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Abstract

This thesis explores the use of computer, and in particular GIS (Geographic
Information Systems), techniques to study the development of the Roman rural
settlement in three areas of Spain: the Guadalquivir Valley, the region of Tarragona and
the Maresme. The project has two aims, the first consists of finding a viable way to
study the archaeological data from non-systematic surveys, which have been collected
over a period of years and stored in archaeological units. The second aim of the project
is to assess to what extent GIS can be used to perform such a sort of archaeological

study.

Firstly, the data used in the study are presented and the way in which they were
stored and manipulated in digital format is described and discussed. The computer
hardware and software used are described. Some of the problems encountered with this

approach are highlighted and the solutions implemented are presented.

Secondly, the analysis on the archaeological data about the Roman rural sites in
the three study areas, carried out using GIS and statistical software, is presented in
detail. For each area the shape of rural settlement pattern at different periods is
investigated in relation to environmental and socio-economic factors. Multivariate
statistical techniques are used to study the pottery assemblage of the rural sites. The
information derived from the analysis is then used to create models of the development

of each area.

In the concluding chapter the resulting models are compared and the differences
and similarities in the development of the three areas observed. The advantages and
disadvantages of using GIS with archaeological non-systematic survey data are
discussed and assessed. Finally, a series of considerations on the main differences
between the approach described in this thesis and earlier comprehensive works dealing

with data from several separate areas are presented.

—2—
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Chapter 1

Introduction

This research attempts to use modern computer techniques to study the
distribution of Roman sites in separate areas of the Mediterranean region and to
compare the development of the settlement patterns in the different regions. The

research was started with two main objectives:

1 To investigate to what extent GIS could be used to perform landscape analysis
of archaeological settlement and in what way computer techniques could help

to handle and analyse non-systematically collected archaeological data.

2 To investigate the development of Roman settlement patterns in parts of Spain
and try to relate the observed variation to social, political and economic
transformations taking place between the 2nd century BC and the 7th century
AD.

This chapter describes what systematic and non-systematic archaeological field surveys
are, then it provides a brief introduction to computing in archaeology and, in particular,
GIS. More advanced functions of GIS are briefly presented where their application to

the available data is discussed in later chapters.
1 Archaeological surveys

Excavation is necessarily a destructive, expensive and highly time consuming
means of conducting archaeological research, therefore quicker, cheaper and non-
destructive methods of investigation are used when it is possible to do so. The

archaeological map of a region usually consists of the information that can be gathered

—15—



Chapter 1 — Introduction 16

by activities such as field walking and geophysical survey. Often, a field survey is
conducted in an area to determine where the most interesting features are located, before
excavation is planned and carried out. Surveying is not simply a complementary
technique to excavation, it is possible that surveys are carried out without an excavation
following, when the main focus of the research is the investigation of the past use of a
particular territory and its natural resources, or when just a map of possible site locations
is required. The two basic kinds of archaeological surface survey are the systematic
survey and the non-systematic survey. Surveying in the Roman Mediterranean is not
as widespread as it is in other branches of archaeology (such as prehistory), because the
Roman remains in the Mediterranean region are monumental in scale while, where the
archaeological record is more limited, the archaeologists tend to concentrate more on
methods to optimise results from the data (Keay and Millett 1991, 129). The adoption
of surveying in archaeology lead to the question being asked of what a site actually is
and how surface scatters can be meaningfully interpreted and related to ancient societies
(Haselgrove et al. 1985). In the last 15 years several surveys have been carried out in
the Mediterranean (Macready and Thompson 1985; Keller and Rupp 1983), partially
redressing the balance between Roman monumental archaeology and landscape
archaeology. Various papers in Schofield (1991) deal with the problems of surface

survey method and theory, landscape processes and the interpretation of survey data.

1.1 Systematic surveys

Systematic surveys are usually planned in advance and carried out over a number
of seasons. Usually there is a well defined aim of the survey and one particular aspect
of the region is investigated as far as it is possible. Systematic surveys are carried out
by dividing the landscape into a number of fixed units and by studying these in detail
by means of intensive field walking. Usually, when a region is surveyed, effort is put
into trying to cover as many of the different landscape characteristics as possible. If the
study area consists of varied self-excluding landscape zones such as valley bottoms and
mountain sides, flat plains and hills, the survey will be designed to cover all the
different geo-environmental zones. Systematic surveys can occasionally cover the same

area in following seasons to counteract the problems arising from the different visibility
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of archaeological surface material in different seasons and years.

There are two basic ways to subdivide the landscape into sections to carry out
a systematic survey: the transect and the quadrat. The transect is more appropriate for
large-scale surveys as it cuts across landscapes and allows samples to be taken from all
the geo-environmental zones present in the study area. Rectilinear paths are selected in
the region under investigation and these are intensively field walked recording the
position of archaeological find, while the area outsides the transects is largely ignored.
The percentage of the study area to be surveyed depends on the number, spacing and
size of the transects. The quadrat is more appropriate for smaller scale surveys. This
method involves dividing the study area into squares and then studying in detail some
of them. Which squares to investigate is usually chosen by means of different sampling
strategies. The percentage of the total area surveyed depends on the size of the quadrats
and on the number of these which are studied. The classic example of the application
of the quadrat is the systematic survey of the Formative-period hamlet of Tierras Largas
in the Oaxaca highlands in Mexico (Winter 1976), while Flannery (1976a) gives an
example of the use of transect in the same area.

It is possible to combine the two methods and use transects to study large parts
of the landscape and then use quadrats to study the areas with particularly high scatters
of archaeological material revealed by field walking the transects (Renfrew and Bahn
1991, 62-69). The relative efficiency of the sampling techniques for archaeological
surveys is discussed by Plog (1976; 1978) and Flannery (1976c).

In recent years systematic surveys have started being employed in the
Mediterranean region. The Ager Tarraconensis region has been systematically surveyed
since 1985. In this area the sampling strategy involved walking intensively a number
of transects 1 km wide and 5 km apart collecting all the surface pottery and other types
of finds. The transects were cutting the territory from west to east, roughly following
the coast. The whole area under study covered some 1570 km? and the systematic
survey examined in detail about 3% of the total (Keay 1991).

Prevosti Monclas (1991) was faced with the problem of studying the
archaeology of the Maresme when a large part of its territory had undergone

development and was therefore no longer available for archaeological research. Instead
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of imposing pre-defined transects as in the case of the Ager Tarraconensis survey, she
selected a band having as borders the river Argentona on one side and the modern town
of Matar6 on the other. The northern edge of the transect was determined by the
presence of hills, and the southern one by the sea. This way the transect stretched from

the hills to the sea providing a sample of the whole range of the region's landscape.

1.2 Non-systematic surveys

As opposed to systematic surveys, non-systematic surveys are not always
planned in advance and do not usually have a specific aim (ie the surveyors would not
be trying to answer a specific question, but would rather try and collect whatever they
might find). Often, a non-systematic survey is carried out when a particular location
known or suspected to contain archaeological material is threatened with destruction by
development, intensive cultivation or natural causes (floods, erosion). Non-systematic
field walking can be carried out by members of archaeological units trying to create a
distribution map of local archaeological remains. In these cases, the main interest of the
surveyors is that of retrieving as many archaeological finds as possible in the shortest
time, thus often sacrificing the less visible archaeological items. Pottery is the most
commonly retrieved material in field surveys and the percentage of the more eye-
catching fine wares to the total tends to be higher than in systematic surveys and
excavations (Hodder and Orton 1976, 105). As Renfrew and Bahn (1991, 64-68) point
out, walkers have an inherent desire to find material, therefore they tend to concentrate
on the areas which are seen as being more likely to yield archaeological finds. This
procedure biases the sample as the parts of the study areas considered poorer in
archaeological material are disregarded. Non-systematic surveys yield every season a
large amount of non-quantified archaeological data which are catalogued and often
stored in archaeological units. Near to none of these data ever get published, but they
are usually available for research to the archaeologists who may need to look at them.
Though a certain degree of planning exists when an archaeological unit is trying to
cover a certain area, detail examination of selected sections is not carried out, marring

the final quality of the assemblage.



Chapter 1 — Introduction 19

2 Field Survey in Spanish Roman archaeology

Most of the survey work carried out in Spain in the last 30 years concentrated
in the areas of southern Spain, eastern Spain and the Ebro valley and was mainly aimed
at trying to improve existing knowledge of the archaeology of these areas (Keay and
Millett 1991, 131). The first large scale mapping of sites in the Lower Guadalquivir
Valley was carried out by Bonsor (1931), whose work was then expanded by Collantes
de Teran (1939; 1943; 1951; 1955). A major series of surveys in the Guadalquivir
Valley were carried out from the 70's onwards by Ponsich (1974; 1979; 1987; 1991),
who also developed a site hierarchy based on the density of pottery found at each
location. For the first time, the existence of scatters of archaeological material which
could not be directly identified with continuous occupation was recognised in Spanish
archaeology. More recent work in the same area has been carried out by Amores
Carredano (1982), Ruiz Delgado {1985) and Escacena Carrasco and Padilla Monge
(1992).

In Catalunya, amateurs have been finding and publishing archaeological sites
since the later nineteenth century, building up substantial lists of various classes of
ancient monuments (Keay and Millett 1991, 132). The first attempt to create a regional
summary of the archaeological evidence was done by Serra Rafols (1928) and then
expanded by Almagro Basch et al. (1945). More large scale coverages were produces
for the Valles (Estrada 1955; 1969) and the Penedés by Romeu who, rather than
publishing monographs, published a series of individual finds, such as Romeu 1959.
Other archaeologists carried out survey work in Catalunya, such as Miret et al. 1984;
Sanmarti and Santacana 1986; Sanmarti e al. 1984; Ribas 1952; Cuyas 1977. In 1981
Prevosti Monclus (1981a; 1981b) produced two large and detailed site lists for the
Catalan region of Maresme, while M. Oliva did the same thing for the area of Girona.
His work was published after his death by Nolla and Casas (1984), who also attempted
an interpretation of the sites after having divided them into chronological bands.

The other area in Spain where survey work has been carried out is the Ebro
valley. From 1979 an important project has been carried out in the province of Teruel

(Burrillo 1984). More work was carried out in the Ega valley by Ofia Gonzalez (1984),
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who also took into account the environmental aspects of the area.

With the increase in availability of survey information, general overviews of the
whole of the Iberian peninsula were attempted. One such work is the listing of the
Roman villae known in Spain by Gorges (1979). He also attempted to study the
settlement of the whole of Spain based on his summary, but his study is seriously flawed
by the concentration of the surveys in specific areas, so that his distribution maps just
reflect the intensity of survey in various areas. Despite the locational bias of the data,
Gorges described the distribution of Roman villae chronologically and spatially, even
attempting to calculate the density of population in Roman Spain. Another
comprehensive study of Roman villae in Spain was carried out by Fernandez Castro as
a PhD project and published in 1982 (Ferndandez Castro 1982). Though she used
information from all over Spain, she was only interested in the architectural and cultural
aspect of the Spanish villae, therefore only used information about well preserved and
weil documented villae and attempted no spatial analysis on the data. Lewit (1991) used
data from Spain as well as from other parts of Europe to study the Roman economic and
settlement development across the Mediterranean. She used 201 rural archaeological
sites, according to Fulford's definition of rural site (Fulford 1982, 404), from 7 different
areas (including north Spain and south Spain), choosing sites which had been well
excavated and documented. She did not use statistical methods to study these data as
she argued that the addition of the kind of assumptions required for mathematical
analysis would only compound the many methodological problems caused by the
uncertain interpretation of the data and confuse the untrained reader (Lewit 1991, 24).
This work is valuable in trying to assess change in the Roman world on a large scale,
but its main drawback is the inclusion of only very well studied sites in the analysis,
excluding a large amount of available data. All these authors fail to use statistical
methods to study the data and their conclusions are based on the observation of variation

in site distribution maps referring to different periods.

3 Introduction to GIS

This section reviews the development of the use of computers in archaeological



Chapter 1 — Introduction 21

studies from its very first applications to the modern day. The application of GIS to
archaeology is reviewed in detail and a short introduction to the main features and types

of GIS is given.

3.1 Computing in archaeology

The first reference to the use of computers in a subject closely related to
archaeology is a paper on the use of IBM machines on anthropological data (Griffin
1951) presented at the conference on archaeological methods held in New York in 1950.
Computers have been used in archaeology since the 1960's (Hodson et al. 1966; Hole
& Shaw 1967), when the university mainframes started to be employed by
archaeologists for tasks such as seriation and classification (see also Doran 1971).
Almost as soon as computers started being used in archaeology, the problem of using
archaeological data with computers emerged. The issue of describing archaeological
data in an appropriate way for cataloguing in a computer was addressed by Chenhall as
early as 1967 (Chenhall 1967), while in 1968 (Chenhall 1968) he diécussed the impact
of computer techniques on archaeological theory. Other early applications of computing
to archaeology came as a “second wave' in the 1970's and were mainly limited to
database storage and management (Scholtz and Chenhall 1976) and the word processing
of site reports or articles, together with the cataloguing and management of museum
data. Wilcock (1971) attempted to produce guidelines for an overall computer-aided
system for archaeologists, including information retrieval, graphics, routine reduction
of instrument survey reading, objective classification of profiles and statistical data
analysis. Ammerman (1971) used an Atlas computer to group geographically
assemblages from the Italian epipalaeolithic. The early issues of the Proceedings of the
CAA (Computer Applications in Archaeology) conference', which has been held
annually since 1973, are a good source of information on the early usage of computers
in archaeology. The 80's witnessed the spread of computing to almost all archaeological

activities and groups, from universities to archaeological units and workgroups, so that

! The proceedings from the first CAA conference were published in Science and Archaeology.
Subsequent proceedings were published by the University of Birmingham Computer Centre and since
1987 they have been published in the British Archaeological Reports, International Series, with the
exception of the proceedings of CAA92, which were published in Andresen et al. 1993.
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by the early 90's Reilly and Rahtz (1992, 1) say that quantitative methods are so much
part of the archaeological method that they no longer appear in the literature as distinct
research papers. This wide distribution of computing in archaeology is largely due to
the appearance of the microcomputer in the early 80's, such as the Commodore Pet, the
BBC, the Tandy and the Apple Il, followed by the rise of the Personal Computer in the
late 80's. The applications used in archaeology on the microcomputers at this stage
included computer graphics (Upham 1979) and database management (Gaines 1981),
while specialised seminars started being held at major universities (Stewart 1980). In
the 90's it is hard to believe than any archaeologist (at least the British and American
ones) has not been exposed to computers at some stage of his/her work, even if only for
the word processing of articles. Nowadays computers are being used in archaeology
almost universally, though it is still true that the majority of archaeologists are happy
to know just enough computing to perform their tasks, asking their “expert' colleagues
every time something unexpected happens.

The natural development of the application of computer techniques to various
archaeological problems since the 60's has brought about the appearance of what can be
defined as a new branch of archaeology: Archaeological Computing. This includes not
only the “traditional' uses of computing such as database management, word processing
and statistical analysis, which are generally accessible to the majority, if not the totality,
of archaeologists who wish to use them, but also a few other applications which do
require a rather high degree of expertise and specialised hardware, such as Artificial
Intelligence (AI) and Expert Systems. Somewhere in between these two extremes lay
some applications of computing that do require more than just a basic understanding of
computing, but that at the same time can be approached by people whose primary
interest lies in archaeology and not computer science. To this group belong applications

such as Multimedia and GIS.

3.2 What is GIS?
Geographical Information Systems (GIS) is the name given to a set of programs
aimed at storing, transforming, manipulating and analysing spatially distributed data.

Generally, a GIS package would consist of a number of independent modules which
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share the same data structure but which can quite easily run independently from each
other, except in the cases where the output of one module is required as input to another.
The modules are usually unified under a common front-end to make the data transfer
from one to the other easier. Advanced statistical capabilities are still lacking from most
GIS packages, which makes it necessary to transfer the data to independent statistical
packages or, in extreme cases, write one's own analysis routines. Despite recent
conferences (Fotheringham and Rogerson 1994) and workgroups (GISDATA) stressing
the point that better analysis facilities are required from standard GIS software, no
commercial GIS package is still completely satisfactory in this respect.

GIS was originally developed by geographers for geographers and, though
researchers from various disciplines have since added new features, GIS still remains
very much a geographer's tool. Historically, GIS evolved from computer assisted
cartography when this started to be used for resource assessment and land planning in
the 1970s (Rhind 1977, Nagy and Wagle 1979). The development of digital
cartography towards integrated geographical software systems was led by the idea that
a certain event could be tested in advance on a computer model so that its effects were
evaluated before the event was imposed upon the environment. The need for accurate
predictions, coupled with the requirements of the military applications, led to the
development of more and more complex systems and analysis modules which ultimately
evolved into GIS software (Burrough 1986, 4-7). The first “true' integrated GIS was the
Canada Geographic Information System (CGIS), which in 1972 became distinct from
cartographic systems by having the capacity to overlay two or more coverages for a
region and calculate the area of simple or compound coverages (Lock and Harris 1992,
89; Nagy and Wagle 1979, 171).

The very first applications of GIS to archaeology took place in the early 1980s
in North America (Brown and Rubin 1982), followed by conferences with specific
sections on the subject, in which papers were presented covering both methods and
principles (Kvamme 1985; Ferguson 1985) and regional applications (Bailey ef al.
1985; Creamer 1985). GIS was applied to archaeology later in Britain than it was in the
United States and the main input came from geographers rather than archaeologists

(Harris and Lock 1990, 35-36; Lock and Harris 1992, 89-90).
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There is a good deal of publications about GIS, but, up to date, the best and most
complete introduction to GIS principles and techniques is Burrough 1986 and
subsequent reprints. The topic of GIS application in archaeology has been covered,
apart from an increasing number of papers in the proceedings of the CAA conferences,
in specialised volumes such as Allen et al. 1990 (a good selection of case studies mainly
from the States) and the recent Lock & Stan¢i¢ 1995 (case studies from Europe). The
proliferation of papers dealing with GIS in archaeology is explained by the strong visual
component characteristic of this software, in fact GIS has been used extensively in
archaeology as a mapping and preseatation tool. More recently GIS has been used to
perform specific types of analysis on archaeological data. Gaffney and Stanéi¢ (1991
and 1992) used cost distance surfaces to study the extent of the catchment areas of
archaeological sites on the island of Hvar, in Dalmatia. The papers on the application
of GIS to archaeology presented at the CAA95 conference held in Leiden (the
Netherlands) showed that the stage of using GIS simply to map archaeological data is
over and that the techniques of GIS are now being used for tasks such as the exploration
and analysis of spatial and chronological data (see for example Massagrande forth).

The natural process of using GIS in archaeology can be viewed as one in which
the first few years were devoted by the archaeologists to becoming familiar with the
tool, followed by the first attempts of using the tool for more than just presentation and,
finally, by the stage in which the tool has become largely transparent and it is being used
as an aid for archaeological studies. This process has not been a simple and linear one
and there has been much discussion of whether GIS really is suitable for archaeology
and whether it is so easy to use that it becomes too easy to misuse. It is true that the
ease of data manipulation offered by GIS invites the user to experiment with a variety
of possibilities, occasionally losing sight of the original scope of the project, however,
it should be borne in mind that GIS is only a means to achieve an end and it is up to the
user to define precise goals and devise a viable strategy to pursue them. Data
exploration is an integral part, and often the first step of, data analysis and in a spatial
context it makes sense to try to visualise the site distribution before the relationship
between archaeological sites and the landscape is studied. It has been argued (Kvamme
1994, 1) that the abuse of the plotting facilities in GIS easily leads the user to detect
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spatial patterns where there actually are none. For this reason it is important for the act
of data visualisation to be preceded or accompanied by statistical analysis. Statistical
techniques can also highlight the existence of relationships and trends which are
impossible to visualise. The other big accusation applied to GIS is that its use in
archaeology simply hides a return to environmental determinism (Gaffney and van
Leusen 1995). This is true where only environmental variables are being used to try and
explain the processes which lead to settlement formation. Other types of data, such as
political boundaries, relative wealth of areas, location of communication routes and of
administrative centres can be included in a GIS as well as environmental data.
Recently, the possibility to include the way ancient people perceived their landscape in
a GIS study has been investigated by Wheatley (1993), thus reintroducing the element
of “culture' which was missing from the purely mechanical study of the relationship
between the archaeological site and the landscape. Again, the criticism should be
directed to the use that is made of the tool, not to the tool itself. GIS can be a powerful
tool in landscape analysis, but a certain level of knowledge is required before it is
applied to archaeological research. The user should have a clear idea of the type and
nature of the archaeological data under study, the goals of the study, together with some
knowledge of GIS procedures, general computing and statistical analysis.

Another issue concerning the use of GIS in archaeology is the “theoretical
neutrality' of the technique itself (Wheatley 1993, 134). No technique can ever be
totally neutral, because it is the person who is using that specific technique to decide
which data to use, how to present them, what questions to ask. This is true of all the
techniques applied in archaeology as well as all other disciplines to specific problems.
The nature of the problem can be perceived differently by different people, so that the
problem is approached in different ways. Even using GIS, it is impossible to look at all
the available information in all the possible ways, or check for correlation between all
the combinations of elements in a data set. This is particularly true when it is possible
to use the available data to create new information, like GIS allows to do (eg by
calculating distances from specific features). Before the technique is applied, the
aspects of the problem to be investigated must first be selected by the human brain,

which uses certain types of filters according to the type of school the owner of the brain
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belongs to. It is also true that a specific technique can influence the way a certain
problem is looked at. GIS makes it very easy to investigate information that can be
classified into specific categories, but it makes it more difficult to study aspects of the
archaeological assemblages which have been created by subjective human behaviour
such as ritual (Wheatley 1993, 134). The data used to ask the questions exist as a
combination of the intrinsic essence of the information and the view of the data the
person who is studying them has, therefore GIS is not theoretically neutral, just like no

other technique can be, for as long as the human input is required.

3.3 GIS software

GIS only provides the tools to study and manipulate the spatial data. Non-spatial
information needs to be attached to the entities in the analysis by some other means. In
archaeology, more often than not, the data used in a GIS system consist of information
about sites distributed across a landscape, thought there are examples of GIS having
been used with other archaeological elements, such as different pottery types
(Massagrande 1991) and in intra-site studies (Carreras and Massagrande forth; Csaki et
al. 1995, Meffert 1995). These data need to be organised and stored within a database
management system, which is much more powerful then a simple GIS in terms of
handling of multiple attributes (a GIS can only handle one attribute at a time) and
retrieval of data according to particular characteristics ("querying' the database). The
GIS software which was used for this research, Idrisi, does not support directly a
database management system, so that an external piece of software (dBase IIl+) was
used and linked to Idrisi via a simple data conversion program (see discussion in chapter
3, The system). The database management system is one of the most vital parts of a
GIS, though it is not part of GIS software proper. Without a link to a database system,
the potential of using GIS software in archaeology, as well as in any other discipline, is
dramatically reduced. For the scope of this thesis, GIS will be considered as including
a database management system and statistical software, though separate packages had

to be used for these functions.
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