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ABSTRACT

Aqueducts and Water Supply in the Towns of Post-Roman Spain (AD 400-1000)

Javier Martinez, Lincoln College
DPhil in Archaeology
Michaelmas Term 2013

Despite the recent interest in late antique archaeology and the increasing number of
publications on the transformations of towns (both in Spain and in the Roman world as
a whole), the concern shown towards aqueducts has been almost non-existent. Some
studies have focused on exceptional local examples, such as Rome or Constantinople,
but there have been neither general nor regional syntheses of the chronology of the
abandonment of aqueducts on a broad regional scale. This thesis consequently fills this
gap in our knowledge by offering an all-encompassing study and compilation of the
available material and written evidence for aqueducts in Spain in Late Antiquity, it
looks at aqueducts in the late Roman period, and how they evolve through the
Visigothic and the Umayyad centuries.

For this purpose, each aqueduct in the Iberian Peninsula is assessed according to the
available information and studied in its wider urban context. By the end of the thesis it
is possible to put forward some clear results on the degree of continuity of aqueducts in
Spain. The information is used to analyse how the presence or absence of aqueducts
affected the development of urban settlement and housing patterns away from a
traditional Roman context. Aqueducts had not been at first an essential part of urban
life, yet by Late Antiquity they had become so intimately related to it that the end of
aqueduct supply modified urban landscapes. Finally, | present various scenarios to
explain why aqueducts ceased to function and how the various elite groups of the period
(urban aristocrats, the Church, the Visigothic monarchy and the Umayyads) tried to take
over the control of the aqueducts, as they were not only extremely useful functional
monuments, but also reminders and legitimising links to the Roman past.
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A NOTE ON NAMES
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Acequia (sp), séquia (ca) Irrigation channel

Acueducto (sp), aqiieducte (ca) Aqgueduct

Alcézar (sp), alcazaba (sp) Castle, palace of Arabic origin
Arc (ca), arco (sp), arquet (ca) Arch

Arroyo (sp) Small river

Avda., Avenida (sp), Avinguda (ca) Avenue
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Cl, Calle (sp), Carrer (ca)
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Chapter 1: Introductory concepts

1. INTRODUCTORY CONCEPTS

When | first approached a research topic for my MPhil thesis back in 2008, I
chose Roman urbanism. Or rather, | focused on its late antique and early medieval
version in Spain. The increasing scientific interest in Late Antiquity, especially amongst
Spanish scholars and the escalating number of publications made it easy to compile a
wide-ranging bibliography for a master’s dissertation, which looked at both the
evolution of towns after AD 400 and how the different periods of crisis and political
transformation affected these slow transformations.® At this point | first encountered
some references to aqueducts, almost always in the context of abandonment and usually
in this aspect with a very vague dating. During the spring of 2009 | worked in Rome at
the British School on a project on aqueducts in the Ostrogothic period,® so this was
already something that had caught my attention, and the lack of general consensus for
the Spanish examples prompted me to address this issue in my doctoral research.

After some preliminary reading, it was clear that there was a gap in our
knowledge; the issue of abandonment and reuse of aqueducts was generally left
unaddressed.® This is due to several reasons: a lack of general studies of aqueducts and
a comprehensive overview of archaeological material related to aqueducts and water-
related structures. This offered a very good opportunity to expand it into a broader study
of urbanism and the evolution of towns from an innovative point of view (for this
period).

Unlike Roman towns, medieval towns are not imagined with aqueducts, and this

is a deeply-rooted thought in popular culture (fig. 1.1). The period of transition between

! The propositions made there will turn up throughout this thesis: Martinez Jiménez 2013.

2 Martinez Jiménez 2010.

® In fact, the most recent publication on the archaeology of the late Roman period, The Roman West, AD
200-500: An Archaeological Study (by Simon Esmonde Cleary, 2013) has a very complete index, but
lacks any entries for ‘aqueduct’ or ‘water supply’.
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both moments is usually not considered, beyond the idea of a collapsed, falling Rome.
In this context, aqueducts disappear in burning cities raided by barbarians.* Of course,
academic perspectives on this are very different, but still, when it comes to aqueducts in
this period, research has been close to nought. Some thorough studies have been carried
out in Italy and Constantinople, where the evidence is plentiful, but otherwise, the
scanty nature of the evidence and the difficulty in dating abandonment layers have led
to this neglect. Despite this, it is perhaps the study of aqueducts and water supply that
shed new light, and new thoughts, on our understanding of the evolution of Roman
urbanism, Roman society, construction techniques, elite culture, and regional
economics. Aqueducts are not only an indicator of Roman urbanism, but also symbols
of Roman culture, because of their link to baths.

The following thesis is not simply a catalogue of aqueducts and dates of
abandonment, although it does include a new and detailed description of the dating
(putting together various types of evidence) of all the sites for which late antique
continuity in aqueducts can be inferred (chapter 3). To the best of my knowledge, there
is no comparable overview available either for Italy or Gaul, probably because of the
same problem of evidence that is scattered in various publications. An absence of
academic dialogue has not stimulated scholars in this direction. It will be put forward
here that there is indeed much more evidence than what was originally supposed. This is
preceded by a chapter describing the methodology used in this study (chapter 2), and
later followed by a section on the various alternative systems of water supply available
in towns in the period of study (chapter 4). With this settled, it will be possible to
approach the two main interpretative questions that can be addressed by the study of

aqueducts (considering both those that continued in use and those that did not), which

* Ward-Perkins 2005: 1-10.
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are the impact aqueducts had on urbanism (chapter 5) and their social and political
importance (chapter 6).

First of all, it is necessary to address some concepts as a way of introduction,
especially to the chronological and geographical framework, but also to Roman water
culture and the transformations of Late Antiquity. These introductions will serve as a
basis for the arguments that will be expanded later, without the need of further referring
to them, and more generally to give a broad view on the situation of towns and

aqueducts at the time of the end of the Roman period in Spain.

1.1 CHRONOLOGICAL AND GEOGRAPHICAL SETTING

Even if most of the sites mentioned in the text will be well known (as they mostly
are towns inhabited today), in order to understand the location of the towns and the
distribution of aqueducts better it will be necessary to briefly explain the
geomorphology and climatology of the Iberian Peninsula. Similarly, the periodisation
and chronology of the Iberian Peninsula needs some clarification, as the terms used to
label periods in Spanish history may not correspond with the general chronology

usually linked to them.

1.1.1 Geography and hydrology of the Iberian Peninsula
Located in south-western Europe, the Iberian Peninsula is large and square,
roughly 750km on each side, linked to the mainland by the stretch of land formed by the
Pyrenees. It was formed out of very old geological shields, continuously eroded and

deeply affected by the Hercinian and Alpine orogenies, which has resulted in its very
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particular topography (fig. 1.2). As a consequence, the peninsula is divided into various
clearly-defined geographic regions.

The central plateau, or meseta, occupies most of central Spain (Castile), and it is
on average 700m a.s.l. Old mountain ranges divide it in two halves (northern and
southern mesetas) in a south-west — north-east line. The meseta itself is surrounded by
high mountains on three of its sides (north, south and east), the west being open towards
Portugal and the Atlantic Ocean. Three main rivers cross this plateau from the
mountains in the east into Portugal and the ocean: the Tagus, the Duero and the
Guadiana. These flat highlands are very rich, but suffer from extreme climatic
conditions. Furthermore, the high mountains that border it isolate the meseta from the
wealthier and better-connected coastal regions.

The mountains bordering the meseta descend very rapidly into the sea on its north
face, creating a thin strip of land from the Pyrenees down to Portugal that is very
mountainous and crossed by deep valleys. This area is called the Cantabric region, but
also referred to as “Green Spain” (la Espafia verde), due to its abundant vegetation and
high rainfalls (fig. 1.3). In the south, the mountains separate the meseta from the
Guadalquivir valley, what is now Andalucia, a region of Atlantic orientation, but
Mediterranean in climate with very fertile soils. The valley itself is separated from the
Mediterranean basin and the Strait of Gibraltar by yet another mountain range.
Similarly, the mountains that border the meseta are separated from the Pyrenees by the
second main valley in the peninsula, that of the Ebro.

The meseta, the Ebro and Guadalquivir valleys, as well as the Mediterranean coast
form “Dry Spain” (la Espafia seca), which receives very little rainfall, although the
abundance of mountains produces a considerable number of rivers. These are not

comparable in size or length to the main European rivers, but they play very important
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roles on a local scale. Despite this, the great climatic variation between summer and

winter usually generates long dry summers, in which droughts are not uncommon.

1.1.2 Periodisation and chronologies

This thesis is mostly focused on late antique and early medieval Spain and
consequently it is necessary to briefly introduce to the various periods subdivisions in
them.

“Late Antiquity” is a very broad term covering roughly the time between the third
or fourth centuries (perhaps the Tetrarchy can be used as a divider) up to the mid-eighth
century.” It overlaps with the “Early Middle Ages”, which range from the end of Roman
power in the fifth century to the tenth and eleventh centuries. The choice between these
two concepts with regard to the chronological overlap is usually a reflection of the
background of the author, whether he or she believes there is rupture or continuity with
the Roman past. In the Spanish case-study, it is common to find rural settlements and
burial practices referred to as “early medieval”, whereas urban contexts in the same
chronology are “late antique”.

One way to avoid these terminologies is to use “late Roman” or “post-Roman”,
the former referring to the fourth and fifth centuries, and the latter to the sixth century
and beyond. This is a chronological and political division, using the presence or absence
of the Roman state as a marker, which can be put around AD 450. Other chrono-
political labels are “Visigothic”, “Byzantine”, “Suevic” and “Umayyad”. “(Visi)gothic”
refers to any given element which is geographically and chronologically inside the
Visigothic kingdom or its area of influence. This ranges between AD 418 and 711, and

although the Visigothic control over Spain only really begins in the 450s, it is not until

% For this definition | have taken the scope considered by the Oxford Centre for Late Antiquity, which
includes the “late Late Antiquity”.
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the sixth century that it can be considered to be effective (the “early Visigothic period”).
Within the Visigothic period, the years AD 570-630 are usually referred to as the period
of state formation. After 630, and into the eighth century, it is not unusual to see the
term “late Visigothic period”. Similarly, “Suevic” refers to the kingdom established by
the Suevi in north-western Iberia between AD 411 and 580, so this term is not only
chronological, but also geographical. In Spain, the “Byzantine period” covers the
seventy years between the 550s and the 620s, during which the imperial troops
controlled parts south of the peninsula. The presence of many lingering Roman cultural
elements at various levels (monuments, material culture, law, etc) makes post-Roman a
generic and adequate term to cover these three periods.

Finally the “Islamic period” starts in AD 711, and it only came to an end in AD
1492, although for the purpose of this thesis only the Umayyad period will be taken into
account. The years in between the Islamic conquest (711) and the establishment of the
Umayyads (754) can be referred to as “early Islamic” (although this would cover
usually the whole eighth century) or “pre-Umayyad”, which is rare. The “Umayyad
period” covers the years between AD 754 and AD 1031 (“early Umayyad” covers the
period between 754 and 929 and “late Umayyad” between 929 and 1031). The political
extent of the Islamic state in Spain, known as al-Andalus, reached only up to the
northern meseta and the Ebro valley. The various polities which emerged in northern
Spain during the Islamic period are generically referred to as the “Christian kingdoms”
or “early medieval kingdoms”, although these will not play an important role in this
thesis.

This terminology is perhaps better exemplified in figure 1.4.
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1.1.3 Setting limits

Considering these period divisions, the chronological limits set to this thesis are
easily described, but defined only with difficulty. The starting date will be AD 400, just
before the arrival of the Germanic peoples to Spain. This may be quite an arbitrary
choice, and even if most of the late antique transformations begin already in the fourth
century, they are much clearer in the fifth. Furthermore, the changes of the fourth
century are far too complicated to be discussed in depth in this thesis, especially when
the primary interest is to understand the evolution of aqueducts into the Visigothic
period and beyond; The abandonment of aqueducts during the fourth century usually
happened in small secondary settlements, where it is not possible to identify any of the
main transformations that characterised the post-Roman period. The arrival of the
Germanic invaders in the peninsula marked the beginning of a period in which Roman
towns, which had been going through a long process of evolution, were under social,
political and economic stress, which greatly affected urban populations and traditional
Roman urbanism.

The closing date is less clear. Ideally it would be at the time when aqueducts
finally go out of use. This should be understood as uninterrupted use, although the very
interesting transformations of the Umayyad period mean that this period is slightly
expanded into the tenth and eleventh centuries. Later medieval reuses and
reconstructions, after long periods of abandonment will be mentioned, but not taken into
full account. One of the main problems is the reuse of many aqueducts in the Islamic
period (especially under the Umayyads). This means that many old Roman aqueducts
were repaired. These repairs not only destroyed any trace of late antique use or

abandonment (especially if the abandonment layers were removed to unblock the
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conduit), but they also make it difficult to distinguish between aqueducts which were in
constant use and those that were once abandoned in Antiquity and then put back to use.
As far as the geographical limits are concerned, this thesis considers the Iberian
Peninsula as a whole, Spain and Portugal, as well as the Balearic islands. The Spanish
enclave of Ceuta has been considered as well, as it was (and is) very closely linked to
the Iberian Peninsula. In this period it is clear that it was a Byzantine outpost, so there is
some literary context as well. Where possible, examples from northern Morocco
(ancient Tingitania) and the Languedoc in southern France (Septimania) have been
considered as well, because of the very close political links these regions had in this
period. Highly politically incorrect as it may be from a Portuguese perspective, “Spain”

and “Spanish” will be used as a generic term, rather than “Hispanic” or “Iberian”.

1.2 WATER CULTURE IN ROMAN SPAIN

This thesis is about transformations and adaptations, so it is important to establish
what exactly is being transformed. Water culture in the Roman period has been widely
studied, and there are innumerable publications on aqueducts, baths and bathing culture,
from historical, archaeological and architectural perspectives. In order not to take things

for granted, a brief introduction to how this developed in Spain is necessary.

1.2.1 What is an aqueduct?
Aqueducts (aquae ductus, “water conduit”) are long-distance water supply
systems, developed in Antiquity in various urban cultures, wherever water supply

became an issue.®

® Wilson 2012:1-3.
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The Romans mastered their construction and spread their use at the pace of the
Romanisation. Aqueducts tap water from a source (a dam, a spring, a river), which is
usually referred to as the caput aquae. From there, a conduit is built in masonry walls
(substructio), cut in the rock, or dug into the soil, leading the water to its final
destination, the castellum aquae or castellum divisorium, where the water was
redistributed throughout the city. Because the conduit has a constant slope with a pre-
calculated gentle gradient, most conduits are built following terrain contour lines, but
when it becomes necessary to keep the gradient over the ground for a long distance,
normally arches (arcuationes) would be built. Even if these are the most famous
“aqueducts”, they correspond to a minimal percentage of an aqueduct’s course. Along
the way there may be settling tanks (piscinae limariae). The conduit is almost always
covered (with slabs, tiles or vaults), to protect water from the light and the elements,
whereas the conduit itself is lined so to make it water-tight, either with clay or opus
signinum.

Aqueducts usually run on gravity flow, but whenever necessary, the Romans
could build pressurised conduits in lead, stone or clay pipes. This usually was done in
order to cross deep valleys without building high bridges. This solution is called an
inverted siphon, because it functions with the basic hydrostatic principles by which
gravity pushes water into the pressurised conduit, and by atmospheric pressure it
emerges on the exit side at the same height as the intake.

Most of our knowledge on Roman aqueducts derives from the works of Frontinus
and Vitruvius, although aqueducts have been extensively studied in the recent literature

by Trevor Hodge, who laid the foundations for modern aqueduct studies.’

" Roman Aqueducts and Water Supply (Hodge 1992) is perhaps his magnum opus.
9
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1.2.2 Romans, baths and aqueducts

Despite some badly founded claims that Sagunto had an aqueduct built by the
Iberians before the Second Punic War, and the existence of irrigation channels in the
late first-century BC Ebro valley (mentioned in the tabula Contrebiensis), long distance
urban water supplies arrived in Spain with the Romans.®

Iberia’s own geographic diversity helps to explain its historical evolution. The
Mediterranean coast and the great valleys have usually been very different from the
meseta and the northern coast. The former were the regions where Romanisation was
most evident, perhaps because it was the first area to be conquered. In fact the Roman
conquest began in this area at the time of the Second Punic War, and slowly advanced
to the northmost corner of Asturias, which was conquered only two hundred years later
by Augustus.® At this time, Hispania was divided into three provinces: Tarraconensis,
Lusitania, and Baetica. Soon Spain reached a high degree of Romanisation, comparable
to southern Gaul and North Africa, in which towns were monumentalised and villas
were common in the countryside. Yet, there is a visible divide between the most densely
urbanised areas of the Mediterranean coast and the Guadalquivir and Ebro valleys, and
the rest of the peninsula.

The most important transformation that took place in this period was perhaps the
Edict of Vespasian, by which all towns in Spain acquired Latin rights, virtually blurring
the juridical status between native settlements and Roman towns. This led to an
increasing interest in the urban elites to demonstrate their Romanitas. It is in this period
when most of the monumental city centres of Roman towns in Spain were erected,

leaving aside those of the Augustan colonies or re-foundations such as Mérida (Emerita

® Sagunto: Civera 2004, 2008, 2009; Tabula Contrebiensis: Abadia Dofiaque 1995.
% For a general overview, see Keay 1988.
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Augusta), Zaragoza (Caesaraugusta) or Tarragona (Tarraco). Between the Flavian and
the Antonine period, a wave of monumentalisation swept the peninsula, as inter-town
competition, and peer-polity interaction prompted the development of large fora,
basilicas, baths, and aqueducts.™

As has been shown, the uneven distribution of rainfall in the peninsula (fig. 1.3)
meant that many towns had to rely on long-distance aqueducts to secure water for their
new baths rather than on rainwater cisterns. In northern Spain, aqueducts are much less
common as the local geology favours thermal springs.'* Despite all this, aqueducts were
built in the important towns of these northern areas (Lugo, Braga and Conimbriga) and
at the main legionary base at Ledn. This hints towards the more subtle but important
role of aqueducts as symbolic elements of Romanitas, which went beyond their mere
functionality.'” Tables 1 and 2 show the total data on urban aqueducts which were in
use in AD 200, and figure 1.5 shows a distribution map, which may explain these issues

better.

10 aurence et al. 2011: 23-30, 122-3. Roman foundations were sometimes equipped with aqueducts from
their very beginnings; after all, one of the pluses of having an aqueduct is that immediate water
availability ceases to be a constraint for settlement location: Cf. Ward-Perkins 1974: 3-4; Hodge 1989:
128-9.

1 See below, ch. 4.

12 Gonzalez Romén 2010: 41; Laurence et al. 2011: 95, 203-4.
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SITE
Almufiécar
Andelos
Arucci
Aurgi
Baelo Claudia
Barcelona
Braga
Begastri
Cadiz
Cartagena
Ceuta
Chaves
Chelva
Conimbriga
Consuegra
Coérdoba
Ebusus
Egabrum
Fuenteobejuna
Granada
Italica
libli
Lacipo
Leon
Lisboa
Lodosa
Los Bafiales
Lugo
Mérida
Ocuri
Onuba
Pollentia
Reccopolis
Ronda
Sagunto
Segdbriga
Segovia
Sevilla
Tarragona
Tiermes
Toledo
Ucubi
Uxama
Valencia
Zaragoza

TOTAL AQQ

TOTAL TOWNS

AQUEDUCTS UP TO AD400 AFTER AD400 UNDATABLE

1
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61

(=100%)

33

1

1

3
1

1

1
1
1
3

1

1

1
1
3
1
1
1
3
1
1

15 19

(=25%) (=31%)

12 1213
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N

[EEN

27
(=44%)
22

Table 1: List of all
the towns in Roman
and Visigothic Spain
with aqueducts,
indicating the
number of aqueducts
and the approximate
date of
abandonment. It
specifies whether it
is clearly pre- or
post-AD 400, or
undatable. The ones
studied in depth in
this thesis are

indicated in bold.
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AQUEDUCTS IN SPAIN

319%

Graph depicting the data of table 1, grouping the aqueducts of the Iberian Peninsula

according to their abandonment date, contrasting it to the overall amount of aqueducts.
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Site AD 200 AD400 AD450 AD500 AD550 AD600 AD650 AD711
Almufiécar 1 1 1 1 1? 0
Andelos
Baelo Claudia
Barcelona
Begastri
Cadiz
Cartagena
Ceuta
Chelva
Conimbriga
Cordoba
Ebusus
Granada
Italica
Lebn
Lisboa
Lodosa
Los Bafiales
Lugo
Mérida
Pollentia
Reccopolis
Sagunto
Segdbriga
Segovia
Sevilla
Tarragona
Tiermes
Toledo
Uxama
Valencia
Zaragoza

1?

1? 0

1?
1?

P P W R R NP R R NOR NP RRERRRPRERRERROWRRRRRREPR P W
P P O O O W kFk FP OO OO WEFEk O oOoOo VYoo NhNPFP O, Oo o+ o o

1? 0

TOTAL

[EEN
~

11 6 5

Table 2: List the most relevant towns with aqueducts of the Iberian Peninsula,

indicating for each year the number of functional aqueducts in each. NB it does not

include all the aqueducts of table 1, but only those with a secure dating.
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50
45
W \Valencia
a0 HMTarragona
Sevilla
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Segovia
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W Mérida
25
WLugo
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Graph depicting the data of table 2, showing the evolution over time of the number of
functioning aqueducts in the peninsula. Note the sharp drop from the early into the late

Empire, and the somewhat standard trend in the early Visigothic period.
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As known from Pliny, aqueducts were very expensive to build and many towns
came close to bankruptcy trying to build them in order to make a very powerful
statement.®* Aqueducts were a source of urban pride, especially because they enabled
the construction of the Roman feat of civilisation: baths.**

Baths are the most common type of Roman public building.!®> They were a symbol
of Romanitas, an indicator of civilisation, which each aristocrat wanted in his town.'® In
Spain, baths became commonplace in the Flavian period, as bathing is closely linked to
the spread of Roman urban habits, although baths had been built before that, the earliest
ones being the forum baths of Valencia, which are republican in date.” Many Roman
baths are known from Spain, mostly private, but also various public ones.*® Overall, in
Spain there are no large public baths of “imperial” scale, as those of Rome, Carthage,
Arles, or Constantinople. Public baths tended to be smaller, but they still could service
the needs of local inhabitants. Furthermore, baths became widespread in all towns, not
only in Roman foundations, but also in Romanised native settlements, and even in
remote areas, where aqueducts were built simply for the purpose of feeding the baths, as
it could be the case of Leon, Los Bafiales, or Braga.

Even if the distribution throughout the peninsula of aqueducts (fig. 1.5) and baths
is not even, there are enough examples to consider them very widespread, and an
essential part of Roman urban elite culture. This link between elite water culture and

baths and aqueducts is something very important to keep in mind throughout the thesis.

3 Epistulae X.46.

 Hodge 2000a: 46-7; Yegiil 1992: 390-4. Although baths existed and functioned in many places before
aqueducts were first constructed.

5 Laurence et al. 2011: 203.

' Laurence et al. 2011: 203-4, 215.

Y Marin and Ribera 2000.

18 Both rural and urban: Garcia-Entero 2005.
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1.3THE TRANSFORMATIONS OF LATE ANTIQUE SPAIN

At the beginning of Late Antiquity, around AD 300, towns in Spain were not only
heavily monumentalised, but most of them were equipped with aqueducts, and it is safe
to say that all of them had a set of baths. This would cease to be the norm after the
fourth century. In this section, the transformations which mark the development of Late
Antiquity will be outlined, together with some of the other most important
transformations of the period.

The political changes of Late Antiquity may help to our understanding of the
transformation of towns. After all, the transformation of urban landscapes owes as much
to decline, abandonment and destruction as it does to new development and new
constructions. Usually each state and each administration will need its own architecture
of power to substitute the previous one. In post-Roman Spain there was a succession of
political entities going through processes of state formation, developing their own
urbanism and monuments as a result of the collapse of the Roman state and the
successive waves of invaders.

The fourth century set the basis for the most important transformations of Late
Antiquity. Firstly, it is the century of widespread Christianisation of society, the elites,
and the urban landscape. Secondly, the administrative reforms of the late Empire carried
out by Diocletian and Constantine meant that local elites became much less involved in

local politics (and therefore in public munificence), as they lost all incentives in taking
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part in local politics now that traditional curial magistracies held no real power. This is
an empire wide-trend, which affected mostly the Western provinces.*

The most important events in late antique Spain took place after a period of power
vacuum and invasions during most of the fifth and the early sixth century: the
Visigothic process of state formation. As outlined above, this happened between 570
and 630, and was prompted by the arrival of imperial troops in the peninsula during the
Visigothic civil war. This period saw the reorganisation of the urban administration, tax
collection, court ceremonial and various other elements that looked back at the East
Roman Empire. The Roman past was always very present, and aqueducts played an
ambiguous role in the Visigothic agenda, as shall be discussed below. The impact of the
Visigothic reorganisation on urbanism was not only by direct intervention, but also by
the promotion of the new elites. New towns were founded in order to ensure royal
control over “unurbanised” areas of the kingdom, and new administrative centres
(“palaces”) were built to substitute the redundant old Roman administrative buildings.

This time of stability was followed by a period of crisis (partly economic and
political, partly natural linked to droughts and waves of plague), which lasted until the
early eighth century. This in turn facilitated the Islamic conquest of 711. For most of the
eighth century, the Iberian Peninsula was simply a remote corner of the Umayyad
caliphate, but after the 750s it became the core of a new Umayyad polity, focused on
Cordoba. The Umayyad emirate (and then, the caliphate) introduced a completely new
administrative system, and new religious beliefs that required a completely new type of

urbanism. The arrival of new elites forced the transformation of the local aristocracies,

19 Spain (Kulikowski 2001: 149), Gaul (Young 2001: 26), and Italy (Ward-Perkins 1984: 4-19; 1999:
225). Cf. Liebeschuetz 1992 and Esmonde Cleary 2013.

18



Chapter 1: Introductory concepts

who not only converted to the new religion but also had to integrate themselves with the
newly arrived Umayyad elite and their imported networks of patronage.?’

After the demise of the Umayyad caliphate, society and towns had gone through
too many transformations. By now there were very few things that could link these new
now purely medieval towns and their inhabitants to their fourth-century equivalents,

except the ruinous-but-standing aqueducts.

*k*k

Overall, it is clear that aqueducts were too massive and too useful to be
consciously pulled down without a specific reason, but their functional continuity is
quite a different story. As with many other Roman buildings, they went through a
process of slow decline, which is roughly covered by the chronological framework of
this thesis. Still, the reasons for this slow decline are quite intriguing.

In order to identify these reasons it is necessary to look at the archaeological
evidence for aqueducts and their urban contexts, not only in chronological sequence, but
also from a diachronic perspective. The social and political context will be equally
important, because the transformation of Roman society is deeply interdependent with
the evolution of urban townscapes and infrastructure. It is one of the key points of this
thesis that aqueducts were elements of the Roman city, built with a specific purpose, in
a specific context and for a specific audience. Late Antiquity was, after all, a period of
transformation away from the Roman period, a transformation of the Roman world, and

the role of aqueducts in this new context had to be renegotiated.

2 Clarke 2012; Manzano Moreno 2006.
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2. METHODOLOGY

A necessary step preceding the analysis of the archaeological evidence is to
explain the methodology, and the different approaches taken. This is also the best way

to explain the questions that arise through the thesis, and how they can be answered.

2.1 WRITTEN SOURCES AND EARLIER RESEARCH

Before addressing the archaeological methodology, it is important to outline the
few available written sources, which are useful to fill in the gaps left by the
archaeology, and the extent of previous research on aqueducts in Spain. From our
perspective, aqueducts are great monuments, but outside Rome (where they are
constantly praised by ancient authors) their monumentality seems to have been eclipsed
by their tremendous functionality. They hardly appear in texts from the provinces, just
as modern literature only mentions water pipes if necessary and incidentally.

In the Visigothic period at least, none of the written sources mention or describe
aqueducts. The basic sources of late Roman and Visigothic Spain can be divided into
schematic general chronicles (Hydatius’ Chronica subita, John of Biclar’s Chronica,
the anonymous Chronica Caesaraugustana, and Isidore’s Chronica and the Historia
[de Regibus] Gothorum) or hagiographies (like the Vitae Sanctorum Patrum
Emeritensiurm or the Vita Aemiliani confessoris). The Historia regis Wambae by Julian
of Toledo is a short account of a military campaign. These sometimes mention elements

of urbanism or the construction of churches, but not much else. Visigothic laws, most of

! Those ancient writers had a clear agenda behind them: Strabo (Geographica 111.8) was dedicating his
work to Augustus, Frontinus (De Aquis 1.16) was the curator aquarum, and Cassiodorus (Variae VI1.vi.2)
praises them in the formula in which the “count of the aqueducts” is instituted.
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which collected older Roman legislation still in use, do not mention aqueducts. They
only regulate the use of irrigation channels in rural areas (LV VIIl.iv.31: De furantibus
aquas ex decursibus alienis). National church councils are not helpful either, and
Isidore’s magnum opus, his Etymologies, only mentions baths as urban buildings, and
water pipes as parts of the house.? Isidore’s mention of pipes as part of the house shows
that he was familiar with piped water in urban domestic contexts, although how much
his knowledge derives from the writings of Vitruvius or Frontinus (such as the fact that
pipes are classified according to their capacity) and how much from his own personal
experience is not known.

In the Islamic period, however, we are more lucky, as emirs and caliphs recorded
their works on aqueducts in public inscriptions. These are also recorded in the
chronicles, e.g. the Chronicle of al-Nasir, the Akhbar Maymu “a or the Bayan by lbn
‘Idari. Islamic geographers such as al-Idrisi, al-Bakri and al-Himyari were very
interested in Roman monuments, including aqueducts, although by this time most of
them were certainly out of use, as they are described as abandoned ruins. Latin and
Romance writers of the medieval period mention the aqueduct of Segovia (as Rodrigo
Ximénez de Rada, in his De Rebus Hispaniae) and that of Barcelona (which must have
been a preeminent monument in the landscape, as it is used constantly as a reference in
charters),® but these mentions are often incidental.

The first modern enquiries about Roman aqueducts seem to have been carried out

by order of Queen Isabella I (r. 1474-1504), who commissioned the restoration of the

2 Balnea and thermae: Etym. XV.ii.39-40. Pipes: Etym. XV.viii.17; although the mention of pipes seems
to refer back to the works of Frontinus, mentioning how pipes are classified according to their capacity:
Fistulae aquarum sunt dictae quod aquas fundant et mittant; nam orola Graece “mittere” est. Formae
earum pro magnitudine aquae et capacitatis modo fiunt — Water pipes are called this because they carry
water, for “stola” is “carry” in Greek. Their different types are classified according to the amount of water
[that flows in them].

* Mayer and Rod4 1977.
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aqueduct of Segovia.* From the modern period, there are several studies of the Roman
monuments of Spain, like Pons D’Icart’s 1572 Grandezas de Tarragona. The most
extensive study of an aqueduct was made by Andrés Gémez de Somorrostro, who wrote
his El acueducto y otras antiguedades de Segovia in 1820, which included a complete
study of its course, its architecture and its design (until then all previous studies were
largely descriptive). In a similar fashion, Pascual Madoz published his Diccionario
Geografico in 1849, in which he described most of the aqueducts still standing in his
day. This tradition of architectural description of the aqueducts continued well into the
twentieth century.

The first true archaeological studies of the aqueducts in Spain were carried out not
by an archaeologist, but by a civil engineer, Dr. Carlos Fernandez Casado, who was the
provincial engineer of Granada. In the early 1930s he began to record and to study
Roman infrastructures, not only aqueducts, but also roads and bridges.> This allowed
him to record the Roman aqueduct of Granada, now completely disappeared and his
study and survey of the aqueduct of Almufécar was so precise that recent
archaeological surveys confirm his proposed course with only a very small margin of
error.® After the Civil War (1936-39) he was deprived of his title of engineer and his
right to teach, so he began to study history, law, and geography. After obtaining his
second degree he was given back his title of engineer and was teaching in the University
in Madrid while he obtained his doctorate in civil engineering. Carlos Fernandez
Casado is responsible for the only extensive publication on Roman aqueducts in Spain,
in which he put together all the information he had compiled in his early years as an

engineer. Published in 1972 and re-printed in 2008, this is still the main reference work

* Ferndndez Casado 2008 (1972): 65. Although previous medieval repairs are possible — see below 3.6.2.
> I have to thank Carlos Fernindez Casado’s grandson, Javier Mufioz-Rojas Fernandez, for his help in
compiling the information published by Fernandez Casado, and for facilitating my access to his archive.
® Sanchez and Moreno 2012.
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for aqueduct studies in Spain.” The fully-illustrated publication gives a detailed account
of the engineering, the architecture and (to an extent) the archaeology of the
monumental aqueducts of Spain, including written references to the structures. The
main problem with his work is that, because of the nature of his publication (a study of
Roman engineering), he only considered aqueducts to be the arched structures, leaving
aside or barely mentioning underground conduits. This explains why he left out of his
publication the works on the aqueduct of Valencia, published in 1958 by Domingo
Fletcher Valls. Despite this, Fernandez Casado’s work is impressive and unsurpassed to
this day.

Maybe by coincidence, all the archaeological publications of the main aqueducts
of the peninsula post-date 1972, when Fernandez Casado published his work. From this
point onwards, each major aqueduct has been surveyed and studied in the 1970s and
1980s, leading to their basic publication.® In the early twenty-first century, aqueducts
have been studied again, revising old publications and introducing the contributions of
urban rescue archaeology and GIS modeling, greatly improving our knowledge of those
aqueducts belonging to continuously-occupied cities. This led to the 2002 monographic
edition of the journal Empdries, the 2009 congress on ancient hydraulic technology
“Agvam perdvcendam cvravit” held in Céadiz (published in 2010), and the 2011
publication on Roman sewers edited by J. A. Remola and J. Acero, Sordes urbis.
Fernandez Casado’s work remains the only monograph of the aqueducts in Spain, and,
despite the recent publications, very few scholars have tackled the late phases or

abandonment of the aqueducts.

" Badly adapted into English (Leather 2002).

8 Almagro and Caballero 1977 and Ramirez Gallardo 1975 (Segovia); Alvarez Martinez 1977 (Mérida);
Argente and Diaz 1980 (Tiermes); Canto 1978 (ltalica); Etienne and Alarcdo 1974 (Conimbriga); Jiménez
1974 (Baelo Claudia); Mayer and Roda 1977 (Barcelona); Saenz Ridruejo 1977 and Cortés et al. 1989
(Tarragona).
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2.2 THE IMPORTANCE OF ACCURATE CHRONOLOGIES

This thesis is mostly about continuities and abandonments, and thus a precise
chronology becomes essential, not only because vague terms such as ‘late antique’ or
‘early medieval’ could mean anything between the fourth and the seventh centuries, as
already mentioned (fig. 1.4), but also because there is a great difference between terms
usually found such as ‘fourth to fifth century’, ‘late fourth’ and ‘early fifth’.> Many
times, when discussing aqueducts, Spanish scholars have used these (or even vaguer)
terms to date the abandonment of aqueducts, despite their inaccuracy. One of the
purposes of this thesis is to analyse each individual case using all the available evidence
in order to obtain a more precise chronology.® This is obtained through a careful
examination of the archaeological material, as the written sources of this period are
hardly of any help. Besides that, there is the added problem of dating (and identifying)
abandonment contexts. This is always complicated, as these need to be carefully
registered and excavated, which sadly in Spain is only the case in the past twenty years.

On the plus side, in those twenty years there has been an explosion in late antique
archaeology, and with its increasing popularity, ceramic typologies (which are the
essential key to date most archaeological contexts) have become more accurate and

precise. This does not only apply to imported materials and ARS, but also to local

% Sadly there are some cases in which the chronology cannot be more precise than that.

10 Canto 1979: 336, for instance. This happens in Gaulish examples as well: Rigal (1997: 313) mentions
for the aqueduct of Cahors: la date d’abandon est trés envisageable au vu d’autres aqueducs gallo-
romains (...) — “the abandonment date is very predictable based on [those of] other Gallo-Roman
aqueducts”.
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productions, especially thanks to the excavations of sites like Reccopolis, the theatre of
Cartagena or El Tolmo de Minateda.™

Obviously, chronological data obtained directly from the aqueducts is preferable,
because it provides primary dating information on repairs, maintenance, destruction,
abandonment or continuity of the conduit. Alas, because of the nature of the conduits
(closed and usually vaulted), dating material (mostly pottery) made its way into
aqueducts only with great difficulty, so indirect information about water-consuming
structures will also be taken into consideration, because this will be the largest part of

the available corpus of data.

2.3 DIRECT INFORMATION

The direct archaeological excavation of aqueducts is rare, and most of the early
studies carried out is done on the over-ground sections, which only constitute a small
portion of their total length. However, in those cases in which these interventions have

taken place, the information from these interventions is very useful.

2.3.1 Relative chronology
Well-dated contexts excavated from aqueducts are the most useful way to create a
relative chronology, as they provide either a terminus ante quem or a terminus post
quem for the abandonment. Other factors, such as the nature of the context (if it was
sealed, or closed, or if it is an abandonment layer) also have much to say about the

reliability of the relative dating. In this way, good dating material found inside a closed

1 Mostly compiled in Olmo Enciso (ed.) 2008 and the several publications of the Reunié d’Arqueologia
Cristiana Hispanica, together with the conferences organised by the National Research Council (CSIC)
called “Visigodos y Omeyas” and the 2009 conference on late antique urban landscapes held in Toledo,
published in 2010.

25



Chapter 2: Methodology

context will give us a precise post quem for the layers on top of this context and an ante
quem for the layers below it. For instance, the coin of Trajan found inside the bottom
opus signinum layer of the specus of the aqueduct of Segovia, does not only indicate
that the specus was lined with a high degree of certainty during or after the reign of
Trajan, but also that the subsequent linings must post-date the early second century
AD.* Likewise, the presence of an African-imitation amphora fragment dated to the
seventh century found in the sediment inside the specus of the aqueduct of Barcelona
indicates that at some point in the seventh century, or perhaps later, the water had
probably ceased to flow, although it is difficult to determine exactly when.*® Finally, the
presence of a dump in a terminal cistern of one of the aqueducts of Coérdoba provides a
terminus ante quem for the abandonment of the aqueduct. It must have been out of use
by the time the tank was turned into a dump, which dated to the tenth century due to the
presence of glass rejects in the abandonment layer.**

Other elements providing relative chronologies are restorations, repairs, and other
elements that may indicate continued (or secondary) use. Some Iberian aqueducts
present restorations even if this is more widely known for examples outside Spain, like
the brick reinforcements of the aqueducts of Rome or the reconstructions of Arles and
Nimes.”> The only way to date these restorations is normally by means of their
construction technique, which is not necessarily a good indicator, as the dates are
usually estimates. For example, the buttresses placed on the sides of the pillars of one of
the aqueducts of Mérida were built in a different construction technique, which would
only indicate that the aqueducts were repaired at a later date (fig. 2.1).'° At least for this

period it is assumed that, the coarser the technique, the later its date. Despite being very

12 Zamora Canellada 2007: 137.

13 Giner Iranzo 2007.

14 carmona et al. 2008.

15 Fabre et al. 1991a; 1991b; Martinez Jiménez 2010; Raffard et al. 2000.
'8 Fernandez Casado 2008 (1972).
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‘catastrophist’, this assumption assumes a decline and loss of technical abilities (or
simply of skilled labour),"” and it has some truth behind it at least as far as hydraulics
are concerned: the increasing size of caementa in the opus signinum is a constant from
the second into the fourth centuries, and the Visigothic opus signinum from Reccopolis,
Meérida and Toledo seems to have been made with chunks of tiles and pots that were not
even properly crushed.’® Such arguments about the date of different construction
techniques has led to intense debates about the date of the dams of Proserpina and
Cornalvo outside Mérida, traditionally considered to be Roman, and the problem is still
unresolved.™ In a few cases the use of earlier material or spolia in later constructions
provides a post quem for these, as with the Roman column drums moved from the curia
of the forum of Valencia (which was still standing in the late Visigothic period) and
used to build a new Islamic water conduit.?’

In some cases it is possible to give relative dates on the basis of the new
technological developments or the abandonment of old Roman practices in the Islamic
period. The clearest examples are the abandonment of opus signinum as lining for
conduits and cisterns in favour of water-tight red stucco.?* The introduction of this
technique can be dated to the late emirate and the early caliphate, in the early tenth
century.?? Despite this, the Islamic wide knowledge of hydraulic engineering meant that
many aqueducts were reused and as mentioned above, this was often done after
removing all archaeological traces of late antique evidence (abandonment layers, sinter

deposits, repairs, etc.).

17 Cf. the discussion in Ward-Perkins 1997 and 2005: 104-110.

18 |_amprecht 1987: samples 5.15, 6.22 and 17.23, for instance; cf. the typologies in Palestine made by
Porath (2002a).

19 Feijoo Martinez 2006, further discussed below, section 3.4.3.1.

20 Marti and Pascual 2000.

2! Ventura Villanueva 1993: 33-4.

%2 However, Umayyad aqueducts in the Levant in the seventh and early eighth century are built with opus
signinum linings (Porath 2002a: 35), indicating that the stucco lining may be in fact a new development
after the knowledge of opus signinum construction had been lost in the West.
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Finally pipes should be mentioned, even if they hardly survive in the
archaeological record. The fact that they were usually made out of lead means that they
were an easy target for theft and recycling, and the material obtained from the spoliation
trench indicates a probable terminus ante quem for the abandonment of the aqueduct,

because that should predate the removal of the pipes.

2.3.2 Scientific dating, sinter deposits and ESR dating

Only in few cases it is possible to obtain an absolute chronology to date the
construction/abandonment/destruction of an aqueduct, largely because of the nature of
the dating methods. Current scientific dating methods, such as radiocarbon,
thermoluminiscence (TL)? or electron spin resonance (ESR)** may be used to date
abandonment of aqueducts in an absolute sense with various degrees of accuracy.
However, radiocarbon dating would not be as useful as there are hardly any organic
remains to be found in aqueducts,? but these studies have not been carried out yet for
this purpose.

Sinter is a precipitation of the carbonates dissolved in the water. The calcium
carbonate (CaCO3) could be scientifically dated and that would give an absolute date for
when water was running. However, sinter can be equally useful without the need for
scientific dating because it forms annual layers. This precipitation rate is not universal
or constant, because it depends on the type of water, the gradient of the conduit,
seasonal flows and the action of microorganisms (stromatolites), which accelerate the

deposition rate.? For this reason, the precipitation rate varies between 0.0123 to 1.6

2 Brothwell and Pollard (eds.) 2001: 47-50, 58-60.

24 Brothwell and Pollard (eds.) 2001: 48-9; Renfrew and Bahn 2000 (1991): 155.

% Brothwell and Pollard (eds.) 2001: 23-35; Renfrew and Bahn 2000 (1991):138-45,
% Fabre et al. 1991a: 172-9
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mm/year, although the average seems to be 1mm/year.”’ For approximate estimates,
either the average or the maximum precipitation rate can be used as a rough guide to
date sinter deposits. In this way, the thickness of the concretion indicates for how long

water was flowing through the conduit.

2.4 INDIRECT INFORMATION AND COMPARANDA

Whereas the dating obtained directly from an aqueduct is the most desirable and
the most specific, we often have to rely on water-related structures to infer the
continuity of the aqueduct. The problem with this approach is that the link between
aqueducts and water consuming structures cannot be taken for granted, when it is
perfectly possible that the water consuming buildings (baths, fountains) functioned
without an aqueduct supply system. The real difference between the direct information
mentioned above and the indirect information below is that the latter cannot be used
independently to date the continuity/end of the aqueduct (whilst the former certainly
can). Thus it is necessary to use the different pieces of indirect information together in
order to make a coherent statement of continuity, although ideally the combination of
both types of evidence will give the most accurate answer to the question of dating the

use of the aqueduct.

2.4.1 Water consuming structures: baths, baptisteries, fountains and
industries
The most evident water consuming structures, and those most visible in the

archaeological record due to their usually lavish decorations and mosaics, are baths,

%" Fabre et al. 1991a: 191; Hodge 2000a: 60-1; Keenan-Jones et al. 2008: 331.
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baptisteries, and (to a lesser extent) fountains. Furthermore, as these structures are
notable features of Roman and late Roman urbanism, they not only provide dating
evidence for the aqueduct, but also for distribution patterns and social use of water.
Baths were a key element in Roman towns and continued to be so in Late
Antiquity. In the sixth century for instance, during the Gothic wars, the main concern of
the citizens of Rome once the aqueducts were cut was that they could not take baths
anymore, because these were fed by the aqueducts.”® Even if during the late antique
period bathing had to face the partial opposition of the Church (which opposed the
pagan connotations of bathing and imposed new concepts on what was luxurious and
what was needed)?® many baths survived the fourth century, and continued well into the
fifth. This is evident because baths are almost constantly in need of repair and
maintenance. Baths in fact required extensive resources for their functioning and repair,
which were difficult to achieve in Late Antiquity, but which was done because baths
were still elements of civic pride.*® Whenever a bath continues to function into the fifth
century or later, it is probable that it was supplied water by an aqueduct. With new baths
built in this period, it is also possible to assume a similar situation. Overall, unless a
clear alternative water-supply system is identifiable, as happens with the sixth-century
baths of Tarragona which were supplied by a well, baths are good indicators of
continuing aqueducts.®* Likewise, any modification to the bath design (baths seem to
have reduced or abandoned their hot rooms in Late Antiquity)® or infrastructure gives

further information about the use and availability of water.

28 According to BellGoth .xix.28 and 1.xx.5.

?® This is further discussed in section 6.3.

%0 Blyth 1999: 90-1; Yegiil 1992: 321-3; Cf. regarding the expenses for timber, for instance Meiggs 1982:
258; CTheod 13.5.10 and 14.5.1.

31 Remola and Ruiz de Arbulo 2002; 63.

%2 DeLaine 1997: 39-40; Nielsen 1990: 57. Beyond the Italian examples mentioned by DeLaine and
Nielsen, in Visigothic Gaul (fifth and sixth centuries) the baths of Clos de la Lombarde (Narbonne) lost
their hot rooms, but kept the cold ones (Bouet 2003 vol. 2: 179).
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Baptisteries are a different issue, because they certainly require water but not a
permanent supply, especially because in this period baptism was only done once a year,
at Easter. In theory these structures do not need piped water, even though there are
examples in Gaul where this was the case (like in Lyon, Poitiers, Aix-en-Provence and
Venasque; fig. 2.2) .*® In the Spanish examples there is no direct evidence to link piped
water with baptisteries, but the presence of baptisteries close to other water-consuming
structures (like a fountain in Valencia or a bath complex in Barcelona) can be
considered as a possible indicator of a functioning aqueduct.®

Fountains can only work if there is running water, which is what differentiates
them from wells, cisterns and other sources of water. Usually fountains are dedicated
with an inscription, which tends to date their construction and indicates a time in which
the aqueduct was still in use, even though late fountains are rare (only one inscription
possibly referring to a fountain is known in Spain for this period).* Archaeological
dating for repairs/maintenance of fountains can be linked to a functioning aqueduct with
a high degree of certainty, although an abandoned or destroyed fountain is not always
indicative of a destroyed or abandoned aqueduct: one of the fountains of Tarragona was
abandoned in the course of the sixth century, but sediment coming through the spout
mixed with the water kept falling into and finally covering the fountain itself.*

Lastly, industries and workshops many times required running water for either
cleaning the facilities, powering machinery or even actually in the final product.®” Even

if Roman legislation prohibited the presence of industries and workshops inside cities,

% Benoit and Roillard 2000: 168; Grewe 1991: 19-25; the case of Lyon is evidenced by the presence of
lead pipes: “I’eau arrivait par un tuyau de plomb ; elle s évacuait d’abord par deux tuyaux de plomb,
puis ’'on aménagea un conduit taillé dans les blocs de pierre” Goudineau and Guilaine 1989: 530.

3% Bonnet and Beltran 2002:74; Ribera Lacomba 2005: 218-9.

% From Tarragona: CIL 11.4109 — further discussed below.

% Remola and Ruiz de Arbulo 2002: 41-7.

3" Wilson 1997: 173-82.
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these may have been located in the suburbs, and could have benefitted from the
presence of aqueducts.

The most common type of industrial complex in Spanish coastal towns are fish
factories, where garum, salted fish, and other fish-derived products were processed.*® In
these, water was needed for the elaboration of some products, and also for boiling the
fish guts, cleaning the fish, the vats, and the employees.* The abandonment of a fish
factory indicates a rather unreliable terminus ante quem for the abandonment of the
aqueduct: the end of the aqueduct could cause the end of the fish factory (unless an
alternative water supply, like cisterns, is evident), as may have been the case with the
aqueduct of Baelo Claudia, which was destroyed by an earthquake, soon followed by
the abandonment of the fish factories.*® This, however, is not necessarily a sequitur, as
the aqueduct could potentially have continued functioning after the end of the fish
industries, supplying the city.

There are not many other known industries inside Spanish Roman towns, or at
least not through their archaeological remains. Some olive and wine presses are known
in Valencia and Barcelona for the earliest part of the period considered in this thesis, but
these do not directly need a constant source of water, like tanners, dyers or fullers.** The
only other industrial complexes intra-muros from the Visigothic period are the glass and
gold workshops of Reccopolis, located outside the palace complex, but these do not

provide any concrete dating evidence linked to its aqueduct.*?

% In particular in the late period, as only those fish factories that were located in urban or suburban areas
survived in the fifth century; Lagéstena Barrios 2001:355-6.

% Wilson 1997: 180.

%0 Jiménez 1974: 293; Lag6stena Barrios 2001: 124-5.

* Alvarez et al. 2005; Beltran de Heredia 2002b. A tinctoria is known from Barcelona, but it is dated to
the earlier Roman period: Beltran de Heredia 2002a.

#2 Castro and Gomez 2008.
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2.4.2 Drains, sewers and latrines

Because of the nature of Roman hydraulics, water was constantly flowing through
pipes and conduits as if the aqueduct flow were to be stopped, the water would overflow
in the conduits, damaging the structure.”® That is why drains and sewers were essential
in cities with aqueducts, so water could be evacuated away from the streets. Therefore,
and in theory, non-functional or collapsed sewers would indicate that the aqueduct was
out of use about the time in which the sewers were not in use. However, it would be too
risky to assign a direct causal relationship between the end of functional sewers and the
end of functional aqueducts, especially because drains can survive after the end of the
aqueduct, and alternatives (e.g. over-ground drains) are possible.

Aqueduct overflow is not the only source of water for sewers, and in fact sewers
may have originated as ways to prevent flooding or to limit the risk of damage caused
by rain-water, so the construction of new drains, like those of Cartagena cannot be
linked to a functional aqueduct.**

The knowledge of drains in Roman cities in Spain is, alas, limited to a few sites,
as shown in a recent publication that compiles the information known on Spanish
Roman sewer systems.*®> The evidence for continuity of sewer systems is not plentiful,
and only in a few cases late antique levels are known. Even if many sewer systems seem
to be abandoned or appear to have collapsed at some point in Late Antiquity, it is
equally true that many Roman drains were constantly maintained and in use (especially
in the Umayyad period, but some even into our day). This constant cleaning has

probably destroyed any stratigraphic information about late antiqgue use or

** Hodge 2000a: 48.

* Egea Vivancos 2002: 27; Egea et al. 2011.

** Remola and Acero (eds.) 2011 — it contains papers on fourteen different sites, including Cér