, challenging the
dominance of the historical narratif®iva, 2009; Fulminante, 2013; Armstrong, 2016; Smith,
2019; Terrenato, 2019Yaking 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 agend@®rrenato, 2011, pp. 23236) 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 (Terrenato, 2011, p. 241%imilar 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 rddgico del Hoyo and ez

S nchez, 2017)

Of critical importance to the discussion is how the emergence of the state has been
conceptualisedIn Italy, the state isharacterisedby highly centralisedsocicpolitical systems

and military powethat are strongly linked to social hierarchijphese factors have been viewed

as essential for the effectiveness of the -sil3te model(see Dench 1995; C. Morgan 2Q03)
However, the debate remains open regarding how other types of-potiwal organisation
systemsfulfilled the same functions and achieved a similar level of endurance. fihtlaad

3rd centuries BCE Samnite society appears to have successfully iteebwn 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 formations largely found lacking when applied to Samnite
society However, as discussed in chaf@esimilar models have been extensively used for the
understanding of the Samnite§&iventhe inadequacy of tlk dominant narrative on state
formation in Italyfor Samnite society, will turn torecent global debates to find a different

perspective.

2.2.4LEA/ING BEHIND THE CITY

Models of cultural evolution have predominantly relied on historical cases eéstalished

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 onenafthe

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

Recent research on alternative formsuobanisationdistinct from traditional citiessuch as low
density urbanismchallenges 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 m¢eetcher, 2009)

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

when examining societies that do not conform to the conventional uskata relationship.

The existence of nearban state societies has also been explotadestigatinghe Hawaiian

State, Jennings and Eaf#)16)highlight how norurban state societies can still exhibit features
attributed to state formation in urban societies, such as monumental architecture associated
with fortifications. Occupatioin this caseds, however, dispersed rather than nucleatdutky
attribute this to environmental constraints or functional limitations that hinder aggregation due
to factors such as limited transportation and subsistef@@emnings and Earle, 201&)por this
reason, the Hawaiian State was amlgognisé as suchhanksto extantrich historical dataThe

strong link between urbanism and state would likely have biased archaeologists, preventing
them from recognisingstate formation based solely on the availalaleehaeologicaldata

(Jennings and Earle, 2016, p. 484)

Moving away from tis link and biasopens up new perspectives on past societies and, most
importantly, allowsus to focus on the creativity of these societies in structuring themselves.
There is an increasing body of evidefmea high degree ofrganisationin societies that not
only lacked urbarorganisationbut also lacked permanent stalike hierarchy(Jennings and
Earle, 2016; White and Fletcher, 20ZB)e concept of the state itself is highly problematic as it

largely derives from moderoonceptualisatios. 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 W2y

2.2.5FORMS OF DOMINATION

An enduring and widely acceptedefinition of the state revolves around the idea of an
institution that monopolisesand controlghe legitimate use of violence within a given territory
(Weber, 193Q)More recentlyGraeber and Wengrow haggnthesisedecent debates that offer

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

and bureaucratisednodern political systerfiGraeber and Wengrow, 2021, pp. 3889) They
discuss abouthree 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 stadthough these principles

were already identified in previous researehd alreadyby Weber(1930) their merit lies in
stressing how these three elements could take different combinations in past societies. While
their monothetic appearanceharacterise®nly later states, various forms of powmystallised

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 Wengrd021, pp. 362369) 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 patriarcbajanisationof households, and the division of
society into classeGonzaleRuibal and Ruigalvez, 2016; Naglak and Terrenato, 2021;-Ruiz
Galvez, 2021)ollowing 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-Gemnekgimes of
domination, with firsiorder regimescharacterisedby a single source of domination, and
secondorder regimes involving the convergence of two sources of dominatiooften
unprecedented waym the regional contexin their perspective, Graeber and Wengr@021,

p. 413)argue that societies such as Egypt, Mesopotamia, and Classical Maya should be viewed
as secongbrder 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 s&fidh Research conducted in Italy

and the Mediterranean has highlighted the importancéhefmilitary dimensiomf leaders and
clansin the emergence of the statélerrenato, 2011; Armstrong, 2016faco del Hoyo and
Lepez Snchez, 2017; Smith, 2019his identifies a strongelationship between warfare and
increased social inequality which, in turn, allows for large systems of domination that lead to the

formation of the stat€Graeber and Wengrow, 2021, pp. 5644)

So far we discussed how social inequalities and state formation can happened within alsociety.
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 Wed.next part of this

chapter discuss how societies resist the state.

2.3 RESISTING THE STATE

Recent esearch has exarm@d communities resigig the state as an external threat to social
inequality and oppression, forming whalfredo GonzéleRuibaldefinesas an archaeology of
resistance (GonzaleRuibal, 2014) GonzaleRuibal identifies twothemes within the
archaeology of resistance: ancient imperialism and coloniaistdthe modern expansion of
Europe(GonzaleRuibal, 2014, pp. B2). The first of these two themes (ancient examples of
imperialism and colonialism) might be identifiable in archaeological patterns of perceived
Z v3 vPo u v3[U pOSpHE o E 35]A]SC v ZQVgEIhg)S 9% 2ME opEE
van Dommelen, 1997, 2006; Hingley, 200%)e secontias been investigated througihe study

of open conflicts stemming from the devastating aspects of modern European expansion, with a
particular focus on slave(frerguson, 1992; Hall, 2000; Orser and Funari, 20@ll)ndigenous
groups (Silliman, 2001, 2005).

Instead of focusing on resistance, Mattindl997, 2010)s a prominenexponentof scholarship

that engages in a discussion about discrepancies within the debate on Romancial
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 emphasisybridisationand discrepancy should

not downplay the power dynamics and violence that occurred in colonial enco(fiiéman,

2005, pp. 6265; Dietler, 2010, pp. 11182; Cafiete and Vivé®rrandiz, 2011)Gonzalez
Ruibal viewgostcolonial perspective on hybridisati@s influenced by a neoliberal ideology
that obscures power asymmetries through concepts like multiculturalism, individual agency, and
fluid identities (GonzaleRuibal, 2014, pp. B2). 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 cplowid

dynamics aselaboratedbelow.

Regarding resistance, GonzdRazbal(2014, p. 7Yefers to the ability of communities to thrive

on the periphery of state formatioms discussed by Scdtr the uplandpeopleof Southeast
Asia(Scott, 2009)these communities demonstratea remarkable capacity to evade external
rules and remain independent from assimilation into hierarchical structures such as states and
empires. However, this resistance ofteameat a cost, resulting in aggression and violence

between states and stateless societies.

On the other hand, Gonzal&ibalviews resilience in the context of responses to external
domination (GonzaleRuibal, 2014, p. 8)Resilienceinvolves the psychological and social
adaptation that communities undergo by developing cultural coping mecha(isrhs, 1996,

p. 241) This subtle form of resistance, which GonzRleibal argues should be understood
insteadas resiliencéGonzaleRuibal, 2014, pp. B2), allowsmarginalisedyroups to navigate
power dynamics without openly challenging them. It aligns with the notion of "discrepancies”

discussed by Mattingfattingly, 1997, 2010)

Rebellion, on the other handntailsactions 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 characterisedoy violence and intense polisation of the act of
rebellionitself GonzaleRuibal views rebellion as the opposite of resilience as it requires a
conscious political awarene@SonzaleRuibal, 2014, pp. @0). Both resilience and rebellion

are commonly observed within groups that have been incorporated into state syeott

2009)

Rather than solely focusing on the concept of "discrepancy,” Goiradileal advocates for a
structural approach to the archaeology of resistamdeere resistance, resilience, and rebellion
are distinct forms of opposition against dominatig@onzaleRuibal, 2014, pp. 8@2).
Accordingly, an archaeologfresistanceanalyss how the material world and historical context

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

egalitarian values.

2.3.1IDENTITY, 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-gefteption, 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. xiiifhis process becomes particularly important when there is a
growing power imbalancéHerring, 2000, p. 46By 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 throughaothitsationof
"politicisedethnic identities" where different communities join forces in response to an external

threat (Jones, 1997, pp. 86, 95t96). Identity plays various roles in acts of resistance.

One aspect is the manifestation of group identity. When groups face threats, msagjorglior
subjugation, they frequently assert their identities as a means of resistance against the
intimidating or dominant authoritfGonzaleRuibal, 2014, pp. @2). 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 idéuatityalez

Ruibal, 2014, pp. 82; Arkush, 2017Elements 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 discusse@loynzaleRuibal2014) as well as in thpeople of upland
Southeast Asia discussed by S(&ttt, 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 redefinitimrefore, when relying on

the continuity of material evidence or similarities in the archaeological record, it is important to
be cautious(Shennan, 1994, pp. 123; Jones, 1997, p. 28; Lucy, 2005; Derks and Roymans,
2009, pp. 23; Fernandet6tz, 2014, pp. 17481) Ethnic identity is shaped by various
characteristics, the significance of which can vary over time and across different geographical
locations(Shennan, 1994, pp. 112; Hall, 1997, pp. 226, 2002, pp. 910; Jones, 1997, pp.
122t123; Lucy, 2005, pp. 989; Derks and Roymans, 2009, ppa8)7 Furthermore, it is
important to note that a specificontext 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 thereofLucy, 2005)Adding to tis complexity, ethnicity exists at multiple scales,
with different and sometimes overlapping ethnic identities coexisting at various geographic

levels within a given timefranfe.q. is Sicilian Greek identity in Malkin, 2011, pp2@p6

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, relidiah are, however,
somewhatchallenging 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 fronanalysingthe archaeological record instead of primary evidence
(Saccoccio, 2022)

There is a spatial dimension of ethnicity that can shape places and landéCédpes and
Stoddart, 2012)This indicates how ethnic identities are frequently intertwined with specific
geographical regions and the physical surroundings wtherecommunities liveBhnicity 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,
archaeologicasites can become ethnic markers which are visible or tangible features in the
landscape associategith specific ethnic groupss elaboratedin sections4.3 and 4.4. These
markers can include settlement patterns, ritual sitead territorial boundaries. However,
tracing ethnic markers in the landscape is a compteleavour 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

socichistorical 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 bourndgstalisedat 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 reaently undergone
significant shifts in perspective. Traditional unilinsacial evolutionary models have been
replacedby multitrajectory approaches thaecognisethe influence of contextual constraints

and human agencgven thoughthe formerare stillsomewhat undeacknowledged in the way

we understand the latteMulti-trajectory approachesemphasiseghe 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
guestioned, with scholars highlighting alternative forms of socganisation However, these
alternatives should not be considered static, but rather dynamic -potitical forms that can

alternate within societies.

Research on prRomarnitaly has focused on understandisigte formationas closely related to
urbanism. The debate has moved away from simplisticpeniphery models and embraced a
more nuanced understanding of the complex processes and networks that contributed to urban
development. However, urbanism is still seenth&spinnacle of socipolitical complexity and

the state. This urbanentric perspective hindemur understanding of Italic societies, such as
the Samnites,that fit better in broader discussieon alternative forms of complexity

underlyingpower inequalities.

Instead of focusing solely on cities and statessewider emerging debatesre more useful for
Samnite societythey move us away from moderrconceptualisatios of city and state, and

better highlight the dynamic phenomenonarfjanisingcomplexity.

In thisendeavouy the archaeology of resistanoffers further insight External threats can be
extremely important catalysts of sogiolitical change and, as such, they play an important role

in managing inequalities and powedBonzaleRuibak (2014) framework of resistance,
resilience, and rebellion provides an interestiauggle for investigatinglifferent forms of
resistancewhicharein 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-stegteity
model tounderstand the military and soepwlitical power of thisociety(see sectior8.2). 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, | have argubdt complexity and state
formation are not exclusiv® urban societiesanda high degree of complexity andyanisation

can exisieven without the state. It is thusssentiato move beyond urbagentric models and

study the Samnites according to the forms of domination and resistauindeh t scholars have
argued for some time they exhibited in the archaeological record. The rodepterdelves
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 b$tthe

millenniumBCE
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3 THE SAMNITE DILEMMA

3.1INTRODUCTION

Thischapterexamines the research history of Samnite societyitardirrent issues. It begins by
addressing the biased historical perspective that has dominhtedesearchand continues to
heavily influence scholdip nowadays. It then proceeds to present the features of Samnite
societyas we know them from the archaeological re¢dmat paying particular attention to the
archaeologicalandscapeAs discussed in the previous chapter, the-stitye 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 organisalteechapterfurther delves into

past interpretations of Samnite settlement patterns, highlighting the issues related to hillfort
sites. Finally, itintroduces two theoretical modelsfor explainng Samnite military and

sociopolitical power, which guided the computational apprddevedeveloped.

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 barriterRome's path to absolute power over the Italian
Peninsula from the fourth centuldCEto the Social War in the first centuBCE Of these
sources, Livy's account of the Samnite WarsAn Urbe Conditas the most critical
representation (LivyAb urbe cond. 4-80). Livy describes the Samnite Wars, a period of active
warfare between the Roman and the Samnites that extended between 343 an8CI©0
Scholargraditionally dividedhem in three phases (34341 BCE 3261304 BCEand 298290
BCE, but theinaccuracieof such divisionbave been highlighte@Cornell, 2004; Grossman,
2009) Samnite resistance to Roman expansion @idnisationdid not stopwith thesewars.
The Samnitegoined Pyrrhus against Rome in 2B€Eleading to their defeat in 275 at
Maleventum They revolted again in 265 and Z5OEand, after the battle of Cannae in 2BEE
during the Second Punic War, part of them (the Hirpini) joined Hannibal against Rome. After
JvP (8§ P lvU §Z C §}}I % E}ulv v8 E}BCEvwWEere tHey ] o t &
were among the leaders of the insurgent lItalian aristocracy aimed at assuring conditions of
juridical and political equality with the ruling Roman class. Even after obtaining it, they rebelled
again in 8 BCRaking the side of Marius during the Civil War that saw their defeat BCER
The enduring resistance of the Samnite to the Roman saw them principal actors in many of the
accounts of these war3herich literary sourceshat produces these accounsongwith 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.

Fromthe 1960s, archaeological data started to emdigeughthe rescue work of the Italian
Soprintendena, notably the pioneering work of La Reg{ha Regina 1981)arallel to tfs,
national and international field survey projedtsew light uponsettlement patterns (see
section3.4.1). Despite thisncrease inarchaeological data, themergingSamnites' narrative
remained primarily focussed orancient sources.Considered to be as a firmer foundation

despite the frequent divergence of the twohetse sources haveguided archaeological
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interpretation. As a resulgur current understanding is still largalyivenby Roman and Greek

sources.

Romanecentric 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

}uvsS Z ¢ u}eSoC }E]P]v 8 Jv >]AC—- %] S1}v }( S$Z u ¢ "ulpvs ]v

(montani atque agrest@sand the description of them living in villagegcgtim) 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. 1189). Of the early studies exemplifying this vi&ggmnium and the
Samnitesvas the most influentialSalmon, 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, fundamentallyuabéin people, ultimately seeing the
Roman conquest as an inevitable and desirable efl2abch, 2004)In this perspective, he
betrays an evolutionary outlook that views aaban forms of socipolitical organisationas

inherently inferior to urbanism.

Emma Dench offed a different view. InFrom Barbarians to New MdDench, 1995)she
deconstruced » ou}v[e A] A Z]PZo]PZ38]vP §8Z ] e+« § §Z o] }( 8Z
Roman, depiction of Italic people. According to Deriblench, 1995, pp. ), 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 'ltalic' ideal of bravery.
Concerning contemporarynterpretations Dench has demonstrated how influencem

different types of evidenckave led to Samnium's 'asgiassical’ picturgfrom Livy's accounto

the archaeologically more visible niRR@publican periodDench, 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 SiBtalite

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 understandimgts 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
archaeologicatake 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 s@cgetyBispham,

2007; Bourdin, 2014which is evident even in the work of young schdkug. Lee, 2022 The

recent work of Le€2022) for instance, builds a historical narrative largely based on a few
fragmentary and debatedrchaeological data instead of the growing corpus of scientifically
sound evidencdn 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, 2009However, 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 delmiaserning
similar societies, particularly in the study of hillfort communisegChapterd). Consequently,

it often struggles to find its place within broadeomparative debates, resulting in the
relegation of Samnite archaeology to regional narratives often related to discourses on Roman

colonisationin Italyinstead of Samnite socieiy its own right

3.3SAMNITE SOCIETY

Samniteis an ancient termmeferring to a group of people living in the mountainous Apennine
area in central and southern Italy. According to ancient sources, four subgroups cehitieut
Samnites: the Pentri, Caraceni, Caudini, and Hi(Balmon, 1967, p. 2A fifth group, the
Frentani, occupied the coastal Adriatic area and was later atbfgedcholarsbased on
archaeological evidence, despite considerable differences from the former subgroups

(Tagliamonte, 1996, pp.t8) (seeFigurel.l).

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
identityX dZ }v %3 }( ZEE] [ 18 o( E]A « (Ehat uBddithis 2im3} E ]
to indicate different groups fought during the expansiBrom an archaeological perspective,
excluding the Frentani tribe, the differences between the material cultures of the regional
hypothetical tribes are barely noticealfigispham, 2007, pp. 21214) The tribes discussed in

the sources have been alternatively associated with different ethnic levels. For instance,
Tagliamonte considers the Caudini as referring to agee#rning political entity, the Pentri and
possibly Carricini to a trib@lommunity and the Hirpini and Frentani @n 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 inteommunity and intetribal solidarity, especiallgt 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 preffamnite, 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. 42832) 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 populafi@miamonte, 1996,

pp. 129t135, 2017) The spread of the Osc&amnite language during this period, which shared
variants and dialects with other nditruscan peoples of Central Italy, is seen as marking a likely
break from the previous era, supporting the emergence of a distinct Samnite idevditpce,

2007; Tagliamonte, 2017imarily based on numismatic evidenseme scholar§1996, e.g.
2017)arguethat this period likely coincided with new processes of social organisation and the
development of proteurban centres. However, as later chapters will docuptbate is in fact a

lack of obvious protarban 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
centralisationduring 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 ethational entity. He discusses how
inscriptions attest to the presence of elected magistrates and assemblies. Among these, the
meddiss tavtikbold 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 cautioHowever, what is crucial temphasises that, given the
absence of prior attestation of this role, one could argue for a shift in -potiial

organisationwhich can be perceived as distinct from earlier forms of Samnite societal structure.

Whether Samnite organisatiavolved intoa federation of independent communities or as a
State is not clear. Literary sources, specifically Livy and Strabo, depict the Samnites as having
strong sociepolitical cohesionDench, 1995; Oakley, 199%)/hile earlier scholars agreed to

depict Samnium as a cohesive reg{@almon, 1967; La Regina, 198&cent studies have
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tended to deconstruct this view. Instead, seestudiessee the Samnites as a series of local
polities able to cooperatéScopacasa, 2019 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 teratafye 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 ltalic urban states. Cities, or even other settlements of comparable sizes, emerged only after
the Roman conquest in the 2nd and 1st century&ek 2009, 38By now it is safe to state that
Samnite socigolitical 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 SO®OLITICAL LANDSCAPE

Over the past few decades, there has been a gromimgper ofsurvey projects in the region of
Samnium. The Adriatic arbas seerparticular intereststartingwith the Biferno Valley Project,
which stands out as one of the mognportant projects due to its innovative lotgrm
perspective(Barker, 1995a, 1995b)Yhelater Sangro Valley Project surveyed and excavated
some areas of Abruzzo, including the important hillforts of Monte Pglustoferri and Lloyd,
1998; Lloydet al, 2017) Substantial research has been conducted in the region of Molise,
encompassing projects like th8acred Landscape Project, Landscapes of Early Roman
Colonisationand Tappino Valley Surv§tek and Pelgrom, 2005; Stek, 2009, 20%8jilarly,

the area between Molise and Apulia has received attention with ongoing survey pNjgsts
2008; Naso, De Simone and Esposito, 2028 part of Samnium facing the Tyrrhenian aeesa
seenless systematic survémgterest Here, the work for the Cartcheobgica e delle ricerche
della Campania is very importaf@uilici and Quilici Gigli, 2004a, 2004b, 2006, 2010, 2012,
2014, 2016; Quilici, 2011; Quilici Gigli, 2012; Quilici Gigli and Renda, 2017; Rendas20&i0)

as the work of Conta HalléConta Haller, 1978)CaiazzdCaiazza, 200@nd for the Carta
archeologica di Morconé_a Rocca and Rescigno, 20Hy)wever valuable hese workshave
limits in theiradopted approach, which is often not systematic or does not report the areas
actually surveyed in the field and those that have been omitted.same is true for the work of
Oakley (Oakley, 1995)that is however the only study that encompasses the entirety of
Samnium but focuesl solely on hillfort sites. All of these survey projduase significantly

enhance our understanding of Samnite landsca@eupationto which | now turn
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3.4.1SETTLEMENT 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, indicatingwalespread 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, | provide a brief overview of each of these site

types.

3.4.1.1RURAL 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 oftergmafl farms.
Permanent habitation at these sites is evident from the use of stone masonry for building
structures, with roofs covered in terracotta tiles. The sifaytely Hellenistic farm appears to be

the most prevalent form of habitation in the region, widely distributed throughout Samnium in

dispersed but capillary patterijs.g. the area discussed in secttoa.]).

The mountain region of Samnium offered few sizeable areas of arable land. Mostly for this
reason, research has identified animal husbandryraabile pastoralism probably focused on
cattle, as essential subsistence strateg{€abba and Pasquinucci, 1979; Barker, 1996b)
particular, the seasonal moving of livestaodmmonly known as transhumandes been the
object of extensive discussion. Two main types of transhumance have been ideftiédolst
involves shortedistance, local movement from higher areas during the summer to lower
elevation areas from autumn onward, a practice attested in first millennium BT l&adtacoste

et al, 2020) The second instead argues for latistance travel along the trattutranshumance
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 Sdiroes,

1967; Gabba and Pasquinucci, 1979 other research highlight®ench, 1995, pp. 11125;
Crawford, 2005; Stek, 2009, pp. t5%; Trentacosteet al, 2020) modern debate has revolved
around the extent to which lonrgistance 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

andlater periods.
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3.4.1.2SANCTUARIES

Among this dispersed pattern of rural settlements, sanctuaries and hillforts likely served as focal
points. Evidence for cult places emerges inGtie5th centuryBCE Initially, there appears to be
greater variability in the tygs of sanctuaries, with both permanent and ofansites, 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 the3rd century BC after the Roman conquesthis situation changed. Sanctuaries now
exhibit substantial typological homogeneity. Furthermore, we observe widespread
monumentalisatiorinspired by the Hellenistic style, with a proliferation of temple buildings in
both preexisting sites and new locations. This has been interpreted as a disphijaathropy
(euergetism by the Samnite upper classesn that period. Most importantly, extensive
monumentalisatiorsuggests that some of these sanctuaries likely served broader communities
associated with ethnic groups. In this context, Piatrabbondante, in Molise, has been interpreted
asa place of longerm historical importance and local memory linked to mighical origins of

the Samniteg¢La Regina, 1989)

3.4.1.3HILLFORTS

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 lacgesteswhile largely neglecting the
smallto mediumsized sites that constitute the majority of hillforts in Samnium. Excavations on
Monte VariangFaustoferri and Lloyd, 1998; Faustoferri and Riccitelli, Zz0@bMonte Pallano

(De Benedittis, 1988, 2013, 201¥@ve contributed to the debate. These two sites are among
the largestcentresin 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 favour of interpreting them as protarban centres However, the

chronology of these sites presents challenges.

For instance, Monte Pallano exhibigfinedwalls, numerous temples, and a central public area
(Faustoferri and Lloyd, 1998; Faustoferri and Riccitelli, 2088)presence of monumental walls
has been interpreted as evidence of urban{g@mustoferri and Riccitelli, 2005, p. 8#3pwever,
this interpretation is highly questionable, as it relies on paginceptualisatios of

monumentality thattcomparativeresearch 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 fortificationsbut no traces of permanent inhabitation (seleapter9 for new data

on one of these). On the other hand, the presence mbaumentalisegublic area is clear, but

its chronology is subject to debate. Occupation traces appear fromttheentury BCE but

clear indications omonumentalisationfor the identification of the public area only emerge
from the 2nd centuryBCHFaustoferri and Riccitelli, 2005, pp. 8878) 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 Benedit{i2017) argues for a unique phase of
occupation in the areazharacterisedoy weltdefined urban planning, tentatively dated to the

4th centuryBCEHowever, it remains unclear whether the urban phase of Monte Vairano began
before the Samnite Wars evhether it can be classified as a city. Excavation data indicate the
possibility of an urban form emerging only after the Roman conquest, starting froéndhe

centuryBCEat the earliest.

It is important toemphasisethat the interpretation of both these sites involvdebatable
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 c#yate 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, 2043 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 Romanisationof the area, with local actors adopting Roman architectural forms.
Furthermore, even if we accept the contentious argument that Monte Vairano and Monte
Pallano were protairban 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

possiblycontinuous 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 S(sgeychapters),
supports the idea that a significant portion of the intnaral area of sites was empty. This holds

true when considering recent research conducted within the Landscape of Early Roman
ColonisationProject and the Tappino Valley Survey, which thoroughly investigated several of
these siteStek, Hamel and Garcia Sanchez, 2021; Saeichle2023)

Even without consideringuestionson urbanism, the chronology remains a concerning issue for
the majority of these sites. Research has generally datad to the 4th and 3rd centuriesBCE

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 the5th or 6th centuryBCE Additionally, traces of occupation in even earlier periods, such
as the Bronze Age, have been identif@dsome sites during the work conducted for this
dissertation and the fieldwork of the Landscape of Early Ron@olonisation Project
(unpublished survey dataHowever, there doesot 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 tBeh 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 conductadSanta Maria di Loreto (M108¢veal occupation as

early as the Bronze Age, followed by a period of abandonment and later reoccupation from the
4th century BCE(unpublishedsurveydata from thelLandscape of Early Roman Colonisation
projec). 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 centuriesBCE This is often the case for the largest sites located on gentle
platca, such as Monte Pallano and Monte VairgRaustoferri 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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3.4.2THE PAGWUACUS MODEL

A widespread model for understanding Samnite society territorial structure and, in general, Italic
pre-Roman societies is the pagusus 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, economicallyssdficient 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. 20a3). In this view, some ltalic 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 historicallyderived dispersed pagugicus model was formulated as an lItalic antithésis

the GreceRoman citystate model. Agliscussedn section2.2.3 in the citystate model, the
domestic, political and economic functioot a political entityare concentrated in a single
urban agglomeration. In contrast, in the pagics modeldistinctrolesare given to different
settlement forms: housing in villages and farms, spolitical and economidunctions at
sanctuaries, and defence in hillfortdccording to this model,aactuaries, in particular,
functioned as the pole of aggregation at different levels, depending on their assowitkian

touto, a pagus or a vicus, in a landscape that lacked secure urban céBuaftieri 1987; La
Regina 1970; La Regina 1981; Colonna 1985; Letta Pd&2}he introduction of this model by

La RegindlLa Regina 1970)he pagusszicus 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 characteristiecRorean Italic institutior{Salmon, 1967, pp. %9

80). However, there is a substantial lack of evidence to support this model, and recent studies
havedemonstratedthis patternto beinaccurate(Tarpin 2002; Capogrossi Colognesi 2002; Stek
2009) They have shown that evidence for the hierarchical relationship between pagus and vicus
is scarce andhat, in fact pagi and vici should be seen as autonomous or complementary
institutions. Along this line, Stélasshown 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 merefjue tolack of researcfiStek 2009)According to these recent studies, the
pagusvicus model has to be revised, if not discarded, to understand thBopnan 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 prop&@yek 2009, 67)
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As mentioned above, according to the traditional pagoss 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 atmigesith the
sanctuaries. Scholassich as Gualtie(2004) however, haveecently started to question this

role, seeing hillforts as centres of agglomeration that could have covered similaagolese

fulfilled by cities in urbastates

3.4.3HILLFORTS AND EHMBRYONIC CI3YATE MODEL

Maurizio Gualtieri proposed a different view of hillforts, leaning toward their interpretation as
embryonic citystates (Gualtieri, 2004) It is important to highlight, however, that his work
focuses orlLucaniaather thanSamnium. Using data from excavation and field survey from the
Lucanian hillfort of Roccagloriosa, he seas hiilfort as the centre from which local elites
controlled a community living dispersed in the hillfolniisterland This model still follows the
pagusvicus model, with the difference that hillforts now assume a centralising role in the
emergence of institutional and political structures. Therefore, the new -peggsoppidum'’
system is consideregisan embryonic citgtate where hillforts act as magnets for settlements
dispersed in a given territory. It is not clear, howewdrether 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 th@tek, 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 landscapevastim,in villages, and for this reason, scholars
§v 3} Jeu]ee >]AC[* E -profEction ef the later Roman forn{Salmon, 1967, p.

51; La Regina, 1970, pp. 1295; Bispham, 2007, pp. 1880) Scholars such as Bispham reads
the archaeological and textual record of the period between 1000 andB@Eas suggesting
increasing population, economic concentration, and state formation without the rise of cities
(Bispham, 2007, pp. 18894) According to him, between 350 to BLE hillforts are to be
understood as pagus centres instead of towns, which could still have urban features and
functions without being cities. Fulledged cities are generally understood to arise only in the
later Roman perio@Bispham, 2007, pp. 20203, 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 sqatitical structures, this landscape could

have taken an urban form not familiar to the contemporary sources. Recent studies-on low
density urbanism (sesection4.2) 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 byllese 2022)While this

attempt isultimately yet another example tfe interpretation ofmaterial evidence subservient

to an urbancentric 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 wahwall 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, automaticallyunioan. Instead, it could
merely reflect a different form of soepwlitical organisation. Simultaneously, an urban
settlement does not necessarily need to have a specific territory under its control or a state

sociopolitical organisation

3.4.4THE CONTRASTING VIEW

Samnite hillforts have traditionally been viewed either as merely defensive locations with
minimal involvement in Samnite sogiolitical organization, or as evolving entities ranging from
embryonic citystates to fullyfledged cities. These perspectives imply a direct connection
between the existence of a hillfort and a defined territorial area, adhering to the pays$
oppidum) model. However, the varied roles ascribed to these sites highlight the current
research's challenge in comprehensively understanding the Samnitepsttaal 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 Bradl€3000)points out in the context of Umbria, the pagtisus 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-sséficient 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 singlemonolithic interpretation for the entireset of hillforts is
gquestionable As mentioned earlieresearch on hillforts has focussed on a few excavations on
some of the most monumental and large sites, such as Monte V4banBenedittis, 2014nd

Monte PallandFaustoferri and Riccitelli, 200%) 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 isalsoevident 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 -cepéic

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. Giveniturrent state of research, it is therefore impossible to provide

robusthypothesesn the role of hillforts in structuring the Samnite landscape as a whole.

3.5WHY STUDY A HILLFORT LANDSCAPE?

As is clear by now, research has not provided conclusive evidence so far about the specific form
of Samnite sociglolitical 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 socipolitical 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 qidibicial
organisation. In this task, it is useful to start from two explanatory models for Samnite military
and sociepolitical power, one based on politicantralisationand 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.

3.5.1POLITICAL CENTRALISATION

The hypothetical increase in orgsation associated with the process of state formation has
long been considered one of the potential factors contributing to Samnite military proess.
absence of cities has, howevergakenedthis hypothesis and ledcholarsto exclue this
possibility. As discussed in the previobapter consideringhat statesexistwithout cities, it is
important to reevaluate this theoryMoreover, considering the refutation, by recent research,
that states are essential for a high degree of complexity and commuongiénisation it is
important to question whether a hierarchical or heterarchical commuonrignisationcan be

seen as the basis of Samnite military power.

As discussed, Samnite resistance is maiatgctableduring the Hellenistic period, wheh
opposed the Roman Republic. It is in this period that politicdtalisations more likely to have
taken placeThe threat of Roman expansion and the consequent period of increasing warfare
could be seen, instead of urbanism, as the drive to politeadralisationin Samnite society.

New sites established during this period, particularly hillforts, may indicate the emergence of a
new form of territorialorganisation potentially associated with this hypothetical change in

politicalorganisation

Marked territoriality and wellinderstood borders usually characterise what we understand by
the notion of a stateThe heavily fortified Romdimesconstitutes an example of how borders
were physically manifested, marked by a strong political erfiltgse 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 centralisationtook 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: orexmtng this and

another new; only the latter related to a central authority.
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Summarizing, if the analysis of the settlement patterns sh@markable efficiency and
homogeneityin defence (fortifications) and control of the territory (borders), we coudpret

this aspolitical centralisation If these changes appear at the start of the Hellenistic period, we
couldinterpret the threat of Roman expansion as a catalystémiopoliticalchange. Instead of
cities, increasing warfare could thus be seen as the driven factor for increasmgditical

complexity.

3.5.2MOBILITY

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 notocals. 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 husbafalrysed economy has been argued for this
region, with the implication that raiding, typical of mountainous areas, did not lead to disastrous
consequencgTerrenato, 2019, p. 139pamnite mobility and thability to retreat and later
reoccupy areas of the territory withoahy substantialeconomic impact could be seen as the

reasons behind the Samnitesfectivemilitary 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 itfulctional 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 attemptsutbanisethese areasThis 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 commusibasisationis a
longterm process that may emerge and eventuatlgystallise or not, depending on
circumstances. Among these circumstances, we could see how the Samnites may have
consciously rejected this form ofganisationas part of their selfiefinition in processes of

creative refusalGraeber, 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. Tgreximity 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 soaietye settlement patternshat 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 @ty its agricultural hinterlandid for the coastal area. On the
contrary, the difficulty that a citigased 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 San{BSiédmon, 1967; Scopacasa,
2015, pp. 207237).

3.6 CONCLUSION

Samnite socigt displayed remarkable military and sepilitical power during its
confrontations with Rome, exhibiting enduring resistance even in the faceladfisation
Previous research has been hinderedhrge significant biases. Firstly, the historical perspective
heavily influenced by biased Roman and Greek sources has impeded progress and limited our
understanding of Samnite society. Secontlig perception of the Samnites as a backward
society has been reinforced by modern assumptions about mountain environments. ferdly,
dominant urbarcentric view has led scholars to view the absence of a clesstaiéymodel

and urbanism as a limiting factor in interpreting the Samnites as a cohesive group with
significant political power. Thenodels of citystates and pagugicus 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 arcent@n
perspective and instead focus on studying the Samnites based on the abundant archaeological
data. Moreover| argue thatit is necessaryto 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 organsociety. 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 GRegoan 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 GreeRoman 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 iohapter 3, research on Samnite and Italian hillforts has primarily focused on
attributing them a quasiirban status, the result of Mediterraneancentric perspective where
researchers have a clear template for what they think a city, a state and a civilisation should look

like. Althoughglobaldebateson hillfortsare ongoing, it is crucial to examine them and consider
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how they can enhance our understanding of Samnite hillfortschijsteroffers an overview of
these debatesraisingkey themes that serve as guiding principles for the aisabfsthis

dissertation

Beginning with Europeaoppida, | highlight the variety of habitation types present at these
sites, and related questions on lalensity urbanism and low occupation density settlements
found worldwide. | then move on to discuss fortifications and monumentality, and their role in
defining community identity and institutional authority. Specifically, | address recent research
that acknowledges the role of monumental architecture in heterarchical, rather than solely
hierarchical, societies. Finally, | 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 | discuss each of them separately here, |
examine their reciprocal interaction to explain Samnite hillforts later in chd®eBefore
delving into thetopic, | begin with a note on definitiont explain whyl adopt the term

Z Z'] o oam@Bg mpny 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 contexte.g. Hamilton and Manley, 2001; B#tullo 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 tiissertation Some of these terms, such as
forts and fortresses, clearly relate to thd § agsumednilitary and defensive nature. Warfare is
indeed the prevalent frame in which these site are interpretékush and Stanish, 2005)
Others, such as fortified settlements and oppida, focus instead on the social role that these sites
had in organisingsettlement and communities beyond thenilitaristic function(Smith, 2015;
Arkush, 2017) It is clear how different terms embed specific interpretative values and

consequentiallyaffect the regional understating of the sites.

Researclon the Samnites haammployedthe problematic term oppida. Oppida refer to European
sitesthat date from the Iron Age and Roman peridtis employed in continental Europe to
designate a specific type of large hillfort site that functioned as central places for the
surrounding areafGrant, 1986; Woolf, 1993; Collis, 2000; Cunliffe, 2012; reezG ,tz, 2013,
2018) dZ A}E Z}%o %] pul[ ]38 o( ] > 8§]v § (GEu - C SZ Z}t
settlements of considerable size that served as centres of economic, political, and social
§1A]8] «X tZ]o (JvlvP Z}% %] [ < (}ES]I(] o $eotaimv S v
encompasses a series of concepteanings and functions that amet easily applicable to

Samnite hillforts as a wholBven he term Zettlement][itself is problematic when considering
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sites such as the Samnite ones, wiselemlargely empty and for which very few traces of

permanent habitation are available.

Due to ths diverse range of meanings associated vafipida,[it proves challenging to apply it
uniformly to the various Samnite fortified sites. Therefbogt to use the terméillfort [instead.
This term straightforwardly refers to fortified sites situated on elevated terrain,neifipecific
connotation n sociepoliticalterms. Hence, he term "hillfort" is employed in a broader sense,
encompassing any tegpof fortified site, without implying a specific form of occupation or
function. Some new terms will be adopted through diesertation but only when the analigs

elucidates specific functions for the sites.

4.2 HABITATION AND URBANISM

The first keyquestion iswhether forms ofhabitation at hillfort sites can be considered urban
Research of temperate Europe suffers from urbantric bias, not unlikehat affecting of
research & Samnite hillfortsThe associatiorbetween hillforts and urbanisns linked to the
oppida,namelylarge fortified sites (above 25 hectares) that emerged towards the end of the
Iron Age, around théth-3rd centuryBCEin several regions oémperate Europe~~ o U .7iide
These sites belong to a diverse range of hilliketsitesof Iron Age Europdrom the Irish Royal
sitesto the densely populateditesof southern France. The long research history of the area,
together withrecentdebates, makes these sites a particularly interesting case to explore how
new concepts are influencirmgir viewson European hillforts. The apparent similarities between
many of these sites and Samnite hillforts, #imost coeval phase dieir establishmentand

the shared threat of Roman invasioffer potentialy insightfulperspective on Samnite sites.

Traditional research has viewed the rise of urbanistermperate Europe through diffusionist
perspectives connected with the emergence of oppida, which were seen as the first ‘cities' north
of the AlpqCollis, 2014; Winger, 201 7hese 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 ulikarsettiements. This
motivated their study in comparison to contemporary Mediterranean cikiesvever, recent
studies have challenged this view by emphasizing the emergence of large fortified sites well
before the traditionalhaccepted establishment of oppidhe so 0o Z(°E+3 ve]Sl [U Epyv
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 aroutitl the3rd

centuryBCE primarilycharacterisedy theso-calledoppida(Fern ndezG,tz, 2018)
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A first consideratioriollowing these recent studias thusthat Iron Age oppidare not related

to the emergence of cities in the regions. Other urban models were already present before
them. This highlightsa cycle of settlemententralisationand deentralisationthat is not
necessarily related to the appearance of hilifiké sites. While research suggests that the first
urban settlements originated through processes of demographic grdwdharchisation and
centralisation oppida differ because urbanism waten a consequence of processes originated
for other reasongFern ndezG,tz, 2018) Most importantlyurbanismdid not take the shape of
densely inhabited areas enclosed by walls, as seen in the-Boetan model. Instead, pockets

of habitation were interspersed between empty areas, with fortifications enclosing much larger

areas than the ones densely inhabited.

Recent researcheesthe oppida as emerging through processes of aggregation related to long
term occupation and the symbolic meaniatiached to theidocations(Moore et al, 2023) In

several cases, these locations hosted sanctuaries, birtrttost common feature is that they

were topographically striking or significant places in the landscape, such as isolated hills or river
crossingsUrbanismdeveloped because d¢he social and symbolic importance of the location
rather thanhierarchical processéasvolved insettlement aggregation. The importance of these
locations has been seen as integral to the creation and maintenance of community identity, and
it explains why these placbscameoppida. In this view, they served as places for the collective
assembly of an increasingly interconnected rural society that progressively developed regional
identities, allowing theemergenceof larger, morecentralisedsocial structures that were later
recognisd by Roman writerf~ern ndezG,tz, 2014) The prominent societal function of these
areas is also confirmed by later developments during the Roman period seteral of these

sites became towns, and others, instead, experienced a shift in occupation to nearby locations
but continued to beoccupied afkoman sanctuaries or early Roman v{l\dsore, 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 assuimedhing cycles of settlement
aggregation and dispersion that started several centuries earlier than the Roman invasion
(FernndezG,tz, 2018) Most importantly, these processes did nentail settlement
aggregation as the result of hierarchical poljtiest rather as the result of the lontasting

symbolsmof the } %o %o Jlochtions.Habitation and urbanism took different forrasthese sites.

While recognisinghe value of comparing these Iron Age agglomerations to Greek and Roman
urbanism(Winger, 2017)new conceptualisatios of the urban phenomenon haeenphasised
the limitations ofthis comparisonand have suggested alternatiaenuesfor comparison

(Moore, 2017a)Previous research overlooked the unique characteristics of oppida and focused
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on their limited similarities to 'traditional’ urban forrfi#/oolf, 1993) They bearinsteadcloser
resemblancdo alternative models of urban agglomeration. Among these modelsjdasity

urbanism is particulariypteresting

4.2 1HILLFORTS AND FORMS OFRENGITY URBANISM

The work of Fletcher is significant for understandingdewnsity urbanisn(Fletcher, 1995, 2009,
2010, 2012) He employs this term to describe sitekaracterisedby 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 distinstiogtween urban and rural areas by incorporating
agriculture and open spaces within their boundaflascero, Fletcher and Coningham, 2015)
Fletcher illustrates how this concept can be applied to variousngdtestrial 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 ledensity urbanism to the study of oppida and other European
hillforts, with notable contributions fronTom Moore and Manuel FernandezG6tz (Moore,
2017b, 2017a; Moore and FemdezG,tz, 2022; Mooreet al, 2023)

From this perspective, the distinct spat@banisationof oppida can be seen as a form of
urbanism with lowdensity habitation. These oppida exhibit large empty areas, likely dedicated

to agricultural activities, alongside pockets of occupation resemblingldosgity urban sites

found elsewherg(Fletcher, 2009; Moore and FemdezG,tz, 2022) Examples are found in
various regions such as Bibracte (France), Manching (Germany), Ulaca (Spain), as well as
Danebury and Ham Hill (Britai@lvarezSanchis, 2005; Davis, 2013; Sharples, 2019; Mdore

al,, 2023)

The interpretation of oppida as sites with fdensity urbanism is subject to debate. Fletcher
identifies a key reason behind the emergence of-dewsity urbanism worldwide: the
integration of agricultural production within the site limi&etcher, 2012)Instead of relying on

a rural hinterland to supply food, which is often considered a fundamental aspect of traditional
urbanism, most lovdensity 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 purpose§Moore, 2017b)Recentarchaeobotanicastudies support this, indicating

that large areas within hillforts were never built up or used for agriculture, but were instead kept

as grasslan(Hajnalovéet al, 2023)
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Moore and Fernande@6tz 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 hinigvlaoce,
2017b; Moore and FermdezG,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. Receninvestigations 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 CofBatgovieGondole (France)exemplify the existence of
multiple fortified agglomerations at relatively short distances (3km), with rural settlements
occupying the spaces in betwegRloore et al, 2013; Poux, 2014)These complexes are
interpreted as single multentred sites(Moore, 2017b)and closely resemble the form of

agrarianbased lowdensity urbanism discussed by Fleto{2€12)

Furthermore, Moore and Ferndnd&tz argue that instead of attributing lalensity urbanism
solely to economic considerations tied to-gite agricultural activities, it is more beneficial to
view lowdensity urbanism as a process of adapting rural settlement forms into a more
centralisedcentre (Fern ndezG,tz, 2014; Moore and FerndezG,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 developmecharacteristic 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 cemtalisedforms.

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 centre{Moore, 2017b) Simultaneously, the similarities in architecture and layout
between some oppida and cities in the classical Mediterranean warbban used to suggest

that these Iron Age societies were experimenting with social and poemtralisation drawing

upon existing sociarganisatiorand influence$rom the GreceRoman worldWinger, 2017)

4.2.2HILLFORTS AS CENTRAL PLACES FOR WIDER COMMUNITIES
While the sites discussed so far generally exhibit substantial occupation within their walls, there
are also sites wherevidence fopermanent occupation appears to be significattiip when
compaked to the size of the site. Sites such as the British polyfocal oppida show extremely low
permanent habitation, estimated at only32people 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, ofteharacterisedoy seasonal mobilityFletcher,

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 higkstatus or ritual enclosurg8ryant, 2006; Moore, 2012; Moore and Ferdez

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 cajpitatgath,

1969; Fletcher, 2009Y he population residirgt these sites seems to have been relatively small.
Thesitescomprised 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 populatifitiorvath, 1969; Fletcher, 2009, p. 8)

Despite apparent economic and environmental differences, scholars have #inguéds 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 animgMoore, 2017b) Their role as places of
interaction seems also supported by their location on natural routeways between different

landscape types, allowing interaction of different communétesregion scal@oore, 2012)

It has also been argued that many of these polyfocal centres are likely to be related to
heterarchical communitie§Becker, 2019)As discussed, the extended household has been
recognisé as the fundamental unit of occupation in oppida, playing a role in negotiating the
aggregation of originally rural and heterarchical socigtesn ndezG,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. Thwbilisation 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 FermndezG,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 function®rganisingthe landscape for heterarchical
communitiescharacterisedby 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 commun(tb Satulloet al, 2019;
ErbSatullo and Jachvliani, 2022) cyclopean wall, stretchingkiin 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 demaonstrate
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 siteimplied elite centralisation recent fieldwork contradicts this perspective. It
highlights a lack of evidence supporting higigptralisedelite administration at this site and
other similar ones. Ratharew data suggesthat the community related to the site likely had a

more heterarchical structurgerbSatulloet al, 2019; ErkSatullo and Jachvliani, 2022)

While recognisingdifferent regional trendsn the evidencediscussed above, we can identify
some shared characteristics among hillfort sites and the development of recent debates. These
include lowdensity habitation at hillforts, thexistenceof 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 sembbility. 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
householdsitesappear to represent two differeriorms of managing a common need of these
heterarchical and possibly sembbile 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 FemdezG ,tz, 2022)
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4.2.3ANOMALOUS GIANTS

The distinctive attributes of oppida have &eholarsto associatehe largestcaseswith other
ZVviu o}pue '] v8e[-3B Zu(Puv SZE}IUPZ}us Z]8}EC 528 (C §Z
definition (Fletcher, 2009, 2012)n his seminal worlRolandFletcher(Fletcher, 1995, p. 198)
argual for the existence of a universal law concerning the growth of human settlements.
Drawing upon a global sample of fmeustrial cities, he examines systemic changes in
settlement patterns and socioolitical organisation According to Fletcher, densely and
continuously inhabited settlements can only expand beyond ah&6tare threshold when
accompanied by shifts in soqolitical organisationand/or technological advancement. This
idea is influenced by Fortes and EvBnischard's(EvansPritchard and Fortes, 1940, p. 7)
proposition that societies reach a limit in population size necessitating the establishment of
centralisedgovernance. However, Fortes and Ev@arichard 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 ingsstrial 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 ghapter2. He closely connects ecology with scale and
social inequality, shaping his understanding of the systemic relationships withirdysgial

cities. However, this viewpoint has been subjected to criticism from scholars like Graeber and
Wengrow (Wengrow, 2015; Graeber and Wengrow, 202ZT)ese scholars argue, for instance,
that ecology did not play a decisive role in determining forms of-potitical centralisationin

relation to population density. Despite these limitations and critiques, Fletcher' slexaeloped

a valuable tool, the InteractisBommunication Matrix L matrix)(Fletcher, 1995, pp. 681

and 235t236), for investigating changes in settlemeotganisationand scale based on

population density.

The 1C matrixis 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 ¥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 {C matric sees two sets of boundaries which establish the conditions under which viable
communities can functiofFigure4.1). Firstly, interaction limits-{imits) 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 lifiiitat¢{C delineate
areas of settlement where a particular mode of communication fails to adequately transmit

coherent information in a timely manng@fletcher, 1995)

Fletcher argues that communities are unable to function beyelmits related to their
dominant mode of behaviour, mobility or sedentism. While the mottiteitl does not outright
prevent a community from exceeding it, sustaining a trajectory that heavily relies on mobility
becomes increasingly challenging. Similarly, the sedentamjt [does not entirely hinder a
community from surpassing it, but observations indicate that communities heavily dependent
on sedentary practices struggle to persist beyond this thregktddkcher, 1995; Fletcher, White

and Dharmendra, 2022)f settlements are below the Density Threshold, however, they can
grow beyond the capabilities of their usual communication infrastructure, but these mechanism
are still poorly understoodFletcher, 1995, p. 93Examples of this are settlements such as

Greater Angkor and the Maya cities of Caracol, and(Wkate and Fletcher, 2023)
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Figure4.1 I-C matrix with indicated the mobility wed(ggter Fletcher, White and Dharmendra, 2022 fig..3.7)
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As discussed above, recent debates are increasigdgnisinghat hillfort sites can be related

to semimobile communities. The role of mobility in settlemenganisationis covered by a
specific area of the matrix: the mobility wedgdeigure 4.1). This region of the matrix
characterize large settlements ranging from 100 hectares to 100 square kilometres that fall
below the Mobile -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 areacisaracterisedoy a specific category of sites for which

mobility play a critical role, the large low occupation density settlements (LLODS).

4.2.3.1LARGE 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 modéietcher, White and Dharmendra,
2022; White, 2022; White and Fletcher, 2028) recent years, research has identified around
two hundred settlementgloballythat 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 (Roulettedare settlements, Bigo, Great Zimbabwe), and Europe (Greater
Avebury, Hallstatt Furstensitze, and some of the late Iron Age oppida discussed (@¢éhniier)

and Lane, 2021)LLODS areharacterisedas 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' inGhmatrix
(Figure4.2) (White, 2022; White and Fletcher, 2028Yhite and FletchefWhite and Fletcher,
2023)argue that the interaction stresa these sites waminimisedeither through shorterm
occupations or predictable patterns of periodic occupation, allowing for the-tdomg
sustainability of large settlements and demonstrating a unique flexibility of occupation. These
sites can operate at low population densities below2@QQpeople 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 threshol@hite and Fletcher, 2023fExamples 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 exafWids,

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 regigWhite, 2022, pp. 158167) As such, they are
interpreted as essentially magnified versions of established regional sett&ntypically

lacking significant novelty in their form, including cases of monumental architecture.
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Figured4.2 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 enclosureg\Whlte, 2022; White

and Fletcher, 2023)

LLODS often emerged within broader patterns of regional population growth, but they had
relatively short lifespans, with approximately tthirds 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 reoccupi¢@ietcher, 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 anddéiglity settlements seem
fundamentally distinct entities in terms of their functioning, resilience, and growth potential

that were incompatible within the same regional con{@¥hite and Fletcher, 2023)

LLODSresentsimilarities 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 lowoccupation 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 infatkzing
this concept can be quite problematic, considering the divergent and debated interpretations of
many of the sites it encompasses. However, the debate surrounding oppidderisity
urbanism, and LLODS has the merit of highlighting mawy different trajectories in the
organisationof highly populated siteswhich diverge significantly from GreRoman urban
models,exist. This prompts us to consider to what extent the data collected idisisisrtation

support similar interpretations of these sites | will discuss in chapti.

4.3 MONUMENTALITY AND COLLECTIVE ACTION

While hillfort habitationhas beerprimary in discussi@of European sites, in other areas, the
debate has focused on the sociaetahtext in whichlarge defensive fortifications characteristic

of hillforts were built In recent years, researchers have explored various questions regarding
fortifications worldwide througtperspectivefocusedon monumentality, laboumobilisation
collective action, and social inequaliBhelach, Raphael and Jaffe, 2011; Wright, 2012; Carballo
et al, 2013a; Osborne, 2014; &nal, 2018; Arkush and Ikehara, 2019; Grau Mira, 2019; Erb
Satullo and Jachvliani, 202Zhese approaches are changing our understanding of fortifications
and showcasing how a wide variety of communities with different forms of-goidical
organisationproduced monumental architecture. Interestingly, contrary to previous beliefs, it is
emerging that even societies with low levels of social inequality dréatified settlements

particularly in response to external threéfgkush, 2017)
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Since Child€1950b) monumentlity haslong been associated with sogolitical hierarchythe
ability to plan, mobilize, and sponsor laggale construction has been seen as a reflection of
centralisedpolitical authorities(Service, 1962; Colin Renfrew, 1973; Trigger, 1990; DeMatrrais,
Castillo and Earle, 1996; Coupland, 2005¢cording to this view, the labeuntensive
constructionprocess plagd a role in solidifying socidifferentiation and political leadership
(Pauketat, 2014) Recent research in different regional context®wever, highlight that
monumental architectur@lso emergedn societies without permanertentralisedhierarchical
systems or significant wealth inequaliggchmidt, 2006; Vega Centeno, 2007; Burger and
Rosenswig, 2012; Ortmann and Kidder, 20%8gs like Poverty Point, Gobekli Tepe, and Huaca

Prietahave evidence dabourorganisatioreven in the absence of stable agricultural activities.

Thistraditional view of monumentality is linked to Triggéfsgger, 1990 after Childe 1950, 12)
perspectivehat sees monumeial structuresas intentional displays of labour for ratilitarian
purposes, symbolizing the concentration of social surplus. Research has moved past the
distinction of utilitarian and neatilitarian architecture and has insteagcognise the intrinsic
symbolic importance aihonumentsand the reactions they produce(DeMarrais, Castillo and
Earle, 1996; Burger and Rosenswig, 2012; Osborne, .20kd)y meanings differ between
societies, with soméegitimatinghierarchy while others elide or dmphasisat. Theirvisual
impact can last through time, but the meaniagsociated with thentan changgJohansen,
2004; Pauketat, 20140n a basic level, monumentality highlights the capacity of a leader or
community to achieve something beyond individual action, represettimgtrength of the
communityinvolved inbuilding and its capacity for collective acti@latz and Plourde, 2011;

Wright, 2017)

Largescale fortifications fit this definition of monumentality, especially when consideeng

inherent displayf collectivestrength and cohesion in a setting of endemic warfar€[ (E]« }ooU
2017; Arkush and lIkehara, 2019h a context of impending threathe construction of
fortifications assume additional meaning as they require considerable labour in a relatively short
time and significant coordination. Whilgbour of this magnitudéas often been associated

with hierarchical societies, recent research on-lpea Andean hillfort¢Arkush and Ikehara,

2019) Bronze Age Caucasus hillfofisbSatullo and Jachvliani, 2022nd Iron Age British
hillforts (Becker 2019) showtkat such fortified sites camxist in societies interpreted as

heterarchical.

Cooperation and collective action have played important rolestudieson monumentality
without hierarchy(Blanton and Fargher, 2008; Carbaloal, 2013a; Carballo, Roscoe and
Feinman, 2014; DeMarrais, 2016; Ikehara, 20A63ey concept is that dentralisedsocieties

are able to coordinate and achiedargescale and monumentahctions even without
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hierarchicaktructuresunder the right conditions, particularly when the collective effort benefits
the entire communityCarballo, 2013)One of theseonditionswhere collective action is seen
as greatly beneficial is warfai@arballcet al, 2013b; Turchiet al, 2013; Ikehara, 20167 his is
particularly true for norhierarchical societies, where collective action is esseftial

coordinating defence activities, such as the construction of fortificatRoscoe, 2013)

A key contributionin these studiess & | @ ¢he relationship between monumentality,
fortification, and warfarg/Arkush and Stanish, 2005; Arkush, 2008, 2017, 2020; Arkush and
Tung, 2013; Arkush and lkehara, 20h@Yresearch focuses on ptaca hillforts in the Andean
region, specifically the Colla hillforts. Her work highlights how the planning and construction of
monumental fortificationsat these sites, particularly the large hillfort of Pucaramgre
accomplished by small subgroups of a loosely coordinated commwitityut anycentralised
planning characteristic of hierarchical sociefi@ekush and lkehara, 2019hese fortifications

are not interpreted as symbols that justify hierarchies, but rather as symbols of power
encapsulated isommunity cohesion and capacity for collective action. FurthermoreEri L Z [
view, theywere also functional in manipulating visibil#gd generatng 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.CE | p «ahpdysis highlighthhat monumentality was perceiveas
suchfrom outside rather than insideillforts, where walls were much less monumental, serving
purely defensiv@urposes 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 deferatea regional political levéArkush and lkehara, 2019)

Arkush and lkehara's interpretation of the Pucarani fortification is further supported by the
internal layout of the sit¢Arkush and lkehara, 2019)he site does not display the presence of
centralisedstructures but iorganisednto distinct habitation subgroups that exhibit similarities

to the occupatiorpatternsof Europearoppida discussed in the previous section. The layout of
the site reflects a sociakganisationwhere differences can bminimisedor accentuated, as is

the case with fortificationgRautman, 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 erchitecturesand material assemblages.

The extent to which the construction nfonumentalfortifications is related tdeterarchical
societies vaes across interpretations of different hillforts. In the caseoppida, for example,
scholarshave emphasisedthe role of fortifications in mobilizing the community under the

leadership of an elite(Fern ndezG,tz, 2014; Moore, 2017b)Considering the current
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interpretation of Late Iron Agéuropearsociety as oligarchi{or possiblyheterarchical (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 communitfWoolf, 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
organisingthe 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 deetids into

role.

4.4 STRUCTURING A HILLFORT LANDSCAPE

Throughout history, landscape has been a powerful tool for materializing ideologies and
asserting dominancéEarle, 2001, p. 107)t isrecognisé as a socially constructed entity
imbued with a network of meanings that individuatsl societiesitilize 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 placedor 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 socipolitical 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-detiumented(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 Rommlitary campsand forts(Hanel, 2007)Although
they originated as simple military outposts, they grew into focal points around which highly

specialisedommunities emerged, primarily functioning to support the fort itself. This attractive
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power is evident when we considiitat 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. 412The relationship between hillforts and the surrounding landscape is
complex and changeover timeand itis clear that the connection between potential central
places like hillforts, whether urban or not, is deeply intertwined with their hinterlé@adliis,

2017; Smith and Ortman, 2020)

Research is increasingly integrating the functional aspects of hillforts with the symdli
fortifications and the fortified landscape. Arm{@007) argues that there should be an
integration ofmilitary defensive functiomf fortifications and their role as social symbols. By
understanding both aspects, we can fully appreciate dtnecturation of the landscape by
fortifications and how conflict contributes to social dynanfisdwush and Allen, 2006; Grau

Mira, 2019)

Drawing from thisperspective GrauMira (2019) interprets the pre-Romanliberian fortified
landscapeas amaterialisationof ideological discourses aimed at conveying a message of
identity and community defence. The visimapactof such dandscape becomes crucfat 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 themarkng of territory (Molyneaux, 2006)As discussed
earlier, fortifications significantly shapéhe daily life of the communities that interactwith

them. This significance extends to ttoetified landscapethat emboded important symbolic
aspects related to community identity and the management of viol@sceecently discussed in

the context of the landscape of the eastern Iberian Iron(&gau Mira, 2019)

4.5 CONCLUSION

Studieson hillfort sites hae undergone significant development in recent years, challenging
earlier perspectivethat strictly linked them to hierarchical societies, urbanism, and functional
aspects of fortificationsThese studies haveinstead emphasisedthe diversity of forms,

functions, and symbols that these sites exbibit

Research on Europeanppida has moved beyoncarlier comparisos of these sites with
densely inhabited urbamettlementsfrom the GreceRoman 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 trajestaf urban

development. However, it is worth noting that sesglobal comparisons aill intheir early
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stages, and despite the merit of breaking regional perspectives, gtiéremains an underlying
adherence to the urbaform, which, inits variousmanifestationscontinues to be seen as key to

understanding complexity.

Global perspective,on the other hand, have identifiedew trajectoriestowards social
complexity that are less reliant on the urban conc@pthite and Fletcher, 2023)iscussioron
anomalous giants, particularly Large Low Occupation Density Settleneeotiseurbanism

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 tosimilartypes 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 deemthese sites as central places. Many questions remain unanswered regarding
the origins, functions, andeclineof 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 amother characteristic of hillforts, namdhyrtifications.
Beyond their functionalmilitary 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, particularlyin 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 -avepiring theatrical elements they
embody play essential roles dnganisingand showcasing communities. Along these lines, they

can also serve as markers of group identity and territorial boundaries.

Heterarchy, as dorm of socialpolitical organisation emerges as another significamspect

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
demonstratethat these sites oftebelong tooligarchic or heterarchical societies where power is
negotiated through the construction and maintenance of fortifications. Instead of being solely
driven by topdown activitiesthese sites were built and maintained throutite agency of
heterarchical communities, ranging from densely inhabitednra hillforts that may have had
urban characteristics, to the legiensity Europeanppida, 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 societiessiewed in chapter 3s limited by its soléocus on
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the Mediterranean context. Similgito the approach taken with Europeappida, it is crucial to
transcend regional boundaries and adopt a global perspdctivellforts and similar sites that

do not conform to traditional settlement models. However,sthkvely debats also highlight

the need to develomew researchtools for globalcompaisons 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 fractalhemhmples

found worldwide. A computational approagbveloping new toolsan prove highly beneficial in
comparing different hillfort sites and identifying common patterns that transcend regional
contexts. While focusing on Samnite sociehaveexploral these globalperspectives also with

the aim ofdesigningsuch an approacand developingransferable tod.
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5 A NEW DATASET OF SAMNITE
HILLFORTS

5.1INTRODUCTION

Study of Italian hillforts, both pfeoman and medieval, is made difficult by their location in
remote highland areas, which today are often covered by dense vegdfsitiainiet al., 2018)
Furthermore, hillfort sites are often poorly preserved because the landscape has been used
intensively well into the 20 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 plad@arker, 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 ca(@pgta 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, 2@ty a few projects ventured into Samnium's
challenging mountain and forested regions using systematic survey metbanzellet al,

2018; Stek, 2018)r conducted intensive research on siEaustoferri and Lloyd, 1998; Caiazza

and Pagano, 2012a; De Benedittis, 20The only available catalogue of Samnite hillforts was
created from fragmentary archival data and sporadic investigai@akley, 1995)Similarly, no

comprehensive data are available for medieval hillforts.

The use of Light Detection and Ranging (lidar) allows for the systematic amdfembisie
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 areéShaseet al, 2011; Evanet al, 2013; Scott, 2015nd for detecting
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site types similar to Italian hillfor{Stott, Kristiansen and Sindbaek, 2019; Menéndez Blktnco
al., 2020; Parcer®ubifia, 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 preRoman (typically, Samnite) hillforts, or even of later medieval hillforts occupying
similar areas. In this chapter | 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-lesdd analysis was
integrated with three seasons of groutrdthing, 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).

Thischapterfirst introduces the approach developed to process and interpret the lidar kata.
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 gfroitimdg
activities. Then, it presents the results of the analysis in detail. This includes a detailed
discussion of three key findings, which are the resefipectivelyfrom the areas of the Daunian
mountains, the region of Hirpinia, and the Campanian fronfieée 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 chitascterisedby 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 | published in (E@22ana, 2022h)as

disclosed in the declaration form for chapter 5 at the start ofdisisertation

The new data collected for these areas demonstrates the effectivenesy approach in
advancing knowledge of historically underveyed areas and in creating a dataset suitable for
the spatial statistical analyses developethim following chaptersAs such, they exemplify the

potential of the new site dataset collected, which is reporteppendixl.
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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 proposedsee 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 -cestath

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 fi@m2® 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 brodéaved deciduous plants in the mountains to evergreen and
deciduous species, shrublands, ahediterranean maquis closer to the plains. Therefore, the
area analysed presents a variable landscape encompassing mountainous, flat, and coastal

regions(Figure5.1).
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Figure5.1 A) Research area and B) lidar availability.

5.2.1LIDAR DATA ACQUISITION

Airborne lidar data weranalysedacross 15,296 kmgrigure5.1A). The study used publicly
accessible data acquired by the Italian Ministry of the Environment (Ministero dell'ambiente e
della tutela del territorio e del mareMATTM) during the first phase of the Extraordinary Plan

of Remote Sensing (Piano Straordinario di Telerilevamento Ambidraleen 2008 and 2013
(Costabile, Cocco and Petriglia, 2013; Garcia Sanchez, P0i$g)lan aimed to produce remote
sensing data suitable for monitoring areas with high hgaogical 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. Thiszstatjged
all the data available to date, covering 66% of the entire research area (15,286&ys2dut
of the 23,156 km2 of the research arelig(re5.1B).

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 (Garcia Sanchez, 2018)he 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 lidaased DTMs provided by the MATTM without applying visualization
techniques(Sardella and Fasolo, 2018; Renda, 20@&hould beemphasisedhat there are
significant drawbacks in using-tfe-shelf lidar DTMs for archaeological purposes. Two main
issues emerged during the preliminary phase of this project. First, filing and smoothing
techniqgues 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 differentisudalels. 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 | instead processed the raw point cloud data myself.

5.2.2LIDAR 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. | used tstandardisediltering processe§mplemented in
LasTools, Rapidlasso, 20&1pvercome this problema 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, Hiisered as ground instead of vegetation. The

complementary filtering process used a more aggressive approach to model -aatibre
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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 tcanalysethe degree to which the perceived noise area in the primary DTM model still
providedinformationabout 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 insteadrimghbouringeturns. 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) metftookalj and Somrak, 2039as adopted~<}1 oilU « |* |
v K“S]EU T1iiiVv <}l oi v (Figuoe®E2)l Thé MATe method is increasingly used in
archaeological research, and it has been shown to be very eff@timbagest al, 2021; Kwoka
et alU 1TiTiV aé&E 2021; Thuestact 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 appendix2. Thisappendixis identical to the supplementary materfblished inFontana
(2022b)

A

Figure5.2 Two example landscape showing the LIiDAR options discussed in tHeamexteft to right: A, E) RGB
satellite images; B, F) dffe-shelf MATTM lidaDTM; 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 offthe-shelf MATTM lidaDTM drastically hinder its use for archaeological purposes. The primary and
complementary image blends instead provide a remarkably better representation of the remains

5.2.3LIDAR DATA INTERPRETATION

Recently, artificial intelligence (Al) applications dmalysinglidar data have been under
development (see Lambers, Verschewin 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 interpre{@wmett, 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 ofmachine learningapplications have targeted a narrow range of
archaeological objectsharacterisedy regular and homogenous shapes. Circular elements such
as barrows, charcoal kilns, mounds, and pits are the most st(fiiedt Zortea and Tonning,
2015; Trier, Salberg and Pilg, 2016; Trier, Cowley and Waldeland, 2019; VessclumfVaart

et al, 2020; Bonhaget al, 2021) along with other features such as Celtic fields, hollow roads,
and ring fortresseéStott, Kristiansen and Sindbaek, 2019; Versebhaofder Vaaret al, 2020;
Verschoofvan der Vaart and Landauer, 202WUnlike these site types, Italian hillforts do not
exhibit regular and repetitive shapes, sizes, and typologies of feantbsherefore 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)mportantly, 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 Tregl{®aiazza and Pagano, 2012s) 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 Al methods. Recent studies have shown that Al methods are

limited when the topography, geomorphology, and land use of the research area differ from the

area on which they have been traineld ] EU }Ao CU v t o o v 1iidV s E« Z}}(rA

Vaart and Lambers 202Finally, all the Al studies cited above have usedduglity 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 Al methods and availability of
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new, higheresolution lidar coverage of Samnium would make future experimentation with

automation much more appealing.

Considering the significant obstacles to applying currently available Al methods within this
study's research area, visual interpretation was applied instead. Currently, visual interpretation
presents the most reliable and tiredficient 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

manyanalysedillforts.

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-tRealadjustment of the data displayed-on
screen according to standad#viation 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 setooinmained lidar

visualizations. A class for the certainty of detection was then given to the sites ranging from

certain to likely and uncertain.

5.2.4CONTROL 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
organisedby Tesse Stek for theoyal Netherlands Institute in Rorbetween May and June

2019. This allowed for testinmter-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 autheinterpreted 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 unavailaisleias
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 itoareas
examined in the current studpn 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.

5.2.5GROUNBRUTHING TECHNIQUES

Following the lidabased analysid, groundtruthed a selection of suspected hillforts making
physical visits to the sites. Using GPS tracking to trace the areas effectively suisenretigl

for structures and materials both in enclosed areas and along the outer perimeters of potential
sites. | took georeferenced photographs of all archaeological remains and, in the case of
standing walls, photo series to produce thdimensional models. Artifacts were not collected

in the field. Instead, all sherds were described,refecenced 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 (sppendix3).
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This norAinvasive 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 gretnthing could deplete a site's potential

for future systematic intraite work. Second, Italian legislation does not yet effectively regulate
largescale but punctuated surveys typical of grotindhing for remote sensing. As such, the
collection of materials would fall under other types of permits, which are demanding from an
administrative perspective. Nenvasive techniques drastically reduce the administrative

demand, and for this reason, they were the only feasible approach at this stage of the study.

5.3RESULTS

5.3.1LIDAR ANALYSIS RESULTS

The initial lidar interpretation resulted in 519 detections, which comprised both known and
unknown sites dated to different periods. Existing archaeological catal@@metz 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; Render2020)
used to identify previously known hillforts that were simphdemntified in the current lidar
analysis. After this, a total of 3XGrther sites remained in the dataset as suspectanv
hillforts. Some of these (n =29were 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 co(latie5.1).

Of the 315 suspected hillforts, 3 2vere classified as certain] @s likely, and 119 as uncertain
(Figureb.3).

Tableb.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 sitesvhich are potentially interpretable as hillforts based on the lidar analys
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

95



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.
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Figureb.3 Distribution of A) known and B) suspected hillforts detected from lidar data.

The distribution of the suspected hillforts across different land cover cla$abte $.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 ddtaseb().

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 platéguie5.5). It is not surprising to

see larger clusters of known sites here, because this is the area of Samnium that has been most
extensively studiedConta Haller, 1978; Oakley, 1995; Quilici and Quilici Gigli, 2016, 2004a,
2004hb, 2006, 2010, 2012, 2014; Caiazza, 2007; Quilici, 2011; Quilici Gigli, 2012; Quilici Gigli and
Renda, 2017; Renda, 2020he 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 undeurveyed.

96



Table5.2. 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  CLC Code Description Lidar Lidar Known  Suspected Estimated
Codes Available  Missing Hillforts  Hillforts Hillforts
(kn?) (kn?)

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  Norvirrigated 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 wit

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  Agroforestry areas 1 0 0 0 0.0
3.1.1 Broadleaved 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 woodlandhrub 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 Burntareas 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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Figure5.4 Bar chart of the distribution of known and suspected hillforts by CLC claabéesh.2 reports the CLC
code descriptions.
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Figure5.5 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 nedata 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 nedata 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 tti@tan@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 nehillfort 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 largecale studies. Despite these limitations, these new data help

enrich the existing knowledge of local regifentana, 2022a)

5.3.2GROUNBRUTHING 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 campaigfiafiing almost four
months of solo activities during which | 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 amondgiltiort 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 identifiddring fieldwork with a total of 242

recorded in detail and 132 drawn in the field (see appendiAl®)ough 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
%}O0CP}v 0 U *}JVECU A ¢ pe 3} ]vE E%E 3 §Z Z]oo(}ES[} u%
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 afuality black gloss pottery,
with a flakyslipand a sandy pink fabric (Munsell 7.5YR 8/4), can be found in the vast majority of
Samnite site®n both sides of the Apenninesd both on sites visited during thiissertation

and in preexisting studies. This contrasts with the typical Campanian black gloss pottery, which

is hardeffired and has a more resistasitp.

Figure5.6 Example of GPS tracking implemented during the field visit to a newly identified Samnite hillfort, the site of
Morgia Quadra (M32).

Table5.3 presents the outcomes of the grouiithing 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.

Table5.3. Results of the grountuthing

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. Northillfort sites: 29 (20%)
2. Hillforts: 70 (48%)
a. With Samnite phase: 431%)
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5.3.3A 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 efliglicuits. They are alstharacterised

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 smalkend more regulahilltop areas occupied, whicslopes

have a stronger influence on the overall shape of the fortificatibhe combination of desk
based lidar study and fieldwork was highly effective in distinguishiAlggman 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 showahle5.4. Among these, lidar

data areavailable for 177 sites, whil® 2re currently outside the coverage. Among the sites
with lidar data, 60 are new hillforts, of which 53 wemw discoverigsand the remaining 7

were previously known sites that were reinterpreted as hillfiorthis 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 enclosuaesl identifying new oness shown ifrigure5.7. 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.

Table5.4 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%)
Sitesrejected: 17

5.3.3.1CHRONOLOGY

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.

Figure5.7 Examples of the extensive remapping made possible by the implementation of LIDAR data at the site of
Monte Crocella (K76).

Tableb.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 secBoh1.3 we lack secure data for the vast majority of sites,

but there is a trend suggesting their emergence in@treand 5th centuriesBCEwhich is also
supported by new data collected during fieldwork (see also sebt®B.]). 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 aroungrdeenturyBCE
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The question here is how this chronological uncertainty impacts the analyses developed in the
followingchaptes. 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 thebth and 5th centuriesBCE 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 endbtf trel

during the4th and 3rd centuriesBCE The extensive use of hillfort sites during this period was
already noted in the literary sources. Existing research and the fieldwork conducted during this
dissertationdid 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, th#sertation focuses on
investigating the period from the end of tfh century up to the3rd 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 thissertationwill examine a specific moment in time
when all Samnite hillforts were in use. As discussed in sebtBand8.3, 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 end5Sihthe

century to the3rd centuryBCE

5.4KEY 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, | 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 redefinasdarstandingof
Samnite occupation at both the regional and interregional levels. These findings pertain to the
Daunian mountains, the area of Hirpinia, and western Sam#iush | will discuss howhe lidar
analysis highlights a new hillfort system that effectively extends the fortified landsctpe to
DaunianMountains Then | will delve into how the analysis reveals the absence of hillforts in

the hinterland oHirpinig demonstrating that sites are only present at their borders. Lasgtl},
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explore how a newly detected category of site, which | have defined as observation posts, forms

a new system that extends along the entirestern Samnium border.

5.4.1THE 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. Salmor{1967, p. 67)and La Regin&l989, pp. 1725) 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 tfavourableconditions the plains present for developing regional
studies through aerial and satellite remote sensing and pedestrian siiiagchiet 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 théRpmean 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 farmstéattsrchi, 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 thdRq@mean
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 organisationof hillforts, and 5) the production of the first representative and

comparative dataset on the presence of{®eman hillforts in the Daunian mountains.

Ten preRoman hillforts were identified (two forming a single complex), of which at least nine
are likely to be Samnite sitdsigure5.8). All these sites were growtidithed 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 Samniuf@akley, 1995, pp. 14347)

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 Orlakiju(e5.9A, Figure5.10A) 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 groutrdthing. Survey materials and burials date occupation
on Monte Sambuco to as early as the 6th and 5th cerB@f with more consistent data from
rescue excavation available for the period between the 4th and the 1st caBffiifyncluding

black gloss and Herakles figurind®lpe, 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 fafWolpe, 1990, p. 134Dnly later, and solely based on the
strategic location, was it proposed the site could be a hil{féravina, 2007)The new data

support the presence of a hillfort complex and provide the first mapping of the site.

N — R.esearch area
. — Modern reglnns

Figure5.8 Distribution of the hillforts in the Daunian mountain range. The letters following site names correspond to
the letters inFigure5.9 and Figure5.10 and refers to the new detections or the sites reinterpreted as Samnite
hillforts discussed in secti@.1
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Figure5.9 Comparative plans of the hillforamalysedn 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
groundtruthing.

The Monte Sambue@rlando 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
(Figure5.9B, Figure5.10B). 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 masofkigyre5.11A) 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 Kigure5.11B). The materials identified during grouindthing 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 centuryBCEand

survey materials ranging from the Hellenistic period to the 16th ceatnrywhen the site was
destroyed (Cerulli, 1964; De Benedittis, 2006; Gravina, 200¥prmation 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 Pr@jatchiet al, 2020)

5;\%

WA

AN

Figure5.10 Hillforts of the Daunian mountairsalysedn 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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Figureb.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 TiioV v ]83].U TiioU TiilV litge dathwllowédioU Tiioe

for the identification and mapping of numerous previously unknown structures. The first, Monte

San Giovanr‘F(gure5.93 Figure5.10{), 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 cemtmyDe
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 6thth centuryBCE(De Benedittis, 2006; Gravina, 2006y

burials from the modern center of Carlantino dated to the 4th and 3rd ce®G&{(Gravina,

2007) and from the recovery of materials dated to the dtid 3rd centuryBCEduring the

survey and excavation of the s{i2e Benedittis, 2012, pp. 446).

The second site is Monte RotgFfigure5.9p)Figure5.10D), 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 pRoman occupation from the 5th/4tthst century BCE
~[ov UTiioVv "& .Alv U 1iide

The dominant location of Monte Sambu@olando plays a crucial role in visually connecting

sites within this settlement system and between this system and the southern hillfort of Monte

SaracenofFigure 5.9F, |Figure 5.10E). This is attested both through field observations and

through the visual prominence index implemented in the analysis of chapiemBe Saraceno
is located along the same mountain range on the second highest peak of the Daunian mountains

between the mouths of the rivers Fortoréulgang 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, eathii4liameter.

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 thessibecupation between théth and 3rd
centuryBCEand during the Medieval perigdRussi, 2000Recent surveys also indicate several
small farms in the surrounding area that date to #k and 3rd century BCEand have been
interpreted as SamnitéMarchi, 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 CimatqRigure5.9E|Figure5.10F). 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 cir(1||1‘1ig|(|re 5.127A) composed of a rampart was

previously identified through aerial remote sensing by the University of Foggia, which

interpreted it as medieval. Despite being ideplorable state of preservation, the lidar analysis
and grounetruthing allowed for the identification of a previously unknown, much larger lower
circuit made of polygonal mason@cjureS.lZBtD) 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 tf31lha. 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 Sambui@dando. 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 tt8th t8th century BCEand include matpainted ware

(proto-Daunian geometric) and impastbidure5.13). 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
likelihoodis not farfetched considering that data from the surrounding valley of Celone shows
numerous traces of Samnite occupation in tezropolisof 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 Bowmente, Albanesat

al., 2008; Corrente, Battiantet al, 2008; Correnteet 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\pransine

routes that connect the Samnite Hirpinian region with the Tavoliere.

Figure5.12 A) Aerial view of the hillfort of Monte CimatotlB Only the rampart forming the upper circuit is visible,
while the vegetation hides the remains of the lower stone wall circuit.

Figure5.13 Drawings of some of the diagnostic materials found at Monte Cimato. A) pale brown 2.5KRt{7/3
painted ware (cf. De Juliis 1977, 27, tav. XXVIII, ratB3th centuryBCEB) brown 10YR 5/3 surface, grey 10YR 5/1
core impasto, smooth surface (cf. Natali 2006, n. 1E@yly Iron Age. C) yellowistown 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

Localita Nardusciello and the newly identified site of Monte Cerchio di Magfieyuweb.96,

Figure5.10(5). 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 decorationsbwithe
(protusions) andccordoni(rope decorations) points to late prehistory. Although a monastery
dedicated to San Nazario on Monte di Magliano has been rep@®d&ino, 1996no 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;density settlements typical of

the Daunian regiofMarchi, 2009, 2014, 2016; Marchi and Forte, 20lfZonfirmed, the site's
location only a few kilometres from Monte Cimato becomes particularly interesting. This may
suggest either cexisting 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 weldefined in lidar as the other sites discussed so far, two circuits enclosing 6.3 ha were

detected on Monte UltrinoHigure 5.9H, |Figure 5.10H) in association with pottery sherds

identified during groundruthing. 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 preRoman period were found, together with tiles and other sherds datable to

the Medieval period, to attest to a later reuse of the giigre5.9|,|Figures.10|).

5.4.1.1ARE 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. Saracenentised
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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organisatiorof 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 M¢skley, 1995, pp. 14347;

Caiazza, 2007FFrom the known hillforts of Montagna di Gildd@ekley, 1995, pp. 12628)in

Molise, the newly identified Daunian mountain hillforts extend the pattern of sites all the way
*lUSZ 8} §Z %o @& A]}ueoC SZ}uPZ3 ]e}¢0akleyZ1996,(3ERSY), Whigdiv }E}v §
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 SurvéStek, 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 coexiste In the mountains and their foothills, recent studies have revealed a series
of small farms interpreted as Samnite holdings that span the entire ter(faychi 2009,

2019; Marchi et al. 2016 he 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 Thtrchi, 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 showsat&amniteDaunian ethnic

dichotomy was fluidgMarchi, 2009, 2014; Correngt 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 néthebouringSamnites. 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
necropoeisinstead of the hillforts themselves. The available data show Samnite presence in the
northern hillforts areas as early as il and5th centuryBCEHowever, 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 SamDdendo 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 in4tihecentury 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 thh century BCELidar 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.

5.4.2EMPTY 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 (B€gureb5.14). Oakleyecognise (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 Oppid®akley, 1995, pp. 688) v o[/v }E}v §
(Oakley, 1995, pp. 689). 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 warsphasisdnow 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 Hirp8%app. 6869).
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 villaged.astly, it is plausible that a different settlement pattern exists in this
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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 substaiiyetiee

lidar data.

Modern destruction resulting from farming activities and village construction could play a role in
the lack of hillforts detectable by lidar. During flreddwork, 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 wlteserved.

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 aharacterisedby 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 mﬂ)n
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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.

Figure5.14 Distribution of hillforts in Southern Samnium with #pproximatecentreof the Hirpiniararea Indicated

5.4.3THE EARTHEN HILLFORTS OF WESTERN SAMNIUM

Following the site distributioim 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 sectigh.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 sectigf.3jof the nextchapter

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)etegaminationof 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

Section5.3.3 36 sites areharacterisedy earthen fortifications (as shown|kiigure5.15). 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. Moreovet,

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 sitefTéd#e5.6).

Limited data are available for the known sites, most of which were only briefly mentioned by the
local amateur archaeologist Caiazza, without providing further inform@@fy, pp. 269370)
Although overviews or archaeological catalogues of the @ad&azza, 1986, 2002; Calastri,
2006; Canfora, 2006; Quilici Gigli, 2012, 2@t@Yyide more information on 12 of them, this is
usually limited to a few paragraphs, and only in one case are the materials pulbQshiez

Gigli, 2017, pp. 88). 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 locat¢figsees.16(andFigure5.18).

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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Table5.6 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. Newhillforts: 19 (45%)

Figureb.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 quarryingleasdling of the bedrock. This
evidence has traditionally been interpreted as the remains of a foundation for a polygonal wall
(Caiazza, 2002, pp. #5). However, the possibility of interpreting these as the foundations of a

wooden palisade has also been discug§siazza, 1986, p. 275; Oakley, 1995, p. B¥ 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 |Q§ige1re5.18 . 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.

Figure5.16 Comparative plans of a sample of earthen hillforts.
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Figureb.17 Comparative views of a sample of earthen hillforts as seen on the complementary image blend of lidar
visualizations.

Figureb.18 Aerial view ofhe newly detectecearthen hillfortof Monte PantandM30).

119



5.4.3.1A DISTINCT POTTERY ASSEMBLAGE

The pottery assemblage found at the sites was remarkably consistent, mainly consisting of
mediumsized, rounebodied jars ¢llae) and twehandled cupsskyphaj, with only a few tiles

and largesscale storage jarsdglia), 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 ho 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 Bron¢Ze3B@e.150
BCE)or part of the Medieval period(7001200 CE)there is a highly consistent pottery

assemblage dating to the 4th and 3rd centurfe Biyure5.19|presents some of the identified

diagnostic pieceswhile the full dataset is available in appendidt3ds 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 ideatifieese

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 Croc€ognolo, as discusseddnapterEI provided invaluable data that substantiated the

consistency of the assemblage andagsociated dating discussed here.

5.4.3.1.1BLACK GLOSS
Black gloss sherds (C178.1, C179.1, C179.2, C190.1, Cllehbracterisecby a moderately

well-purified yellowreddish clay, quite soft and compact, with an opaque kdhgkhat tends to
easily flake off. These can be attributed to the Morel series 4BF8L, p. 311 tav. 139nd
4382(1981, p. 313 tav. 132)widespread between the mi¢th and the first quarter of th&rd
centuryBCE Examples from Campania can be attributed to the S1 and S2 types of Maone
Rocca and Rescigno, 2010, p. 2if®) can also be identified in various contexts examined in the
Carta archeologica e ricerche in Camp#&@Qiailici 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 1§ fi§58788). In
Molise, in addition to the examples reported by M@hdbrel, 1981, p. 311 tav. 131¥pecimens
are found in the discharge of the sanctuary of Campocli@apini, 1984, pp. 331 fig. 6, 67,
69), in the settlement of Fonte del Romita in Capracofiainini, 1996, p. 163 tav. LXXXIV,
n.438) and in the necropolis of GildofMacchiarola, 1989, p. 41 fig. 3, burial.21)

5.4.3.1.20LLAE WITH DISTINCT AND SHAPED EVERTED RIMS.
Ollae with this type of rim are found in many Samnite contexts such as Monte Vébano

Benedittis, 1990, pp. 557, 68, fig. 18, 2a, 2b, 3dhe sanctuary of Campochigi©@apini, 1984,
pp. 39t45 fig. 1112, 85, 114pnd the settlements of Carovi{lCapini, 1991, pp. 19993, tav.
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VIII n.27401, tav IX n.2757)d Fonte del Romita in Capracdf®ainini, 1996, pp. 153, 205 tav.

CXl n.504, tav LXXX n.396)the Campanian territory, these correspond to the B2 type in the
classification by MorconLa Rocca and Rescigno, 2010, p..284thin the group, numerous
variations more or less attested can be distinguished across the Samnite techtwagterised

by a common dating to théth and 3rd centuriesBCE These are medium to smalked 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 P@3adici and Quilici Gigli,
2004b, p. 125 fig. 79, tomba,5h Fratte(Danza and Scafuro, 2009; Serritella, 2009, ppt 147

149 fig. 61)and in Cum#Tomeo, 2007, p. 55 fig. 5, n.Where they are dated to the latkth

century to the first half of th&rd century BCE They are also reported from various contexts
investigated in theCarta archeologica e ricerce in Campd®@ailici, 2011, p. 86 fig.76 n.1;

Quilici Gigli and Renda, 2017, pp.t®5 Fig.8788). Cases where the rim has a gtibngular

section, such as C179.6, are also common and are referenced to MdieriRocca and
Rescigno, 2010, p. 92 fig.50 n3).

5.4.3.1.10LLAE WITH FLARED AND STRAIGHT RIMS.
This typology can be attributed to globulardied bowls common in the Samnite territory,

widespread between théth and 3rd centuriesBCE Several parallels for C179.5 and, C127.1 are
found in the settlement of Fonte del Romita in Caprag®&inini, 1996, pp. 90, 92 tav. LIl n.74,
tav. LIV n84)This typology can be attributed to globdtadied ollae common in the Samnite
territory, widespread between théth and 3rd centuriesBCEM10.1 and C127.1 correspond to
expanded rims, obliquely cut, with a slightly everted and rounded lip, inclined and straight
shoulder, identified by Rainiffi996, p. 115 tav. LXV n.2224) Finally, C179.4 and C181.3 have
parallels dated to thdth and3rd centuriesBCEn Morcone (La Rocca and Rescigno, 2010, p. 91
fig.49 n.14)

5.4.3.1.10THER 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 thdth-3rd centuriesBCERainini, 1996, p. 115 tav. LXV n-202)

121



Figure5.19 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 cooarse wareC190.1) 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 coregoarse wareC127.3) brown 10YR 5/3 surface and cooarse wareC127.4) reddish brown 5YR

5/4 surface, grey 10YR 3/1 cocearse wareC179.6) reddish brown 5YR 5/4 surface and cosse wareC190.4)

reddish brown 5YR 5/4 surface and ca@arse wareC111.1) very dark greyish brown 10YR 3/2 surface and core;
coarse wareC179.3) dark greyish brown 10YR 4/2 surface and caaese wareC190.2) dark greyish brown 10YR

4/2 surface and core;oarse ware C112.4) yellowish red 5YR 5/6 surface and cmarse ware C127.1) brown

7.5YR 5/4 surface and comarse wareC179.4) brown 7.5YR 5/4 surface and covayse wareC179.5) brown

7.5YR 5/3 surface, grey 10YR 6/1 cooarse ware C190.3) light reddish brown 5YR 6/4 surface and coegse

ware. C181.1) brown 10YR 5/3 surface and cooarse wareC181.2) red 2.5YR 5/6 surface, grey 5YR 5/1 core;
coarse wargcoarse ware C181.3) light yellowish brown 10YR 6/4 surface, dark grey 10YR 4/&ocmse; ware

C181.4) light brown 7.5YR 6/4 surface and cavarse wareC112.2) yellowish red 5YR 5/6 surface, dark grey 5YR

4/1 core;coarse wareC181.5) brown 7.5YR 5/4 surface and ocowarse wareC127.2) light yellowish brown 10YR

6/4 surface and coreoarse wareC127.5) brown 7.5YR 5/3 surface and aayatse wareC174.1) brown 7.5YR 5/3

surface, greyish 10YR 4/2 core; impasiarse ware. C174.3) brown 7.5YR 4/3 surface and coaese ware

C181.6) yellowish brown 5YR 5/6 surface, dark grey 7.5YR 4/T@arge ware C190.5) reddish brown 5YR 5/4

surface and corg;oarse wareC190.6) pale brown 10YR 6/3 surface and coase wareM10.1 dark brown 7.5YR

3/2 surface and coresoarse wareM30.1) yellowish red 5YR 5/8 surface and caarse ware
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5.4.3.2A 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 tlkh to the 3rd centuryBCEHowever, if we consider the skyphoi,

the precise range could be narrowed down to 350 to BCk

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 obllae 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 hil{foaiastri, 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 sef&i8ril 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 observatadg without

real systematic study and largely accidental to the study of larger hillforts in the prokhisty.

first systematic studgemonstrates the existence afhomogenous 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<en160g 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 sectifind.q. 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-eviauation 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. Insteatbsdrvation postserving only
local communities, these sites could have sem®dbservation post®or 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 invasidrhis evidence is critical in interpreting the

Samnite socipolitical organization and will be discussed in detail in s¢t@

5.5 CONCLUSIONS

Thischapter has given details of the methods employe@nd their potentialt in the first
systematic analysis of Samnium tailored to detect and study unknown hillfort sites.
Simultaneously, the analysis constitutes one of the first-sogke, lidabased analyses of the
Italian territory. It contributes to methodological developments in the use of lidar data for

archaeology andenerates 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 thtne&helf 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, produstagdardisedoroducts, 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 prmade 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 crossulturally. 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 accountedor in the study of the spatial structure of the hillforts landscape through spatial

statistical modelling, using the neamalysedarea as a reliable sample suitable to develop robust

inferences(see sectiof8.2.1). Additionally, the new sites detected during this study contribute

to the creation of a rich training dataset of hillforts suitable for future developmaniohine

learningbased 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 chapte understanding this system is crucial to comprehending Samnite-suitioal

organisation

Beyond contributing to regional site catalogues, the dideed 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 figgolution 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 forethieavourby 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 civilisedAsdiscussedn section3.2| part of this view is derived from the absence of cities.

Understanding eergy 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 structurenabling it Thischapterhighlights this by providing a an approach able to
ulA Clv 8Z o and dndé&rtdnd hillforts through the lens of energetics.
Furthermore, this lens provides important new data for the identification of hillfort categories

carriedout in the nextchapter

Architectural energetics forms an increasingly prominent means of understanding the role and
impact of architectural production in early societi{@gbrams, 1994; Delaine, 1997; De Haan,
2010; Pakkanen, 2013; Devolder, 2013; Murakami, 2015; Peatkett, 2016; Turner, 2018;
Brysbaertet al, 2018; McCurdy and Abrams, 2019; Harris, 2020etX&, 2021; Boswinkel,
2021; Barker, Snyder and Ward, 2022he methodology involves analysing building as an
investment of energyAbrams, 1987; Trigger, 1990; Abrams and Bolland, E@Bproducing

<p v8]8 S]JA u} o- }( PJA v u}vpu wdurs gf Bibdur. BdciEmbpulels
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} pno E plo JvP § Zv]l<p » % E A e epu+] ] vS0C E Ppo & 8} M %o %o}
This has entailed a strong focus on Roman architecture of the Late Republic and Imperial periods

built of brickfaced concrete or squared stone blo¢kelaine, 1997; Maschek, 2016; Brogiolo,

Camporeale and Chavarria Arnau, 2017; Courault and Marquez, 30B8jantial and extensive

126



remains of Iron Agelellenistic §th to 3rd centuriesBCEarchitecture in Italy have largdhgen
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 m@sariry

1957) Polygonal masonry typifies monumental construction of many @renonRoman
societies in Italy, while similar masonry is common in other Mediterranean regions where is also

refereed to as cyclopean masonry.

While preRoman 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 toolgPakkaneret al, 2020) but similar methods have yet to be applied to Italy.
Thischapterdevelops 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 palisédesapproach
developed for the energetics of polygonal soary was published in 202Fontana and
Bernard, 2023)as disclosed irthe declaration form for chapter 6 at the start of this
dissertation All the calculations in thithapterhave been integrated into a Quarto project along

with the R scripts and data that are includedppendix4.

6.2 POLYGONAL MASONRY

The Samnites are not the only people to build hillforts of polygonal masonry ifeltalDe
Gennaro, 2005; Nicosia and Bettini, 2009; Attenni and Baldassarre, 2012; Cambi, Di Paola and
Pagliantini, 2013; Attenni, 2015, 2019he methodology here developed intends to address

two aims: first, to develop 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 Mediterraifeaim principle worldwide).
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monumental study of Italian building technoldd@®57) Lugli identifies four styleménierg of
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polygonal masonry based upon the appearance of theadegRigure6.]Figure6.1). He posits

an evolutionary schema with polygonal masonry developing over time from a rougher to a more

(Jvlez }E ~&E (]Jv _ %% E Vv X "3E S]PE %Z] A A 3]}v Z ¢ % E
progression wrongGatti and Palombi, 2016) v ]Jv vGC ¢ ee¢]PVv]vP A 00+ 8} >pPo][* §C
is often a highly subjective procedure, with in some cases single structures showing multiple

*SCO X t v @ §]v *Ju }( 8Z A op 8} >uPo][s = Z u C JvSs % E 5]
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.

Figure6.1 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 intesite variability in order to create a systematic index of linear costs for fortification in

persorthours (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 sizéOakley, 1995, pp. 491). The second site is much smaller (17 ha) and
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forms one of dozens of mediusized hillforts in Samnium often interpreted as supporting a
degree of permanent occupation and agricultural actii®gnda, 2018)This site was the object

of the intensive survey carried on by the AHS discusseha’pterﬁl The other hillforts are
across the Apennines in the region of Molise. The third site is Monte Saraceno di Cercemaggiore
(K110), a mediurmized site (24 ha) but one of the largest in that area of Samfakley,

1995, pp. 125126) The fourth is Montefalcone (K35), a small site (4 ha) located on a steep
mountain ridge overlooking the Adriatic €mkley, 1995, pp. 9487). 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 ittt groundtruthing (Figure6.2). This is a good

example of the extent to which remote sensing was effective in remapping known hillforts.

Figure6.2 Plans of the four sites analysed with indicated the recorded wall stretches.

6.2.1METHODS

6.2.1.1RECORDING AND FORMAL COMPARISON OF WALL FACADES

A wall section for each hillfort was recorded by drone and grtvaseéd photogrammetry, using

the drone position system tgeoreference the final modgFigure6.3). This recording method

has proven effective for the purposes of energetics calculélakkaneret al, 2020) The use

129



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 photd3rthorectified 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 prospectFigure 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 visilifégimre6.3| 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.

Figure6.3 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 blogksyli, 1957, pp. 5tL65) 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) fagade area, 2) rectangularity index and 3) gap area around the block. The first

A E] o ]* *]Ju%oC U *u@E u vsd }( 82 & }(|Figue6m)} I[« Ale] o (

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
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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 thosélstcke

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 curgigaré€ 6.8). Once

measured, the three variables can inform energetics modelling, while they also permit both

inter- and intrasite comparison of differences of masonry technique.

Figure6.4 Example of the three models used in the analysis for each recorded wall stretch.

Figure6.5 Plotting of the variable stone Area on the wall stretches.

Figure6.6 Stone blocks with the worst and best rectangularity fit.
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Figure6.7 Plotting of the variable stone rectangularity on the wall stretches.

Figure6.8 Plotting of the variable stone gap on the wall stretches.

6.2.1.1.IWALL FACADES 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 fep-site
comparison, as statistically significant differences, once identified, can be further analysed

through pairwise comparison.

A ShapiraVilk 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 vafkiblas4.9),

the data were not normally distributed with the exception of rectangularity at sites K73 and

K110|Table6.1). This result led to the choice to use a Flidti#een test for homogeneity of

variance across the different sites, which was confirmed for rectangularity and gap variables

[Table6.2). Once it was verified that the sites followed a-panametric distribution, a Kruskal

Wallis test was used for cresge 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 ngrarametric test such as Krusk#allis was deemed more appropriate

for the structure of the data. Results of the Krudkallis test indicate statistically significant

differences in the distribution of variables across the $kagi(e6.10). 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.

Figure6.9 Stone blocks variability across the different sites.

Table6.1 Results of the Shapiwilk normality test.

w p-value
K105 0.7774637 3.14e31
K110 0.8942820 1.70e08
K35 0.7650882 1.87e28
K73 0.8257028 2.24e28

Table6.2 Results of the Flignd4illeen test of homogeneity of variances.

med chisquared df p-value
Area 255.33813 3 4.58e55
Rectangularity 10.43904 3 1.52e02
Gap 11.07250 3 1.13e02
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Figure6.10 Results of the Krusk#allis test and Dunn pairwise comparison.

6.2.1.1.2WALL FACADES GRAPHICAL COMPARISON
A second analysis grouped stone fagades 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-tkeans clustering algorithmFigure 6.11Figure 6.11). This analysis

identified three clusters. Cluster 1 and 3 group blocks of small facade areas according to
rectangularity index, with cluster 3 characterised by higher rectangularity. Cluster 2, instead,

groups blocks with the largest fagade area.

Visualising the clusters on the wal#g(re6.12), 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.

Figure6.11 Results of the silhouette method with indicated the optimal number of clusters (a) and scatter plot of the
consequent division in clusters (b).

Figure6.12 Plotting of the identified clusters on the wall stretches.

6.2.1.2WALLS ENERGETICS

An energetics analysis of the labour input required to build these structures starts from a
volumetric reconstruction of materials and building procegb&Curdy 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 {(@sdldey, 1995; Colonna, 2012;
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Bradleyet al, 2014; De Benedittis, 2017; Renda, 20THhg 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 compaosition.
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 ra(Dgart
Benedittis, 2017, p. 16There 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)f 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
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6.2.1.2.1FACADE 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 facade area variable and depth, the depth mean value of each cluster
multiplied by the facade area of the respective blocks of that cluster was used to obtain the

approximate volumes of each bI@ . The resulting calculation is used to reconstruct

a hypothetical cube of building stone whose average side surface size for each cluster is

reported inTable6.3

Next, anaverage facade composition by square metre was calculated for walls of Type A and
Type B according to three volume classes: stones measuring below, 6&ween 0.20.5 n¥,

and above 0.5 f This subdivision was undertaken according to established differences for

calculating energy input discussed below in segtmmourCost CalculatignThe compositions

are visible ifiTable6.4| The average fagcade composition data were used to calculate average

facade volume by fThat is, using these calculations it was possible to reconstruct clusters of
A oo JE JvP 8} 3 ]Jo}E @& }veS3Ep 3]}v }( 8Z +38}v o0} Il+[ A}lopu

size. This allows to assess how many stones used for the facade wall occupied the overall wall

dimensions. Results presentedTiable6.5{show that the average volume of wall occupied by

stones of Type B is greater than Type A and directly relates to the higher nurtdrgesized

stones used in its construction.

136



6.2.1.2.2WALL VOLUMETRICS
Polygonal masonry at Samnite sites shows a range of characteristic dimensions with which to

reconstruct volume. Published material shows structures betwee.3.51 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, GjaRey, pp. 11
12)suggests a range of 3400 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 Fred@RkRddn p. 95pf

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
Ju%}ES vS8 }u%}v vS }( §Z ¢ ¢SEU SPE [ ]JueX E}v SZ o0 U
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 Vittqie Benedittis, 1988, p. 40, 2017, p.. Smilar
heights are reported by studies of wpikserved structures: at Castel Canonico in Molise,
fortifications average 2.0 m in heigfPe Benedittis and Ricci, 2007, pp.t20; at Monte
Pugliano in Campania, they average 1.6 m, reaching a maximum 3.0 m only in select stretches
(Renda, 2017, p. 136Rare 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 3Remda, 2018, p. 21Pnly 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 InThis 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 {ialtde6.6).

Table6.3 Total volume of stones and rubble for a wall section 2 m deep and 1 m high -& apgerypd walls.

TypeA TypeB
Stonevolume (m”3) 1.17 0.64
Rubble volume (m”3) 0.83 1.36

Figure6.13 Scatter plot of depth and area distribution by site type (a) and depth distribution by cluster (b).

Table6.4 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 (i

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 facade 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 Typand Typd.

TypeA TypeB
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
Table6.6 TypeA and Typd wall volumes divided by block composition.

TypeA TypeB
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

138



TypeA TypeB
Total (m"3) 0.58 0.64

6.2.1.2.3LABOUROST 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
> u P @Pp¥)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 da{Bernard, 2018, p. 78As 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 lItaly
(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. 24243; Bernard, 2018, pp. 21220), suggesting levers, sledges, and
ramps were employed to raise and position blocks. Finally, BgBandardet al, 2022)shows
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human skeletal remains from lItaly, including cemeteries in Samnium, suggests an average
stature somewhat taller than in the subsequent Roman period, more comparable to Medieval
and Early Modern period&iannecchini and Mog@ecchi, 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, 3si@nassembly 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 wédlgy. Renda, 2017, 2018)his suggests a
commonly seen arrangement in which stone for polygonal masonry was extracted in loco or

from sources close to ongoing construct{@nown, 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 workrates for stonequarrying, 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 G/ghnfavoured by Brysbaert
(2015, p. 94pased on timed experiments by Besg@07)(cf. Devolder, 2013, p. 43; Boswinkel,
2021, p. 106yvas used. Rubble extraction from bedrock is faster, with rates of 0.5 m3/ph based
}v }eA]lvl o[c eCVEZ ] }( Z]*3}E] o (21 pdEO06]Ju *3}v EP o0

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 Boswir{@8l21, p. 1199f 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 quatoie@ssembled material closer to

the 15% of volume reported by Devold@013, p. 32)han upwards of 45% for dressed ashlar
reported by Abramg1994, 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 Peg¢t8ti3, vol. | 262fpr shaping
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teams of six workers including steoegtters and masons. This implies block shaping costs folded
into assembly, and | 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 éslglaDevolder, 2013, p. 34)

or consider units of stone either too smidlarper, 2016dr too large(Boswinkel, 2021fpr 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

(JE "p] usd EI}(JESI(] 3]}veU +8]}veU v & uls A oo+ plos Alsz
Jv scp E }E %o} o C(Z86SZE povd }HELAQ02) He clarifies that, by polyhedral, he

140



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 Mayeg1859, 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 65 n¥, and 0.019 riph for stones over 0.5 While

DCe+[ E(EV &} *Zo E U *}VEC ] ]V %% E}% E] § (}E 3Z]
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rate for sizeclass 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 ugidhardson, 2015, pp. 2€306;
compare Bernard, 2018, p. 238 n. .Z&his study assumes minimal production costs for rubble

largely obtained as a fproduct of shaping quarry stone.

Following Delaing1997, 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.
Boswinke(2021, p. 156produces 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 (&%.8wise suggests a
ratio of 7 supervisors to 200 workers, or 3.@érnard, 2018, pp. 1a@02) A total of 4% to

account for this aspect of the workforce was added.

Putting everything togethamable6.7|and Table6.8|summarise the energetics rates employed

andTable6.9|reports the estimated costs for building the walls of Tmnd Typd3. The values

are provided for walls 3 and 5 m tall.

Table6.7 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
Table6.8 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{81"3/ph) 0.020 0.015

Table6.9 Costs estimated for building wall Typand Typd expressed as a linear rate of ph per m. Values provided
for walls 3 and 5 m tall.

TypeA(3m) TypeB(3m) TypeA(5m) TypeB (5m)

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 facade (ph/m) 55 72 124 160
Assembly inner fagade (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; Bradiegl, 2014; De Benedittis, 2017; Renda, 201re 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 VajiPd9)and Monte CimatdP14) as discussed in sect|é. 1

It should be noted that stonmade 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 foundBradleyet al, 2014) Furthermore, several authors have discussed the
possibility of a wooden palisade being built on top of polygonal (@diszza, 1986, p. 175;
Oakley, 1995, p. 139; Faustofatrial, 2012, p. 419; Fontaine, 2013, p. 272; Renda, 2018, p. 21)
as well as for sites where no clear polygonal walls are préSaiktey, 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.

6.3.1METHODS

Modelling the construction of polygonal walls required a complex statistical method to account
for differences in masonry styles and calculaieour 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.

6.3.1.1RAMPARTS 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 fieldwaile

the construction of earthen ramparts could have involved more sophisticated protessesie

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 thdabour 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-pfien

state of preservation and leguality 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 welpreserved 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 ormeterwide 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 irfFigure6.14{ 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 medsimad hillfort spanning 13 hectares located in

Molise toward the northern border of Samnium.

Table 6.10| displays the recorded volumes of the eigirtalysedrampart 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 $has been used for all ramparts due to the lack of

a discernible pattern.

Figure6.14 Plans of the six sites analysed with indicated the eight recorded rampart sections.
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Table6.10 Volumes of the recorded sections of earth ramparts and their average.

volume (nd)
C179 (upper rampart) 25
C179 (lowerampart) 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. Turn€2018, p. 199¥leveloped 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 subphapesbl¢ 6.11).

Additionally, no supervision cost was included in the study due tetthightforward 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 Fatde6.12).

6.3.1.2PALISADES ENERGETICS

The comparative study by Turn@urner, 2010, 2018)n 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 Hammerst2d0s)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 -cubsally. The

gathering range of 1 km is also suitable for the Samnite area, so this energetic rate was adopted

in this study|Table6.11).|Table6.12[shows the estimated total costs for building the earthen

fortifications detected at hillfort sites.

Table6.11 Energetics rates employed in the analysis of ramparts and palisades

Rates
Rubble and earth (#ph) 0.500
Palisade construction fph) 0.625
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Table6.12 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 tygdertification 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 cruciaspectite
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 $ifabl€6.13). As

discussed in sectipfr2.1.4 evidence suggests that Type A and Type B walls appear together in

single fortification systems, with each technique adopted based on the terrain's morpfidogy
Benedittis, 2017, p. 14Ysing 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.

Table6.13 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

Table6.14|presents the estimated total costs for different sites discussed irchigipter as

mapped by the AHS. These costs are reported in pémwors 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 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 4BCE This building project involved teams of 200
workers, but the walls were ashlar masonry and approximately twice the size of a typical
Samnite hillfor{Diod. Sic. 14.18.5; cf. Bernard, 2018, ppg199)
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Table6.14 Total costs estimated for the different sites analysed inctiégterexpressed in persemour 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
guantified. 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 facade area represents a major improvement on the
qualitative typologyelaboratedby Lugli(1957) A siteto-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
S IlvP ]Jvs§} }uvs Z ]S [+ Z E § E]*S] *X ]JP]S 0o } pu
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 wh#ight 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 fortificatiotype. Expectedly, twourtain Type A walls show 35%
higher linear costs than ormurtain 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

147



for the investigation of specific sites and future works. Instead, an average linear rate of 145
persorthours per meter (ph/m) igtilisedin 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 aadlyFurthermore, 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 donadopt 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 oflabour even though twdifths 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 cpesemnent
occupation in the enclosed area, were comparatively less csdiling 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 yearlabourfor a team of 100 workers. This investment may speak to purposes
C}V *Uu%o%}ES]VP 0} o $]A]8] « }( v]u o Zue v EC Jv 8Z E P]}vX d
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 se¢did@for a discussion on monumentality in

hillforts andchaptef10.2.8for Samnite hillforts). The fortifications of Monte Cavallerizzo (K80),

on the other hand, required less than two monthdatifourto 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 developelere also aims to facilitate crossiltural and crossemporal
comparisons by estimating labour costs for similar masonry structures across the Mediterranean
and beyond. Polygonal or cyclopean masonry is a prevalent architectural styleatzatterises

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 nofurban 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 socialganisation

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 trendsbg#ite
observations have proved challenging in this regard. In the ctexter 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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/ UNDERSTANDING HILLFORTS
VARIABILITY

/7.1INTRODUCTION

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 featur@akley, 1995, pp. 12939) 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 comprehecisisgficatiorof Samnite hillforts.

Conta Halle(1978, pp. 7386) 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 Guadd®i8) 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 Ir¢aay 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.t260) 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 sireirabeér 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(T8eyp.

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 dMaidison, 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. | start by discussing and
motivating the variables implemented in the analy$ken,| review how a factor analysis of
mixed datacan beused 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 thehapter of

this dissertation All the calculations in thchapterhave been integrated into a Quarto project

available irappendix5 that includes the R scripts and data.
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7.2 MULTIVARIATE MIXBBTA 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
]1(( € v§ Z]oo(}ES ( SpE « v & § °]8 § P}YE] X E}3 8Z 58U Jv AZ ¢

multivariate groups, not to any geographic clustering of sites.

7.2.1VARIABLES USED

The analysiatilised a combination of five quantitative and qualitative variables: site area,
exploitedarea, labournumber of circuitsand 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 ltaly, it has often been used as a marker of site
importance and hierarchy, sometimes even as a threshold for the label "U®aidi, 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 (K5@igure7.1{ 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 Gildor@,

7.1] top-right).

To address this issue a second variable was implemesxphiited areaPart 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 inhabitatiofPacciarelli, 2001; Guidi, 2008; Damiani and Parisi, ZB4@pited 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 studgt Be(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 crosshannel terraced agriculture below 12 degree slope and another of shelters,
winding tracks and terraced hillsides above thaty approximatehreshold. Lidar data and
groundtruthing show how terracing on Samnite hillforts is rare. The only evidence of terracing
suitable for agriculture takes the form of cra$snnel terraces, while terraced hillsides are
ESE uoC EE v UAZV %E » v3U 83Z C E pep ooC 3 3} o
between these two different landscape, and particularly the different types of terraces present,
resonate with the situation in Samniuithis 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 belowd&yrees, and those instead too steep that are more likely
to have been used for animal husbandry and temporary occupatittrmaugh 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 oexploitedarea 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 mamade 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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Figure7.1 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 varialmlember of circuitstakes into

account the number of fortification systems present at the site. As previously discussed in

sectior

7.1

the number of circuits on a site has often been considered an impeiment in

the study ofhillfortsin Samnium and elsewhere. This is related to the idea that mudtipléts

are connected to differential areas on the site, with the one enclosing the summit often

interpreted in a similar manner ta Greek city-state acropolis. Without delving into the

interpretation, | 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. | consider mulpieuits only when they enclose
distinct areas of the site. As such, single fortification alignments built with multiple fortifications

are considered asnivallate as it was also done for the British igl€sry and Ralston, 2022)

(segFigure?.2).

Finally, the last variable implemented in this study is the main type of fortification used at sites.
As discussed in the previodlsapter some sites do not have polygonal walls but only earthen
fortifications. This division is crucial because it implies different planningrgenisatiorof 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.

Figure7.2 Example of a multivallate site (left) and a univallate site (right).

7.2.2SITE BTA USED

Only a sample of sites was used in the multivariate ndaéal 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

sectiorn5.3.3for the explanation of these categories). A further sample was chosen including

only the sites for whichdar data or substantial studies are available. The udelafallowed

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 preseratesence 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 exygloitedarea took place using the 10m DEM
available for the lItalian territorgTarquiniet 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 previoakapter

7.2.3CALCULATIONS

The multivariate clustering technique implemented in this study analyses a mixed dataset
composed of quantitative (areaexploitedarea and labour) and qualitative variablesniber of
circuitsand main type of fortifications) using a Factor Analysis of MixedID¥#¢D) followed by

a Hierarchical Clustering on Principal Components (HE&Rgeks, 2004)

7.2.3.1FACTOR ANALYSIS OF MIXED DATA (FAMD)
Dimensionality reduction techniques aiontransform 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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homogenisea mixed dataset by converting all of the variables intoranalisedhumeric values.

In practice, FAMD works by fistindardisinghe continuous variables and then transforming

the categorical variables into a set of continuous variables using multiple correspondence
analysis (MCA). Tltandardisectontinuous 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

Figure7.3|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,exploitedarea and labour. The main type of fortifications amdhber of circuitsaaccount

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%.

Figure7.3 Contribution of variables for the first three components. The red dashed line indicates the expected
average value If the contributions were uniform (=20).

Table7.1 Results of the FAMD analysis.

eigenvalue percentage of variance cumulative percentage of variance
PC1 2.84 57 57
PC 2 1.01 20 77
PC3 0.68 14 91
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eigenvalue percentage of variance cumulative percentage of variance
PC 4 0.37 7 98
PC5 0.10 2 100

Figure7.4 Plotsof the qualitative and quantitativeariables on the first twoomponents with indicated the deviance
from the centre of their qualitative variables.

7.2.3.2HIERARCHICAL 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 grotips.sum of the withkeluster

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 Carlesimulationsasimplemented imhapte

7.3POPULATION 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 discuskagtar

using Fletcher's@ matrix(Fletcher, 1995, pp. @81 and 235236) This approach requires

three variables: site area, total population, and average population density. While we have the

first variable, we need tcalculate the other two.

In the absence of survey data and considering the lack of terracing at sites, we can use the
exploitedarea 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 withidiisisrtation
(chapter@ and in other parts of Samniufdanchezt 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 biplbsHilige
therefore, to assume that these areas were as densely inhabited as the contemporary urban
settlements, for which an estimate is provided by Hanson atman (2017) In their work,

they calculate an average population density of 190 people per hectare in Roman and Greek
settlements during thetth century BCE(2017, p. 315 fig. 2)As a point of reference, this is
higher than the average they propose for the welbwn Campanian settlements of Pompeii

and Herculaneum (166 and 115 respectively), but lower than that of Roman OstigH@250n

and Ortman, 2017, p. 319 table &lthough 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-@©enlatrix.

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 fioterpretation 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. 4RESULTS

To gain a deeper understanding of the four clusters identified by the multivariate-daiteed
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 anahigisre7.5(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 subsequeahaptes.
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Figure7.5 Examples of the closest individuals to each cluster centre (all sites are shown at the same scale).

In|Figure7.6] 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,
exploitedarea, and labour. Thus, data points on the right side of the imageharacterisedy

higher values of these variables. Additionally, the factor maps for categorical variables clearly
demonstrate that the type of fortification antumber of circuitsare crucial elements in the

cluster division.

Figure?7.6 Results of the multivariate mixetata cluster analysis.

From theplots, we can observe that cluster O is comprised of small univallate sites fortified with

palisades, which are discussedaation5.4.3as observation posts. This cluster is \efined
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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 andhber of circuitswherethe
number of circuitgplays 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 notdedihed and only partially divides

the sites. Without thenumber of circuityariable, we could expect these sites to partially merge

into a single cluster, as suggested by the scatter plgfggure7.7(andFigure7.8| where they

largely overlap, especially when consideringekploitedarea. Cluster MH, on the contrary, is
primarily identified by the combination of areaxploitedarea, 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 emerggigure?.7|shows the scatter plots for the entire population of sites,

while|Figure7.8|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 mesiaate 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 clustgFsgure7.8|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
exploitedarea, 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, andxploited area to the one identified for the other clusters, with
exploitedarea 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 teeploitedarea almost equal to the enclosed area.

It is now opportune to discuss the estimated population and density of habij&igure7.9

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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Figure7.7 Scatter plots of the clusters based on the quantitative variables.

Figure7.8 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 populationlabdutr we notice that the
estimated population is remarkably similar to MH1. Howeabgur 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 se¢diéhl

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 humbers, 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 sectigi0.3 where they are also interpreted based on their role in structuring the

Samnite landscape as discussed in the next chapter.

Figure7.9 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.

7.5CONCLUSION

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
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appreciate the complexity of the sites and precludes the analysis of how different criteria
interact with one another. The approach developed in thapter 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 mixedata 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
archaeologyand always likely to provoke heated debdike Samnite case is no exception, and

the approach presentelereis just one of the possible models implementkdt canaddress

this issueMaximizing population and minimizifepour 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 analyBierefore, it is important to exercise caution
when interpreting the results. Nevertheless, the analysis highlights consistent patterns among
the clusters identified through mixethta 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, | widmphasiséhow the internal differences among these sites are extremely

important in understanding Samnite society.

For the aim of thighapter 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 asflediged 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 sectigh5| After analysing a series of diéwel features in

chapte 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 observedistributions of points, most often in twalimensional space.
(Baddeley, Rubak and Turner, 2016; Bevan, 20N 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
% }]vS % $S-aider[and FEEeddrder characteristicsn what follows, "cluster” refers to a
geographic clustering of sites and not to multivariate -geagraphic clustering as in the

previous chapter.

The first part of the analysis investigates frster factors behind site location by examining
their relation to a series of landscapeale 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 landsda@pg. elevation or slope, see Spencer and
Bevan, 2018; Carrefi®dazos, Bevan and Lake, 20IH)e second part focuses on exploring
secondorder 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 firstorder preferences for settlement locations and secordkr interactions, the
influence of the former can be deended 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 thisrflest variation first (whether

there is spatial structure in hilltops) can we conduct meaningful analyses to determine whether
the sites exhibit further secoratder 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 GragsirglS
Pythonand the point process models were implementedunartousing R. Th@ython and R

scriptsfor the entire workfloware available irappendix6 andappendix7 respectively.

8.2METHODOLOGY

8.2.1SAMPLING STRATEGIES

One crucial aspect of investigating spatial patterns is definition of a dieariged 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 seeudér 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, | 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

Figure8.1). In general, this use of several different study regions allows me to uncover patterns

that would otherwise remain concealedristead 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|Setiwhich

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 sgétiérd 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 asstaiionarity into the analysis.

Nonstationarity 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 %ime 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
Colonisatiorproject (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 sRRgden
estimate of the actual window of analygiipley and Rasson, 197This 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 inc|&ipde8.2|provides a

summary of the general approach employed for identifying the windows of analysis.

Figure8.1 The different windows of analysis investigated inchapter

Figure8.2 Overview of the general approach adopted to obtafinal window of analysisdm the originalwindow
using the example of the core araad considering all sitésdependently of categories.
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8.2.2COVARIATES

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 whids discussed in sectif$h2.2.3 are the first two principle

components of series 060il properties), and transhumance roaHach 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 theéy 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|Figure8.3|shows how each covariate contributes to one or more of the issues

investigated by this study.

Figure8.3 Plotof the relationship between each covariate and the isguasstigates

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 leasbst 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 andcdéshgbaths
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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 seclibd). 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 neighbourhoodsolar irradiance, topographic wetness, and soils PC1 and PC2.

Figure8.4|display the covariates employed in the analysis, YWihitde8.1|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 Eurojseafe 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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Figure8.4 Covariates implemented in the analysis
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Table8.1 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 Resampling to 50 m.
EUDEM
Slope neighbourhood | EUDEM derivate  Lowpass focal filter at 2.5km radius on r.slope.aspect
outcome.
Irradiance EUDEM derivate  Lowpass focal filter at 2.5km radius on a cumulative

twelve-month calculation using r.sun.
Topographic Wetness| EUDEM derivate  Lowpass focal filter at 2.5km radius on r.topidx outcon
Index (TWI)

Topographic EUDEM derivate  Outcome of r.tpi rescaled in the range of positive value
Prominence Index (TH

Visual Prominence EUDEM derivate  Cumulative viewshed on a 1km grid with 10km visibilit
Index (VPI) range using r.viewshed.cva.

Leastcost path densityy EUDEM derivate  Kernel density surface on pairwise leasst paths on a
(LCPD) 5km grid using r.walk.

Soils PC1 LUCAS derivate  First Principal Component of the LUCAS data once
resampled to 50m and processed with a-oags focal
filter at 2.5km radius

Soils PC2 LUCASerivate Second Principal Component of the LUCAS data once
resampled to 50m and processed with a-o&ss focal
filter at 2.5km radius

Transhumance Carta dei tratturi  Euclidean distance from reconstructed transhumance
and lidar analysis roads

8.2.2.1C0VARIATHERIVED FROMEVATION

The digital elevation model (DEM) used in this analysis is based on {DENEUataset
developed by the European Environment AggiRgport of the European Environment Agency,
2018) The base resolution of the dataset was 25x25m pikealsit was resampled to 50m to
reduce computational load in processing the large area of Samnium.ngighbourhoodand
topographic wetness index (TWI) were first calculated from thiBEW but then summarised

for a wider region via a lepass 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 calculafidres 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.

Theleastcost path density covariate seeks to capture natural corridors of movement and was
calculated by creating a 5km grid and calculating a series ottestigiaths 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.

8.2.2.2S0IL PROPERTIES

The degree to whicthe Samniteeconomywasbased on agriculterversus animal husbandry
(probably focused on catdles a topic of debatgDench, 1995, pp. 11153) However,
agricultural andanimaleconomies 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 typédorden and Purcell, 2000, pp. 11200) 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 potengiakimes

Ozalp and Turgut, 2013; Ahmetal, 2016) Common factors implemented in these techniques

are elevation, slopaeighbourhood solar irradiance, distance from water, geology, and modern

soil capacity and land use.

Several archaeological studies have adopted this type of land evaluation appropohP eb }
al., 2000; van Joolen, 2003; Carrer, 2012 there are three main issues with usingritst, the

methods involved are usually sophisticateskrbased 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 usedefined 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 approachoféen 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, | 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 wa:
developed by the European Soil Data Ceftngiazzet al, 2018) The dataset provide physical,
chemical, and biological properties of soils that were collected through a systematic grid of
samples across the entiteuropean 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 LUCASganoject

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 neamssighbour interpolation. It was then applied
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a lowpass filter with a radius of 2500m to the data, as was done for the covariates discussed

above.

Figure8.5 The six LUCAS soil properties used in the analysis.

Table8.2

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%.

Table8.2 Results of the PCA analysis.

percentage of variance

eigenvalue

PC1 1.71 49
PC 2| 1.39 32
PC 3| 0.83 12
PC 4| 0.59 5

PC 5| 0.33 2

PC 6| 0.00 0

Table8.3

cumulative percentage of variance

49
81
93
98
100
100

variable contributes to each component, wifigure8.6

examining the loadings

ifable8.3

reports the loadings for each component, which indicate the degree to which each

display the principal component8y

it becomes clear that soils with high scores on PC1 tend to

have higher levels of silt and clay, lower sand content, and higherhedting capacity. These

soil characteristics are generally walited for grain crops that require good soil moisture levels

178



and nutrient availability, such as emmer wheat, spelt, barley, and-aatsof which were
commonly cultivated in central Italy during the Archaic period when they constituted staple
crops(Motta and Beydler, 2020)n contrast, low scores on PCL1 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 asaiitgzllto
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.

Table8.3 PCA loadings

PC1 PC 2 PC 3 PC 4 PC5 PC6
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 handclaaeacterisedby 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 ltaly instead of central Italy, where it

did not represent any major economic importar(é4otta 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 mbdatling
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 thathighlightsettlement locations in areas unsuitable for agriculture and thus more likely

to be exploited for a animal economy.

Figure8.6 Display of the principal components of the PCA carried on the LUCAS dataset.

8.2.2.3TRANSHUMANCE

We have limited knowledge regarding the existence of-tistgnce 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 notitilised alongside the others for interpreting the sites but rather as

additional hypothetical evidence for a separate analysis discussed in |8c8tiof

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, 1868)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 constructeddsllingthe
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.

8.2.3STRUCTURE 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.

8.2.3.1EXPLORATORY ANALYSES

The first part of what follows comprises a series of exploratory analyses.-ganapmetric
summary of variation in théensity(referred to as intensity in PHMf 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 throbglpair correlation functiofPCF, Beveet al,

2013; Baddeley, Rubak and Turner, 2016; Bevan, .2Zl@6)functiormeasura site clustering or
dispersion at multiple scales of interaction and adléw the implementation of Monte Carlo
simulations to test the likelihood of the observed pattern occurring by ch@ined?CF use®on
cumulativedonutshaped rings to provide the measuredeansityof points (intensity)at each

scale independently of theensitymeasured aprevious scales of analydisisimplemented 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.

8.2.3.2FIRSTORDER 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 categorybetter 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 threshddormannet 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.

Thenextstep involves fitting the newly identified trend to the data and reducing its dimensional
complexity by stepwise selection that minimises an Akaike Information CriteriorfAKdR,

1973) This approach has both its supporters and cr{fz@vanaugh and Neath, 2018t 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 trad# the goodnes®f-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 s@rded interaction using
Monte Carlo simulations as explained above, but now with the effect of therflest model
included. This approach highlights whether the model fully explains the data and whether we
need to consider including secender interactions as possible additional explanations for the

point pattern.

8.2.3.3SECONIDRDER CLUSTERING

The last part of the analysis investigates seamdeér 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 fisstler 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
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others to determine whether they are independent or if there is a hidden interaction when
considering the sites together. After checking for CSRI, | chose to fit parameters for-igigeyer
secondorder interaction(Geyer and Mgller, 1994A 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 obt@ima.

the secondorder model is fitted, it undergoes validation using the PCF function, similar to the
process followed for the firgtrder model. This methodology ensures that the seeanair

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 sioaegory 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 secondrder 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 faappemdix7, including

results using the entire research area as an analysis windowre$uks from the entire
research area are similar to those for the core area, but teeyaled non-stationary patterns
between the northern and southern regions of Samnium and hence it is primariliz wort

focusingon discussing the results of the core area.

8.3.1SINGLEATEGORY 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 availableadatscussed in sect|6r2.1
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8.3.1.1SITE 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 ofethsityof the sites as a function of
different covariates. The results help in interpreting each category and will also be useful for
interpreting the different twecategories modelsThe second part focuses instead on fitting the

different singlecategory models.

8.3.1.1.1EXPLORATORY ANALYSES

Figure8.7|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-<ites 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 covaitiate

expresses thslopeneighbourhood Complex hillforts display a higher frequency than expected

around a l4degrees ofslope. Regarding topographic wetn@sigure8.9|shows that sites tend

to be located in quite heterogeneous areas, with Sirype hillforts more likely to occur in
zones of higher topographical wetness. The location of these sites in areas at high elevations but
with moisturetrapping 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 fusthphasise that the locations

of these sites are likely not influenced by subsistence strategies. This observation is reinforced
when considering solar irradianaghich might otherwise be linked theoretically to agricultural

prioritisation of access to sunshine for cro@' ure 8.10), as O-sites tend to occur less

frequently in regions with high irradiance and mbegjuently in areas with limited irradiance.

Similar but less pronounced patterns are observed for the other site categories.

Figure8.7 Different site category intensities as a function of terrain elevation.
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Figure8.8 Different site category intensities as a function of terrain slope neighbourhood.

Figure8.9 Different site category intensities as a function of terrain topographic wetness (TWI).

Figure8.10 Different site category intensities as a function of solar irradiance.

Figure8.11|displays thalensityof site occurrence as a function of soil PCL1. 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 soilJH@2€8.12), other than a general trend

of the sites avoiding locations with extremely low scores of agricultural suitability.

Figure8.11 Different site category intensities as a function of soils PC1.

Figure8.12 Different site category intensities as a function of soils PC2.

Both topographic prominenc1@igure8.13 and visual prominenc1§i(;ure8.14 exhibit a strong

trend, indicating that sites are predominantly found in anedls 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

Figure8.15

illustrates site intensities in relation to leastst path density, which models

valleybottom 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 pattesite®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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Figure8.13 Different site category intensities as a function of terrain topographic prominence (TPI).

Figure8.14 Different site category intensities as a function of terrain visual prominence (VPI).

Figure8.15 Different site category intensities as a function of least paths density (LCPD).

8.3.1.1.2LOCATION MODELS

Table 8.4

presents the results of the analysis conducted on the core area. It displays the

coefficients of the different firstrder 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.

Table8.4 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+ Frradiance+ Soils PC% Soils PC2 TP+ VPHLCPD

Simple hillforts (SH)

Estimate Std. Error Z value Z test
(Intercept) -13.687 1.111 -12.316 rokk
TWI 2.080 0.868 2.395 *
Irradiance 2.166 0.978 2.215 *
TPI 13.568 0.932 14.552 rxk

Complex hillforts (CH)

Estimate Std. Error Z value Z test
(Intercept) -15.922 1.539 -10.347 rxk
Irradiance 4.234 1.405 3.014 *x
TPI 12.935 1.299 9.955 ok
VPI 5.366 1.281 4.188 ok

Macro hillforts (MH)

Estimate Std. Error Z value Z test
(Intercept) -15.177 3.501 -4.226 rxx
Irradiance 4.865 2.779 1.751
Soils PC2 -5.290 2.881 -1.836
TPI 10.417 4.104 2.538 *
VPI 9.734 3.008 3.236 *x

Observation posts (O)

Estimate Std. Error Z value Z test
(Intercept) -12.729 1.108 -11.487 ok
TPI 13.753 1.727 7.962 wkx
VPI 2.830 1.662 1.702 n

Significance codes: *** = p<0.001; ** = p<0.01; * = p<0.05; n= not signifi

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 primarigharacterisedoy 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-sit€3 can be explained primarily by
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topographic prominence, with visual prominence playing a relatively smallef nidgendicates

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 firsbrder model has been fitted, its validity can be assessed agiagycorrelation

function|Figure8.16[presents the results obtained from the nbtied model, which represents

a completely random Poisson process. In contragtire8.17|displays the results obtained once

the trend from the firsiorder model is also includedihe 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 seemnigtr interactions .

Figure8.16 Pair correlation function from wholly random Poisson process for each site category (95% envelope).

Figure8.17 Pair correlation function of the firstrder model.
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8.3.1.2TESTING 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 couldnadysed. 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 alongRigure8.18). 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.

Table8.5|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 tharterestingly, the small number of
macro hillfortsin 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 Htetheir
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

Figure8.18 Different site categories intensities as a function of transhumance.
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Table8.5 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+ fradiance+ Soils PC% Soils PC2 TP+ VPI+LCPD + Transhumance

Simplehillforts (SH)

Estimate Std. Error Z value Z test
(Intercept) -17.285 2.699 -6.404 ok
Irradiance 7.349 2.752 2.670 *x
Soils PC1 -2.635 1.576 -1.672 n
TPI 13.087 1.843 7.099 Fork
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 ok
TPI 17.379 2.244 7.744 e
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
SoilsPC1 -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 signifi

8.3.2TWOCATEGORY MODEL OF SIMPLE VERSUS GOMPFORT S

The singlecategorymodels 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 siteategoryindependently from the others while instead it is more likely that
different categoriesof 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 undertastirdy
because of this complexity also very difficult to interptastead, a series of tweategory
analyses were conducted to examine specific interactions relevant to the archaeological

interpretation in a more manageable manner.
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The first twecategories interaction analysed is between simple and complex hillforts. The aim is
twofold: 1) to determine whether theyave distinct locations or if they follow similar

preferences, and 2) to examine if there is an interaction between their locations.

Table8.6[presents the firsbrder fit of the SHCH 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 shogtegory 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.

Table8.6 Result of the regression carried on the@H categories

Core areatrend used:

~Marks + TWH Fradiance+ Soils PC% Soils PC2TPH+VPHLCPD

Model SHCH

Estimate Std. Error Z value Z test
(Intercept) -12.347 0.798 -15.474 rkk
Marks CH -0.801 0.203 -3.939 ok
Irradiance 2.600 0.790 3.291 *xk
TPI 11.134 0.793 14.048 ikl
VPI 2.015 0.653 3.09 **

Significance codes: *** = p<0.001; ** = p<0.01; * = p<0.05; n= not signifi

The pair correlation functions depicte(FH'rgureS.lg demonstrate that when considering all the

sites together, they still adhere to complete spatial randomness once therflest 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-dirder 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 singiategory 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 |0able8.7|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.

Figure8.19 Pair correlation function of the nefitted and firstorder models SICH.

Figure8.20 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-thrddirstodel SKCH.

Table8.7 Results of the ANOVA test between each siogegory model and the model including the covariate
based on the other sites of the interaction-GH

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
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8.3.3TWOCATEGORY MODEL OF SIMPLE AND COMPLEX VERSUS MACRO
HILLFORTS

The second tweategory model investigates the relationstiptween 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.

Table8.8|presents the results of the fitted firstder model. As observed in the-8H 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 singlecategory models.

Table8.8 Result of the regression carried on the ST categories

Core areatrend used:

~Marks + TWH fradiance+ Soils PC% Soils PC2TPH+VPHLCPD

Model SCHMH

Estimate Std. Error Z value Z test
(Intercept) -11.314 0.764 -14.806 *rx
Marks MH 2.425 0.330 -7.350 i
Irradiance 2.232 0.742 3.008 *x
TPI 10.141 0.743 13.653 il
VPI 2.382 0.555 4.295 b

Significance codes: *** = p<0.001; ** = p<0.01; * = p<0.05; n= not signifi

When we examine thpair correlation functionKigure8.21), we once again observe that the

sites exhibit complete spatial randomness, regardless of whether we consider toedgrst

covariates. This finding aligns with the results from our previous analysis. However, when we

test for complete spatial randomness and independghigu(e8.22), we discover that simple

and complex hillforts tend to display regular distribution at distances abbuamwhile MH do
not exhibit clear clustering or regular distribution. The interaction between the two groups does

instead showvindication of regular distribution between 8 and 13 km.
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Figure8.21 Pair correlation function of the nefitted and firstorder models SGMIH.

Figure8.22 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-tireldirshodel SGINH
(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|Table8.9). 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 otherHowever, 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

Table8.9 Results of the ANOVA test between each sioglegory model and the model including the covariate
based on the other sites of the interaction-SH

ANOVA test on SCH

Original trend: ~ Irradiance + TPl +VPI
Tested trend: ~ Irradiance + TPl +\Piktance 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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8.3.4TWOCATEGORY MODEL OF HILLFORTS VERSUS OBSERVATION
POSTS

The third twecategory 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 proposes@dtion5.4.3 we would anticipate a regular

distribution.

Table8.10|presents the results of the firstder 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 se¢8¢h3.2identified 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 betweerobservation postand 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 locaticth@fbservation postequire

a significantly different model.

When examining the pair correlation functigfigure8.23), 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-firder effects, we find that the sites then

exhibit complete spatial randomness. When testing for CSR an¢gHgBRI8(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. | 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.

Table8.10 Result of the regression carried on the S$@Hcategories

Core areatrend used:

~Marks + Marks*TVWA Marks*rradiance+ Soils PC% Soils PC2 TPH VPI+Marks*LCPD

Model SCHMH
Estimate Std. Error Z value Z test

(Intercept) -11.126 0.761 -14.615 ok
Marks O 2.675 1.040 2.572 *
Irradiance 2.399 0.737 3.256 *x
TPI 9.802 0.702 13.953 rxk
VPI 2.567 0.540 4.756 rxk
LCPD -0.152 0.598 -0.253 n
Marks O: Irradiance -5.735 1.676 -3.421 Fkk
Marks O: LCPD -3.710 1.706 -2.174 *

Significance codes: *** = p<0.001; ** = p<0.01; * = p<0.05; n= not signifi

Figure8.23 Pair correlation function of the nditted and firstorder models FD.

By investigating the potentieglationship in theestablishmenof hillforts and observation posts,

we gain valuable insights into how the site patterns were formed. The ANOVA analysis reported

infTable8.11reveals 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 aloMareover, when fitting a new firgirder

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 giitothodel (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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Figure8.24 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-trddirshodel HO.

Table8.11 Results of the ANOVA test between each siogiegory model and the model including the covariate
based on the other sites of the interaction-GH

ANOVA teston H

Original trend: ~ Irradiance + TPl +VPI
Tested trend: Hradiance + TPl +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 agastgrowingcrops 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 observén simple and complex hillfors 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 sicafiegory models of simple hillforts and
complex hillforts. Furthermore, we also see a tendency for both site categories to be located
close to movement corridor€Complex hillforts differ from simple hillforts mainly due to the
strong influence of visual prominence in their locatiddditionally, considering the results of

the previouschapter another difference lies in the higher amount of labour invested in

constructing fortifications for complex hillfortds discussed in sectid®.2.4 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 socipolitical 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 organizatiothat deviates from randomness, thus providing evidence for some form of
social organization behind the spatial distributi@iustering 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 multscale 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 smatlale 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 urbantresthat serve as focal points for nearby
satellite settlements. This phenomenon is often suggestivaeitement 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 evidenceaohierarchical organisatioamong 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 hierarchicaspatial relationship between complex and simple hillforts and
considering their consistent distribution, we can arguéwour of a more uniform system of
sites. This interpretation suggests a more heterarctgpatial system, where the sites are

representative of a more equal and interconnected structure.

Complex hillforts areharacterisedy a main wall circuit with attached walled annexaten
situated on steep slope3he presence of annexes instead of independent cirsuggests that

these could be later additions to pexisting sites rather than planned designs. Based on this,
we can hypothesize that some sites evolved from simple hillforts to complex hdtfartater

stage. The results of the ANOVA analysis between SH and CH support this hygathesise
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. Secondlgomplex hillfortsexhibit 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 emergenceooiplex hillforts

from the simple hillfortspattern. 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
spatialhierarchies, 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 seeiagatialhierarchies 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 locMimneover, 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 gisting SH.

If we consider the macro sites & } S v 8énimal place$(Grant, 1986)the analysis confirms

that they did not functioras aggregatorsf settlements. Instead,suggest that they could have
served as largscale 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 systétosever, 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 previouschapter | emphasisedthe division of the macro hillforts into two distinct
subgroups that require separate interpretations. It is worth noting that a second round of
analysesnot presented in thichapter 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 discussedctnapter share common first and secceodler
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 section10.3

Lastly, the analysismphasise the distinctiveness of the observation posts compared to the
other hillforts. When fitting the firatrder, 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 preexisting 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 assesnbtadjeprovide

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 prioritilefence 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 exisiéttialhierarchies between them;
instead, the persistent regular distribution of the sites suggests a balanced system that could be
interpreted asspatiallyheterarchical. Perhaps at a later stage in time, and thus dependent on
this preexisting 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 tigsertation (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 foratibssal 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
Colonisatiorproject (Stek, 2018and the data collected by the Ancient Hillfort Sur{fegntana,

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 evidencpébial 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 yeaound populations) within a more heterarchisglatial systemrather than

urban aggregators of a more hierarchical ofbe 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 sepdalitical organization. In the case of Samnite
hillforts, however, this connection is suggested by the racidtie 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 intrasite 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 aepisting system of sites arthphasise

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

centralisedauthority in their constructiofsee 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 morecentralisedauthority is more likely to have initiated this later sys{@npossibility

that will be explored in chapt@. 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 | will discuss the results obtained from intensive fieldwork conducted on a

Campanian hillfort.
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O TESTING URBANINDN-
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 urbanismgeetorg3.4.1.3and4.2).

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, theodellingof on-site activityareas implemented ichapter

and the analysis of site locational choiceshaptesuggest 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 urbantres Empirical validation, however, is
extremely useful for model building. Following this, tbigpter presents an intensive

investigation of an archetypal Samnite hillfort aimedhatracterisindpabitation patterns.

Previous research on hillforts has primarily focused on macro hillforts, such as Monte Vairano
(De Benedittis, 2017)Monte Pallano(Faustoferri and Lloyd, 1998and Trebula Baliniensis
(Caiazza and Pagano, 20l12ahile neglecting the smaller and medisired sites, which
represent the majority of Samnite hillforts. Interestingly, the analysis presentethpier 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 araiseful 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 Cr@mynolo, in Campanik chapteEl 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 Campdrig\re9.1). 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 dssgatéd mountain
complex in the middle of the inland plain, lies the tp@ak site of Monte Santa Croce (580m)

and Monte Cognolo (518m), separated by a small pass (499m) where a modern cemetery is

located today{Kigure9.2). 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 Croe€ognolo (Caiazza 1986, 282). The western, southern, and eastern foothills of
the mountain complex areharacterisedby 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 Croggognolo 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 circyBusino, 2016)Excavations were carried out by Conta
Haller (1978) followed by a topographic survey conducted by Caigl286) and G. Renda
(Renda, 2004, pp. 36874, 2018) who included the site in his archaeological overview of the

ancient territory of Caiatia, preseday Caiazzo. Excavations specifically focused on the
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Benedictine monastery were recently carried out by BugR@l6) 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.

Figure9.1 Site location within the Campanian plain.

Figure9.2 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 Cre€egnolo 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-imgasive 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 SEﬁions

and|9.2.3directly reference this report, whil@.3.1and|9.3.2are 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 noinvasive 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.

9.2METHODOLOGY

The initial phase of this project involved conducting a-bdaed analysis of the site and its
surrounding area, as discusseatl'napte Subsequently, fieldwork was conducted over a one
week period (138 February 2023) by a team of six peopleis 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.

9.2.1DRONE SURVEY

Drone surveys were conducted across the entire area of Monte Santa@gueloand they
resulted in the creation of two thregimensional 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 higsolution 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 NDWb(malisedDifference 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 bagaré 9.3). Traditional gricbased

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 yeg¢ffimient method is
required. Dronébased 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
vegetationfree areas and, consequently, areas with high visibility. This map was then
incorporated into a sitéevel 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.

Figure9.3 Soil scraping results from animal activities on the site (left) and exposed soil due to erosion and bedrock
(right).

9.2.2GEOPHYSICAL SURVEY

Geophysical surveys hold tremendous potential for -ingasive investigations aimed at
identifying permanent occupation at archaeological sites. However, the challenging terrains and
rugged landscapes in which lItalian 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 tra¢€spozzokt al, 2020; De Needt al, 2022)

The mountain complex of Monte Sai@aoceCognolo is part of the Apennine chain and
comprises prerogenic Cretaceous calcareous sediments. The lower sections of the mountain

consist of limestones containinGladocoropsisand Clypeina as well as limestones with
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Requienieand GasteropodgPleinsbachiant Cenomanian). The summits arbkaracterisedy
shallowsea limestones withRudiste and Orbitolinidae along with limestones containing
Radiolitidae(Cenomaniant Senonian)Vitale and Ciarcia, 2018)imestones 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 Croc€ognolo. 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 fe@eréteefet al,

2022)

The geophysical work involved a lasgale 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-si@dace features that exhibit
contrast in magnetic properties. Typically, features can be detected at depth2 aofeters,
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-Reman 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-Romen
mountaintop site in Marche demonstrated the potential of magnetometry in distinguishing
different building techniquegdDe Neefet 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 Atla€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 wglsgisesS.4).

Figure9.4 Magnetometry survey crossing the no#tlestern wall of Monte Cognolo, which is nearly invisible on the
groundtoday.

9.2.3CORING

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 subsequenttifisedto 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 cmdiameter 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.

9.2.4PEDESTRIAN 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 curtitihed

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-tiRealGPS 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 theltheee 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 grisutidng phase(see section

5.2.9. 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 lidatbased reconstruction using a tablet equipped with-teaé GPS tracking.

9.3RESULTS

Figure9.5|provides the interpretation of the lidar data for the entire $kegure9.6|the results

of the magnetometry survey of Monte Cognolo with the general position of the surveys areas,

Figure9.7|its full interpretation with the position of the cores, wi[ﬁigureg.S 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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Figure9.5 Lidar visualisation and interpretation with a detail of the small southern entrance.

Figure9.6 Results of the magnetometsyrvey.
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Figure9.7 Results of the magnetometry with indicated the survey areas and core locations.

The survey area on Monte Cognolo exhibits numerous -soaé 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 limegBignee9.7|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 promorjtéigu(e9.7| cores

105 and 108) confirmed that these features are deep natural karstic pockets filled with loamy

organic soil|Kigure9.9). 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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Figure9.8 Ancient anthropogenic features identified in the magnetometry survey.

Figure9.9 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 blugFigure9.7). An intriguing anomaly is the star

shaped dipole magnetic feature in the southern part of the slope (in pufpigune9.7), which

resulted from remanent magnetization following a lightning strike. Part of the lightning energy

followed the path along the southern edge of the summit.

9.3.1FORTIFICATIONS

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 Cr{fcaiazza, 1986, pp. 24%0), or if two
different complexes were prese(Renda, 2004, pp. 36874) 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 amplitudéggre 9.8| feature 1). An alignment of

positivemagnetic amplitudes along the upper edge of these features suggests that the blocks

were likely extracted osite.

Lidar data revealed a small entrance measuring 3 meters wide in thi§-maaq.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|Figtire9.8

feature 3). These depressions were identified as a strong negative magnetic feature by the

geophysical survey. Coring on the featlifggre 9.7 core 104) revealed a heterogeneous

anthropogenic fill containing greeglazed 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 afharuss|
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 entrangéiglire9.8| 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|Eiggar€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, magnetomettyighlighted the presence of two curvilinear magnetic features

with negative amplitudes, which are interpreted as stone Waikgi(e9.8| 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 mateFigyre9.8| 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 northsouth along the plateau edge. Some of them can be related to possible

collapsesof the fortification wallresulting from the construction of a later field system that

intersected the circuifRigure9.8| 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 daEig(ureQ.S feature 9). Additionally, there are linear

features with a southwestortheast orientation.

Just below the possible collapse, the survey conducted along the circuit allowed for the
identification of a few remaining stone wall remnaEE_](lreQ.S feature 10). These remnants

consist of a few courses of blocks that are visible at the bases of the wall t¢Figoesd(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 crosshannel 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.

Figure9.10 Typical head of a wall in polygonal masonry identified at the site.

9.3.2INTERNAL 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|Figure9.8| 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

CognoldRenda, 2004, pp. 36874) Towards the south, a series of low limestone terraces were

identified, which are also visible on the surface and in the magnetometry|fcigtare(9.8

feature 12). These terraces exhibit a magnetic signatharacterisedby weakly negative
amplitudes (up te15nT), 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 sails.

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 terfapse
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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|Figure9.8| 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 metel&ifure9.8| feature 15), which contains a closwraped positive

magnetic feature, likely a p|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 lei@theQ.B 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 feat[?’ (e9.8| feature 18).

In the central part of the northwest promontory, the survey arezharacterisedby numerous

individual magnetic anomalies with positive amplitugdégure9.7| 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

Figure9.8| feature 7).

9.3.3DISTRIBUTION 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 sampiégu(e9.11). | present the distribution of the

materials categorisé 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 availableappendix9.

The analysis considered three covariates: elevation, erosion, and NDVI. Elevatibisedto

model the topography of the site using higdsolution 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 prefemeidh 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 potentialsee appendix 9)n the model, lower scores corresponded to lower erosion,

while higher scores indicated higher erosion

Figure9.11 Maps of the finds distribution.

As discussed in sectif®2.1] NDVI was used tmodel visibility|Figure9.12). 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.

Figure9.12 Covariates used in the intsite point process model.

Figure9.13|presents a noyparametric summary of théensityof 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 49%15m. The erosion graph suggests that materials tend to be
found in areas with lower erosion ratéaurthermore, the NDVI analysis clearly shows a strong
tendency to find materials in areas with bare soils, indicathegsgood visibility conditions.

This confirms the presence of a bias in the identificatiomaterials, but as the subsequent

analysis demonstrates, this bias does not significantly impact the results.
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Figure9.13 Findsdensityas a function of the different covariates used.

Table9.1|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.

Figure9.14|shows the comparison between the predictehsity the original density of finds,

and the smoothed residual field of tfiked 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 secongbrder clustering at short distancg&idure 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.

Table9.1 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 rork
Elevation 3.632 0.246 14.771 rkk
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 signifi
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Figure9.14 Comparison between the predicte@nsity the original finds density and the smoothed residual field of
the fitted model.

Figure9.15 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 %Iﬂ)’ gan predominantly be

dated to thedth and 3rd centuriesBCE There were moderate quantities of black gloss and plain
ware present. It is worth noting that the black gloss exhibited pljoquality. 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 Istipitsver 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 §ebﬁoﬁhe

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 Croc€ognolo. In this latter, eight sherds of impasto pottery were discovered, along with
fragments of cylindrical vessels and two dolia, all dating back to tHegonan period. Although
these materials were relatively scarce on Monte Cognolo, similar materials were found in
greater abundance during different excavations conducted on Monte Santa(Cmua 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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9.3.4DATING OF THE MATERIALS

9.3.4.1BLACK GLOSS

Figure9.16|displays the drawings of the diagnostic materials identified on Monte Cognolo. As for

the observation posts (see sectliﬁm.aj , black gloss sherds arbaracterisedy a moderately

wellpurified yellowreddish clay, quite soft and compact, with an opaque digkhat tends to
easily flake off. References can be found in Morel series (4383, p. 311 tav. 131yvith also
numerous examples from Campag@uilici 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, 6. f&p 8788) and
Molise (Capini, 1984, pp. 381 fig. 6, 67, 69; Macchiarola, 1989, p. 41 fig.3, burial 21; Rainini,
1996, pp. 3031 fig. 6, 67, 69)These sherds can be attributed to the S1 and S2 types of
Morcone(La Rocca and Rescigno, 2010, p..272)

9.3.4.20LLAE WITH DISTINCT AND SHAPED EVERTED RIMS.

A comparatively large number oflae 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 VariaDe Benedittis, 1990, pp. 57, 68, fig. 18, 2a, 2b, 3ahe
sanctuary of Campochia(€apini, 1984, pp. 385 fig. 1112, 85, 114and the settlements of
Carovilli(Capini, 1991, pp. 19293, tav. VIII n.27401, tav IX n.275@8) Fonte del Romita in
Capracotta(Rainini, 1996, pp. 153, 205 tav. CXI n.504, tav LXXX. 836 Campanian
territory, these correspond to the B2 type in the classification by Mor¢bhaeRocca and
Rescigno, 2010, p. 281K105.2 find comparison with C127.3, C127.4, C190.4, and C164.1,

already discussed in sectjprl.3 They are all dated from thih century to the first half of the

3rd centuryBCE based on comparisons in the necropolis of San Riadtici and Quilici Gigli,
2004b, p. 125 fig. 79, tomba,Sh Fratte(Danza and Scafuro, 2009; Serritella, 2009, ppt 147
149 fig. 61)in CumgTomeo, 2007, p. 55 fig. 5, n.&@nd in several contexts investigated in the
Carta archeologica e ricerche in CampéQiailici, 2011, p. 86 fig.76 n.1; Quilici Gigli and Renda,
2017, pp. 8386 Fig.8788). K105.31, K105.25, K105.27, K105.24 find comparisons in Morcone
(La Rocca and Rescigno, 2010, p. 92 fig.5638Band the same is true for K105.3, K105.14,
K105.34, K105.22a 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 dates4ththed 3rd
century BCE as supported by known ceraméommparanda 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.

9.3.4.30LLARVITH FLARED AND STRAIGHT RIMS

This typology can be attributed to globubardied bowls commonly found in the Samnite
territory, which were widespread between tléh and 3rd centuriesBCE Parallels to K105.12
can be found in the settlement of Fonte del Romita in CaprafR#anini, 1996, pp. 90, 92 tav.
LIl n.74, tav. LIV n84jhe same is true for K105.@Rainini, 1996, pp. 87, 90, 96 tav. VLIIn.61
62, tav.LIll n.76, tav.VLVI n.1a@yd K105.2@996, p. 115 tav. LXV n.2224)

9.3.4.40THER VESSELS

K105.18 and K105.22 are vessels with a cylindrical body, attributed to highly prevalent forms at
Monte VairangDe Benedittis, 1990, p. 67 fig.17 raéd also found in the territory of Morcone

(La Rocca and Rescigno, 2010, p. 183 fig.194atiBy to contexts of th&rd-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 tBed century and the first half of thend centuryBCEHOIcese,
2003, p. 146 tav.XXXV 116

Finally, K105.6 is a pot with a horizontally thickened outer rim. Parallels are found in the territory
of the Liguri BaebiarfFederico, 1996, p. 194 fig.6 R76-77) where they are dated between

the 1st century BCEand thelstcentury 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 dthlian Terra Sigillatan 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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Figure9.16 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 bluishgrey GLEY2 3/5PB surface, ligiey 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 biresyh\GLEY?2 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 GLEY?2 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 nenvasive 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, 1978Remarkably, 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 archaeoloigyHellenistic 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 Crof@aiazza, 1986, pp. 288%52; 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 +oduatnic

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 ledensity urbanism as a valuable framework for comprehending
habitation patterns on hillforts in temperate Eurofdoore, 2012; Moore and FerndezG,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 lplgoking at

the data available from the archaeological catalogue of the @enda, 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 -tmsity 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 inhabitatisedtee

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 Crothis wouldorovide some similarities with the situation
detected duringsurvey on the hillforts of Montagna di Gildone in Molise by the Tappino Valley
Survey(unpublished survey dataThis site, much larger than Monte Santa Gfoognolo,
provided additional evidence faome permanent habitation withirand outsidethe walls.
Nonetheless, even in that case, field research did not yield substantial evidence to support the
argument for lowdensity 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 Rom@nlonisatiorproject, which investigated a series of Samnite hillforts

at high latitudes in Molis€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 dataThere 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 Gi@ognolo. The presence of fortifications

and its strategic location support the idea of the site as a refugeedfmnceand 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 yeamd 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 nofetahed to imagine that this seasonal
movement mirrorgastactivities 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-oeloénic 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 thiEhe 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 itselharacterisedy 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 ofirdanisationhas 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 nenvasive 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 variousinwasive on site survey
approaches in one | 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 arevaluationof 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 fieldwaitkit alsoemphasise

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 Rom@wolonisationproject and the Tappino Valley Survempgublished
survey datq 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 grass(&tajnalovéet al, 2023) The new data
collected for the site of Monte Santa Creg@dando 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 theagrizic biases

of previous research. These biases often sought to explain Samnite resistance to Roman invasion
through urban phenomena. Sites like Monte Santa G@mmmolo 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 largealfbrtified area of
Monte Cognolo prompts a revaluation of the interpretation of many other Samnite hillforts,
which have been understoddom urbancentric perspectives rather than concrete evidence.
The nextchapterdoes so by integrating the discussion with the large amount and different
types of primary data collected within thissertationand offers a new view of Samnite hillforts

and society in the frame of global debates on hillforts sites.
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10 DISCUSSION

10.1INTRODUCTION

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 sotldty.chapter is
divided into three parts. The first part focuses on the majority of Samnite hillforts, which consist
of small and mediursized 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, | incorporate the role of observation posts into the discussion. Building upon the preceding
sections, | 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, | 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 heuailstiaseful butnot 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 amot 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.

10.2A LANDSCAPE OF HILLFORTS

As we discussed in the previous chapter, small and mesized 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 ididssrtation 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 | believe this view is applicable to the vast
majority of these sites, even in areas that have been interpreted differently, such as Campania.
However, | will argue that they are not related to forms of ddistance transhumance, but
rather to shoridistance mobility of a population permanently living in an agricultural hinterland.
Furthermore, | 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 thele§eition of these
communities, which coincides withirzcreasingly important sense of collective ethnic identity

extending beyond the local scale in response to a significant military challenge

10.2.1INTERNAL LAYOUT

The systematic survey presentedclnaptevEI along with the growing body of evidence from
other surveys conducted in Moli§gtek, Hamel and Garcia Sanchez, 2021; Saeiche2023)
highlightsthat 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 incGRomantowns. Instead, these sites often enclose large

empty areas that are too steep for permanent habitation without the construction of terracing.

In chapte | used the variablexploitedareas as a proxyf 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 thexploitedarea 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 agricailtds shown in
chapterEI sites like Monte Santa Cre€egnolo 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 developeddhapteas suitable for habitation and agriculture. This
highlights that evenseeminglysuitable areas within the site do not necessarily indicate

habitation

Ongoing intensive survegsother 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 (npublished survey dataLa RomanéSanchezt al, 2023) and even for the macro
hillfort of Montagna di GildonéStek, Hamel and Garcia Sanchez, 202dyever, 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.

10.2.2LOCATION

The analysis of settlement location preferences for simple hillforts highlights that these sites
asidefrom their topographical prominence which is unsurprisingly important for all hiNforts
show a positive correlation with areas of high topographic wetness, irradiance, and relatively

short distances from the main movement corridors in the landsdapegraphical 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 athamcterisedby 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-distapnce
transhumance roads and these sit€@n 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 ldigjance transhumance took place
during the lron Age or earlier periods. This would align with rezehtaecozoologicalvork
conducted in EtrurigTrentacosteet al, 2020) which shows no evidence for ledigtance
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 deconstr{idteden and Purcell, 2000,

pp. 197t200) 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 (eggogection

3.4.1.1. Recent pedestrian surveys are confirming the existence of a significant number of small

farms even around hillfort sitg$tek, Hamel and Garcia Sanchez, 20R1¢g large number of

farms in the Samnite landscape can be interpreted as an agricultural hinterland at the family
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level, which was settled throughout most of the year. Given the extensive habitation throughout
the territory, an important question arises regardthg function ofhillfort sites, particularly in

relation to animahusbandry

10.2.3FUNCTION

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. | 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 thisdissertation

Firstly, based on the prevailing interpretation commonly found in Samnite archag@agiey,

1995, pp. 141149) hillforts could have served as destinations for seasonal vertical mobility
from the surroundinglispersed farmsAccording 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 yeannd. This idea is not fetched, as evidenced by the

local account presented iohapterEIfor the site of Monte Santa Cro€ognolo. 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, | 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, | propose that complex hillforts could have served as locations for both
permanent animal keeping and seasonal gatherings from a broader arelaapterEI 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 noiinhabitable areas, the enclosed slope areas differ in that they are
predominantly suitable for hosting animalkkely cattle, and temporary occupation. This
suggests the need to accommodate larger animal and human gatherings at these sites,
indicatingthat they could have fulfilled both functions of permanent and temporary animal

keeping, as clearly suggested by the new evidence from Monte SantaCoguao.

10.2.4EVIDENCE 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 areharacterisedby higher labour requirements and visual
prominence in the landscape, but | will discuss this further later. For noug fetus on the

areas that, although small, show evidence of permanent inhabitation.

The crucial question here is whethmatterns intraces of permanent habitation at the sites can

be attributed tosocialhierarchies 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 areaascapdlis of the sites,

where some form of political power may have resided, somewhat akin to what has been
proposed for Irish royal sit¢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 samer lessas 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 camibgisedor
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 itdedf icaerpreted

as aspace serving an entire community. The proposed function of the sites as places where
communities permanently ke@nimas is in itself evidencef collectiveactionshowing a great

degree ofcollaborationandorganisatiomal power.

Bvidence indicating the lack of hierarchies among these sites is provided by the study of the
spatial structure of the hillfort landscape discussed:lirapte The secondrder analysis,
specifically, shows that there is no clustering among sites (Sﬁ:ﬁbﬁ. 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 smadicale 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 entitiedndependent entities would have likely created a more
heterogeneous patterncharacterisedby 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 evidensec@lhierarcty. 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 ofseatalrepeating
patterns. In the following section, | argukat 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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10.2.5MONUMENTALITY

Chapteintroduces 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 cenifég. 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 highlijatssmall and mediursized 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 thathey also held symbolic meaning beyond their military function.

Largescale fortifications are signals of strength and cohesion of the community building them
and its capacity for collective actig@latz and Plourde, 2011; Wright, 2Q1@articularlyat
timesof endemic warfare~ K[ ] }ooU TiiéV &EIlpeZ. Invcortexds GEinypendiriye
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 hierafgrassh, 2017)
Instead, itrecognise how monumentality can be the result of collective action. This is
particularly true for noshierarchical societies, where collective action is seen as essential in

coordinating defence activities such as the construction of fortificatRoscoe, 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 mannehmaracterisedoy powersharing and the cycling of
authority between multiple rival families or different types of power holders. The competition
for power also involves the ugdition of monumentalitfMooreet 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 processloes not refleca hierarchicasocialframework but instead evolved as process
aimed at strengtheningommunity identity. The power exerted through the requirdabour

would have been negotiated within a more heterarchical community framewarksidering

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 cerB@¥ as discussed in

sectior3.3] 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 (@egliamonte, 2017, pp. 438
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 powgotiationnot only
among locatlite circles but also in the context of an emerging shared identity beyond the local

scale. Thetructurationof 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 trhapteﬂhighlighted 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 thdth and 3rd centuriesBCE

In sectiond.4| | 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, pin3he 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 landscape€onsequently, fortifications would have served not ofaly
militaristic and defensivpurposesput also as sooiculturalsymbols, showcasing the power of

the community that constructed thertsee Armit, 2007 for a similar perspective applied to

hillforts in Wessex)The site of Montefalcone (K35) exemplifies this concept.

The hillfort of Montefalcone was discussect:hapteﬁ where it waautilisedto explore the
energetics of polygonal masonry. It consists of multiple circuits and hacategorise 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 irchapte 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 (sef~igurel0.1). These fortifications on the eastern summit are particularly noteworthy

as evidencéor power display within complex hillforts.

Figurel0.1 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 thgpossibleconnecting stretch of wall between the two is completely lost
today, likely due to collapses resulting from the extreme steepness of the Tligenodest
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 thest 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 guestion 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, fmaides of powedisplay 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 inhapteidentifies 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 investeduch 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, witkpdoitedarea 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 aegionalidentity beyond the local level.

We have observed various pieces of evidence that highlight a more heterarchical nature in the
organisationof Samnite hillforts and the structuring of the landscape. Wiaitaplex hillforts
expressa certain degree ofentralisation as demonstrated bgheir interpreted local role and

their function in shaping a symbolic landscape, thentralisationdoes not exhibit a clear

hierarchical nature. Instead, we witness a cohesive and homogeneous systetmathaterises
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both hillfort sites and the landscape they crehtevhich can be interpreted as heterarchidal
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 ottiapterdelves into an investigation

of this topic.

10.3THE ROLE OF MACRO HILLFORTS

Macro hillforts provide important insight into a new wafystructing the Samnitelandscape.

Here | suggest thatmacro hillforts are interpreted as central places of regiossahle
communities but that there are two possible ways in which they were structured. The first
follows a local trajectory that sessites increasing in size aprbvidingpermanent habitatiorio
becomesimilar to a range of oppida ¢émperate Europe. These sites belong to the first
category of macro hillforts (MH1) discussed previodshey 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 explainedollyer known Mediterranean settlement

patterns. Instead, | propose that these sitedd the characteristics of large low occupation

density settlements (LLODS) found worldwide, as discussed in geétidrd Before dwelling

on this difference, it is important to discuss the similar role of thesa sitéhe structuation of

the hillfort landscape.

10.3.1MACRO HILLFORTS AND THE SPATIAL STRUCTURE OF THE HILLF
LANDSCAPE

The study of the spatial structure of the hillfort landscape in sg¢8t@3highlights 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 secti@, 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 irthhister 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 interval§his 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 exhdpiatialhierarchies 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 oégionalvariability while remaining quite homogeneanerall 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 maddle system as conducive to a
form of hierarchy that, although not through clustering, creates a regularly structured
landscapeln 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 vamigtbbd, 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 fmesting 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 tganisationof the surrounding landscapeé.

discussed in sectigh0.2.9 how monumentality and visual prominence in complex hillforts

played a prominent role in constructing a symbolic Samnite landscape. In a periodrging
regional identity, complex hillforts emerged from a local dimension to represent sites of
communal values. | 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 procegonél

seltidentification.

The analysis also highlights how these sites likely appeared at a later stage in the hillfort

landscape. As discussed in sedgBad 3 there is evidence to indicate that macro hillforts were

constructed during a later phase of the settlement systengcotifirmed, 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 ierganisinghe surrounding landscape. However, the sites differ in
this aspect and, whilsharing abroader regional function, they differ in how they fulfil that

function.l discuss this in detailext

10.3.2MACRO HILLFORTS AS OPPIDA

The first group discussed correspond to the first category of macro hillforts presenteaptar

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 BalliensiqHigu#®)0.2). 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 functindefenda series of
observations that differentiate these sites from the larger group of small and madiach
hillforts. These sites show several similarities with oppida of temperate Europe, being

characterisedy lowdensity 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 sectidi.4| these sites have a high proportion @fploited areaswithin the

enclosed areas, with sites like Montagna di Gildone and Monte Palieare this proportion is
almost equal to the enclosed areafirst consideration iwhether andhow 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 similaovms in Etruria or

Rome, where large plateaare fortified and permanently settled.

Identifyingthe 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 degreehofiarlyinterest. However, this

research often stops at the second centB€E 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 internadganisationof the site, especially
concerning preRoman phasefCalastri, 2006, pp. 485; Caiazza and Pagano, 2012b, 2012a)
The work on Monte Saraceno led to the identification of a sanctuary but there are scarce
information on inhabitatior(Di Niro, 2007)A sanctuary and possible other sacred areas have
been identified also at Monte Pallafleaustoferri and Riccitelli, 200%nportantly, on this site

and Monte Vairanpevidence of urban systems from the second cenB@Es availablgdDe
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 patternsto earlier periodsithout consistent data (see secti@m.1.3for 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.

Figurel0.2 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 systempamdanenthabitation

within the walls is only assumetilie to the large size of the sitgithout 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
pocketswithin the circuit instead of continuous densely inhabited a(8ésk, Hamel and Garcia
Séanchez, 2021)Furthermore, research on the surrounding landscape has highlighted the

presence of numerous smaltale farms dating to the same period.

Considering the available data, we haeeneevidence 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 c&@iand 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 tblearacteristics of oppida of Temperate

Europediscussed in sectiph?2.1 It is thus useful to develop a comparison between the two.

| already discussl that the internal layout of these sites is similarthat of several oppidaAs

mentioned n section4.2.l] the presence opocketsof occupationat oppida is seen as the

materialisation of a process where different groups negdligb®wer in oligarchic, or
heterarchical,systemsin a process of aggregation of a more rural and heterarchical society
towardsmore centralisedforms. 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 centregMoore, 2017b)Considering the discussion so far, it isfaptetchedto see
similar processes taking placeSsmnite hillforts. Most importantly, the processeguedfor
European oppidalo not see settlement aggregation as the result of hierarclsetilement
systems but rather as the result of the lontasting symbolic meaningiven tothe locations

where oppida arose.

The long history of occupation and the symbolic significance of oppida locations hatleuseen
interpreted as key in the development of these centFew. the Samnite siteshe presence of

ritual places irsomeof themcan be used tsupporta similarinterpretation. 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 Pallaffeaustoferri and Riccitelli, 200&)d Monte Saraceno di
Cercemaggior¢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 sugtiesdtthey 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 prominenégjropearoppida 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
assembksin an increasingly interconnected yet still rural society, which gradually developed

regional identities. This, in turied to the emergence of larger, moreentralised social
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structures that were laterecognisd by Roman writer§Fern ndezG,tz, 2014) The proposed
role of macro hillforts in structuring the symbolic landscape aligns well widseth
interpretations of European oppidaviacro hillforts also servedommunities 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 hypothesesabout low-density urbanism in oppida remain contestsimilar onesan be

argued for the first category of macro hillforts.shttion|4.2.1 | discussedhat selfsufficient

agricultural production within the sites is crucial to Hdensity urbanism(Fletcher, 2012)
However, the areas enclosed by oppida are notssélicient, and agricultural activities within

the walls should be seen as exceptions. Instead of focusing on agrictitudebate has
revolved around forms of habitation and the significance of multiple fortified agglomerations in
close proximity to argue for forms of lalensity urbanism(Moore, 2017b; Moore and

Fern ndezG,tz, 2022) When considering the presencerilltiple fortified agglomerationas

an indicator of lowdensity 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, Isuggest thatit is not possible to argue for forms of la@nsity urbanismin
Samniumln fact, | think that it is not currentlyasy or advisabl® apply the concept of low
density urbanism to a Mediterranean context, as it easily biases our perspectives toward an
urbancentric view(e.g. Lee, 2022and remainshighly speculative at the current stage of

research.

Moving beyond lowdensity urbanism, we can obsemyat this first category of macro hillforts
shares several characteristioghlightedfor 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 dietsveen TemperateEurope and
Samnium However, they also seem tesemblelocal Italian trajectories towardentralisation

as observed in Etruria and Latium Vetus starting iBtheentury (Terrenato, 2011)In these

areas, the early Iron Age populations of sites that later became urban centres took shape as
clusters of occupatiora processvhich have been interpreted as timeaterialisationof power
negotiation within increasinglyentralisedsocieties This seems confirmed when we plot these

]85 ¢ }v &o & mat@q{klefcher, 1995, pp. 681 and 233236)(see sectiop.2.3.|Figure

10.3|show how these sites comfortably fit within the trajectory that sees a correlagibreen

246



increasing population and density of habitation in sites below 100 ha, which is the trajectory
identified by Fletcher and colleagues as leading to classical urb@fistther, White and
Dharmendra, 2022, pp. 341). This could suggest that Samnite society simply resisted
aggregation and politicakntralisationlonger than neighbouring societies, but still fokolkthe

trajectory toward similar forms of settlemeatganisationand politicalcentralisation This will

be discussed further in sectid®.4] but for now it is useful to first look at the other category of

macro hillforts.

Figure 10.3 Macro hillforts on the-C matrix with indicated the LLODS distribut{after Fletcher, White and
Dharmendra, 2022, p. 52 fig. 3.14 modified)

10.3.3MACRO 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 PaolfigL08).0.4). These sites are

all situated in northwest Samnium, facing the Campanian plateau along the Volturno River and
the valley where it originates from the internal Appennine arre | argue that these sites
differ from the previous groups and exhibit characteristics similathté@e of large low
occupation density settlements (LLODS) discussed in sﬁn

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 onlthivds of the
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estimated populationAs discussed in sectih4] despite comparable population numbers, the

estimated population density of these sites is remarkably low.

Figurel0.4 Sites categorised in theecondcategory 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 secti¢gh0.3.] 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 thefirst category of macrdillforts primarily encloses flat areas on high platediese
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 hillfotharacterisedby additional circuits enclosing slopes, as

discussed in sectigh0.2.1 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 limitest 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 hillforltsuggesthat the large empty areas within thesites

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 existencewf 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,
eventhe presence of a potential theatre has been propo&ediazza, 1986, pp. 3(EL3), but

this is currently highly speculativehese 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

speculativeendeavoursnstead of robust data.

What is evident is that the modeéighlights how these sites sharply contrast with the first
category of macro hillforts, as they atfee least likely to have accommodated permanent
habitation following densely populated urban models. Instead, despite the limited
archaeological data, the new evideremphasise the significant labour required for fortifying
these sites, the large enclosed areas, and their central role in shaping the landscape. These
factors leadme 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 anim@lated economic activities. In this regard, it is
valuable to examine thdebate on large low occupation density settlements and how these

sites compare to them.

As discussed in sectigh2.3.1 Fletcher(1995)argues that densely and continuously habited

settlements can only expand beyond a t@@tare threshold when accompanied by shifts in
sociapolitical organisationand/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 mobilifiFletcher, White and
Dharmendra, 2022; White, 2022; White and Fletcher, 2023)these sites, continuous
population generally does not exceed 20 people per hectare, except in specific circumstances.
The interaction stress of large communitiegnimimisedthrough shoriterm 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 thaisimterpretation 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 wefl as
interpretation of these sites as temporary plaagidised by larger communities residing in the

surrounding landscape. In fact, when we plot the sites on-@enktrix, we observe how they

align with the trajectory proposed for large low occupation density #iggire10.3). It is
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important to exercise caution whesuggesting this comparisodue to the potentially
problematic population estimates. Nevertheless, it is intriguing to thatethe two categories
of macro hillforts identified in the analysis follow distinct trends toward different forms of
settlementorganisation independently identified and based on other sites worldwide nibus

useful to dwell deeper to 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. 158167) Samnite sites follow this trend. As discussed in

sectior]10.3.4 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.

Secondregardingmonumentality, 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 mobihite, 2022; White and Fletcher, 2028 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 sourcemphasiseéhe 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 inGtmeand4th centuriesBCEHowever,

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 inhabitetban settlementsinterestingly, this contrasts

with the continuity of occupation during the Roman period observed in the other macro
hillforts, highlighting the differences between the two ahdt 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 theeriods ofSamnite occupation.
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The evidence discussed so tlans 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
organisationand population, even without traditional urban forms. The significance of these
sites is evident. As anticipated at the beginning of this section afityeter we now sedhat

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 ltalian 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 reachedcholarlyconsensus. It appears thdtat debatehas

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 plac@erhaps just in slightly different waySo far, the
discussion has overlooked another category of hillforts studied indis&rtation namely
observation posts. The next part of tiisapter will address this and explore their potential

relation to state formation in Samnium.

10.4RESISTANCE AND STATE FORMATION

The observation posts represent an interesting typology of sites for understanding Samnite
organisationHere | argue that their construction demonstrates an active form of resistance to
Roman expansionism that goes beyond the regional level and instead encompasses different
areas characterisedby diverse settlement patterns. | utilize this evidence to support the
existence of a cohesive Samnite society and to suggest an increase in peliticdisation

during the Samnite wars. Furthermore, drawing from Gonflélzal's(2014)archaeology of
resistance, | contend that through an analysis of Samnite resistance, resilience, and rebellion
against Roman society, we can discern a level of potin&dalisatiorthat could be interpreted

as indicative of state formation.

10.4.10BSERVATION POSTS AS A FORM OF RESISTANCE

In section|5.4.3 | discussed how lidar analysis enabled the identification of a previously

unknown typology of sites imestern Samnium known as observation posts. A total of ity

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 atharacterisedy 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 centuriesBCE possibly ranging from 350 to 2B®EIt is thus likely that they were

used exclusively during the Samnite wars (343 toBXOR 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
Chapte as well as the spatial analysfs:hapte 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 #action|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 suppodtbythe analysis of the materials.

The location modellingmphasisedhat 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 discussedséetion5.4.2 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: onecharacterisedby 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
recognisd in archaeological dat@ragliamonte, 1996, 2017This 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 discussettbnb.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. | arguthe hypothesighat 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 commuciitagacterisedby 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 warsl arguethe hypothesighat 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 ofganisatiorand collective action during the time of the Samnite wars.

10.4.2RESISTNCE AND POLITICAL CENTRALISATION

In the first two parts of thishapterl discussed that is possible to interpret the monumentality

of Samnite hillforts and the landscape their create as venues in negotiating power both within
localcommunitiesand 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 lastiggest the
hypothesighat the system of observation posts extsnlis interpretationat the interregional

level, showing the existence of a cohesinmaderSamnite community.

| discussed alreadynat we can see an increiag shared identity in Samnite society during the
5th and 4th centuryBCE This is expressed by the literary texts, archaeologis@raphic and
numismatic evidence (Tagliamonte, 1996, pp. 12835, 2017) The emergence of complex
hillforts and then large regional macro hillforts a@hdinterregional system of observation posts

all support this. They arall manifestation of a progressive increaseaishared identify that

goes beyond the local spheres and embrace broader territories and communities to create a

distinct Samniteregional ethnic identity As demonstrated by the interregional system of
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observation postsl argue the hypothesithat we can see the maximum expression of this

during the Samnite wars aridlat these can be read as a main catalystlics.

In section2.3.11 discussedhat ethnic identity can manifegtselfin <} ] Sr€distance 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 tmeobilisationof "politicisedethnic identities" where

different communities join forces in response to an external thi#ates, 1997, pp. 86, 95t

96). As seen in sectiph 3 hillforts and the fortified landscape can §Een asnstrumental in

such processesThey deter enemies and establish a regional politiodl of a strong and

cohesive community capable of collective action for deféAdeush and lkehara, 2019)

The data discussed so far fit wslth such a scenariolrhe establishment of observation posts
clearly highlights interregionahobilisation towards border defence. Most importantly, it
highlights a degree of collective action ardanisationthat was not seen before this period.
The key question here is the degree of politimahtralisationthat these data express and

whetherwe caninterpret the latter as evidenagf state formation.

As discussed, the different settlement patterns between southern and northern Samnium
indicate the presence of distinct communitesrossthis 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 irwastth
Samnium, while the other category spans a broader area, encompassing central Campania,
northeastern Samnium, and the Adriatic region. Considering the different trajectories of
settlement organisationthat these sites follow, we could propose that they were used by
communitiesthat were organised differently from each othtris therefore useful to consider

how theyeachmight have beerganised

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 communitigriismisedwithout significant

shifts in socigpolitical organisationor 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 sogoliticalorganisation 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 organisatiortowards state formation. However, they do not seem to
reach trat level of complexityuntil after the Roman conquest, with the subsequent shift in

settlement patterns and the development of monumental public spaces.

We can arguehe hypothesisthat the new system of observation posts indicates a shift in
politicalorganisatiortowards state formation. We observe a cleawbilisationof resources and
people in the fortification of a wedlefined territory that extends beyond the regional level. On
one hand, this can be seen as a significant expression of collective actmngamdatiorfrom

a society that is still largely heterarchical. This is not unlikely, considering the emerging evidence

discussed in sectiqB.2.5 which suggestthe high degree of communitgrganisationthat

societiescould expresgven in the absence gbcialhierarchies.Yet these examples primarily

refer to labour andorganisationat 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, | arguéhe hypothesighat it is more plausible to interpréhis labourorganisatiorand
fortification of a weldefined territory as indicators of politicakéntralisationand likely state

formation.

In sectiovE.Z.E | reviewedGraeber and Wengroj%(2021, p. 413argument on the birth of the

state to be considered not aompletely new form, but rather a change ocaugrwithin an
already existing regional systefhey also argue forstrong relationship between warfare and
increagng social inequalities, which provide space for the development of ranking systems and
large systems of domination leading to the formation of a st@eaeber and Wengrow, 2021,

pp. 504t514) The emergence of macro centres and their significance in the landscape highlight
existing trends towardsentralisation especially when considering the first category of macro
hillforts. Moreover, it is evidenthat warfare would have likely led to an increase in social

inequalities and politicalentralisation This wouldilsotally withthe historical sourcethat refer

to a Samnite Leagueeaded bymagistrates (see secti(2).

Considering all the abovesuggestthe hypothesighat we can see the Samnite wars as the
catalyst for politicatentralisationand possiblfsamnitestate 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 expeamgidhave 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. Howeverthis hypothesideavesuncertain wiether thisprocessreached a fulstageof

state formation as seen in Roman and other Mediterranean societies.

If we examine the forms of domination discussed by Graeber and We(f2ty, pp. 362369)

(see sectiol?2.2.9, we candentifyin the archaeological record and historical sources evidence

of control over violence, charismatic competition, and to some extent, bureaucracy. The
presence obffice holderdn control of vast armieduring the wars with Rome is emblematic of
this, showcasing the ability trganiseviolence(Bourdin, 2014)The election of leaders from

the elites betraysalsoa 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 coi(ieageneer, 2016)These pieces of

evidencecouldsuggest an incipient phase in state formation.

There is an ongoing debate about tbeganisationof 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 | am proposing is
contributing to this debatéecause it seeks to reconcile fsmpposing 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, |
believe we can trace this development and present a more cohesive and reconciling narrative

about Samnite society.

10.4.3RESISWNCE, RESILIENCE AND REBELLION

The later developments of Samnite society further highlight a strong sense of identity among

the SamnitesWe can see this ithe forms of resistance expressed by Samnite society

According to Gonzéaldzuibal (2014) societies actively define themselves and interact with
external powers through a process of resistance, whichatathree 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 intensgdjiticised actions, which, if
suppressed, often lead to the disappearance of the rebelling sgGetyzaleRuibal, 2014, pp.

6112).

We can observa similarprocess within Samnite society. First, we have strong evidence from

the Samnite wars of an open conflict and resistance to Roman expans{Baisrdin, 2014)I
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believe his should not be interpreted as a negotiation process, as often discussed in Roman
provincial archaeologgMattingly, 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 interregiomabbilisationfor the defence of the bordemence

highlightingthis.

In considering the broader settlement pattesynwe cansee the dispersed form of rural
habitation and hillforts as another example of resistafieceurban forms were known in the
region, there is no reason to argue that the Samnites were unable to create them. Instead, |
believe they actively rejected urbanism for two main reasons. Firstly, urban forms were unlikely
to be the most effective way torganisethemselves. As discussed, the hillforts illustrate the
importance ofanimal husbandryn Samnite communities. This type of economy requires a
higher level of mobility than whaine sees in urban environment$he absence of urban
centres can be motivated by the limitations they pose for this type of subsistence. Additionally,
the mountainous landscapehere settlement aggregation and extensive farming are more
challengingprovides a different range of possibilities compared to the coastal,aedfavours

subsistence practices such as pastoralism.

Secondly, the absence of cities could be interpreted as a conscious refusal of the forms of
inequality characteristic of neighbouringrban societies. This would explain why large
settlement aggregators, such as the first category of hillfent&ergedmuch laterthan inEtruria

or Latium Vetus, and why other forms of mdreterarchical settlemenbrganisation such as

the second category of macro hillforts, are present. Furthermore, we could see this as a
deliberate act of creative refusdlGraeber, 2013)of organisatioml forms distinct from
competing societies. In this regard, the Samnites may have favoured specific settlement patterns
as sekldefining of their communal traits, as discussed in the previous paragraphs, which were
also influenced by the specific mountain landscape. Following(3068) this would highlight

forms of resistance specific to rural mountain societies found in other parts of the world.

After the conquest, we canterpret the monumentalisation afanctuariesand the continuous

rejection of Roman settlement patterras evidence of the resilience of Samnite society. As

discussed in sectigB.4.1.4 a widespread process of monumentalisation of-gxisting and

new sanctuariesbegan after the Roman conquest in th2nd 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 grouflsa Regina, 1989)l see this
monumentalisation as a continuation of a shdfinition process that had begun in earlier
centuries. In this perspective, the monumentalisation of sanctuaries, now e$gmanite

importance, can be viewed as a cultural coping mechanism in which the Samnites ddhgnue

257



process of seldentification by adopting form of monumentality seen in sanctuaries typical of

Roman cultureThus, | see thiultural appropriatiorasa 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 suggg§tadarotto, Pelgrom and

Stek, 2019) Instead, settlemenpatterns remained largely unaffectedmportantly, the new

urban forms introduced by the Romans remained largely symbolic forms of domination. They
never became clear societantres and instead, the population remained predominantly rural
with an unaffected settlement distributiom fact, several of thedewns, such as Isernia, never
developed into complexities and still today exhibit a largely dispersed settlement pattern
instead of centralisatianEven when hillforts like Monte Vairano and Monte Pallano adopted
urban forms after the Roman conquest, there is little evidetiw this changed the
surrounding settlements patternThe 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 period$almon, 1967; Bourdin, 2014hey rebelled in 27875 BCEwhen

they joined forces with Pyrrhus, in 265 and B&%in 216BCEwvhen they allied with Hannibal,

in 91-89 BCEduring the Social War, and in 8€Ewhen 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 aRttman coalition, demonstrating a higpiliticised
agenda characteristic of the forms of resistance discussed by GeRu#heX2014, pp. 612).

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 by gradually

assimilated withirRoman societ{Scopacasa, 2015, pp. 1358)

The period of strong resistance, resilience, and rebellion against Roman invasion can be better
explained byhypothesisinghe existence of a Samnite state. Gonz&laibal 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, |
suggestthe hypothesighat a common ethnic identity was first created within Samnite society,
with additionalearly traces of state formation even in the absence of urbanism. The period of
warfare then acted as a catalyst for politicehtralisationand the formation of a statkke

organisation which would have consolidated during the Roman conquest through processes of
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resilience and setefinition of Samnite society as a whole. This would have led to several
phasesof rebellion against Romacolonisation as the Samnites asswed a primary and
politically influential rolén the Social Wars. Following the defeat of this now more mature state,

the Samnites' downfall would have resulted in tigeardualassimilatiorwithin Roman society.

10.5ACOMPUTATIONAPPROACH

In answeringits main research questionshis dissertationdeveloped 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 transferabilitg other cultural and regional contexts.

10.5.1LIDAR AS DATA COLLECTION TOOL

The first part of the approach involved the development of a {scgée lidatbased remote
sensing analysis to create a more representative dataset of hillfort sites. Data fragmentation is a
common issue in archaeological research, especially when dealing wilystematic 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 thisdissertationaddresses these challenges. By conducting a study covering 23,000
sq.km andanalysindidar 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 dataseas |created a more representative dataset of Samnite hillforts, which

contributes to both local siteataloguesind broader historical narratives.

Issues with the available data were overcome througftoimse 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 sdtaloguesbut its limitations in understanding

broader regional and interregional site patterns need to be acknowledged. As discussed in

section5.3] 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
chapte Consequently, it was possible to statistically account for the gaps in the study of site
distribution. | 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 saiuboter 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 thissertationwould have negatively affectendy results.

Visual interpretation allowed for the identification of a category of sites that was largely
unknown. Considering that-dérived 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 Al 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 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 seciidd) and providing data to develop

computational approaches to account for site variability discussxmhpte

10.5.2NONSPATIAL 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. Thissertationadopted 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, consideringlesig¢ attributes mapped

through the lidar analysis afabourcost models.

Thedissertationdevelopedalsothe first statistically grounded cressgional approach to study
polygonal masonry. Architecture energetics in the Mediterranean have primarily relied on
historicatderived research, lacking thuse of more advanced statistical tools capable of better
integrating historical information with catg-case examples of monumentalitly work has

the merit of effectively integrating architecture energetics studies with tbmeensional

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, fitensocioeconomic

impactof monumentalityto labourorganisatiorand political power.

The analysis dabourwas integrated into another set of napatial 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
exploitedareas together with the total area enclosed by the fortification proved essential in
better appreciating the complex relationship between site functelmur and possibléuman

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 ditgsite 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 evensithmpologies.

For example, the entire approach is wallted to investigate urban settlements with hillfort
sites in a comparative perspective, thereby shedding light on whether assumptions about the
prominent role of cities inorganising labour are confirmed or derived from goor
understandingof hillfort sites. Similarly, it is also waliited to crossegional and crossultural

studiesof hillfort communities.

10.5.3SPATIAL STATISTICS TO UNDERSAMNBCAFREH RUCTURE

Building onthis analysis,| then changel scale from the sitdevel 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. Thislissertationadvances this by further exploring the ways we can study

261



interaction between different site categories and providing new ways to develop effective but

simple covariates in the analysis.

Among the different covariates implemented, té@t arerelated to soil productivity are the

most innovativeContrastingprevious 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 istéyge 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
analysinghe pairwise interactions, the complexity of the site pattern became clear. This was

essential in advanciraur understandingf Samnite societgnd itsheterarchical structure.

Anotherbenefitof the analysis wathe possibility to sedifferent moments in which sites could
appear in the system. The use of different site categories as covariates suggested different
phasesn which different sites could have emerged within the pattern. Although revealing, this
approach also has limitatioriBhe latter are apparemthen considering diachrornsite patterns,
specifically when studying complex interactions based on d¢higins/changeThis study offers

a simple way to address this issue, but further research is required to fully understand complex

processesliachronically

It shouldfinallybe noted that this project wdscilitatedwhen dealing with uncertaintys it was
possible to address major issudsdata fragmentatiorin the lidar analysjswhich is noalways
possible. Furthermord, could reliably consider all sites as used at the same moment, which
greatly facilitated the development of spatial analysiswever, the limited uncertainty also

implies that the results of this project are exceptionally robust.

10.6 CONCLUSION

Thischapterhas integrated the differenpieces ofevidenceobtained for thisresearchinto a
cohesive narrative. It begins with a detailed analysis of the settlement patterns of hillforts,
shedding light on the challenges in understanding forms of settleorgainisationthat are
uncommon in the Mediterranean region or that are still largely understudied. By drawing
comparisons to globalerspectivesn hillforts, it highlights the diverse trajectories observed in

Samnite settlemenprganisatiorprior 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. | arthed the period

of wars acted as a catalyst for heightened politesitralisationand likely state formation,
leading to thecrystallisatiorof Samnite ethnic identity. This can be observed through the study
of Samnite resistance, resilience, and rebellion, shothiagthis society developed incipient
political centralisationevohing into a mature formand reaching its mospoliticisedexpression

two centuries after the end of the Samnite wars during the Social Wars. Following this period,
Samnitemerged into Roman societigaving behind the enigmatic landscape that is the focus of
this dissertation. It is a landscape devoid of familiar urban forms, but as | have demonstrated
throughout it is no less complex thameighbouringsocieties. Instead, it represents a new
avenue for understanding alternative forms of settlement and soalitical organisationthat

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 +sprtial and spatial statistical analyses are based

on data thatare accessible at the European scale and can be readily replaced with similar
datasets for other parts of the world. Starting from tle@ergetics analysisone can
straightforwardy modify the coefficients used in the final part of tedculationto tailor these

to specific cultural context3.he 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 ofDigital Elevation Model and the LUCAS dataset can be
extended as it ishroughout the entirety of Europe, enabling the development of effective
comparative studieat 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 opesource 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 dissertationaimed to advance research on Samnite society through the study of their
hillforts and thé landscape. The main research question revolved around the kind of
organisatiorreflected by the pattern of Samnite hillforts and its relationship to Samnite-socio

politicalorganisation This question was divided into three splestions.

The first subguestion asked whether we can identify different kinds of hillforts and, if so, how
they relate to the surrounding Iandscapecllmpte the analysis began with a simple criterion

for identifying hillfort sites, which included any type of fortification on hiIItoIpapteshed

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 analysisha;bter which highlighted
commonalities and differences among sites, ultimately providing a-scalé 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 sufuestion focused on the systésyof 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 suppoaitiedhypothesidor increased political

centralisatiorfrom a previously more hierarchical scenario.
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The third sulguestion 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 newfindings supporting a shared Samnite identity, as evidenced by sites that
progressively gathered local, regional, and interregional communities. Erafstasisedhat 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 rheterarchical
communities. Only during times of war did this seem to chdogeards state formation.
Urbanism did not seem to play a significant role; instead, different processes were observed in

the organisatiorof complexity.

Overall,l would argue thathe approach taken in thidissertationhas proven highly effective in
advancing research on Samnite society and its guditical 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 settleménénngoing debate
iswhether Samnite politicalrganisatiortook the form of a state or if other more independent
polities existed. The results highligtitat all these aspects were present to some extent, but
also demonstrate that change occurred at different times, indicating a remastadhegth of
heterarchical societies thatrganised themselveas a response to periods of crisis related to

wars.

However, many questions remain unanswered. While digsertationwas 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 demonstratedwiapterﬂ 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 féuture research.

| 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 dffeestive an archaeological and
quantitative approach can be in advancing research even in areas wktemrécal approaches
have played a prominent role. In fact, the entire design of tiissertationwas aimed at
distanéng the researcHrom the historical narrative, almost neglecting it. This was necessary to
stimulatenovelthinking and allow foarchaeological interpretation die data, without biase
previousconceptualisatios. In other words, | believe this approach was necessary to give the

Samnites their owrarchaeologicahistory. Having accompliskd 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 thiglissertation This would certainly contribute further to the study of

Samnite society.

Second, the new data on hillforts and ithendscape contribute to the global debate on these
sites. They also provide evidence that, even in the Mediterranean area, alternative forms of
settlementorganisatiorexisted This prompts &evaluationof all those Mediterranean societies

that have been interpreted through the lens of Gra&mman urbanism. On one hand, it
encourages researebhsto break regionafocusand engage with global debates. On the other
hand, it introduces the debate on the Samnites and their guoalitical organisationinto the

global discourse on trajectoriemvardscomplexity 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 currentlyubiégegl for the
implementation of a crossegional, transferable Alased classifier for hillfort sites. One of the
main limitations | encountered when | began ttissertationwas the availability and quality of
datasets for training the classifiers, which affected the use of Al methods in hillfort
identification. However, the implementation of this work in the development of Al 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 adoptembligaguesn South America, the
Levant, and Eastern Asidthough in a early stagehis 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 | hope that the other methods

developed will also pique the interest of other scholars and find further appliedsienwhere

Fourth,beyondmy interpretation of the datand computational tools, the extensive fieldwork
carried out as part of the Ancient Hillforts Survey, a new project initiated durirdisestation
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 thoroughbnalysedduring thisdissertation 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, thiglissertationmakes significant strides in advanciogr understandingof
Samnite society and the various forms of settlenmganisationfound in the Mediterranean
context. It highlights that urbanism and state formation are not always necessary for complexity,
even in the MediterraneanThe approach taken in thidissertation 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 archaeoldigig dissertationsets the stage

for future research and encourages scholars to reexamine atypical Mediterrsmeatieshat

have been viewedolelythrough a narrow urbagentric lensand, simultaneouslycontributes

to globalnarrativeson the organisatiorof complexity in past societies.
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APPENDIX CATALOGUE OF
SAMNITE HILLFORTS

This appendix presents the catalogue of sites identified as Samnite settlements during the
remote sensing and grourtcuthing 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.

1This and the other appendices are available on GitHub at https://github.com/Gi#amo
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APPENDIX LIDARDATA
PROCESSINMNEETHODS

Thisappendix 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 saﬁcﬂ@of the

dissertation offering detailed insight into the coefficienislisedin the calculations.

1This and the other appendices are available on GitHub at https://github.com/Giaaamo
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APPENDIX POTTERY DATA FROM
GROUND TRUTHING

Thisappendix presents the pottery data collected during ground truthing. The first part of the
appendixprovides 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
appendixreports the drawings of the various sherdategorisé by site, and presented at a 1:3

scale.

1This and the other appendices are available on GitHhttpt//github.com/GiacomeArch
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APPENDIX DATA AND SCRIPTS
FOR ARCHITECTURAL ENERGET!

Thisappendi* presents the data and scripts used for conducting the analysis of the architectural
energetics discussed ilmapterEI 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.gmd' and 'Ramparts_and_palisades.gmd' 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.

1This and the other appendices are available on GitHub at https://github.com/Gi#amo
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APPENDIX DATA AND SCRIPTS
FOR MULTIVARIATE CLUSTER
ANALYSIS

Thisappendix presents the data and scriptilisedto conduct the multivariate cluster analysis
discussed im:hapte 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.gmd' 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.

1This and the other appendices are available on GitHhtipet//github.com/GiacomeArch.
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APPENDI&X DATA ANBCRIPTS
FORTHECREATIONF THE
COVARIATES USED IN THE POINT
PROCESS MODELS

Thisappendix presents the data and scripts used to create the covariates for the point process

models discussed ichapte The spatial structure of a hillforts landschplesecovariates

were generated using thdatasets EULDEM(Report of the European Environment Agency, 2018)
and LUCAS(Orgiazzi et al, 2018) both of which are available opsource at

https://land.copernicus.eu/imagetip-situ| along with the paths of transhumance roads

reconstructed during thidissertation available as a shapefile in the "Transhumance' folder.

The file 'DEMoovariates.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 'VPl.py' and 'LCPD.py' contain the Python scripts for creating the

covariates 'visual prominence index' and 'Least path density'espectively.

Finally, the file 'LUCA®variates.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 scripa 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.

1This and the other appendices are available on GitHub at https://github.com/Gigagimo
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APPENDIX DATA AND SCRIPTS
FOR POINT PROCESS MODELS

This appendix presents the data and scripts used to conduct the point process models

discussed {B|[The spatial structure of a hillforts landscpplee 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_AOIl.gmd' and 'All_core.gmd' contain the sirggleegory models developed for the

entire research area and the core area, respectively, as discussed in|8e:tidlh

x 'All_east.gmd' contains the singtategory models developed in eastern Samnium to

test the potential influence of transhumance, as discussed in sg8dh3

X 'SH.CH_corgmd' contains thetwo-category model simple versus complex hillforts

developed in the core area, as discussed in se/&i8r1

X 'SCH.MH_core.gmd' contains the te@tegory model of simple and complex versus

macro hillforts developed in the core area, as discussed in s@

x 'H.O_core.gmd' contains the tweategory model of hillforts versus observation posts

developed in the core area, as discussed in sgtiRA

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 '.gqmd' 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.

1This and the other appendices are available on GitHub at https://github.com/Gi#aimo
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APPENDIX REPORDF THE
GEOPHYSICAL SURVEY AND
CORING ATHE HILLFORT OF
MONTE SANTA CRAaIEHSNOLO

This appendi* comprises the report of the geophysical survey and coring conducted at the

hillfort of Monte Santa Croe€ognolo by Wieke de Neef. The data from this report has been
incorporated intochaptef9)

Testing urbanismmon-invasive fieldwork on an archetypal hillfort

1This and the other appendices are available on GitHub at https://github.com/Gi#&omo

298



APPENDIX INTRASITE POINT
PROCESS MODEL FOR THE STUL
OF THE HILLFORTMINTE

SANTA CROCOGNOLO

Thisappendix comprises the intraite point process model developed to study the distribution

of materials at the hillfort of Monte Santa CrgCegnolo discussed in chap Testing

urbanism:non-invasive fieldwork on an archetypal hilljoFhe 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.gmd' 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 Vvisualization, ensure that the

'PPM_SiteLevel_files' folder accompanies the aforementioned file and is moved together with it.

1This and the other appendices are available on GitHub at https://github.com/Gigaamo
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PPENDIX0: POTTERY DATA
ROM PEDESTRIAN SURVEY AT

HE HILLFORT OF MONTE SANTA
ROGEOGNOLO

Thisappendix presents the pottery data collected during the pedestrian survey at the hillfort of

Monte Santa Croc€ognolo. The first part of theppendixprovides 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 obgpendixreports the drawings of the

various sherds presented at a 1:3 scale.

1This
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and the other appendices are available on GitHub at https://github.com/Gigaaimo
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