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Chapter 2. A method for modeling dispersed settlements:
visualizing an early Roman colonial landscape as expected

by conventional theory?®

Abstract

This paper proposes a GIS quantitative method
for simulating dispersed distributions of sites in a
landscape. A number of sites might have escaped
archaeological detection due to adverse surface
visibility conditions during field survey (the so-
called ‘missing sites’). For the early Roman
colonial landscapes of central-southern Italy, these
surface visibility factors are traditionally seen to
be so dramatic as to have allegedly hampered the
detection of the conventionally expected dispersed
and densely-settled colonial farm landscape. In this
paper, the regional and site-oriented field survey
conducted in Venosa (Basilicata, Italy) is used as a
case-study to simulate hypothetical early colonial
sites. The aim of this theoretical exercise is to show
how the rural dispersed settlement pattern expected
by the conventional theory could appear on a map,
and to visually highlight the divergence between
survey data and conventional spatial expectancies.

9 This Chapter corresponds to the article "A method
for modeling dispersed settlements: visualizing an early
Roman colonial landscape as expected by conventional
theory” by Anita Casarotto, originally published (22 December
2017) in Archeologia e Calcolatori, volume 28.1 (publisher
Edizioni all'Insegna del Giglio) as an Open Access article
distributed under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives License (https://
creativecommons.org/licenses/by-nc-nd/3.0/). This article
is accessible through this link: https://doi.org/10.19282/
AC.28.1.2017.09

I would like to express my gratitude to my supervisors, Dr.
Jeremia Pelgrom and Dr. Tesse D. Stek for their comments
throughout the writing process of the article. I would also
like to thank Prof. Maria Luisa Marchi for the methodological
information about the visibility map of the territory of Venusia.
Limited changes to the original publication have been included
in this Chapter 2.
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2.1 INTRODUCTION

In the debate on ancient settlement organization
of Roman colonies, the extent to which rural
colonial settlements have been detected by modern
archaeologists in the field plays an important role. A
loss in recovery of sites as a result of the limitations
of field survey methodology (i.e. Vvisibility biasing
factors) is generally known (see discussion in De
Guio 1985; 1995; Francovich et al. 2000), but its
precise scale is seldom clearly connected to historical
interpretation. In the conventional reconstruction
of Roman colonial landscapes, this notion of a low
site recovery rate is crucial to the argumentation. In
this paper, the colonial landscape projected by the
conventional view, and by extension the related levels
of site ‘loss’ between the Roman period and modern
day field observations, is calculated and visualized
by means of a GIS simulation. This not only reveals
the scale of modern correction needed to sustain the
conventional view of early Roman landscapes, but
also introduces a useful visualization method.

Numerous studies have addressed the impact of
factors that could prevent object detection in the
plough-soil (i.e. artifact taphonomy). Several
methods have been proposed for the correction of
artifact density recorded in intensive, off-site field
survey (e.g. Haselgrove et al. 1985; Shennan et al.
1985; Allen 1991; Gaffney et al. 1991; Schofield
1991; Verhoeven 1991; Van de Velde 1996; 2001;
van Leusen 1996; 2002; Gillings & Sbonias 1999;
Fentress 2000; Ebert & Singer 2004; Given 2004a
and b; De Haas 2012; Feiken 2014; Waagen 2014).
In contrast, the development of methods to “correct”
site recovery rates in site-based field surveys has seen
less research (discussion in Cambi 1999; Witcher
2006; 2011; Wilson 2008; Fentress 2009). For
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surveys in lItaly, only a few studies have proposed
concrete methods for simulating the sites that may
have not been detected due to poor ground visibility
conditions in which site-based surveys were carried
out (e.g. Terrenato & Ammerman 1996; Terrenato
2000; see also Nance 1983 for a methodological
discussion and Fokkens 1998 for a north-western
European case-study). In this paper these previous
methods as well as new ones are taken into account
to simulate the possible effect of surface visibility on
site detection in survey.

Following the conventional theory on colonial
settlement (see below), hypothetically *“corrected”
site recovery rates and “complete” site distributions
are, by way of experiment, proposed for the Roman
colonial landscape of the Latin colony of Venusia
(founded in 291 B.C. in southern Italy). The field
surveys conducted in the territory of \Venusia, and
in many other rural colonial landscapes around the
Italian peninsula, identified only a fraction of the
early colonial sites (and specifically only a small
portion of the 3rd century B.C. farms) expected based
on the demographic information reported in ancient
literary sources (see the discussion in Rathbone 1981;
2008; Pelgrom 2008; 2013). The generally accepted
explanation for this conundrum of missing colonial
sites is that they have not been identified because of
the difficulty to detect simple, poor colonists’ rural
dwellings in pedestrian surveys, especially when
the surface visibility conditions are not optimal for
site detection (Rathbone 1981; 2008; Millett 1991;
Cambi 1999; Witcher 2011). According to this
conventional idea, this obstacle to site discovery
would explain why the expected densely populated
and regularly settled colonial landscape is not visible
through field survey.

Using a quantitative method for correcting possible
survey visibility distortions in settlement patterns,
this study shows how the territory around the
colonial center of Venusia may have appeared if
the conventional model is correct (for this model
of dispersed Roman colonial settlements see e.g.
Salmon 1969; Brown 1980; Rathbone 1981; 2008;
Celuzza & Regoli 1982; Settis 1984; Bussi & Vandelli
1985; for a critique of this model see Pelgrom 2008;
2013; Stek & Pelgrom 2013). This was achieved by

means of computer-based simulations that uniformly
allocated a large amount of hypothetical missing
sites (in other words, sites that might not have
been registered by previous field surveys because
of the less than ideal ground visibility conditions).
The result is a hypothetical reconstruction of the
expected “complete” site distribution (supposedly
the distribution that, according to the conventional
model, should have been observed during the survey
if surface visibility was constantly, not variably,
optimal across the entire landscape). The assumption
underlying such simulations of landscapes with
dispersed settlements is that there is a strong
association between surface visibility and the number
of colonial sites discovered in field surveys; an idea
that, as previously mentioned, is widely accepted by
the conventional theory on colonial settlement.

Prior calculations of site recovery rates for colonial
landscapes have been based upon preconceptions
about rural colonial landscapes, and which recovery
rates we would end up with when following certain
established assumptions on density and distribution
(e.g. Rathbone 1981; Cambi 1999). This analysis
further explores this line of thought by offering
a visual, concrete picture of how the envisaged
dispersed colonial settlement pattern would have
been recorded, if it existed and was visible, on a
site-based survey map. This theoretical exercise
serves as an important first step to gaining a better
understanding of the quantitative and spatial
implications of this conventional theory. However,
the alleged direct relationship between object of
study (i.e. distribution and density of sites in colonial
landscapes) and methodological survey limitations
(i.e. visibility biasing factors) cannot be taken at face
value but needs to be tested (see Chapter 5).

Recently, several scholars have started to question
the conventional Roman colonial settlement theory,
which predictsacolonial countryside settled regularly
and densely. By noting that, instead, irregular
patterns underlie the settlement sites registered in
surveys, the question is now raised as to whether
these patterns reflect another, alternative settlement
model (Pelgrom 2008; Stek 2009) rather than being
the result of visibility biasing factors (Rathbone
2008). The current paper aims to contribute to this
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Fig. 2.1 Hellenistic settlement site distribution and visibility map (based on Marchi & Sabbatini 1996, 107; graphic
elaboration by author). The raster base map is the shaded relief calculated from the 10 m-resolution DEM named
TINITALY/01 (Tarquini et al. 2007; 2012; Tarquini & Nannipieri 2017).

debate by offering a tool that enables a visual, direct
assessment of the substantial spatial discrepancy that
exists between the conventional settlement theory
and survey data (see discussion in Pelgrom 2012).
This, in turn, can be used to evaluate the validity
of this model for the settlement organization of the
colonial countryside.

2.2 DATA

The regional, site-oriented field survey in north-
eastern Basilicata was conducted between 1989 and
2000 within the context of the Forma Italiae project
(Azzena & Tascio 1996; Sommella 2009; Marchi
2016a and b; Marchi & Forte 2016), and represents
one of the richest datasets of this type for central-
southern Italy (Marchi & Sabbatini 1996; Sabbatini
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2001; Marchi 2010)'. The first data published were
collected in the area around the ancient urban center
of the Latin colony of Venusia (c. 120 sq km) (Marchi
& Sabbatini 1996). In total 604 sites were detected
here, of which 262 are settlement sites dating to
the Hellenistic period. Of these 262 sites, there are
44 settlement sites dated with certainty to the early
colonial period, given that 3rd century black gloss
pottery was attested at these sites (Fig. 2.1).

In this paper, all Hellenistic settlement sites are
taken into consideration as possible early colonial
settlements. This is because sites possibly occupied
in the 3rd century B.C. but lacking datable diagnostic

10 Fields were systematically walked by surveyors
spaced five to ten m apart who recorded all visible material
concentrations (i.e. sites) with a material density equal to or
higher than five shards per sq m (see Pelgrom et al. 2014, 31-
35; Marchi 2016a for more details on the survey method). IGM
(Istituto Geografico Militare) maps (1:25,000) were used as a
support to register the position and the extension of sites, in
combination with CTRs maps (Carta Tecnica Regionale 1:5000;
1:10,000), and GPS technologies (Azzena & Tascio 1996).
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archaeological evidence (e.g. 3rd century B.C.
black gloss pottery) can be dated only to a broader
chronological range (namely the Hellenistic period)
(for further argumentation of this choice see also
Chapter 3, section 3.2). In the current simulation,
settlement sites are treated as simple and homogenous
dots'.

The survey team paid attention to the relationship
between ground visibility and site discovery. After
noting that different land uses and the plow status
of the fields offered suitable visibility for survey
especially in certain seasons (e.g. olive and vineyard
orchards in winter and spring), repeated coverage of
the same surface was planned and executed in order
to retrieve the necessary information. For the territory
around the ancient town of Venusia, a visibility map
was produced by the team and published in Marchi
& Sabbatini 1996, 107. A graphic elaboration of this
map (by author) is offered in Fig. 2.1.

Such a map integrates the land use information!?
and the land cover conditions registered by field
walkers in the season of optimal visibility for survey,
and classifies the land surfaces on a visibility scale
from one (null or very low visibility) to six (optimal
visibility) (Azzena & Tascio1996, 292-296). With
this map, surveyors wanted to test if there is a link
between the low number of archaeological sites
recorded in wide portions of the landscape and
surface visibility. The archaeological site points
displayed in their distribution maps had a particular
pattern: very densely populated zones constantly
alternated with much less dense site areas and large
vacuums (Marchi & Sabbatini 1996, 103-104,
111-130). The visibility map can help to evaluate

11 A majority of these sites was occupied during several
phases. Therefore, their size is not necessarily indicative
of an early colonial occupation and may likely be related to
those archaeologically “more visible” periods characterized by
the abundant consumption of non-perishable material. As a
consequence, it would be incorrect to use the documented size
as a parameter for distinguishing different settlement categories
(e.g. farm, villa, village) for individual periods. The aim here is
not to perform analyses of visibility for correcting the number
of different settlement categories. The fact that there exists a
well-acknowledged problematic relationship between material
concentrations recorded at the surface during surveys and the
reliability of site classifications based on this type of data (e.g.
Barker & Lloyd 1991; Alcock & Cherry 2004) justifies here the
methodological choice of disregarding categories in favor of a
more neutral definition of surface material scatters.

12 For more details see Azzena & Tascio 1996, 292 -
296 (especially footnote 18).

whether such a configuration of sites is the result of
visibility biasing factors or, rather, the result of ancient
settlement rationales.

2.3 VISUALIZING THE
CONVENTIONALLY EXPECTED
EARLY COLONIAL LANDSCAPE

In this section, a quantitative method is proposed to
correct possible visibility distortions in site density
and distribution. A similar method has been presented
by Terrenato (2000). His approach also aimed at
measuring the probability of a site being present
in a certain location, even though it had not been
identified by surveyors due to limited visibility. The
relation between local variations in ground visibility
and site discovery is complex; the variable effect of
visibility on site recovery rates must be taken into
account when constructing a simulation of missing
sites. Additionally, the simulation of a dense and
dispersed early colonial landscape is based on the
assumption of uniformity in the original settlement
distribution. Therefore, hypothetical colonial missing
sites should be allocated across the landscape in a way
that is calibrated in accordance with the relationship
between visibility and the recorded site density and
pattern at each landscape location. This simulation
was conducted in three steps.

As a first step, a probability surface for the allocation
of hypothetical missing sites was constructed. This
surface must indicate the likelihood that a missing
colonial site existed in each location of the landscape,
but was not recorded by surveyors. This probability
thus depends on both ground visibility conditions
experienced during the survey, and site density
recorded at each landscape location. The calculation
of this surface was implemented in ArcGIS 10.2.2
using three GIS tools:

1) First, a kernel density estimation of Hellenistic sites
was carried out (Fig. 2.2). The kernel density tool of
ArcGIS calculates “a smooth estimate of a probability
density from an observed sample of observations”
(Bailey & Gatrell 1995, 84). The probability density
is highest at the location of points and diminishes
gradually with increasing distance from the points
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l * Hellenistic setflement
0

Fig. 2.2 Kernel density surface calculated for the Hellenistic settlements. The legend indicates the number of
estimated sites in a circle of one square km from each location (cell resolution 10 x 10 m). The raster base map is
the shaded relief calculated from the 10 m-resolution DEM named TINITALY/01 (Tarquini et al. 2007; 2012; Tarquini

& Nannipieri 2017).

(Esri 2014a). The site probabilities were calculated in
a circle of one sq km from each recorded point, and
then were summed up in each location (cell size set at
ten by ten m). The resulting density surface displayed
the probable intensity for a particular distributional
phenomenon in each location and over the entire
landscape, and is based on the density of recorded
Hellenistic sites.

2) Afterwards, the fuzzy tool of ArcGIS was used to
linearly and inversely transform the kernel density
estimate (Fig. 2.2) and the visibility map (Fig. 2.1)
into probability surfaces, with values that range from
zero to one (Esri 2014b). The traditional model for
the organization of the colonial countryside expects
high and homogeneous site density; following this
idea, landscape locations with a low recorded site
density received a high probability value for missing
colonial sites; conversely, landscape locations with a
high recorded site density received a low probability
value for missing sites. This means that, for instance,
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the maximum site density value had the lowest
probability (i.e. zero) and the minimum density value
had the highest probability (i.e. one) for missing sites.
The same operation was performed for the ground
visibility map: high probability values for missing
colonial sites were given to low values of visibility,
and low probability values for missing sites were
assigned to high values of visibility. Again, this means
that the maximum and the minimum visibility values
(i.e. six and one, see Fig. 2.1) received respectively
the lowest and the highest probability for missing sites
(i.e. zero and one).

3) The reclassification of these two variables (i.e. site
density and ground visibility) on the same probability
scale (from zero to one) made them unitless, and
allowed for direct comparison and integration. Fig.
2.3 shows the result of the integration of these two
variables. In order to correct the estimated site density
for possible visibility biases, the reclassified density
map was multiplied by the reclassified visibility map
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Fig. 2.3 Trend surface created for missing site allocation. The legend indicates the probability for the allocation of
missing sites and ranges from a minimum of 0 to a maximum of 1. The raster base map is the shaded relief calculated
from the 10 m-resolution DEM named TINITALY/01 (Tarquini et al. 2007; 2012; Tarquini & Nannipieri 2017).

through a raster overlay operation. In this way, a trend
surface for the allocation of missing sites was created.
This trend surface takes into consideration the possible
visibility distortions involved in the recording of sites
and can be used as a base to allocate hypothetical
missing sites across the landscape.

As a second step, it was necessary to calculate
the hypothetical number of missing sites, before
implementing the allocation of points on the trend
surface. There are already figures for missing sites in
colonial landscapes that were calculated by scholars
following a demographic method (see below). In
this analysis, however, these previously-proposed
numbers were not used; instead, new thresholds for
missing sites were calculated using a GIS-based
spatial and statistical method. Specifically, the number
of sites necessary to recreate a dispersed pattern was
calculated through several tests: increasingly larger
numbers of missing sites were simulated until the site
distribution clearly started to exhibit a statistically

significant regular pattern. The pattern of the simulated
distributions was evaluated by means of the nearest
neighbor tool' of ArcGIS (for other methods see e.g.
Orton 2004; Ducke 2015).

As a third step, the trend surface was used as a base
for the allocation of simulated sites. The allocation of

13 This tool allows researchers to categorize the
dominant pattern displayed by the simulated dots (either
clustered, random, or dispersed) (Clark & Evans 1954).
The nearest neighbor analysis calculates the distances from
each point to its nearest neighbor and then averages all
these inter-distances (Hodder & Orton 1976, 30-52; Kintigh
& Ammerman 1982; see the discussion in Orton 2004).
If this average is higher than that obtained from a random
distribution of dots, the site distribution exhibits regularity (i.e.
dispersed distribution). This tool also calculates the nearest
neighbor ratio by dividing the observed average distance by
the expected average distance: a ratio less than 1 indicates
clustering, equal to 1 randomness, and more than 1 indicates
uniformity (Esri 2014c). The z-score and the p-value resulting
from using this tool, then, reveal whether the detected pattern
is significant: in other words, a significant pattern is identified
if very high or very small z-scores exist in association with very
small p-values (see Esri 2014c for the mathematical details on
this procedure).
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[ l  Hellenistic settlement
' Missing site

Fig. 2.4 Trend surface created for the allocation of missing sites (probability from 0 to 1), and the simulated “complete

”

early colonial settlement distribution (262 recorded settlements plus 600 missing sites, therefore 862 sites in total).
The raster base map is the shaded relief calculated from the 10 m-resolution DEM named TINITALY/01 (Tarquini et

al. 2007; 2012; Tarquini & Nannipieri 2017).

missing sites on the trend map (Fig. 2.4) is based on
the conventional assumption of homogeneous site
density and pattern for the colonial countryside.
Only few sites (or none) were thus allocated in
those landscape locations where the recorded site
density was high and the ground visibility was
good, since the probability for missing sites there
was low. As the density and visibility decreased,
more sites were allocated: in the zones where
both the recorded site density and visibility
were low, many sites were spread out because
of the high probability for missing sites in these
locations. In other words, those landscape locations
characterized by both low visibility and low
recorded site density were more likely to receive
missing sites than locations with a high recorded
site density in good visibility conditions. In ArcGIS
there is a tool precisely suited for this operation: it
is called “create spatially balanced points’. By using
this GIS tool, points representing missing sites
were scattered across the study area in a balanced
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way (i.e. in proportional accordance with the trend
surface probability values, see above) to create a
uniformly dotted landscape. As a future step to
improve this simulation, it would be interesting
to consider other constraints for the allocation of
sites (e.g. the relief), and to note to what extent the
exclusion of, for instance, steep slopes changes the
simulated site configuration.

By using the nearest neighbor tool, the pattern
type characterizing the simulated distributions
was assessed (see footnote 13, p. 35). Thus, the
number of missing sites required to create a
dispersed early colonial settlement distribution
was established. For our case-study, the originally
recorded Hellenistic distribution (262 sites in total)
exhibited clustering in its pattern (neighbor ratio:
0.707420; z-score: -9.059943; p-value: 0.00). In
order to transform this clustered distribution into a
regularly dense distribution of early colonial sites,
a total number of (at least) 600 missing sites had
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Fig. 2.5 Point-density analysis of the “complete” early colonial distribution (262 recorded sites plus 600 missing sites,
therefore 862 sites in total). The legend indicates the number of sites located in a circle of one square km from each
location (cell resolution 10 x 10 m). The raster base map is the shaded relief calculated from the 10 m-resolution DEM
named TINITALY/01 (Tarquini et al. 2007; 2012; Tarquini & Nannipieri 2017).

to be allocated over the trend surface and added
to the 262 recorded settlements (Fig. 2.4). From
this new hypothetical “complete” distribution (in
total 862 sites), the nearest neighbor ratio tallies to
1.037621, the z-score is 2.113060, and the p-value
is 0.034596.

This simulated dispersed settlement distribution
has an average density of 6.8 sites per sq km
(Fig. 2.5). What is interesting to note is that this
figure aligns very well with the demographic
information cited in the literary sources, from
which a number of 7-8 colonists’ farms per sq km
has been calculated by previous studies (Pelgrom
2008; 2012; 2013). Moreover, this amount of
missing colonial sites is consistent with the 20-33%
recovery rate that has been estimated for a regional
site-based survey carried out in another Roman
colonial context in Italy (i.e. the Albegna valley in
Tuscany for the Latin colony of Cosa, Cambi 1999;
for other calculations see Rathbone 1981; Wilson

2008; Witcher 2011). Indeed, for this simulated
early colonial distribution (Fig. 2.4), the number
of hypothetical unrecorded missing sites amounts
to 69.6% of the total. Therefore, the number of
recorded sites corresponds to 30.4% of the total.
Interestingly, the GIS method described in this
paper proposes thresholds for both the expected
and the missing colonial sites that comply with
the thresholds calculated by other scholars who
used a completely different method (i.e. text-based
demographic method, cf. supra).

It is important to stress, however, that the scale of
the source visibility map played a key role in the
simulation. If finer, more-detailed base maps on
which to perform the allocation of missing sites
were available, a different hypothetical distribution
of early colonial settlements would probably have
been obtained, and thus different percentages for
recorded and missing sites.
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24 DISCUSSION AND FURTHER
DIRECTIONS

It is generally understood by archaeologists that
biasing factors such as ground visibility conditions
can strongly affect the detection of sites. These
potential biases are usually seen as the explanation
for the missing colonial farm sites in most field
survey projects in central-southern Italy (e.g.
Rathbone 2008). The legacy site distribution maps
compiled during these projects do not show, as a
rule, the expected evenly dotted colonial landscape.

In this paper, a theoretical exercise to spatially
visualize the conventionally expected site
configuration was offered. If we accept such an
understanding of colonial settlement organization, as
well as the existence of a strong relationship between
site density and survey visibility, the computer-based
simulation proposed here clearly shows the high
number of sites that need to be simulated in order to
create a dispersed distribution.

However, this conclusion of very high missing site
percentages fully depends on the validity of the
conventional and historically informed theories
about colonial population density and settlement
configuration. As this understanding of colonial
rural landscapes has recently been undermined
by a series of revisionist studies, the question
arises whether the idea of biasing factors heavily
hampering the detection of this alleged dispersed
landscape is actually correct (see Chapters 4 and 5).
Therefore, as a subsequent research step, the validity
of the conventional model needs to be tested using
descriptive methods and computer-based statistical
tools, as well as in the field with new surveys.

As a matter of fact, the new colonial settlement
models that have been proposed recently not only
question the conventional theories on Roman
territorial strategies in recently conquered areas, but
also have a significant impact on broader discussions
about missing sites and field survey biases (Pelgrom
2008; Stek & Pelgrom 2013; Stek et al. 2015;
Casarotto er al. 2016; Casarotto et al. 2018; for a
discussion of the scholarly debate related to these
settlement models see e.g. Bispham 2006; Bradley
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2006; Terrenato 2007; Van Dommelen & Terrenato
2007; Stek & Pelgrom 2014). The focus now shifts
from showing how sites could have appeared on a
map to understanding whether ancient settlements
should even be expected in the first place, and most
importantly, which site patterns are the result of
biasing factors, and which, instead, are the result of
genuine settlement preferences.

2.5 REFERENCES

Alcock, S.E. & Cherry, J.F. (eds.) 2004. Side-by-side
survey: Comparative regional studies in
the Mediterranean world. Oxford: Oxbow
Books.

Allen, M.J. 1991. Analysing the landscape: A
geographical approach to archaeological
problems. In A.J. Schofield (ed.),
Interpreting artefact scatters: Contributions
to ploughzone archaeology, 39-57. Oxford:
Oxbow Monograph 4.

Azzena G., & Tascio, M. 1996. 11 Sistema Informativo
Territoriale per la carta archeologica d’Italia.
In M.L. Marchi & G. Sabbatini, Venusia
(IGM 187 I NO /I NE) (Forma Italiae 37),
281 —297. Firenze: Leo S. Olschki.

Bailey, T.C. & Gatrell A.C. 1995. Interactive spatial
data analysis. Harlow, Essex: Longman
Scientific & Technical.

Barker, G. & Lloyd, J. (eds.) 1991. Roman
landscapes: Archaeological survey in the
Mediterranean region. London: British
School at Rome.

Bispham, E. 2006. Coloniam deducere: How Roman
was Roman colonization during the Middle
Republic? In G. Bradley & J.P. Wilson
(eds.), Greek and Roman colonization:
Origins, ideologies and interactions, 73-
160. Swansea: Classical Press of Wales.

Bradley, G. 2006. Colonization and identity in
Republican Italy. In G. Bradley & J.P. Wilson
(eds.), Greek and Roman Colonization:
Origins, ideologies and interactions, 161-
187. Swansea: Classical Press of Wales.

Brown, F.E. 1980. Cosa: The making of a Roman
town. Ann Arbor: University of Michigan
Press.



FAMILIARIZING WITH THE DEBATE

Bussi, R. & Vandelli, V. (eds.) 1985. Misurare la
terra: centuriazione e coloni nel mondo
Romano. Citta, agricoltura, commercio:
materiali da Roma e dal suburbio. Modena:
Edizioni Panini.

Cambi, F. 1999. Demography and Romanization in
Central Italy. In J.L. Bintliff & K. Sbonias
(eds.), Reconstructing past population
trends in Mediterranean FEurope (3000
B.C.-A.D. 1800), 115-129. Oxford: Oxbow
Books.

Casarotto, A., Pelgrom, J. & Stek, T.D. 2016. Testing
settlement models in the early Roman
colonial landscapes of Venusia (291 B.C.),
Cosa (273 B.C.) and Aesernia (263 B.C.).
Journal of Field Archaeology 41 (5), 568-
586. doi:10.1080/00934690.2016.1211474

Casarotto, A., Stek, T.D., Pelgrom, J., van Otterloo,
R.H. & Sevink, J. 2018. Assessing visibility
and geomorphological biases in regional
field surveys: The case of Roman Aesernia.
Geoarchaeology: An International Journal
33(2): 177 — 192. doi: 10.1002/gea.21627

Celuzza, M.G. & Regoli, E. 1982. La Valle d’Oro
nel territorio di Cosa. Ager Cosanus e
Ager Veientanus a confronto. Dialoghi di
Archeologia 4, 31-62.

Clark, PJ. & Evans, F.C. 1954. Distance to
nearest neighbour as a measure of spatial
relationships in populations. Ecology 35,
444-453. doi: 10.2307/1931034

De Guio, A. 1985. Archeologia di superficie ed
archeologia superficiale. Quaderni di
Archeologia del Veneto 1, 176-184.

De Guio, A. 1995. Surface and subsurface: Deep
ploughing into complexity. In W. Hensel,
S. Tabaczynski & P. Urbanczyk (eds.),
Theory and practice of archaeological
research, 11, 329 — 414. Warszawa: Institute
of Archaeology and Ethnology, Commiteee
of Pre- and Protohistoric Sciences, Polish
Academy of Sciences.

De Haas, T.C.A. 2012. Beyond dots on the map:
Intensive survey data and the interpretation
of small sites and off-site distributions. In P.
Attema & G. Schorner (eds.), Comparative
issues in the archaeology of the Roman
rural landscape. Site classification between

survey, excavation and historical categories,
55-79. Portsmouth: JRA Supplementary
Series 88.

Ducke, B. 2015. Spatial cluster detection in
archaeology: Current theory and practice.
In J.A. Barcelo and I. Bogdanovic (eds.),
Mathematics and Archaeology, 352 — 368.
Boco Raton: CRC Press.

Ebert, D. & Singer M. 2004. GIS, predictive

modelling, erosion, site  monitoring.
Assemblage 8.

Esri, 2014a. Kernel Density (Spatial Analyst). In
ArcGIS 10.2.2 Help.

Esri, 2014b. Fuzzy Memebership (Spatial Analyst).
In ArcGIS 10.2.2 Help.

Esri, 2014c. Average Nearest Neighbor (Spatial
Statistics). In ArcGIS 10.2.2 Help.

Feiken, M. 2014. Dealing with biases: Three geo-
archaeological approaches to the hidden
landscapes of Italy. Eelde: Barkhuis.

Fentress, E. 2000. What are we counting for? In R.
Francovich, H. Patterson & G. Barker 2000
(eds.), Extracting meaning from plough soil
assemblages, 45-52. Oxford: Oxbow Books.

Fentress, E. 2009. Peopling the countryside: Roman
demography in the Albegna valley and
Jerba. In A. Bowman & A. Wilson (eds.),
Quantifying the Roman economy: Methods
and problems, 127-163. Oxford: Oxford
University Press.

Fokkens, H. 1998. Drowned landscape. The
occupation of the Western part of the
Frisian-Drentian plateau, 4400 B.C.-A.D.
500. Assen, Amersfoort, Van Gorcum:
ROB, Rijksdienst Voor Het Oudheidkundig
Bodemonderzoek.

Francovich, R., Patterson H. & Barker, G. (eds.)
2000. Extracting meaning from plough soil
assemblages. Oxford: Oxbow Books.

Gaffney, V.L., Bintliff, J.L. & Slapsak B.1991. Site
formation processes and the Hvar survey
project, Yugoslavia. In A.J. Schofield
(ed.), Interpreting artefacts scatters:
Contributions to plough zone archaeology,
59-77. Oxford: Oxbow Books.

Gillings, M. & Sbonias, K. 1999. Regional survey
and GIS: The Boeotia project. In M.
Gillings, D.J. Mattingly & J. Van Dalen

39



SPATIAL PATTERNS IN LANDSCAPE ARCHAEOLOGY

(eds.), Geographical Information Systems
and landscape archaeology, 35-54. Oxford:
Oxbow Books.

Given, M. 2004a. From density counts to
ideational landscapes: Intensive survey,
phenomenology and the Sydney Cyprus
Survey Project. In E.F. Athanassopoulos
& L. Wandsnider (eds.), Mediterranean
archaeological landscapes: Current issues,
165-182. University of Pennsylvania,
Museum of Archaeology and Anthropology.

Given, M. 2004b. Mapping and manuring: Can
we compare sherd density figures? In S.E.
Alcock & J.F. Cherry (eds.), Side-by-side
survey: Comparative regional studies in
the Mediterranean world, 13-21.0xford:
Oxbow Books.

Haselgrove, C., Millett, M. & Smith, I. (eds.) 1985.
Archaeology from the ploughsoil: Studies
in the collection and interpretation of field
survey data. Sheffield: Equinox.

Hodder, 1. & Orton, C.1976. Spatial analysis in
archaeology. ~ Cambridge:  Cambridge
University Press.

Kintigh, K.W. & Ammerman, A.J. 1982. Heuristic
approaches to spatial analysis in
archaeology. American Antiquity 47, 31-63.
doi: 10.2307/280052

Marchi, M.L. 2010. Ager Venusinus I (IGM 175 11
SO; 187 1 NO; 187 I SE; 188 1V NO; 188
1V SO) (Forma Italiae 43). Firenze: Leo S.
Olschki.

Marchi, M.L. 2016a. Carta Archeologica d’Italia —
“Forma Italiae” project: Research method.
In LAC 2014 Proceedings (Rome 2014). doi:
http://dx.doi.org/10.5463/lac.2014.42

Marchi, M.L. 2016b. Citta, territorio e paesaggi
antichi. 1l contributo  della Carta
Archeologica per la ricostruzione delle
trasformazioni ambientali. In G. Bruno & P.
Carveni (eds.), Atti del Convegno Nazionale
Geositi, Geomorfositi e Geoarcheositi
patrimonio  geologico-ambientale  del
Mediterraneo (Portopalo di Capopassero
2015), Geologia dell’ Ambiente 3 suppl., 139-
145. http://www.sigeaweb.it/documenti/
gda-supplemento-3-2016.pdf

Marchi, M.L. & Forte, G. 2016. The GIS for the

40

Forma ltaliae project. From the GIS of the
Ager Venusinus project to the GIS of the
Ager Lucerinus project. Evolution of the
system. In S. Campana, R. Scopigno, G.
Carpentiero & M. Cirillo (eds.), Keep the
Revolution Going, Proceedings of the 43rd
Annual CAA Conference (Siena 2015), 293-
301. Oxford: Archaeopress.

Marchi, M.L. & Sabbatini, G. 1996. Venusia (IGM
187 I NO /I NE) (Forma Italiae 37). Firenze:
Leo S. Olschki.

Millett, M. 1991. Pottery: Population or supply
pattern? The ager Tarraconensis approach.
In G. Barker & J. Lloyd (eds.), Roman
landscapes: Archaeological survey in the
Mediterranean region, 18-26. London:
British School at Rome.

Nance, J.D. 1983. Regional sampling in
archaeological survey: The statistical
perspective. Advances in Archaeological
Method and Theory 6, 289-356.

Orton, C. 2004. Point pattern analysis revisited.
Archeologia e Calcolatori 15,299-315.

Pelgrom, J. 2008. Settlement organization and
land distribution in Latin colonies before
the second Punic war. In L. De Ligt &
S.J. Northwood (eds.), People, land and
politics. Demographic developments and
the transformation of Roman Italy 300 B.C.-
A.D. 14,317-356. Leiden: Brill.

Pelgrom, J. 2012. Colonial landscapes. Demography,
settlement organization and impact of
colonies  founded by Rome (4th-2nd
centuries B.C.). PhD dissertation. Leiden
University: Leiden University Repository.

Pelgrom, J. 2013. Population density in mid-
Republican Latin colonies: A comparison
between text-based population estimates
and the results from survey archaeology.
Atlante Tematico di Topografia Antica 23,
73-84.

Pelgrom, J., Marchi, M.L., Cantoro, G., Casarotto,
A., Hamel, A., Lecce, L., Garcia Sanchez,
J. & Stek, T.D. 2014. New approaches to
the study of village sites in the territory
of Venosa in the Classical and Hellenistic
periods. Agri centuriati 11, 31-60. doi:
10.1400/233577



FAMILIARIZING WITH THE DEBATE

Rathbone, D.W. 1981. The development of agriculture
in the ‘Ager Cosanus’ during the Roman
Republic:  Problems of evidence and
interpretation. The Journal of Roman Studies
71, 10-23. doi: 10.2307/299493

Rathbone, D.W. 2008. Poor peasants and silent sherds.
In L. De Ligt & S.J. Northwood (eds.),
People, land and politics. Demographic
developments and the transformation of
Roman Italy, 300 B.C.-A.D. 14, 305-332.
Leiden: Brill.

Sabbatini, G. 2001. Ager Venusinus 1. Mezzana del
Cantore (IGM 175 1I SE) (Forma Italiae 40).
Firenze: Leo S. Olschki.

Salmon, E.T. 1969. Roman Colonization under the
Republic. London: Thames and Hudson.

Schofield, A.J. (ed.) 1991. Interpreting artefacts
scatters.  Contributions to  ploughzone
archaeology. Oxford: Oxbow Monograph 4.

Settis, S. (ed.) 1984. Misurare la terra: centuriazione e
coloni nel mondo Romano. Modena: Edizioni
Panini.

Shennan, S., Gardiner, J. & Oake, M. 1985.
Experiments in the collection and analysis
of archaeological survey data: The East
Hampshire survey. Sheffield: University of
Sheffield.

Sommella, P. 2009. Esperienze documentali sul
territorio dagli anni ’80 ad oggi. Alcune
considerazioni. Archeologia e Calcolatori
20, 47-59.

Stek, T.D. 2009. Cult places and cultural change in
Republican Italy. A contextual approach to
religious aspects of rural society after the
Roman conquest. Amsterdam: Amsterdam
University Press.

Stek, T.D., Modrall, E.B., Kalkers, R.A.A., Van
Otterloo, R.H. & Sevink, J. 2015. An early
Roman colonial landscape in the Apennine
mountains:  Landscape  archaeological
research in the territory of Aesernia (Central-
Southern Italy). Analysis Archaeologica:
An  International Journal of Western
Mediterranean Archaeology 1, 229-291.

Stek, T.D. & Pelgrom, J. 2013. Landscapes of early
Roman colonization: Non-urban settlement
organization and Roman expansion in the
Roman Republic (4"-1%t centuries B.C.).

Tijdschrift voor Mediterrane Archeologie 50,
87.

Stek, T.D. & Pelgrom, J. (eds.) 2014. Roman
Republican colonization. New perspectives
from archaeology and ancient history, Papers
of the Royal Netherlands Institute in Rome
62. Roma: Palombi.

Tarquini, S., Isola, I., Favalli, M., Mazzarini, F.,
Bisson, M., Pareschi, M.T. & Boschi, E. 2007.
TINITALY/01: A new triangular irregular
network of ltaly. Annals of Geophysics 50
(3), 407-425. doi: 10.4401/ag-4424

Tarquini, S. & Nannipieri, L. 2017. The 10
m-resolution TINITALY DEM as a trans-
disciplinary basis for the analysis of the
Italian territory: Current trends and new
perspectives. Geomorphology 281, 108-115.
doi: 10.1016/j.geomorph.2016.12.022

Tarquini, S., Vinci, S., Favalli, M., Doumaz, F,
Fornaciai, A. & Nannipieri, L. 2012. Release
of a 10-m-resolution DEM for the Italian
territory: Comparison with global-coverage
DEMs and anaglyph-mode exploration via
the web. Computers & Geosciences 38 (1),
168-170. doi: 10.1016/j.cageo.2011.04.018

Terrenato, N. 2000. The visibility of sites and the
interpretation of field survey results: Towards
an analysis of incomplete distributions. In
R. Francovich, H. Patterson & G. Barker
(eds.), Extracting meaning from plough soil
assemblages, 60-71. Oxford: Oxbow Books.

Terrenato, N. 2007. The essential countryside: The
Roman world. In S.E. Alcock & R. Osborne
(eds.) Classical Archaeology, 139-161.
Malden, MA: Blackwell.

Terrenato, N. & Ammerman, A.J. 1996. Visibility and
site recovery in the Cecina valley survey,
Italy. Journal of Field Archaeology 23 (1),
91-109. doi:10.1179/009346996791973990

Van de Velde, P.1996. Off-site probleemstellingen,
non-site technieken: De Riu Mannu survey
op Sardinie. Tijdschrift voor Mediterrane
Archeologie 17, 22-29.

Van De Velde, P. 2001. An extensive alternative to
intensive survey: Point sampling in the Riu
Mannu Survey Project, Sardinia. Journal of
Mediterranean Archaeology 14 (1), 24-52.
doi: 10.1558/jmea.v14il1.24

41



SPATIAL PATTERNS IN LANDSCAPE ARCHAEOLOGY

Van Dommelen, P. & Terrenato, N. 2007. Local
cultures and the expanding Roman Republic.
In P. Van Dommelen & N. Terrenato
(eds.), Articulating local cultures, power
and identity under the expanding Roman
Republic, 7 — 12. Journal of Roman
archaeology, JRA supplementary series
number 63, Portsmouth.

Van Leusen, P.M. 1996. Unbiasing the Archaeological
Record. Archeologia e Calcolatori 7, 129-
135.

Van Leusen, PM. 2002. Pattern fto process:
Methodological investigations into the
formation and interpretation of spatial
patterns in  archaeological landscapes.
PhD Dissertation, University of Groningen:
University of Groningen Research Database.

Verhoeven, A.A.A. 1991. Visibility factors affecting
artifact recovery in the Agro Pontino
Survey. In A. Voorrips, S.H. Loving & H.
Kamermans (eds.), The Agro Pontino survey
project: Methods and preliminary results,
87-97. Amsterdam: Studies in Prae- en
Protohistorie 6.

Waagen, J. 2014. Evaluating background noise:
Assessing off-site data from field surveys
around the Italic sanctuary of S. Giovanni
in Galdo, Molise, ltaly. Journal of
Field Archaeology 39 (4), 417-429. doi:
10.1179/0093469014Z.00000000099

Wilson, A. 2008. Site recovery rates and the ancient
population of the Biferno Valley. In G. Lock
& A. Faustoferri (eds.), Archaeology and
landscape in Central Italy: papers in memory
of John A. Lloyd, 233-253. Oxford: School
of Archaeology, University of Oxford.

Witcher, R. 2006. Broken pots and meaningless dots?
Surveying the rural landscapes of Roman
Italy. Papers of the British School at Rome 74,
39-72. doi: 10.1017/S0068246200003226

Witcher, R. 2011. Missing persons? Models
of Mediterranean regional survey and
ancient populations. In A. Bowman & A.
Wilson (eds.), Settlement, Urbanization,
and Population, 36-75. Oxford: Oxford
University Press.

42



