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ABSTRACT
Michelle Marie Mundee
Exploring Diet and Society in Medieval Spain: New Approaches Using Stable
Isotope Analysis
The multi‐faith society of medieval Iberia, where Muslims, Christians and Jews co‐existed
under changing religious political rule, provides a novel setting for the study of diet. This
thesis employs carbon (δ13C) and nitrogen (δ15N) isotope analysis to explore variability in
diet and resource exploitation between faiths, localities and through time under Muslim and
later Christian rule and places the isotopic data in the context of other historical and
archaeological evidence.
Isotope analysis was performed on bone collagen from 126 animals and 210 humans
representing Muslims and Christians, sampled from sites in Jaca, Zaragoza, Albarracín,
Valencia, Gandía and Benipeixcar (c.11th ‐16th centuries AD) that follow a geographical
transect from the Pyrenees to the Mediterranean coast, through Aragón and Valencia.
Results indicate humans from all locations consumed a diet based on terrestrial plant and
animal protein, with a possible input of aquatic resources at Zaragoza, Valencia and Gandía.
There were no consistent differences in diet between faiths, however differences were
present between contemporaneous populations of Muslims and Christians in Benipeixcar and
Gandía and successive populations of Muslims and Christians in Valencia. A north‐south,
inland‐coastal trend was revealed in the exploitation of C4 plants (millet, sorghum, possibly
sugarcane for cattle fodder) which made a significant contribution to the diets of some
animals and humans, particularly in the south. Social status and the rural/urban nature of
settlements influenced the extent of this exploitation. Dietary diversity was observed in
Valencia, particularly in the Islamic period and the presence of immigrants among the
populations of this city and Jaca is hypothesised. Sex‐based differences in diet were present at
some, but not all sites. Variable isotope ratios for animals at almost all sites demonstrates the
variety of animal husbandry practices and ecological niches that were exploited during the
medieval period in Spain.
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1 INTRODUCTION
1.1 Overview
This thesis uses the stable isotopes of carbon (δ13C) and nitrogen (δ15N) to reconstruct diet
and resource exploitation within the multi‐faith society of medieval Spain (c.8th‐16th centuries
AD), with a focus on possible local, regional and social (status, sex, faith) variation in diet.
Christians, Muslims and Jews co‐existed in Iberia under Islamic rule in the kingdoms of al
Andalus after the 8th century AD and under Christian rule following the Reconquest or
‘reconquista’1, which gained momentum during the 12th and 13th centuries AD. The multi‐faith
society of medieval Spain, one of the few in Western Europe during the medieval period,
provides a novel setting for the study of diet. Within this study, stable isotope analysis is
applied to human and animal bone collagen sampled from selected sites within the present‐
day regions of Aragón and Valencia in the east of the Iberian Peninsula. The overall aim of
this thesis is to explore diet between individuals and between faith communities under
differing religious political control and over time.

1.2 Diet and isotopes
Diet provides a key insight into the multi‐faith society of medieval Spain. Food not only fulfils
the role of nutrition necessary for life; it is also has a profound significance as a cultural
object that plays a complex role in human society (MacClancy 1992; Super 2002). What one
eats does not just reflect physiological need and availability, but a conscious choice on behalf
of the individual. Food is therefore often used as a semiotic device to construct and express
cultural and social identities, which can serve to both divide and unify social groups
(Montanari 1999: Parker Pearson 2003; van der Veen 2003:413). Thereby, although ‘you are
what you eat’ you are also ‘where you eat, how you eat and with whom you eat’ (Twiss
2007:1). The ways in which food is prepared and consumed may be defined by a number of
social constructs such as religion, status, gender and occupation, or other factors such as age
and geographical location (MacClancy 1992; Gumerman 1997). Ethnic and/or religious
1 The term ‘reconquista’ or ‘Reconquest’ will be used in this thesis to refer to the late medieval Christian
conquest for convenience. It is, however, acknowledged that this term is contentious, as it suggests a
continuation in cultural affiliations between the Christian Visigoths and the later northern Christian
Kingdoms. It also insinuates there was a clear goal of reconquest of lands under Muslim control from the
outset, and it is now recognised that neither of these was the case (Fletcher 1987; Boone and Benco 1999;
Baydal and Esquilache 2009).

1

1: Introduction
groups in particular are often identified by what they consume or avoid (MacClancy 1992:42;
Latham and Gardella 2005). Food, politics and power are also often interlinked, used to
dominate and resist (Parker Pearson 2003:9). Certain foods in particular may be important in
defining and maintaining social positions and therefore only consumed by individuals with a
particular role or status in society (Gumerman 1997:107). Communal food consumption can
be used as a method of preserving cohesiveness within a family and community, or to
reinforce hierarchies (García Marsilla 1993:183; Salisbury 1994:59; Garnsey 1999:xii; Insoll
1999:104). Altogether, the study of diet and ‘foodways’, i.e. the interrelated activities
surrounding food production, distribution and consumption (Parker Pearson 2003:2), has
the potential to provide valuable information on social relations within societies in the past.
Extensive information for diet in the medieval period is traditionally available from written
sources (reviewed in Chapter 3). These provide indirect evidence that is usually restricted to
the dietary habits of the high‐status levels of society and rarely extend to the specific diet of
an individual. Archaeological evidence from plant and animal remains are also increasingly
providing information on diet and subsistence in medieval societies (e.g. Albarella 2005;
Moffat 2006; Sykes 2006). However, these environmental remains are another form of
indirect evidence for diet that indicates some of the potential foodstuffs available to a human
population, but cannot reveal who consumed them and in what proportions. Analysis of the
skeletal remains of humans themselves, on the other hand, provides direct evidence for diet.
Examination of dental diseases (e.g. caries, abscesses, ante mortem tooth loss) and skeletal
pathologies (e.g. cribra orbitalia, rickets) and stature can give a general idea of the type of
food consumed and/or the nutritional adequacy of the diet of past populations (e.g. de la Rúa
et al. 1995; Lalueza 1998; Lalueza and Martin 1999; Roberts and Cox 2003). However, stable
isotope analysis of bone collagen offers a more informative and direct approach that also
allows assessment of diet at the individual level. Due to the timing of bone turnover
(discussed in Chapter 2, section 2.4), isotope analysis provides long‐term average of an
individual’s diet. Isotopic techniques therefore offer novel evidence for diet and complements
that available from traditional historical and archaeological sources.
Stable isotopic analysis of carbon and nitrogen is a well‐established scientific technique and
has been applied to the reconstruction of diet of human and animal populations for over
thirty years. The principle is that the isotopic characteristics of bone directly reflect the
isotopic compositions of intake from food and drink (Ambrose 1993). The isotopic
abundances of

13C

and

15N

in dietary resources vary systematically between different food

webs and environments, between marine‐ and terrestrial‐based food sources and, in the case
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of carbon, between plants with different types of photosynthesis (Ambrose 1991; Schwarcz
and Schoeninger 1991; Schoeller 1999, Chapter 2). This produces an isotopic ‘fingerprint’ of
the origin of dietary resources that can be traced through the food web from producers to
consumers. When an organism consumes a foodstuff, the components are assimilated into its
body tissues through metabolism and, by taking into account isotope affects arising from the
incorporation of food into body tissues, the origin of the diet can be estimated. Thereafter, by
comparing the isotopic values of archaeological human bone tissues with potential food
sources such as contemporaneous animal remains from the same site, the diet of humans in
the past may be broadly understood (Sealy 2001). The analysis of animal remains in
particular also offers the added potential to explore human ecodynamics in past
environments.
Over the last fifteen years, a growing body of research has emerged that has applied stable
isotope analysis to medieval populations. These studies have been useful in elucidating
patterns in diet within populations, such as variations by status, sex, age and geographical
location. Research has mainly focused on populations from northern Europe, from countries
such as Belgium, Denmark, France, Poland, Sweden and the UK (Mays 1997; Herrscher et al.
2001; Richards et al. 2002; Polet and Katzenberg 2003; Müldner and Richards 2005; Richards
et al. 2006a; Kosiba et al. 2007; Müldner and Richards 2007a; Müldner and Richards 2007b;
Jørkov et al. 2008; Linderholm et al. 2008; Kjellström et al. 2009; Müldner et al. 2009).
Isotopic investigations into the diet of medieval Mediterranean populations however, are
restricted to two studies from Greece (Garvie‐Lok 2001; Bourbou and Richards 2007) and a
single study from Italy (Salamon et al. 2008). Although there have been a few isotopic studies
of the diet of prehistoric populations from the Iberian Peninsula (Lubell et al. 1994; Garcia
Guixé et al. 2006; Garcia Guixé et al. 2009), isotopic analyses have not until now been applied
to medieval populations. The present study therefore extends the application of stable
isotope analysis to a new dataset from the Iberian Peninsula and represents the first
application of this technique to explore the diet of medieval populations from Spain.

1.3 Historical context
The Iberian Peninsula lies at the crossroads between Africa and Europe and the
Mediterranean and Atlantic. This has had a profound effect on the history, geography and
climate of this region, which sets it apart from other countries in Europe. The following
section is intended as a brief introduction to the complex subject of the political and cultural
history of Spain during the medieval period. Religious identities present in Spain throughout
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this period in particular are explored, as they have implications for the interpretation of
isotopic evidence and dietary reconstruction within this study. Much of the text below is
based on histories written by various authors including O’Callaghan (1975), Bisson (1986),
Barton (2004) and Glick (2005a).
Roman rule in the Iberian Peninsula collapsed during the beginning of the 5th century AD and
Germanic peoples invaded Iberia. The most powerful of these were the Visigoths, who had
originally migrated from central Europe. Visigothic authority was established by the mid 5th
century, with Toledo as its capital. Although political rule was in the hands of a small minority
of Germanic invaders, the original Hispano‐Roman culture largely persisted between the 5th
and 7th centuries (Barton 2004:11; Collins 2006). During the Visigothic period there was a
general decline of the major cities and a decrease in the population of the Peninsula
(Salvatierra 1997:270‐1). Visigothic rule had weakened further by the time of the arrival of
Arab and North African Berber armies across the Straits of Gibraltar in the early 8th century
(Kennedy 1996:10). The Islamic conquest of the Iberian Peninsula was effectively decided by
a single battle in AD 711, where Arab and Berber forces defeated the Visigothic King Rodrigo
at the Lake of La Janda (Collins 1983:152‐154). The majority of the peninsula, bar the
mountainous areas of the Pyrenees, came under Islamic rule only a few years after the initial
invasion (Barton 2004:22). The area under Islamic authority became known as alAndalus
and had its capital in Córdoba, but was part of the wider Islamic Empire ruled by the
Caliphate in Damascus (O’Callaghan 1975:92‐93; Kennedy 1996:13‐16; Barton 2004:22). The
boarders and territory of this kingdom, however, fluctuated over 700 years through uneasy
treaties and political agreements with the Christian kingdoms that developed within the
neighbouring areas to the north.
Little is known of the development of al‐Andalus immediately after the Islamic conquest in
the 8th‐9th centuries, during the rule of the Umayyad Emirate (Kennedy 1996:30). In general,
there was a gradual rise in population and re‐establishment of trade links, and while some
settlements persisted from the Visigothic period, others were abandoned and new towns
created (Salvatierra 1997: 273‐272; Boone and Benco 1999:66). It is thought that the
majority of the original Hispano‐Roman population probably converted to Islam in the 10th
century, conversion was likely to have been largely sporadic before this time (Kennedy 1996:
67‐68; Boone and Benco 1999:64‐5; Glick 2005a:23). A minority of Jews and Christians did
remain however, allowed to keep their religion (Section 1.3.1).
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The ‘Golden Age’ of Islamic rule in Iberia is said to be during the 10th century when ‘Abd‐al‐
Rahman III (AD r.912‐961) assumed the title of Caliph in AD 929, ruling an independent
Caliphate from Córdoba, one of the largest cities of Europe at this time (Figure 1‐1; Kennedy
1996:107). During this period, Islamic rule is thought to have reached its political and
cultural pinnacle in al‐Andalus. The ‘agricultural revolution’ also began during this time, with
the introduction of new crops such as hard wheat, citrus fruits and sugar cane and the
implementation of intensive irrigation developed from both Roman and Eastern systems
(Watson 1974; Kennedy 1996:107). The Umayyad Caliphate, however, collapsed a century
later in AD 1031, largely undermined by internal conflicts (Lapidus 2002:313).

Figure 11: The extent of Islamic rule in the Iberian Peninsula during the ‘Golden Age’, around AD 1000.

Petty states, referred to as ‘Taifa’ kingdoms, emerged in the 11th century (Bisson 1986). It
was during this time that the developing Christian kingdoms of the north began to advance
on Muslim territory, capturing several cities including Toledo (1085), Huesca (1096),
Zaragoza (1118), Tortosa (1148) and Lérida (1149) (Kennedy 1996:149‐153). The progress
of the Christian Reconquest is mapped out in Figure 1‐2. The Christian advance, however,
slowed, due in part to the arrival of zealous Berber‐Muslim Almoravids who conquered the
remaining Taifa states and governed al‐Andalus as a ‘province’ of Marrakesh (Lapidus
2002:314). Following this, between 1149 and 1172, the Almohads, another Islamic sect from
North Africa, conquered the areas previously under Almoravid rule. Almohad rule was itself
effectively ended after their defeat in AD 1212 at the hands of a combined Christian force at
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the Battle of Las Navas de Tolosa (Barton 2004:61). Following this decisive victory, the
Kingdom of Aragón captured the Balearic Islands, Valencia and the whole of the eastern coast
to Alicante between 1229 and 1248. The Christian Kingdom of Castile meanwhile had
extended in the south of the peninsula between 1212 and 1265. Only the Kingdom of Granada
remained in Muslim hands, ruled by the Nazrid dynasty. Resettlement of the former
territories of al‐Andalus by Christians from the northern kingdoms subsequently took place,
with much of the original Muslim population being displaced and many wealthy Muslims
emigrating to North Africa or Granada. However, some of the Muslim population did remain
in Christian lands, mostly as farmers or artisans of limited means, particularly within the
Crown of Aragón and especially the Kingdom of Valencia (Barton 2004:70). These Muslims
under Christian rule are referred to as mudéjares. See Table 1‐1 for terms for the various
religious and ethnic groups mentioned in this study.

Figure 12: Map showing the progress of the Reconquest and the withdrawing of the frontier of al
Andalus between the mid8th and 13th centuries (redrawn from Salvatierra 1997:266).

The last Muslim stronghold of Granada fell in AD 1492 when the ‘Catholic Monarchs’,
Ferdinand, King of Aragón, and Isabella, Queen of Castile, defeated the last Nazrid ruler
following a siege of the city of Granada. During this same year, the Jewish population were
forced to convert or be expelled from Spain, although this expulsion did not take effect at the
same time across the peninsula. The Muslim mudéjar population underwent forced baptism
in the 1520s under King Charles I and subsequently became known as moriscos, although
many remained ‘crypto‐Muslims’ and would have rejected conversion if possible (Ehlers
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2006:9). Eventually, however, between 1609 and 1614, Spain’s morisco population
numbering around 300,000 were expelled from the Iberian Peninsula (Ehlers 2006).
Term
Aljama
CryptoMuslim
Dhimmī
Judería
Morería
Morisco
Mozarab
Mudéjar
Muladí

Definition
A self governing community of Muslims or Jews under Christian rule
A Morisco that secretly practiced Islam after forced conversion
‘Peoples of the book’ – Christians and Jews protected under Islamic law
The Jewish quarter of an urban area under Christian rule
The Muslim quarter of an urban area under Christian rule
A Muslim converted to Christianity living under Christian rule
A Christian living under Islamic rule in al‐Andalus
A Muslim living under Christian rule
An indigenous Iberian Muslim convert

Table 11: A glossary of the key terms used in the text.

Spain as a political and geographic entity therefore did not exist during the medieval period
as it exists today. Throughout the medieval period, until the last decade of the 15th century,
the Iberian Peninsula was divided into separate kingdoms and territories under Islamic or
Christian rule. The term ‘Spain’ will be used within this thesis however to indicate the area
under study within its modern political boundaries. In addition, the term ‘medieval’ will be
understood as the period from the Islamic conquest (8th century) to the discovery of the New
World (15th century) with an extension to the wholesale expulsion of the moriscos at the
beginning of the 17th century that marked the end of religious co‐existence in the peninsula.

1.3.1 The land of three religions
As established in the summary above, Muslims, Christians and Jews co‐existed in Iberia under
changing political rule, this generated re‐occurring patterns of ‘coexistence, conflict,
conversion, assimilation and cultural transformation,’ (Meyerson 2000:xiv). During the
Islamic period, Muslims and Jews were largely respected as dhimmī (‘protected peoples’) or
‘peoples of the book’. Christians under Muslim rule, referred to as mozarabs (but see
Hitchcock 2008), and Jews were permitted a certain degree of autonomy within their
religious communities and were granted particular areas of cities in which to live. These
religious minorities however, were largely excluded from status and political power (Ruiz
2001:101; Burns 2002:49; Glick 2005a:187).
Muslim society in al‐Andalus comprised a number of social groups. The dominant strata of
society included those descended from the original Arabs that had invaded in the 8th century,
however they were few in number (Glick 2005a:202). Berbers originally from the Maghreb
made up a large proportion of the population who received marginal and frontier territory
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after the original Muslim conquest (Collins 1983:165; Lafuente 1998:32; Glick 2005a).
Indigenous Muslim converts (muladíes), many of which are thought to have turned to Islam
during a popular phase of conversion during the 10th century, constituted the majority of the
population (Glick 2005a:202, 211).
The Christian Reconquest represented a change both in the political balance of power and
dominant religion. Under Christian rule, Muslims and Jews were initially treated similarly to
religious minorities in al‐Andalus, being granted internal group autonomy and freedom to
worship, but considered politically subordinate. Within most cities, Jews and Muslims under
Christian rule (the latter referred to as mudéjares) were provided with segregated areas in
which to live and had their own amenities serving social, religious and economic needs
(Burns 2002; Glick 2005a:188). The Jewish and Islamic quarters were respectively known as
the judería and morería or aljamas. In rural areas however, the development of settlements
comprised of solely mudéjares were common, particularly in the Crown of Aragón (MacKay
2000:96; Burns 2002:55).
The society of medieval Spain was therefore pluralistic, comprised of separate religious
communities living in parallel and interacting with each other socially, economically and
intellectually (Meyerson 2000:xv). The synergy of co‐existence did not remain static but
varied by place and over time (Burns 1990:59). The tolerance of Christians and Jews in al‐
Andalus waned particularly under the rule of the Almoravids and Almohads (Hitchcock
2008:6). Following the Reconquest, the degree of tolerance to Muslims and Jews within the
Christian kingdoms differed from place to place and later policies often restricted the activity
of non‐Christian religious groups and led to their declining status (Echevarría 2002; Glick
2005a:188‐190). This eventually culminated in forced conversion and later expulsion of both
Jews and Muslims from Spain.
It is difficult, however, to investigate the social reality of interactions between faiths as much
of the evidence derives from legal documents or literary representation and such accounts
are often biased towards the view of those in power (Fletcher 2000:85; Meyerson 2000:xiv;
Ruiz 2002:69). These interactions are, however, beginning to be explored using
archaeological approaches (e.g. Gerrard 1999). There has been much debate as to the extent
to which interfaith co‐existence in Spain was a form of idealised ‘convivencia’ (peaceful co‐
existence), but recently researchers have moved away from this term (Glick 1992; Ruiz
2002:64; Soifer 2009). Nevertheless, the co‐existence of faith communities in Spain would
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have had a significant impact on various aspects of culture and society, not least in questions
of diet and foodways.

1.4 Research aims and objectives
The broad aim of this research is to explore variability in diet and resource exploitation in the
multi‐faith society of medieval Spain through carbon (δ13C) and nitrogen (δ15N) analysis and
to place this isotopic data in the context of other evidence from written sources and
archaeological material. Several research questions are explored, namely:

•

Is there a difference in diet and resource exploitation between populations of different
faiths under changing religious political rule?

•

Does diet and resource exploitation differ by geographical location?

•

Does diet vary within populations at the same location by status, sex, between sites or
through time?

In addressing these questions, the study has the following specific aims which link with the
historical and social context of the sample under study:

•

To assess the impact of faith on diet in terms of dietary laws;

•

To explore the transformation of an Islamic society to a Christian one and comment on
the impact of Christian colonisation on diet and practice e.g. agriculture.

•

To comment on the veracity of the historical record and reflect upon the idea of
convivencia in terms of diet;

•

To draw this Iberian study into the wider European context of medieval diet.

This study therefore has the following objectives:

•

To analyse populations of Muslims and Christians under both Islamic and Christian
political rule, where possible;

•

To examine isotopic data from humans from a range of locations, environments and
settlement types in order to explore the effect of environment and resource availability
on the diet;

•

To analyse a sufficient number of human individuals from multiple sites at each
location where available and thereby explore any inter‐population variation in diet that
may be present;
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•

To analyse a sufficient number of animal remains from each site to provide a ‘faunal
baseline’ to aid in the interpretation of human diet and provide information on possible
differences in environment, resource exploitation, animal management and foddering
across the study region;

•

To compare the isotopic results from humans and animals from Spain with isotopic
studies of other populations from Europe and the Mediterranean.

1.5 The study area and sample
In order to explore diet in medieval Spain utilising carbon and nitrogen isotope analysis,
samples of human and animal bone collagen were chosen from selected locations within the
present‐day regions of Aragón and Valencia in eastern Spain. This geographical area was
chosen for a number of reasons. Firstly, from the 13th century the kingdoms of Aragón and
Valencia were united with the county of Barcelona in Catalonia, as the Crown of Aragón,
which was geographically and politically distinct from other kingdoms in the Iberian
Peninsula (Figure 1‐3; Linehan 2008:6). This region was also united by an outward‐looking,
Mediterranean focus and was interconnected by a number of important trade and travel
routes during the medieval period (García Marsilla 1993:30; Constable 1994). In addition, the
Kingdom of Valencia was also one in which a majority of mudéjares remained following the
Christian Reconquest, comprising up to two thirds of the population until the 14th century.
Therefore this area represents a more ‘mixed’ society in terms of faith than those in other
areas (Burns 1990). Additionally, much of Aragón and Valencia has a Mediterranean‐style
climate which differs from the more continental and maritime climates in the interior and
west coast of the peninsula and the study area encapsulates a range of geographical
environments from the mountainous Pyrenees and the lowland Ebro Valley to the
Mediterranean littoral. This facilitates the selection of sites from inland, coastal, urban, and
rural locations for comparison.
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Figure 13: The Iberian Peninsula c.AD 1350 outlining the boundaries of the Christian kingdoms (from
Barton 2004:76).

Humans and animals were sampled from 17 sites in seven locations in the study area (Figure
1‐4). Sites were selected within a date range between the 8th and 16th centuries AD. Although
this means that some sites post‐date the introduction of new crops such as maize (an
isotopically distinct crop) to the Iberian Peninsula following contact with the Americas (AD
1492), these new plants were not established as major crops until the 17th century in the
study area (disscussed in Chapter 6, section 6.2.5).
The human populations represent Christians from Jaca, Muslims and some Christians from
Zaragoza, Muslims from Albarracín, Muslims and Christians from Valencia, Christians from
Gandía and mudéjares from Benipeixcar. Although Jewish cemeteries have been excavated at
some of the locations studied, their remains were reburied shortly after excavation (Pepa
Pascual pers. comm. 2007). Jewish populations were therefore unavailable for study.
Nevertheless, the sample is rich. The analysis of Muslim and Christian populations from
different sites at similar periods enables the exploration of possible differences in diet over
time and importantly for this thesis, under varying religion and political control. Animal
remains sampled from the same locations or, in the case of Jaca from nearby settlements
(Huesca and Barbastro), characterise environmental variability at each site and thereby
provide a faunal baseline from which to interpret the human data. This also creates insights
into possible variation in animal management and foddering practices across the study area.
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Figure 14: Modern map showing the location of sites sampled within Aragón and Valencia. Benipeixcar
is within modern Gandía.

The chosen locations follow a transect through north‐east Spain and encapsulate a range of
environments, from the isolated mountainous settlements of Jaca in the Pyrenees and
Albarracín in the Iberian mountain range, to Zaragoza in the fertile lowland Ebro Valley and
Valencia and Gandía on the Mediterranean coast. These are also a mixture of urban and more
rural sites, which facilitate comparisons between coastal, inland, urban, and rural areas. The
relatively large samples of humans at each location, occasionally from multiple sites enables
the examination of dietary variation between individuals from different cemeteries in a single
settlement and also facilitates comparison of diet between the sexes. One site in Valencia (La
Rauda) is identified as a high‐status cemetery, which enables comparison of diet and status
amongst populations in this city in particular. Further discussion and justification for the
selection of these sites is given in Chapter 4.
Muslim and Christian human remains at the sites sampled were identified to faith according
to their distinctive burial practice. To summarise, Muslim cemeteries (maqbara) were
situated outside the city walls and alongside main access routes, similar to the Roman period.
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Christian cemeteries, on the other hand, were usually located within settlement walls,
associated with a church. According to the Muslim burial tradition, individuals were usually
buried on their right side, orientated with their feet towards the south‐west, and the head
towards the north‐east with the face facing east towards Mecca (the qiblah). For the most
part, the graves contain individual interments (although multiple, possibly family burials
have also been found) and are unfurnished with the exception of occasional rings or pins
(Pascual 1989; Galve and Benavente 1991:85; Insoll 1999:168; Cebolla and Ruiz 2006; Galve
2007). In the Christian burial tradition, a body is generally interred orientated west to east
(with the head facing west) and laid supine with legs outstretched. Again, grave goods are
normally lacking apart from a few exceptions, for example, pilgrim tokens from Santiago de
Compostela (Justes 2006; Ortega and Gallego 2004:6; Vidal 2006).

1.6 Thesis format
The remainder of this thesis is separated into seven chapters. The next chapter provides
technical and methodological background. The systematics of carbon and nitrogen isotopes in
the biosphere are reviewed and the mechanism of their uptake by bone collagen discussed.
Problems associated with archaeological bone degradation and diagenesis are also
considered. The chapter concludes with a review of previous applications of stable isotope
analysis to explore diet, with a focus on medieval populations in order to place this study in
the context of current research on this subject.
Chapter 3 explores the historical and archaeological evidence for diet in Spain, providing the
context for the interpretation of the isotopic results. This chapter concludes by summarising
the key research themes outlined above (Section 1.4), indicating hypotheses to be explored
using the isotopic data.
Chapter 4 introduces the locations and archaeological sites from which humans and animals
were sampled for this research and justifies their selection. Chapter 5 provides an outline of
the sampling methodology, sample preparation method and analytical procedures used.
Inter‐laboratory comparison and methods of assessing the quality of bone collagen from
archaeological sites are also discussed.
The results are presented and discussed in Chapters 6 and 7. Chapter 6 explores the data
from individual sites and focuses on patterns of variation within these sites. Chapter 7 builds
on the previous chapter by providing an overview of regional, inter‐site variation in diet of
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animals and humans. Isotopic data from domestic herbivores and humans generated from
this research are also compared to animal and human populations from other areas of
medieval Europe and the Mediterranean. This chapter concludes with a discussion of the
results of the site‐based analysis in the context of the research themes previously outlined.
The final chapter (Chapter 8) provides the conclusions of the research and finishes with
suggestions for further work. Appendices present all the raw isotopic data and statistical
tables.
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2 PRINCIPLES AND APPLICATIONS OF STABLE ISOTOPE ANALYSIS
This chapter introduces the principles of stable isotope analysis, outlining the fundamentals
of their definition and terminology before exploring the various ecological and physiological
factors that influence the stable isotope values in biological tissues. The chapter concludes
with a review of previous applications of stable isotope analysis to medieval populations in
Europe.
There are a number of light stable isotopes analysed routinely in archaeological research,
namely, hydrogen (H), oxygen (O), carbon (C), nitrogen (N), and sulphur (S). The stable
isotopes of interest to this thesis are those of carbon and nitrogen, which are commonly used
to reconstruct past diet.

2.1 Basic principles: definition, terminology and notation
Isotopes are atoms of the same element with the same number of protons and electrons but a
different number of neutrons in the nucleus. The subsequent mass difference between
isotopes subtly changes their physical and chemical properties. When the relative mass
differences between the isotopes are sufficiently large (as in the case of elements of low
atomic numbers, such as carbon), fractionation can occur during physical, chemical and
biological reactions, changing the relative proportions of different isotopes (Schoeller 1999).
Different processes cause fractionation, for example, equilibrium and kinetic isotope effects.
Kinetic isotope effects in particular occur commonly in biological processes. Generally,
molecules containing the light isotope with lower disassociation energy (weaker bonds) react
more readily than those with the heavy isotope and higher disassociation energy (stronger
bonds). Therefore, lighter isotopes tend to react faster and become concentrated in products
(White 2005: 367,358; Hoefs 2009). For detailed coverage of various isotopic fractionation
processes, see Hoefs (2009).
Unlike unstable (radioactive) isotopes, stable isotopes do not break down over geological
timescales and, therefore, the ratios between these isotopes reflect the environment in which
they were formed. Most elements have multiple naturally occurring stable isotopes; the
abundances of the principal stable isotopes examined in this research are provided below
(Table 2‐1).

15

2: Principles and applications of stable isotope analysis
Element/Stable
Isotope
12C
Carbon
13C
14N
Nitrogen
15N

Abundance (%)
98.90
1.10
99.63
0.37

Table 21: Stable isotopes examined in this thesis and their isotopic abundances (de Hoffmann and
Stroobant 2007: 252).

Variations in stable isotope ratios are quoted in parts per thousand (‰) reported as per mille
deviations, δ, from an international reference standard. The standards, by definition have a δ
value of 0‰ (Lajtha and Michener 1994: xii). A negative δ value indicates depletion of the
heavier isotope and a positive δ value indicates enrichment of the heavier isotope relative to
the standard. Different standards are used for each isotope, listed in Table 2‐2.
Element
Carbon
Nitrogen

Notation
δ13C
δ15N

Ratio
13C/12C
15N/14N

Standard
V‐PDB
AIR

Table 22: The notation, ratios and standard of the isotopes utilised in this thesis (Hoefs 2009).

Stable isotope ratios for carbon (δ13C) are reported relative to the Pee Dee Belemnite (PDB),
standard, a marine limestone fossil formation originally from South Carolina (the original
source has been exhausted, ‘Vienna’‐PDB is available). Organic samples tend to have a
negative δ13C value compared to the PDB standard, as marine carbonates are more abundant
in δ13C. Nitrogen isotope (δ15N) ratios are reported relative to atmospheric nitrogen (AIR)
standard (Mariotti 1983). Plants and animals are usually enriched in δ15N compared to AIR
and possess positive values (Lajtha and Michener 1994:xii; Kendall and Caldwell 1998; Hoefs
2009).
The isotope ratio of a sample is reported relative to the primary standard following the
general formula (McKinney et al. 1950):
δ (‰)= (Rsample / Rstandard ‐ 1) x 1000
Where "R" is the ratio of the heavy to light isotope in the sample or standard.
For example, the formula for calculating the δ13C of a sample would be the following:
δ13C (‰) =[(13C/12Csample/13C/12CPDB)‐1] x 1000
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As summarised in Chapter 1, the use of stable isotopes to reconstruct diet is based on the
principle that the isotopic composition of body tissues reflects the isotopic values of food and
drink ingested in life. In order to trace the origin of possible dietary resources through food
webs from producers to consumers, the distribution of carbon and nitrogen isotopes in the
food web must be understood. The isotopic values of autotrophs (primary producers) and
heterotrophs (consumers) are dependent on a number of environmental and physiological
factors. The principal ways in which carbon and nitrogen vary in nature are outlined below in
order to provide a background to aid in interpretation of human and animal isotopic data.
The following section is intended to be an introduction to the variation in carbon and
nitrogen in the biosphere.

2.2 Distribution of carbon in nature
The world’s largest reservoir of carbon is the oceans, where it exists as dissolved
bicarbonates. Atmospheric carbon dioxide (CO2) is in isotopic equilibrium with the ocean
(Hoefs 2009). Carbon in ecosystems derives ultimately from photosynthesis, a process
carried out by plants, algae and cyanobacteria in both terrestrial and marine environments,
whereby light energy is converted to chemical energy. Isotope fractionations that occur
during the process of photosynthesis are responsible for the majority of the variation in
carbon isotopes in the biosphere (Sealy 2001).

2.2.1 Producers: plants
Plants form the base of most terrestrial food webs, fixing CO2 from the atmosphere.
Terrestrial plants are depleted in 13C relative to the atmosphere due to isotopic fractionation
caused by metabolic (enzymatic and physical) processes during photosynthesis that
discriminate against the heavier isotope (O’Leary 1981). Initially, diffusion of CO2 into the
plant causes isotopic fractionation of ~4‰ compared to atmospheric CO2 (Lajtha and
Marshall 1994). The extent of isotopic fractionation during photosynthesis, however,
characteristically varies between different carboxylating enzymes in use by different plant
species to fix atmospheric CO2 after it has dissolved through the stomata of the plant (O’Leary
1981; Lajtha and Marshall 1994). Ribulose biphosphate (RuBP), the carboxylating enzyme in
plant species utilising the C3 (Calvin) pathway, discriminates against the heavier isotope more
strongly than phosphoenolpyruvate (PEP) carboxylase in species using the C4 (Hatch‐Slack)
pathway (Lajtha and Marshall 1994). As a result C4 species are more enriched in

13C

than C3

species. A minority of plants utilise Crassulacean Acid Metabolism (CAM) and minimise water
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loss by switching between the C3 and C4 photosynthetic pathways (Lajtha and Marshall
1994).
The range of δ13C values possessed by plants utilising the C4 and C3 pathways are well defined
(Figure 2‐1). C3 plants have an average δ13C value of ‐27‰, with a range between ‐22 to
‐34‰, whereas C4 plants possess a mean of ‐13‰ with an extended range between ‐9 and ‐
16‰ (Smith and Epstein 1971; O’Leary 1981). This C3 or C4 isotopic signature in plants is
retained along the food chain, enabling the investigation of the relative contribution of C3 and
C4 resources to the diet of consumers. CAM plants, on the other hand, are rarely consumed in
food webs involving humans and have a range of δ13C values that are not distinguished from
plants using the C4 pathway (Lajtha and Marshall 1994).

Figure 21: The distribution of the δ13C values (‰) of C3 plants and C4 plants (redrawn from O’Leary
1988).

Plant species utilising the C3 pathway represent the majority (80‐90%) of terrestrial plants,
including all trees and most shrubs, herbs and grasses suited to temperate climates (Hoefs
2009). The largest proportion of crops consumed by humans fall into this category. C4 plants
tend to be those from sub‐tropical regions, adapted to arid, saline or high temperature
environments and include tropical grasses (Hoefs 2009: 178). Notable C4 cultigens consumed
by humans include sugarcane, maize, sorghum and some millets. CAM plants are consumed
rarely by humans and include species such as cacti and pineapples (Ambrose 1993).
Differences between photosynthetic pathways are the principal factor affecting isotopic
variation in plants however; there exist a number of other factors affect enzymatic activity
and/or diffusion of CO2 from the atmosphere to the plant during photosynthesis (Tieszen
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1991; van Klinken et al. 2000). These environmental factors primarily affect the δ13C values
of C3 plants, C4 plants are less affected (Tieszen 1991; Ambrose 1993). An in‐depth account of
these various factors is provided by Tieszen (1991), Heaton (1999) and Dawson (2002); the
most notable variations in terms of this study are summarised below.

2.2.1.1 Atmospheric CO2 and the canopy effect
Plant δ13C values are dependent on the isotopic ratio of atmospheric CO2. On a global scale,
atmospheric carbon has a δ13C of around ‐7.8‰, however anthropogenic activity, primarily
the burning of fossil fuels, has reduced δ13C in atmospheric CO2 over the last 200 years by
~1.5‰ (O’Leary 1981; Marino and McElroy 1991). This is particularly important for
palaeoclimatic reconstruction, which need to take this carbon‐offset into account; however it
is not of major concern to this thesis as medieval remains pre‐date the industrialisation of the
19th century (van Klinken et al. 2000).
In areas of dense forests with closed canopies, however, there is often a vertical gradient
carbon isotope ratio where δ13C values increase with height, even within an individual tree.
This is referred to as the ‘canopy effect’ and is thought to be due to a combination of low light
intensity in the understory coupled with the presence of increased levels of

13C

depleted,

recycled CO2 deriving from soil or plant respiration (O’Leary 1981; Tieszen 1991; van der
Merwe and Medina 1991; Heaton 1999; Drucker et al. 2008). The impact of the canopy effect
on isotope ratios is largely dependent on the density and complexity of the canopy (Drucker
et al. 2008). Studies have found that plants growing under dense, forested, canopied areas in
Africa can be depleted in δ13C by up to up to 2‐5‰ compared to those in open areas
(Ambrose 1993). The canopy effect, therefore, could potentially have an impact on herbivore
values from densely forested areas in Spain.

2.2.1.2 Climate and environment
Climate has a significant influence on the isotope ratios of plant tissues, particularly
temperature and humidity (van Klinken et al. 2000). High temperature and low humidity
causes some stomatal closure within plants in order to conserve water. This results in a
decreased discrimination against the heavier isotope and a corresponding enrichment of 13C
in plant tissues (Tieszen 1991; Lajtha and Marshall 1994). A spatial patterning in plant δ13C
determined from Holocene charcoal samples has been recorded across Europe, following a
major north‐south trend from warmer and drier to wetter and colder climates on the order of
2 to 4‰. This climate effect is also correlated with human bone collagen values, indicating
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this pattern is maintained throughout food webs (van Klinken et al. 2000). Spain, with an
overall warmer and drier climate, exhibits charcoal and collagen δ13C values enriched by
around 2‰ when compared to those from England (van Klinken et al. 1994). This difference
should be reflected in data collected from Spain for this thesis (discussed in Chapter 7).
The microenvironment of plants also has a significant effect on their δ13C values. Soil type and
drainage can cause variation in the δ13C values of plants by around 2‰. Altitude has a
significant effect on plant tissue δ13C values, δ13C increasing with altitude on the order of
around 0.5 to 1.5‰ per 1000m, due to effects of topography, soil type and species variation
(Lajtha and Marshall 1994: 6; Heaton 1999). Soils low in nutrients can result in a depletion
plant δ13C, in the order of about 2‰, whereas salinity can cause δ13C enrichment in plants
(O’Leary 1981; Farquhar et al. 1982; Tieszen 1991; Heaton 1999).

2.2.1.3 Variation within and between individuals
Genetic‐based variation in plant

13C

occurs between plants of the same species in a single

environment. In addition, different species or forms of plants such as woody and herbaceous
plants can differ in δ13C by around 2‰ or more due to different physiological adaptations to
an environment (Heaton 1999).
Biochemical fractions of plants have different δ13C values, in the order: δ13C lipid < δ13C
protein < δ13C carbohydrate (O’Leary 1981). Proteins in seeds and vegetables differ from
whole plants by variable amounts usually between ‐1 to +3‰ (Ambrose and Norr 1993).
Carbohydrates exhibit δ13C values close to those for whole plants; however lipids in
particular are depleted in δ13C by 5‰ on average compared to whole plants (Tieszen 1991).
This is thought to be due to the different metabolic pathways involved in their synthesis
(Hoefs 2009). Furthermore, there is a potential seasonal variation in δ13C during growth of
different plant parts (Tieszen 1991; Heaton 1999). Therefore, parts of the same plant,
composed of different principal biochemical components, such as seeds and stems, can
exhibit differing δ13C values of up to 1‐2‰ (Heaton 1999). This is potentially important for
dietary studies as plants parts vary in their digestibility. Differential digestion of particular
parts by consumers may therefore result in a shift in consumer tissue δ13C values (Tieszen
1991; McCutchan et al. 2003).
Thus, environmental effects such as sunlight, altitude, salinity, local humidity, and also
genetic and species‐based factors all influence the δ13C of plant tissues and can all lead to
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differences in δ13C of around 2‐4‰. To some extent, this environmental variation in plant
foodstuffs will be averaged in consumer tissues, particularly when analyzing bone collagen,
which has a relatively slow turnover (Heaton 1999, See Section 2.4). However, when factors
combine they can produce larger effects and where consumers have particular feeding
preferences, such as feeding in canopied environments, significant differences may occur.

2.2.2 Consumers: herbivores and carnivores
Controlled feeding experiments with small mammals undertaken during the 1980s
demonstrated that the stable carbon isotope composition of animal tissues is related to the
δ13C values of the diet (DeNiro and Epstein 1978). There is, however, a systematic difference
between the isotopic composition of the diet and consumer tissues, a diet‐tissue offset
expressed as Δdiet‐tissue (Ambrose and Norr 1993). Therefore, in order to reconstruct diet, the
fractionation factor for a particular biological tissue needs to be ascertained in addition to the
isotopic signatures of the potential foodstuffs (Ambrose 1993:60).
Feeding studies originally indicated a slight shift in δ13C of +1‐2‰ between the whole bodies
of consumers and their diet (DeNiro and Epstein 1978). Different body tissues however, have
differing δ13C values (DeNiro and Epstein 1978; DeNiro and Epstein 1981; Tieszen et al.
1983; McCutchan et al. 2003). This is due to the biochemical composition and assimilatory
pathways of different tissues (Tieszen et al. 1983; Ambrose 1993). Lipids are depleted in δ13C
compared to the diet; therefore tissues with high proportions of lipids such as kidney and
liver will tend to exhibit more negative δ13C values (Tieszen et al. 1983; Tieszen 1991). The
amino acid composition of proteins influences their overall δ13C values. This is because each
amino acid has an individual δ13C signature due to differing fractionation processes during
their synthesis (Hare et al. 1991; Howland et al. 2003). Collagen exhibits a higher δ13C value
than muscle protein as its most common amino acid, glycine, is enriched in

13C

compared to

other amino acids (Hare et al. 1991). The selective consumption of certain animal tissues by
carnivores/omnivores may therefore affect their δ13C values.
A diet‐tissue offset of 5‰ in δ13C is the commonly held Δdiet‐collagen for the collagen of
herbivores, largely based on the diet of free ranging animals (van der Merwe and Vogel 1978;
Ambrose and Norr 1993; Jim et al. 2004). However, various studies have reported a range in
Δdiet‐collagen in δ13C from around 1‰ to ~6‰ (DeNiro and Epstein 1978; Ambrose and Norr
1993; Tieszen and Fagre 1993; Howland et al. 2003). This variability in Δdiet‐collagen of
herbivores may be due to physiological and dietary differences between different species of
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laboratory‐fed small mammals and large free ranging mammals, whose diets are difficult to
monitor (Tieszen 1991). However, much of the fractionation between whole diet δ13C values
and that of collagen is probably the result of the differences between the isotopic ratios of
various biochemical components of the diet (protein, carbohydrate, lipid), as collagen is
believed to derive mostly from dietary protein rather than the diet as a whole (Jim et al.
2004; see Section 2.4.1.1). The relative importance of direct incorporation of amino acids
from protein in the diet and synthesis of others within the body, however, further affects the
fractionation factor between whole diet and collagen values (Howland et al. 2003).
Altogether, the fractionation factor between bone collagen and total diet δ13C values is yet to
be completely understood (Hedges et al. 2006).

2.2.2.1 Factors affecting the δ13C of consumers
There exists a small ‘trophic level effect’ in δ13C values, between >0 to ~2‰, which is
typically reported between herbivores and carnivores (Schoeninger and DeNiro 1984; van
Klinken et al. 2000; Bocherens and Drucker 2003; McCutchan et al. 2003). This may be due to
the preferential assimilation of tissues with different biochemical compositions, for example
muscle (van Klinken et al. 2000). Trophic level enrichment between herbivores and
carnivores, however, has not been reported in all studies relating to terrestrial ecosystems
(Bocherens 2000). Trophic level effects in nitrogen are far more pronounced and routinely
studied (Section 2.3.2).
Herbivore isotopic values are influenced by their feeding practices, dependant on the spatial,
species and temporal value of plant δ13C. For example, depleted δ13C values in herbivore
tissues due to feeding on understory plants under forested canopies has been observed in
tropical/savannah environments, with animals feeding in open rather than forested
environments exhibiting different δ13C values by up to 4‰ (Ambrose 1986). The depletion of
δ13C values in herbivore collagen due to the canopy effect was also recently reported for
herbivores inhabiting temporal and boreal forests in Europe and North America (Drucker et
al. 2008).
Nutritional stress has been found to have no systematic effect on the isotopic composition of
carbon in the body tissues of birds, animals and humans (Hobson at al 1994; Ambrose 2000;
Sponheimer et al. 2003a; Fuller et al. 2005). There is some discrepancy, however, with a
minority of other studies of insects and animals, which have yet to be explored (Fuller et al.
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2005). Nitrogen, on the other hand, is more significantly affected by nutritional stress and
will be considered later (2.3.2.3).
Research has also indicated there is no correlation between bone collagen δ13C values and
age due to physiological factors (Murphy et al. 2007). Slightly elevated δ13C values (~1‰)
due to a trophic effect in breast‐fed infants before weaning has, however, been reported.
Although the signal is more substantial in nitrogen, studies of hair and fingernail indicate that
carbon isotopes react more quickly to dietary change after weaning (Fuller et al. 2003, 2006).
This is not an issue of concern for this thesis as sampling of infants was deliberately avoided
(Chapter 5). Little variation in carbon isotopes has been associated with physiological sex
differences (DeNiro and Schoeninger 1983; Schwarcz and Schoeninger 1991). Therefore, any
patterning in δ13C values and age and sex in isotopic data should reflect actual dietary
differences.

2.2.3 Carbon in aquatic environments
2.2.3.1 Marine
Marine plants and phytoplankton gain carbon from dissolved inorganic carbon (DIC), of
which the major constituent is bicarbonate (HCO3‐) that has a δ13C value of around 0‰,
around 8‰ more positive than modern atmospheric carbon (Smith and Epstein 1971;
Chisholm et al. 1982; Hoefs 2009). The difference between the carbon sources for the marine
and terrestrial ecosystems results in an offset between these two environments, which is
maintained along food webs to consumers (Chisholm et al. 1982). As a result, marine plants
generally possess more positive δ13C values than C3 terrestrial plants, although there is some
overlap (Schoeninger and DeNiro 1984). Most phytoplankton and marine plants follow the C3
pathway and exhibit δ13C values that are intermediate between terrestrial C3 and C4 species
(O’Leary 1981; Schwarcz and Schoeninger 1991).
Variability in the carbon sources in the oceans, however, affects aquatic plant and
phytoplankton isotopic values. Other marine carbon sources include organic carbon deriving
from terrestrial detritus and dissolved CO2 which has a δ13C value of atmospheric carbon.
Algae carry out both C3 and C4 photosynthesis and environmental factors such temperature
and ocean depth affects their isotopic ratios (Sealy 2001). For example, benthic (bottom‐
dwelling) or coastal waters exhibiting more positive δ13C values than pelagic (open water) or
offshore environments (France 1995a; Hobson 1999). Despite this variation, marine animals
from temperate oceans are considered to have a mean δ13C value of ‐16‰ (Sealy 2001).
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A minor trophic level effect has been reported from various marine and aquatic ecosystems
in the order of between >0‐1‰ enrichment in δ13C with each step in the food chain. This
enrichment varies between ecosystems due to their differing carbon sources (France and
Peters 1997; Post 2002).

2.2.3.2 Freshwater
Freshwater ecosystems exhibit highly variable δ13C values (Katzenberg 2000). The isotopic
composition of carbon in freshwater is dependent on the mixture of a number of carbon
sources available to primary producers such as phytoplankton, algae and aquatic plants.
Sources of carbon include DIC deriving from reaction with bedrock limestone, dissolved CO2
and organic carbon from decaying organic matter, respiration and run‐off from terrestrial
systems (Peterson and Fry 1987; Zohary et al. 1994; Katzenberg and Weber 1999). The
relative importance of each of these sources depends on factors such as the size and depth of
the water body, pH and temperature (Post 2002). Small lakes may exhibit more negative δ 13C
values due large proportions of CO2 depleted in 13C deriving from organic matter (Katzenberg
and Weber 1999; Dufour et al. 1999; Post 2002). In addition, studies reveal variation in

13C

with habitat in lakes. Primary producers in littoral (close to the shore) environments tend to
exhibit less negative δ13C values than those from pelagic (open water) environments, due to
carbon in littoral food webs deriving from terrestrial detritus and attached algae as opposed
to phytoplankton in pelagic food webs (France 1995a; Post 2002).
In general, however, freshwater resources show a more negative δ13C value than marine
ecosystems (Dufour et al. 1999). Freshwater plants have been reported to have a range of
δ13C values between ‐37‰ and ‐27‰ (Peterson and Fry 1987). However, many studies
have reported a wide range δ13C values for freshwater fish, dictated by variations at the base
of the food web (Dufour et al. 1999). Katzenberg and Weber (1999) report a range of δ13C
values for freshwater fish between ‐14.2‰ and ‐24.6‰, with some habitat differentiation,
fish species inhabiting shallow water (littoral) exhibiting greater enrichment in δ13C
compared to those from deep water (pelagic). In addition, Bonsall and colleagues (2000)
analysed freshwater fish bones from Iron Gates Gorge sites on the Danube River that ranged
in δ13C from ‐27 to ‐16‰. In a study of fish from three European lakes, Dufour and others
(1999) reported a ~12‰ difference in δ13C values between fish from different lakes, values
ranged between ‐31.7 and 20.6‰. Also, migratory (anadromous) and estuarine fish such as
eel, that move between marine and freshwater environments can exhibit δ13C values
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intermediate between marine and freshwater resources (Schoeninger and DeNiro 1984;
France 1995b; Grupe et al. 2009).
Given the high level of variation, the analysis of contemporary freshwater fish remains is
recommended (Dufour et al. 1999). However, this is rarely possible, as fish remains are not
always recovered in archaeological deposits, and when they are, the bones are generally
fragile, and poorly preserved. Unfortunately, freshwater fish were unavailable to be sampled
for this thesis.

2.2.4 Carbon isotopes summary
Carbon isotopes may be used to distinguish the consumption of C3 and C4 plant resources in
the diet. They can also identify the exploitation of marine resources by humans in a C3 based
terrestrial ecosystem without significant inputs of C4 resources. Freshwater resources,
however, are highly variable in their carbon ratios, which may result in difficulties in
interpreting diet of human populations (Section 2.6).

2.3 Distribution of nitrogen in nature
The world’s largest reservoir of nitrogen is the atmosphere, where it exists as the largely
inert nitrogen gas, N2, that is also found dissolved in the oceans (Hoefs 2009). Unlike CO2, N2
maintains a constant global isotopic ratio (Mariotti 1983). However, unlike the carbon cycle,
which derives much of its fractionation from photosynthesis, there is not one dominant
process responsible for the variation of nitrogen in food webs.

2.3.1 Producers: microorganisms and plants
Nitrogen in the biosphere is ultimately derived from atmospheric N2 that is ‘fixed’ by bacteria
and algae. Aquatic and soil micro‐organisms are responsible for all stages in the nitrogen
cycle in the biosphere, which includes four main processes (Hoefs 2009; Jaffe 1992):
Fixation: conversion of gaseous N2 into any nitrogen compound, e.g. ammonia, NH3 and
ammonium, NH4+.
Ammonification: The decomposition of organic matter to produce NH3 and NH4+
Nitrification: oxidation of NH3 and NH4+ to produce the nitrogen compounds, nitrite, NO2‐
and nitrate, NO3‐.
Denitrification: re‐conversion of nitrogen (reduction of nitrate) into gaseous forms such as
N 2.
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Plants are unable to assimilate atmospheric N2 and so acquire their nitrogen from the soil (or
water, in the case of marine plants). The majority of plants gain most of their nitrogen in the
form of nitrate produced by independent bacteria that decompose organic matter in the soil
(Ambrose 1991; Jaffe 1992; Dawson et al. 2002). Leguminous plants (such as alfalfa,
chickpeas, beans etc), however, gain their nitrogen though a symbiotic relationship with
nitrogen‐fixing Rhizobium bacteria that live on the plant’s roots. Such plants are often used in
agriculture to replenish nitrogen in the soil (Jaffe 1992).
The origin of nitrogen sources in the soil is thought to be the primary factor behind δ15N
variation in plants. The fractionations associated with uptake and assimilation of nitrogen by
plants are poorly understood, but thought to be negligible (Kendall 1998; Dawson et al.
2002). Nitrogen fixation usually results in a depletion of

15N;

however, δ15N in the soil is

usually increased due to the net effect of nitrification and denitrification during the
decomposition of organic matter in the soil by microorganisms (Ambrose 1991; Dawson et al.
2002). As a result, legumes with a symbiotic relationship with nitrogen‐fixing bacteria
possess δ15N values close to atmospheric N2, whereas non‐leguminous plants exhibit higher
δ15N values, due to their reliance on nitrates in the soil (DeNiro and Epstein 1981; Virginia
and Delwiche 1982). In general, plants from temperate ecosystems are considered to have
mean δ15N values between +3 to +6‰ (Coltrain et al. 2004). However, plants may possess
δ15N values within a range of between ‐5 to +20‰, depending on climatic and other factors
that will be discussed below, in particular, the extremely positive values are usually specific
to certain environments (Ambrose 1991).

2.3.1.1 Factors affecting δ15N in plants
The isotopic ratio of nitrogen in soil and plants is highly variable, unpredictable and poorly
understood (Lajtha and Marshall 1994; van Klinken et al. 2000; Dawson et al. 2002). Climatic
factors such as rainfall, temperature and humidity, in addition to soil pH, water content and
salinity all have an effect on δ15N ratios in soils (Pate and Anson 2008 and references therein:
Amundson et al. 2003: Ambrose 1991). There is also high local variability in soils; differences
in δ15N of up to 10‰ within plants in the same area have been reported (Sponheimer et al.
2003a). This significant spatial variation inhibits the comparison of nitrogen values from
different localities.
Nitrogen ratios in plants are affected by climate, particularly aridity (Heaton et al. 1986;
Ambrose 1991; Schwarcz et al. 1999; Amundson et al. 2003). A recent analysis of climatic
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influences on soil and plant δ15N values revealed a global patterning, where soils and plants
in arid areas are systematically more enriched in δ15N, with a strong positive correlation
between δ15N values and lack of rainfall and higher temperatures (Amundson et al. 2003).
This climatic phenomenon is believed to be related to nutrient and water availability in soils.
For example, greater recycling of nitrogen in colder and wetter soils results in nutrient
limitation and decreasing nitrogen δ15N values. Arid soils are limited in water but have
greater nutrient availability, increasing δ15N values (Amundson et al. 2003). In addition,
evaporation of 15N depleted ammonia and inhibition of nitrogen fixing also serve to increase
δ15N values of soils in arid environments (Ambrose 1986; Ambrose 1991; Schwarcz et al.
1999).
Salinity and coastal proximity can also cause variation in plant δ15N values. In comparing
plants from a variety of environments in South Africa and Namibia, Heaton (1987) reported a
positive correlation with salinity and plant δ15N values, with an enrichment of up to 10‰. In
areas near the coast, nitrate from sea spray may add to the nitrate available in the soil,
causing enrichment in δ15N as nitrate from seawater often has high δ15N values of between +5
and +10‰ (Virgina and Delwiche 1982). It is likely, however, that the salinity of coastal soils
would further contribute to enrichment in δ15N (Heaton 1987). Increased rainfall has been
reported to decrease coastal enrichment in plant tissue δ15N, perhaps by diluting soil salinity
(Heaton 1987).
Various anthropogenic inputs can also affect the δ15N of soils and therefore plants. Modern
commercial fertilisers, such as ammonium nitrate are manufactured from atmospheric N2
and therefore have low δ15N values within the range of between ‐4 and +4‰, reflecting their
atmospheric source (Kendall 1998). In the past, however, agriculturalists often used animal
manure to replenish soil nutrients and increase crop yields. Animal waste generally exhibits
high δ15N values due to the preferential loss of gaseous ammonia (volatilisation) enriched in
the lighter isotope, 14N, leaving the resultant ammonium enriched in the heavier isotope,15N.
This

15N‐enriched

ammonium is converted to nitrate with high δ15N values that are

subsequently assimilated by plants (Kendall 1998; Bogaard et al. 2007). One recent
experimental study explored the effects of manuring on the δ15N of crops and confirmed that
a ‘manuring effect’ was exhibited on measurements of whole grain δ15N, increasing δ15N
values from ~3 to 8‰, depending on the intensity of manuring (Bogaard et al. 2007). This
would result differing interpretations of consumer tissue values which would have
previously thought to be indicative of a mainly meat based or mixed meat and plant diet (c. 7
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to 11‰, with an associated trophic level increase, see later). The effect of application of
manure due to high stocking rates and grazing pressures of a farmed area has also been
increase δ15N values of the hair of grazing cattle (Schwertl et al. 2005).
Different parts and organs of plants exhibit differing δ15N values, usually between 2‐3‰
within the same plant (Lajtha and Marshall 1994; Dawson et al. 2002; Bogaard et al. 2007).
Genetic differences between individual plants within the range of 0‐2‰ in δ15N have also
been reported (Bogaard et al. 2007). Species differences account for variation in δ15N values
of several per mille between different types of plants at the same site (Amundson et al. 2003;
Pate and Anson 2008). Enrichment in15N has been shown to increase with soil depth, with
leaf litter and upper soil layers being depleted in

15N

compared to deeper soil, enriched by

decomposition (Dawson et al. 2002). Conversely, δ15N decreases with depth in arid soils
(Schwarcz et al. 1999). Rooting depth of different plant species can therefore have an effect
on plant tissue δ15N values.
Although there is much variation in δ15N values of plants, this variation will be averaged in
the tissues of the fauna that consume them. Thus, data on the δ15N values of archaeological
remains of plants would be advantageous for interpreting the δ15N of the local plant baseline,
to identify whether variations in nitrogen derive from local plants or from animal
feeding/physiology, which will be discussed later in this chapter (van Klinken 2000; Bogaard
et al. 2007). Unfortunately, when plant remains are preserved in archaeological deposits, it is
usually through charring or desiccation. Little has been done to explore the effects of these
taphanomic processes on endogenous δ15N values of plants, although initial experiments
indicate the potential of this analysis (Schwarcz et al. 1999; Bogaard et al. 2007).

2.3.2 Consumers: herbivores and carnivores
Controlled feeding studies of animals indicate that isotopic ratios of nitrogen consumer
tissues reflected those of the diet, with systematic enrichment in

15N

in consumer tissues

relative to the diet (DeNiro and Epstein 1981; Tieszen et al. 1983; Hare et al. 1991). Different
body tissues exhibit differing

15N

(Δdiet‐tissue), due to the differing amino acid composition of

their proteins (DeNiro and Epstein 1981; Vanderklift and Ponsard 2003; Martínez del Rio et
al. 2009). In mammals, brain tissue is generally the most enriched and kidney the least
enriched in

15N

(Vanderklift and Ponsard 2003). There is some variation between Δdiet‐tissue

exhibited between similar tissues in different species, however and the reasons for this
remain to be resolved (Vanderklift and Ponsard 2003).
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Enrichment in

15N

systematically increases stepwise up the food chain in marine and

terrestrial environments (bioaccumulation), (Minagawa and Wada 1984; Schoeninger and
DeNiro 1984). There is a great variation in this trophic level enrichment, however, within and
between ecosystems with a range of values between 1‰ to ~6‰ reported for trophic level
enrichment of δ15N in studies from different geographic regions (Ambrose 2000; Sponheimer
et al. 2003a). Nevertheless, a stepwise enrichment in

15N

of around 3‐5‰ is the widely

accepted figure between different trophic levels (plants, herbivores, carnivores) in both
terrestrial and marine environments (Minagawa and Wada 1984; Schoeninger and DeNiro
1984; Ponsard and Averbuch 1999; Post 2002; Bocherens and Drucker 2003; McCutchan et
al. 2003; Sponheimer et al. 2003a, 2003b; Vanderklift and Ponsard 2003).
The variation in trophic level enrichment in

15N

is complex and remains to be fully

understood (Ambrose 1991; Sponheimer et al. 2003a; Vanderklift and Ponsard 2003; Hedges
and Reynard 2007). The mechanism behind the diet‐tissue fractionation in

15N

at each

trophic level is attributed to the excretion of nitrogen in the form of urea which is depleted in
15N

compared to the body (Minagawa and Wada 1984; Schoeller 1999). It was thought that

during amino acid metabolism, the lighter isotope,
14N

in

14N,

reacts more quickly and as a result;

is excreted as urea at a higher rate than 15N. This therefore leaves body tissues enriched

15N

(Schoeninger 1995). However, following mass balance theory, this would mean an

organism would become progressively more enriched in 15N throughout life as more 15N was
retained in its body tissues, and this is usually not the case (Ponsard and Averbuch 1999;
Ambrose 2000; Sponheimer et al. 2003b). Also, a feeding study involving llamas has revealed
that excretion of 15N depleted urea is offset by the excretion of faeces, which are enriched in
15N

compared to the diet (Sponheimer et al. 2003b). The precise mechanism behind trophic

level enrichment in

15N

therefore remains to be elucidated (Hatch et al. 2006; Martínez del

Rio et al. 2009).
Nevertheless, according to mean trophic level enrichments, δ15N values of between 6‐9‰ are
expected to be exhibited by herbivores in temperate ecosystems (Coltrain et al. 2004).
However, trophic level enrichment in

15N

can be influenced by a number of factors, which

occur particularly when an organism is not at a steady state and there is a considerable
imbalance between tissue breakdown (catabolism) and synthesis (anabolism). This could
occur during periods of starvation and or growth, for example (Schwarcz and Schoeninger
1991). The principal factors affecting trophic level enrichment in
below.
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2.3.2.1 Speciesbased variation
Species‐based variation has been reported, mainly associated with different forms of
nitrogen excretion between different fauna. In general, organisms that excrete nitrogen
mainly in the form of ammonia (mostly aquatic organisms, molluscs, crustaceans) tend to
have tissues that are be less enriched in

15N

compared to the diet than those that excrete

nitrogen mostly in the form of urea (mammals) or uric acid (birds, insects) (Vanderklift and
Ponsard 2003). This is thought to be due to fractionations involved in synthesising different
biochemical forms of nitrogen and differing nitrogen use efficiency (Vanderklift and Ponsard
2003).
Digestive anatomy may also have an effect on δ15N values, for example, between foregut and
hindgut fermenters (Sealy et al. 1987; van Klinken et al. 2000). Controlled feeding studies
have indicated physiological differences between different species of herbivores fed the same
diet exhibited a range of δ15N values of hair greater than one trophic level difference (up to
3.6‰) (Sponheimer et al. 2003a). There is therefore a need for more species‐specific feeding
studies on mammals to be undertaken in order to further understand species‐specific
fractionation effects (Ambrose 2000; Sponheimer et al. 2003a).

2.3.2.2 Aridity and water/heat stress
Heaton and colleagues (1986) first reported negative correlation between δ15N and aridity,
where animal and human collagen δ15N values increased with decreasing annual rainfall.
Correlation of lack rainfall and increasing δ15N values have been reported in further studies
of African herbivores, with a shift in δ15N of 1.1 to 1.3‰ reported for a 100m increase in
annual rainfall (Ambrose and DeNiro 1987; Sealy et al. 1987; Ambrose 1991). In addition,
collagen from drought‐tolerant herbivores was found to be more enriched in 15N than water
dependant species (Ambrose 1991). Study of marsupial collagen δ15N values and rainfall has
also Australia reported a similar shift in 15N with rainfall which indicated that there is a global
relationship between rainfall and δ15N (Gröcke et al. 1997; Pate and Anson 2007).
The above examples derive from African and Australian environments, differences occurring
principally between arid land and subtropical and temperate habitats (Pate and Anson 2007).
There is little data to suggest such dramatic changes in δ15N with climate in Europe (van
Klinken et al. 2000). A recent study of possible salt‐marsh exploitation in the UK, however,
has revealed elevated nitrogen values in animals that probably grazed on the coastal salt
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marsh. This was attributed to a pseudo‐aridity effect, caused by salinity on plants, although
physiological effects could also be a factor, as discussed below (Britton et al. 2008).
It has been argued that baseline enrichment in plants cannot not fully explain the high δ15N
values observed in consumer collagen in arid areas and therefore

15N

enrichment must be

partly due to the metabolic processes (physiology) of the animals themselves (Heaton et al.
1986; Sealy et al. 1987; Ambrose 1991; Schwarcz et al. 1999). The metabolic mechanisms
behind the correlation between δ15N values in consumer tissues and rainfall are complex and
not completely understood (Schwarcz and Schoeninger 1991). The observed enrichment in
arid environments is hypothesised to be the result of water stress (Ambrose 1986) and/or
protein deficient diets (Sealy et al. 1987). According to the latter hypothesis, in extremely
arid environments in which there may be low nitrogen availability, herbivores may recycle
nitrogen compounds such as urea within their bodies. This would cause an associated trophic
level effect each time nitrogen was recycled, with a corresponding enrichment in δ15N (Sealy
et al. 1987). However, it has been argued that recycling urea depleted in 15N would have the
opposite effect, causing a decrease in consumer body tissue

15N

(Ambrose 1991; Schwarcz

and Schoeninger 1991).
Urea excretion is an alternative explanation for nitrogen enrichment in water/heat stressed
animals (Ambrose 1991; Schwarcz et al. 1999). Mammals excrete most of their nitrogen in
the form of urinary urea, which is depleted in 15N relative to the diet (Ambrose 1991, 1993).
In xeric environments where protein intake is sufficient, animals, especially drought‐tolerant
herbivores combat water‐stress by excreting less water and more concentrated urine that is
depleted in 15N, retaining a higher level of 15N in their body tissues (Ambrose 1986: Ambrose
and DeNiro 1987; Ambrose 1991, 1993). Excess salt consumption should also affect urea
concentration and therefore enrich δ15N values in body tissues in the same way (Ambrose
1986).
However, contrary to this hypothesis, in a controlled feeding study undertaken with rats, no
significant difference was found in bone collagen δ15N values between rats that were water
and heat stressed and others that were unstressed (Ambrose 2000). Additionally, isotopic
analysis of plants and animals in the Sahara has indicated that baseline nitrogen enrichment
in plants in arid areas attributes more to high δ15N values observed in consumer collagen
from these areas than originally supposed (Schwarcz et al. 1999). Interestingly, water was
also freely available at the study site, and so elevated δ15N values may have been due to the
effects of environmental humidity rather than lack of water, which may lend some credence
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to the possibility that baseline plant enrichment was responsible for high consumer δ15N
values, rather than physiological response of consumers (Schwarcz et al. 1999). In addition,
further study of the correlation between δ15N values of kangaroo bone collagen and rainfall in
Australia is argued to indicate that plant

15N

in the diet is sufficient to be responsible for

elevated δ15N values and not metabolic processes within the animal (Murphy et al. 2007).
These findings demonstrate our incomplete understanding for the mechanisms behind
systematically high δ15N values observed in consumer collagen from arid environments.

2.3.2.3 Nutritional stress/starvation and protein quality
Although hypotheses surrounding urea recycling in protein stressed herbivores in arid areas
have been refuted (Sealy 1987; Ambrose 1991; Schwarcz and Schoeninger 1991), nutritional
stress has been found to have an effect on δ15N values of body tissues. Elevated levels of δ15N,
have been reported in the body tissues of birds undergoing nutritional stress and fasting,
both under controlled feeding strategies and in the wild (Hobson et al. 1994). In addition, a
study of the isotopic values of the hair of pregnant women found that δ15N values increased
during periods of nutritional stress (morning sickness) (Fuller et al. 2004). It is thought that
during periods when there is an insufficient intake of nitrogen in the diet (e.g. starvation or
during morning sickness), consumers metabolise nitrogen from their own body tissues. This
causes an associated trophic level effect between the diet and tissue whereby the lighter
isotope

14N

is preferentially excreted and not replaced by protein in the diet, leaving the

remaining tissues enriched in

15N

(Hobson et al. 1994; Fuller et al. 2005). This ‘starvation

effect’ on nitrogen isotope ratios has been successfully utilised to identify modern humans
with eating disorders (Hatch et al. 2006).
Starvation effects, however, vary depending on the nitrogen use efficiency of different species
(Vanderklift and Ponsard 2003). Furthermore, recent studies that have examined whole body
δ15N values of fasting animals report conflicting results, with some observing no difference in
the δ15N values of fasting animals (Martínez del Rio et al. 2009 and references therein).
Researchers have therefore hypothesised that some tissues in vertebrates will exhibit the
enriched

15N

starvation signal more than others, as not all body tissues will lose nitrogen in

the same way or to the same degree (Martínez del Rio et al. 2009).
The above studies have been carried out on hair or tissues with a short turnover. Bone has a
significantly longer turnover (Section 2.4), and therefore only prolonged periods of
starvation are likely affect δ15N values. The interpretation of elevated δ15N values in human
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bone collagen being due to starvation would therefore be unlikely in any but the most specific
circumstances, for example a prolonged famine.
In contrast to the enrichment of

15N

in consumer tissues due to a lack of protein, a study of

the isotopic values of human hair keratin has revealed that increasing the proportion of
animal protein in the diet also increased the δ15N of hair keratin (O’Connell and Hedges
1999a). In this study, humans feeding as vegans could be distinguished from vegetarians and
omnivores consuming animal protein (O’Connell and Hedges 1999a). Vegetarians that
consumed animal protein in the form of dairy products and eggs could not be distinguished
from meat‐eaters, however, indicating that the consumption of different forms of animal
protein (meat and milk) cannot be identified using isotopes. This has consequences for
dietary reconstruction (Section 2.6).
Research conducted on llamas with a controlled diet also indicated that consumption of
excessive protein increased consumer δ15N values (Sponheimer et al. 2003a). It is
hypothesised that when protein consumption exceeds requirements, excess nitrogen is
excreted as urine enriched in

14N,

leaving body tissue enriched in

15N

(Sponheimer et al.

2003b). This finding was contradicted by controlled‐feeding studies of rats, where levels of
dietary protein were found to have to a negligible effect on the δ15N values of bone collagen
(Ambrose 2000). Rats fed a high protein diet did not exhibit significantly higher δ15N values
than others on a controlled diet and trophic level enrichment was not increased. These
conflicting findings indicate that the physiological mechanisms during nutritional deficiency
and excess protein consumption are not well understood and likely vary between species and
tissue analysed (Sponheimer et al. 2003b; Vanderklift and Ponsard 2003; Martínez del Rio et
al. 2009).

2.3.2.4 Illness and pathology
Very little has been published on the possible effect of disease on stable isotope ratios of
bone. A study of the stable isotope ratios of bones that exhibited pathological conditions
revealed elevated nitrogen levels, which were thought to be due to the breakdown of body
tissues (catabolism) during nutritional stress or wasting (Katzenberg and Lovell 1999).
Carbon isotope ratios, however, were unaffected by disease in this study. Bones with
pathological lesions were therefore not analysed in this thesis.
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2.3.2.5 Age and sex differences
Generally, studies have found no correlation between δ15N values and age of consumers
(Minagawa and Wada 1984; Schwarcz and Schoeninger 1991; Ambrose 2000). However,
variable δ15N values have been reported in sub‐adults compared to adults in some human
populations (Richards et al. 2002; Triantaphyllou et al. 2008). This is hypothesised to be the
result of physiological imbalance in nitrogen during rapid growth (Millard 2000). However, it
may also be the result of a slightly differing diet in childhood that may contain more plant
foods (Richards et al. 2002). The trend is not universal amongst palaeodietary studies and
needs to be substantiated by further research.
A ‘sucking effect’ in infants is reported whereby a young mammal suckling on its mother’s
milk is acting as a consumer in relation to its mother and as a result, feeding at a higher
trophic level. An associated trophic level enrichment of around 2 to 3‰ in δ15N is observed
between the young and the mother until the young is weaned, when the δ15N ratio of the
young stabilises and generally decreases to that of its mother, assuming they have similar
diets (Fogel et al. 1989; Richards et al. 2002). There have been a number of studies that have
explored weaning age in archaeological populations of humans (e.g. Richards et al. 2002;
Dupras et al. 2001; Prowse et al. 2008) and cattle (Balasse and Tresset 2002). However, this
is not an issue that will be explored in this thesis and therefore the remains of non‐adults
were not sampled (Chapter 5).
There are usually no physiological sex‐based differences between the δ15N values of different
sexes reported in the literature (Vanderklift and Ponsard 2003:171). Those that have been
reported seem to be restricted to small invertebrates such as krill (Schmidt et al. 2004).
However, Fuller and colleagues (2004) undertook a study on human females that indicated
that hair δ15N values decreased by around 0.5 to 1‰ during pregnancy, perhaps due to an
increased use of dietary and urea nitrogen for tissue synthesis (anabolic state). It is not
known however, whether pregnancy has an effect on the nitrogen isotope ratios of bone
collagen (Fuller et al. 2004). An apparent lack of systematic sex‐based differences in the
nitrogen isotope ratios of bone collagen in published archaeological populations (Schwarcz
and Schoeninger 1991) would suggest that it does not significantly affect δ15N values of
collagen.

34

2: Principles and applications of stable isotope analysis

2.3.3 Nitrogen in aquatic ecosystems
2.3.3.1 Marine
At baseline level, marine ecosystems tend to be more enriched in

15N

than terrestrial

ecosystems. Dissolved N2 in oceans has a δ15N value of around 1‰, only slightly more
positive than atmospheric N2 (Peterson and Fry 1987). However, phytoplankton, the primary
producers in marine ecosystems, generally exhibit more δ15N values that are about 4‰
higher than terrestrial species, with a mean of around 6‰, although there is some degree of
overlap (Schoeninger and DeNiro 1984; Ambrose 1993; Coltrain et al. 2004). The nitrogen
cycle in marine ecosystems is poorly understood (Jaffe 1992). Much bio‐available nitrogen
ultimately derives from fixation largely carried out by cyanobacteria synthesising nitrogen
compounds such as ammonia and nitrates with higher δ15N values than atmospheric N2
(Schwarcz and Schoeninger 1991). The δ15N value of the available nitrogen is mostly
dependent on the balance between nitrification and denitrification processes, and in the
oceans, denitrification dominates leaving the oceans more enriched in
environments. In addition, further

15N

15N

than terrestrial

enrichment in oceans, particularly in coastal areas, is

caused by the run‐off of terrestrial sources of nitrogen into the sea (Sealy 2001). However,
nitrogen enrichment has been reported to be lower in coastal reefs, due to the predominance
of fixation of atmospheric nitrogen by cyanobacteria in these environments. This would make
distinguishing marine and terrestrial dietary sources difficult in these areas (Schoeninger and
DeNiro 1984; Ambrose 1993).
Trophic enrichment in aquatic ecosystems occurs similarly to that in terrestrial food webs.
However aquatic ecosystems tend to possess longer food chains and therefore more trophic
enrichment steps (Schoeninger and DeNiro 1984). As a result, marine vertebrates will often
have more positive δ15N values than equivalent terrestrial vertebrates at similar trophic
levels (however, arid terrestrial ecosystems may also show similar values, see Section
2.3.2.2). In particular, fish consumed by humans are often high trophic level carnivores and
will therefore have high δ15N values (Schwarcz and Schoeninger 1991; van Klinken et al.
2000). Some positive correlation with body size of fish and δ15N values has also been
observed. This is due to the larger fish feeding at higher trophic levels rather than isotopic
fractionation due to physiological differences between large and small fish (Dufour et al.
1999; Badalamenti et al. 2008).
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2.3.3.2 Freshwater
Nitrogen sources in freshwater ecosystems derive from the same processes as those in
marine environments. Nitrogen shows some variation in freshwater ecosystems that is
largely based on the length of the respective food chain in different bodies of freshwater such
as lakes or rivers (Dufour et al. 1999). However, marine ecosystems are generally more
enriched in δ15N than freshwater ecosystems and anadromous and estuarine fish that spend
some time in both environments exhibit intermediate δ15N values (France 1995b). Again,
within the same population, larger fish may be generally more enriched in δ15N than smaller
fish due to their feeding at higher trophic levels (Dufour et al. 1999).

2.3.4 Nitrogen isotopes summary
Nitrogen isotopes provide information on the trophic positions of consumers, enabling the
estimation of the input of meat versus plant sources to the diet and therefore allowing the
separation of herbivores from carnivores in a particular food web. Nitrogen isotopes also
allow the assessment of marine verses terrestrial resource exploitation, particularly in
combination with carbon isotopes. Furthermore, nitrogen isotopes make possible the
identification of marine resource exploitation where carbon isotopes cannot distinguish
between C4 and marine sources (Schoeninger et al. 1983; Sealy 2001). Information on
palaeodemograhy is provided by the identification of the age of weaning in the past.
Additionally, nitrogen isotopes may also be used to explore past climate, and explore
agricultural practices of the past, such as manuring. Uncertainties exist, however for the
fractionation of nitrogen in food webs due to a number of confounding factors and our
incomplete understanding of the mechanisms responsible for

15N

enrichment in consumer

tissues which may lead to erroneous dietary interpretations.

2.4 Bone collagen
Isotopic investigations into palaeodiets are usually carried out using bone, the most common
biological tissue preserved on archaeological sites (Jans et al. 2004). Bone is a composite of
inorganic bioapatite mineral, predominantly hydroxyapatite (75% by weight), bound to an
organic matrix. Of that organic matrix, 95% is collagen protein and ~5% is composed of non‐
collagenous proteins such as osteocalcin, accounting for 1‐2% by weight (Schwarcz and
Schoeninger 1991; Collins et al. 2002:384). The remaining fraction is composed of lipids and
carbohydrates (Schwarcz and Schoeninger 1991).
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Bone collagen is mostly laid down in adolescence and then continually remodelled
throughout life (turnover) (Hedges 2004). Bone is therefore assumed to provide a long‐term
average of the diet over the time it takes to turnover. Bone collagen turnover is complex and
the methods to measure the rate of turnover are inefficient, as a result, the precise length of
turnover time is difficult to define (Smith and Rennie 2007). Bone turnover occurs at a faster
rate in younger individuals (<19 years old), than adults, which may result in the weighting of
isotopic values of bone collagen toward these earlier stages of life (Libby et al. 1964; Hedges
et al. 2007). In addition, remodelling rates vary depending on the element and type of bone.
Compact bone in elements such as the femur has a turnover of about >10 to 20 years (Hedges
et al. 2007). However, bone turnover is faster in trabecular bone such as rib, providing a
more short‐term dietary signal probably due to thinner bone structures and large number of
blood vessels (Sealy et al. 1995). Despite the differing turnover, studies have found no
significant difference in the isotopic signatures of collagen between different skeletal
elements and types of bone structures in human and animal adult skeletons (Schwarcz and
Schoeninger 1991; Sealy et al. 1995; Jørkov et al. 2008; Warinner and Tuross 2009).
Bone collagen was sampled for the isotopic analysis conducted in this thesis, due to the ease
of sampling and the generally good preservation of this biological material. In addition,
quality controls have been established to assess the preservation of the dietary signal in
archaeological collagen (van Klinken 1999, Section 2.5). However, all biological tissues reflect
diet (DeNiro and Epstein 1978, 1981). Other biological tissues commonly analysed from
archaeological remains provide slightly different types of information depending on tissue
turnover rates and biochemical composition relative to the diet. For example, hair is made up
of the protein keratin, which, like collagen, is thought to represent the protein intake to the
diet. Hair is synthesised sequentially and is inert after production (O’Connell and Hedges
1999b). It therefore reflects the protein intake of an individual while the hair was
synthesised, which occurs at a fast rate, responding to a change in diet in a matter of days
(O’Connell and Hedges 1999a). Because of these factors, in combination with the ease of
sampling of live humans and animals, it is a common substrate used in modern isotopic
studies (Sponheimer et al. 2003a; Fuller et al. 2004, 2005; Hatch et al. 2006). However, hair
survives only occasionally in the archaeological record, therefore, calcified tissues such as
bones and teeth are usually preferred for sampling. Tooth dentine contains collagen (18%
dry weight) that is formed in childhood and undergoes little turnover thereafter, unlike bone
(Hillson 2005: 184‐5). This tissue therefore represents the diet of the individual while the
tooth was forming, which offers the opportunity to compare the isotopic composition of
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dentine and bone to explore diet over an individual’s lifetime (Sealy 1995). Unfortunately,
however, teeth were unavailable to be sampled for this thesis.
Carbon within bioapatite, the mineral phase of bone and enamel, has also been routinely used
to reconstruct diet. Carbon from bone and enamel apatite derives from blood bicarbonate,
which is derived from respiration and is thought to represent the whole diet (Ambrose and
Norr 1993; Tieszen and Fagre 1993; Howland et al. 2003; Passey et al. 2005). Apatite in bone
undergoes turnover and so gives an indication of long‐term diet, whereas enamel, like
dentine, is formed during the juvenile period of life. Because the isotopic value of apatite
gives an indication of the whole diet rather than just protein sources like collagen, combined
analysis of both collagen and bioapatite phases of bone has been used to analyse the plant
versus animal based components of the diets of omnivores such as humans (Ambrose et al.
1997; Lee‐Thorp 2000; Kellner and Schoeninger 2007). Bioapatites in bones and teeth also
survive longer than collagen in the archaeological record and therefore may be used to
analyse the diets of animals and beyond the time scale of collagen survival (Lee‐Thorpe
2000). However, archaeological dietary studies using apatite were initially surrounded in
controversy due to issues of diagenesis (Lee‐Thorpe et al. 1989). The inorganic fraction of
bone is highly susceptible to contamination from carbonates in the burial environment and
recrystallization processes that can occur after deposition and during sample preparation
(Koch et al. 1997). In addition, there is no established method to assess bone apatite
preservation, unlike collagen (Lee Thorpe and van der Merwe 1991; Collins et al. 2002;
Hedges et al. 2006). As a result, many researchers opt to analyse the inorganic component of
dental enamel rather than bone, as it is a more robust structure and less susceptible to
diagenesis (Sealy 2001). Because only bone was sampled for this thesis and there is
controversy surrounding the validity of bone apatite as a dietary indicator due to issues of
diagenesis, bone apatite was not analysed for this study.

2.4.1 Collagen structure and synthesis
Collagen is a structural protein found in muscles, skin, bone, tendons and ligaments and is the
most abundant protein in mammalian bodies. There are at least 28 types of collagen recorded
to date, however Type I is the most abundant in the body and forms the majority of the
organic content of bone (Smith and Rennie 2007). Type I collagen is a triple helix structure of
three polypeptides forming a tropocollagen molecule. These macromolecules are organised
into fibrils that are bundled into fibres. Bone mineral bioapatite is embedded within the
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collagen fibre structure, which gives the structure strength and provides some protection in
the burial environment (Weiner and Wagner 1998; Collins et al. 2002, see section 2.4.2).
Collagen has a unique amino acid composition, being the only animal protein to contain
hydroxyproline and large amounts of glycine (Ambrose 1993). The structure and
composition of collagen does not vary significantly between different vertebrate species
(Ambrose 1993). This in turn means that the collagen isotope ratios of different species may
be compared as is necessary for dietary analysis of archaeological populations.

2.4.1.1 Dietary carbon in bone: protein routing
The only source of nitrogen in the diet is protein; therefore, δ15N values of collagen must
reflect the isotopic ratios of the protein component of the diet (Chisholm et al. 1982; Hedges
et al. 2006). Carbon, however, may potentially derive from all dietary fractions. Essential
amino acids and non‐essential amino acids whose precursor molecules must be derived from
dietary protein contribute ~20% of the carbon in bone collagen (Jim et al. 2004; Howland et
al. 2003). This 20% therefore represents the minimum proportion of collagen that must
derive solely from dietary protein (Jim et al. 2004). Non‐essential amino acids comprise the
majority of carbon in collagen (78%) and may be synthesised in the body from all fractions of
the diet; however, the extent to which this occurs has been debated (Schwarcz 2000).
Following the ‘scrambling’ or linear mixing model, it was originally believed that the majority
of carbon in collagen deriving from non‐essential amino acids (78%) was synthesised from
all fractions of the diet, (proteins, lipids, carbohydrates), (Schwarcz 1991; Ambrose and Norr
1993). However, controlled feeding experiments of rats and mice have determined that more
collagen is predominantly synthesised from dietary protein. This indicates that most non‐
essential amino acids derive from protein in the diet rather than the diet as a whole, referred
to as ‘protein routing’ (Ambrose and Norr 1993; Tieszen and Fagre 1993; Jim et al. 2004).
This view has been considered somewhat simplistic by ecological theorists, who believe there
will be a mixture of carbon sources represented in the δ13C of collagen, the relative
contributions of each being dependent on the amount of protein in the diet (Martínez del Rio
et al. 2009). Specifically, when protein is lacking, it has been argued that non‐essential amino
acids in protein would be synthesised from all dietary carbon, including carbohydrates and
lipids (Schwarcz 2000). Compound specific isotope analysis of amino acids in collagen
extracted from pigs on a controlled diet has indicated that the assimilatory pathways of
certain non‐essential amino acids involve a contribution from dietary carbohydrates
(Howland et al. 2003). Further experimentation is therefore required to further understand
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the contribution of dietary carbon to whole bone collagen δ13C values, particularly in
circumstances of diets with low protein or low protein ‘quality’ (where protein may only
derive from plants) (Hedges 2004).
Protein is contained in many dietary sources; however, the proportion of protein is varies
between sources. Animal sources are about 90% protein by weight, whereas grain crops and
legumes, vegetables and nuts are 10‐20% protein by weight (Ambrose and Norr 1993).
Therefore, it is expected plant foods will be underrepresented in collagen compared to
animal sources if animal protein consumption is adequate (Ambrose and Norr 1993;
Schwarcz 2000). This has implications for palaeodietary research as it is expected that the
consumption of vegetables and grain will make little contribution to δ13C and δ15N values of
collagen when sufficient amounts of animal/fish products are consumed, even when eaten in
appreciable amounts (Ambrose and Norr 1993; Schoeninger 1995).

2.4.2 Bone degradation and diagenesis
In order to interpret the isotopic values of collagen as dietary indicators, the possible
alterations to the dietary signal in bone following death and burial should be considered.
After death and deposition, a variety of biological, chemical and physical processes have an
effect on the structure and composition of biological tissues. These processes are referred to
collectively as diagenesis. Mineralised tissues such as bones and teeth often survive these
taphanomic processes1, but the majority are biochemically altered as a result. Unfortunately,
diagenesis cannot be predicted and may not occur to the same extent to all bones in the same
burial environment or even within the same bone (DeNiro 1985; Collins et al. 2002). Bone
and enamel also undergo different pathways of diagenesis due to their differing structures
and chemical properties. The primary diagenetic and contamination processes that affect
bone collagen are discussed below.

2.4.2.1 Collagen loss and microbial attack
Collagen is insoluble in normal physiological or environmental conditions; however, the
degradation of collagen produces soluble peptide fragments (Child 1995; Nielsen‐Marsh et al.
2000). The organic collagen phase within bone gradually decreases over time via chemical
hydrolysis, whereby the peptide bonds in collagen are broken leading to fragmentation of the
protein into smaller peptide molecules that leach out of the bone (Collins et al. 1995). This
Taphonomy: literally ‘laws of burial’, the processes affecting e.g. bone, from death to recovery (see
Lyman 1994).
1
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process is accelerated under conditions of extremes of pH and temperature. Temperature is
particularly important and regardless of true age, the ‘thermal age’ of a bone has the greatest
effect on collagen survival (Collins et al. 1995; Collins et al. 2002:385; Smith et al. 2007). Low
collagen yields are therefore expected from samples deriving from tropical or arid zones (van
Klinken 1999). Under optimal conditions, however, collagen is very stable and it has been
reported that collagen can survive well over 100,000 years (Jones et al. 2001).
Collagen loss is accelerated by destabilisation of the mineral phase of bone. Dissolution of
bone mineral primarily occurs because of interaction with water in the burial environment.
This leads to the destabilisation of the mineral, causing it to dissolve and leach into the burial
environment (Hedges et al. 1995; Nielsen‐Marsh et al. 2000). The loss of bone mineral
increases porosity and thus leaves the organic fraction of bone unprotected and more
susceptible to chemical and microbial degradation (Collins et al. 2002). This process is
accelerated by pH and active water movement in the burial environment, which occurs in
well‐drained soils either close to the ground surface, or in sands and gravels (Nielsen‐Marsh
et al. 2000; Hedges 2002).
Biological alteration of bone is usually the result of attack by bacteria or fungi and is generally
one of the first processes to affect bone preservation (Jans et al. 2004). Microbes in the soil
and gut bacteria involved in purification penetrate into skeletal material via the natural
hollow spaces in bone (e.g. Haversian canals) and break down (hydrolyse) collagen using
collagenase enzymes (Child 1995; Balzer et al. 1997). However, demineralisation of the
mineral component of bone is necessary before microbes may access collagen, as collagenase
molecules are too large to penetrate the micropores in bone (Collins et al. 2002; Hedges
2002). Microbial attack increases bone porosity, which accelerates the process of degradation
and contamination (Nielsen‐Marsh et al. 2000; Jans et al. 2004).
The activity of microbes is affected by various factors in the burial environment including pH,
temperature and humidity; activity is particularly increased under conditions of neutral pH
(Child 1995; Grupe 2001: 351). Bacterial invasion of bone is opportunistic and usually does
not occur in a predictable or homogenous manner throughout a single skeleton. Certain
skeletal elements, particularly those with trabecular bone such as that of the ribs may be
more susceptible attack than others such as cortical bone of the femur (Grupe 2001: 356). In
addition, because microbial degradation is extremely localised, bone outside the areas of
immediate destruction will remain relatively unaltered, although chemical hydrolysis will
still occur (Collins et al. 1995; Collins et al. 2002). Bacterial activity in bone may be identified
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by microscopic examination of the skeletal material, bacteria and fungi creating characteristic
focal destruction of bone microstructure via demineralisation (Jans et al. 2004).
Microbial destruction of bone has also been found to selectively breakdown amino acids,
leaving collagen relatively enriched in glycine, which changes the isotopic composition of
collagen and results in a depleted C:N ratio (Balzar et al. 1997). Experimental analysis of
microbial activity has demonstrated that it can also enrich δ15N and deplete δ13C values of
collagen by up to +5.8‰ and by ‐2.8‰ respectively, which could cause erroneous trophic
level interpretations from nitrogen values (Balzar et al. 1997).
Recent research suggests that the preservation of bone is closely related to taphonomy rather
than soil chemistry in the burial environment, although acid soils exacerbate the dissolution
of bone (Nielsen‐March et al. 2007; Smith et al. 2007). Bones that are buried as part of an
articulated body (which is the predominant form of burial for most European human
historical archaeological populations) are less likely to survive than processed bones (e.g.
animal bones from food waste dumped in middens) (Smith et al. 2007). This difference is
largely due to the influence of microbial attack early in the taphanomic process because of
the effects of purification of soft tissue and the presence of endogenous bacteria present in
whole bodies. Analysis of 261 bones from archaeological sites in a range of climatic regions
(including the Mediterranean) has revealed that most bones suffer from microbial attack,
with bacteria responsible for the majority of alteration (Jans et al. 2004). Histological study of
fossil bones, on the other hand, reveals that few are substantially altered by microbial attack.
This probably indicates that microbial attack of bone, which occurs early in the taphanomic
process, is a primary factor in the long‐term preservation of bones (Trueman and Martill
2002).

2.4.2.2 Contamination
Archaeological bone collagen is usually contaminated by exogenous material from the burial
environment such as humic substances. In particular, bone from temperate climates that do
not suffer as much from degradation as those as in hotter climates may be more likely to be
contaminated (van Klinken 1999). Humic substances are chemically complex acidic materials
that arise from humificaition of plant and animal matter. They can arise in bone either
through influx of exogenous soil matter into bone or endogenous humification of collagen
itself. Humic substances can contaminate bone extremely rapidly by binding to the collagen
molecule and have the potential to alter δ13C values, if the humic source is exogenous (van
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Klinken and Hedges 1995). The presence of humics gives bone a brown colour and may be
identified using established collagen quality controls (Section 2.5).

2.4.2.3 Summary
It is expected that all bones sampled for this thesis will have undergone collagen loss and
most will have probably suffered from microbial attack. Samples from some areas of Spain
may exhibit lower collagen yield due to the relatively hot climate. However, any major
diagenetic alteration of the isotopic signal of bone will be revealed by applying quality
controls to the data and any contamination arising from the burial environment, such as that
deriving from humic acids should be largely removed by pre‐analysis laboratory protocols
(Section 2.5).

2.5 Assessment of collagen quality
In order to carry out accurate dietary analysis using isotopic techniques on archaeological
bone, it must be ascertained whether the isotopic composition of bone is endogenous rather
than an artefact of diagenesis in the burial environment. An effective method of determining
the integrity of bone collagen is to undertake quantitative amino acid analysis of the samples
identifying the distinctive amino acid composition of collagen (Koch et al. 1994; Balzer et al.
1997; van Klinken 1999). This technique, however, is not accessible for most isotope
laboratories, being complex, costly and time consuming (van Klinken 1999). Histological
studies of archaeological bone and collagen survival indicate that histological preservation
does not reflect collagen integrity within bone and cannot therefore be used as a quality
control for collagen (Hedges et al. 1995: Pfeiffer and Varney 2000). For the purpose of this
thesis, quality controls follow those prescribed by Ambrose (1990) and van Klinken (1999),
which are now routinely followed in recent archaeological dietary isotope studies. These are
analysis of collagen yield, atomic C:N ratios and the percentage carbon and nitrogen content
of collagen (Ambrose 1990; 1993; van Klinken 1999; Collins et al. 2002). These quality
controls indicate the extent to which bone collagen has been degraded. Any samples that do
not meet any one of the criteria may be subject to further assessment but any that fail more
than one will be rejected.

2.5.1 Yield
Percentage (%) yield of collagen provides a quick and reliable measure of the degradation of
the organic fraction of bone (van Klinken 1999). The percentage of collagen in modern bone
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is about 22%. After death and deposition, this amount decreases in archaeological bone, the
rate of collagen loss depending on environment and climate. Bones that produce low yields
have undergone substantial loss or degradation of collagen and that which remains may not
be suitable for analysis, due to background contamination present in the bone. It has been
recommended that samples with a collagen yield of less than 5% should be verified by other
quality controls and a cut‐off should be made at a yield of 1% (Ambrose 1990; van Klinken
1999). However the use of ultrafilters usually has effect on collagen yield (Chapter 5).

2.5.2 Atomic C:N ratio
Collagen with a C:N ratio in the range of modern animals and humans, between 2.9 and 3.5,
was originally proposed as being largely unaffected by diagenesis (DeNiro 1985; Ambrose
1990). Ratios above 3.5 can indicate significant contamination with substances that are rich
in carbon but contain little nitrogen such as humic acids and lipids, while values below 2.9
may signify microbial degradation (DeNiro 1985; Balzer et al. 1997; van Klinken 1999).
Collagen with C:N ratios within the 2.9 to 3.5 range is not necessarily unaffected by
diagenesis, but any alteration of the isotopic signal of the bone should be minor enough for
the detection of the original dietary signal (DeNiro 1985; van Klinken 1999). When screening
samples for radiocarbon dating in the radiocarbon lab in Oxford, a narrower range of C:N
between 3.1 and 3.5 is used (van Klinken 1999). The choice of range in palaeodietary studies
is at the discretion of the researcher, but the majority refer to the original ratio proposed by
DeNiro (1985).
It should be noted that unusually low δ13C values (that cannot be attributed to diet) in
combination with low C:N ratios is indicative of contamination with plant‐derived humic
acids (van Klinken 1999). Such contamination however is rare and caution is recommended.
Ruling out dietary influences on collagen δ13C is difficult, therefore, this assessment is
considered more applicable to 14C dating (van Klinken 1999).

2.5.3 Percentage carbon and nitrogen content
This measurement expresses the carbon and nitrogen constituents of collagen by percentage
(%) weight. Ambrose (1990) reported modern mammalian bone collagen containing a range
of around 20% to 47% carbon and 11% to 17% nitrogen by weight (Ambrose 1990, 1993).
Van Klinken (1999) reports a smaller range of 34.8 ± 8.8% (1σ) carbon and 11% to 16%
nitrogen for intact collagen, based on samples from the Oxford radiocarbon database.
Ambrose (1990) reported that bone collagen with elemental percentages below 13% carbon
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and 4.8% nitrogen produce erroneous results and suggests discarding samples that match
these criteria. Within this thesis, any samples outside of the ranges of 30‐50% carbon and 10‐
18% nitrogen by weight will be highlighted. A low %C is indicative of the addition of
inorganic substances and a higher one, the addition of organic carbon. There is little
information, however, on %N and implications of contamination (Van Klinken 1999). Bone
may, however, contain exogenous nitrogen deriving from humic substances, soil amino acids
or fertiliser which will alter the amount of nitrogen in bone (Ambrose 1990).

2.6 Dietary reconstruction
As established above, the distributions of carbon and nitrogen in the biosphere vary
characteristically between different environments and food sources. Carbon isotopes are
usually used to distinguish between the consumption of marine resources and C4 plants from
the consumption of C3 terrestrial plants. Nitrogen isotopes enable the elucidation of the
trophic level at which an organism is feeding and also the identification of marine/terrestrial
diets, which is particularly useful in areas where C4 plants could also cause 13C enrichment in
consumer tissues (Figure 2‐2). However, as environmental influences can cause regional and
temporal variation in the isotopic values of foodstuffs, it is important to interpret human diet
within the context of an isotopic ‘baseline’ for the potential foodstuffs available at a given
location. In isotopic studies of archaeological populations, the isotopic baseline is usually
derived from analysis of contemporaneous animal remains from the same site or location
Müldner and Richards 2005). Bone collagen, the biological tissue analysed in this thesis, is
thought to be synthesised mainly from dietary protein rather than the whole diet and due to
its long turn over (>10 years), provides an indication of the long‐term diet of an individual.
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Figure 22: An example of a typical isotope plot, indicating the positions of collagen isotope data from
terrestrial and marine ecosystems and organisms feeding at different trophic levels. Note that
the incorporation of C4 plants would shift the δ13C values of the terrestrial ecosystem towards the
higher end of the carbon axis, similar to those of the marine ecosystem (adapted from Müldner
and Richards 2006:229).

Carbon isotopes were the first to be used in archaeological dietary studies. Pioneering
research in the 1970s identified the introduction of maize (a C4 plant) into the otherwise C3
plant‐based diets of prehistoric American populations (Vogel and van der Merwe 1977; van
der Merwe and Vogel 1978). This was followed by the identification of marine versus C3
plant‐based terrestrial diets, using first carbon (Tauber 1981; Chisholm et al. 1982), then
nitrogen isotopes (Schoeninger et al. 1983). Trophic level analyses using nitrogen isotopes
were subsequently undertaken by both Minagawa and Wada (1984) and Schoeninger and
DeNiro (1984). These landmark studies enabled the exploration of C3 verses C4 diets in
human and animal populations in the Americas, China and South Africa where C4 plants were
potentially available (e.g. Bender et al. 1981; Sealy and van der Merwe 1986; Harrison and
Katzenberg 2003; Pechenkina et al. 2005; Hu et al. 2006; Tykot et al. 2009). Initial research
by Tauber (1981) has been expanded to include nitrogen analysis and widely applied to
examine the Mesolithic/Neolithic transition across Europe. This has indicated a shift from
diets based heavily on marine resources in the Mesolithic to a more terrestrial diet based on
plants and domestic animals in the Neolithic (e.g. Lubell et al. 1994; Shulting and Richards
2002b; Richards et al. 2003a; Lidén et al. 2004). However, recent research into the diets of
past populations has expanded beyond geographical areas and time periods where there are
major differences between the isotopic ratios of potential food sources (e.g. areas where
there are C4 plants). This is in part due to the now regular addition of nitrogen isotopes in
palaeodietary studies and the development of automated mass spectrometry analytical
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techniques. However, there are limits to the discriminatory power of stable isotope analysis
when analysing the diets of archaeological populations, especially those from large, market
economies where there is a wide range of potential food sources.
Analysis of carbon and nitrogen isotopes cannot distinguish between the consumption of
different products from or parts of the same animal i.e. meat and milk look the same
isotopically (O’Connell and Hedges 1999). As a result, vegetarians may not be identified but
true vegans that eat no animal products can be (Macko et al. 1999). This could particularly
have an impact on the isotopic visibility of low‐status individuals in medieval society that
may not have had much access to meat but would have had access to dairy products (Chapter
3). Also, identifying the consumption of minor quantities of marine resources (less than
around 20% of overall dietary protein) is difficult (Hedges 2004). In particular, the dietary
contribution of low trophic level marine fish such as sardines and anchovies commonly
consumed in the Mediterranean (Chapter 3), may not be detectable using bone stable
isotopes, as their δ15N and δ13C values may not be distinguished from the range exhibited by
terrestrial resources at a particular location (Garvie‐Lok 2001; Hedges 2004; Triantaphyllou
et al. 2008). However, this does mean that the regular consumption of large amounts of fish
should be visible in isotopic datasets and this has been the case for various medieval sites in
Europe (Section 2.6.1). In addition, although nitrogen isotopes serve to distinguish the
consumption of marine and terrestrial resources in C3 terrestrial ecosystems, it is more
difficult to distinguish between the consumption of marine resources and C4 plants, which
both lead to enriched δ13C ratios in consumer bone collagen (Figure 2‐2). This is particularly
problematic where consumption of products deriving from animals consuming C4 plants may
serve to increase the δ15N of consumer tissues and therefore mask any marine protein signal.
This may have implications for the dataset from medieval Spain, where C4 plants are
documented as being consumed by both humans and animals (Chapter 3).
The consumption of freshwater fish can be difficult to identify using carbon and nitrogen
isotopes, due to the problems in distinguishing marine from freshwater signals (Section
2.2.3.2). Positive identification of freshwater fish has been possible, but usually where
marine‐derived protein is lacking and where these fish could reasonably have been widely
available and unfortunately this hypothesis is difficult to test. (e.g. Katzenberg and Weber
1999; Bonsall et al. 2000; Hedges and Reynard 2007).
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2.6.1 Applications to medieval populations
The last ten years in particular has seen a growth in the number of isotopic studies applied to
medieval populations. The main studies undertaken across Europe are outlined at the end of
this chapter in Table 2‐3 and a location map of these studies is presented in Figure 2‐3. The
majority of isotopic research on historical populations has been carried out as single case
studies and the studied sites are widely dispersed geographically. The majority of isotopic
research has been undertaken on populations from northern Europe, particularly the UK.
Very little work has been carried out in southern Europe. Most of what has been studied in
the Mediterranean has focused on Greece. This is an issue that extends to the study of earlier
periods in the Mediterranean, where compared to other areas of Europe, isotope studies have
been relatively few (Craig et al. 2006). One study has been conducted on historical
populations from the islands of Ibiza and Formentera in the Balearic Isles, which includes
10th‐13th century Islamic individuals, however the paper is in press at the time of writing
(Fuller et al. in press).
Most applications of isotopic techniques to populations of the medieval period have focused
on the strength of this technique to explore and elucidate intra‐population variation in diet.
Some have found differences in diet related to sex (Richards et al. 2006a; Müldner and
Richards 2007b; Kjellström et al. 2009; Reitsema et al. 2010), status/burial location (Polet
and Katzenberg 2003; Müldner and Richards 2007a; Linderholm et al. 2008; Kjellström et al.
2009; Müldner et al. 2009) and age (Herrscher et al. 2001). Differences in diet between the
sexes, for example, have mostly involved the consumption of more animal or marine protein
by males in comparison to females, though the converse was the case at one site in Sweden
(Kjellström et al. 2009). Status‐based differences in diet have generally related to the greater
consumption of animal and/or marine protein by those identified as high‐status in
comparison to others of unknown or low‐status (Polet and Katzenberg 2003; Linderholm et
al. 2008; Kjellström et al. 2009; Müldner et al. 2009). Weaning age in medieval populations
has also been explored at the rural site of Wharram Percy, UK, which corroborated with
historical records in indicating children were weaned at or before two years of age (Richards
et al. 2002).
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Figure 23: Map of Europe indicating the location of previous isotopic studies of diet of medieval
populations. Individual sites studied from NE England and Yorkshire are included together.

Isotopic analysis has also been aimed at elucidating possible differences in diet between
social groups. Comparisons of lay and monastic/clerical populations have indicated
differences between these groups which may be linked to the consumption of more marine
fish protein by those from monastic or religious institutions (Mays 1997; Müldner and
Richards 2006:237; Müldner et al. 2009). However, one study that compared socially diverse
groups such as those buried in rural, urban and battle grave sites (mixture of lay, high and
low‐status religious) in the north of England found that their diets were surprisingly similar
isotopically (Müldner and Richards 2005). A study of several medieval populations in Greece
included a range of religious affiliations including Frankish, Greek Orthodox and Ottoman
Muslim (Garvie‐Lok 2001). Although expected differences in diet were not observed between
the Greek Orthodox and Frankish populations (relating to the supposed reliance on marine
resources by Orthodox populations), Ottoman Muslim populations exhibited a surprising
variability in their isotopic values with many exhibiting high δ13C values, attributed to the
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consumption of C4 plants such as millet or maize, which may have become important during
the late medieval period in Greece. The presence of immigrants among the Ottoman
populations was also hypothesised (Garvie‐Lok 2001).
The consumption of C4 plants has only been reported from three later medieval sites in
Europe: Giecz in Poland and Mitilini and Corinth in Greece (Garvie‐Lok 2001; Reitsema et al.
2010), where C4 resources supplemented predominantly C3, terrestrial‐based diets. In the
case of Corinth in Greece, the consumption of C4 plants such as millet were thought to be a
sign of a period of political and economical disruption in the area (Garvie‐Lok 2001:466).
Domestic herbivores sampled in these studies did not possess corresponding high δ13C values
and so it is assumed that C4 plants were consumed directly, rather than indirectly thorough
the consumption of animals foddered on C4 plants.
Despite the wide geographic dispersal of the medieval populations studied utilising isotopic
techniques, general trends have emerged. Although medieval diets in the majority appear to
have been primarily based on C3‐terrestrial resources, the increasing importance of marine
resources is demonstrated particularly by populations dated after around AD 1000 from the
UK (Bayliss et al. 2004; Barratt and Richards 2004; Müldner and Richards 2005; Richards et
al. 2006a; Müldner and Richards 2007a,b; Müldner et al. 2009), Italy (Salamon et al. 2008),
Belgium (Polet and Katzenberg 2003) and Denmark (Jørkov et al. 2008). Many of these
studies compared later medieval populations with those from the early medieval period,
which indicated a shift from a predominantly C3 terrestrial‐based diet during the early
periods to the consumption of substantial quantities of marine protein in the later periods
(Polet and Katzenberg 2003; Müldner and Richards 2007b; Salamon et al. 2008). The growth
in the importance of marine foods corroborates with written and archaeological evidence and
is hypothesised to be the result of a number of economic and socio‐religious factors such as
urban growth, the expansion of fishing industry and particularly Christian fasting laws that
had been recently imposed by the church (Barrett et al. 2004; Müldner and Richards 2005;
Salamon et al. 2008). Viking Age and later medieval populations from coastal sites in Sweden
have also demonstrated a heavy reliance on aquatic foods (Kosiba et al. 2007; Linderholm et
al. 2008; Kjellström et al. 2009). This trend is not universal across Europe, however, and may
be affected by geographic location. Isotopic analysis of a late medieval (13th‐15th century)
urban population from Grenoble in France, for example, indicated that a diet based on
mixture of terrestrial, C3 resources was consumed, without any input of aquatic foods
(Herrscher et al. 2001). This is an inland settlement which may not have had access to such
foods. In addition, the diet of the medieval population at Wharram Percy, UK, was found to be
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based on C3 terrestrial resources without a significant input of marine fish, which may be
related to the rural nature of this settlement without convenient access to aquatic resources
(Richards et al. 2002; Müldner and Richards 2005).
Populations situated in coastal and inland locations tend to exhibit differential reliance on
marine resources. Initial studies of medieval populations from northern England and Norway
using carbon isotopes alone revealed the greater consumption of marine resources by coastal
populations compared to those inland (Johansen et al. 1986; Mays 1997). A study of several
populations from Greece suggested a similar trend, where a positive relationship between
carbon and nitrogen values exhibited by island populations from Mitilini and Petra indicated
that a greater proportion of marine foods were consumed at these sites compared to those in
locations on the Greek mainland (Garvie‐Lok 2001:466). Similarly, a study of diet from
Kastella, on the island of Crete, also indicated that marine foods were an important part of the
diet, estimated as comprising around 10‐25% of protein intake of some individuals (Bourbou
and Richards 2007).
Generally, medieval populations exhibit variability in their diet particularly in terms of the
range of δ15N values exhibited, which is in keeping with the dietary complexities associated
with the development of the market economy and a freedom of choice in foodstuffs in this
period (Herrscher et al. 2001; Salamon et al. 2008). However, disproportionately high
nitrogen values have been observed in historical populations, particularly those of the
medieval period, compared to those from earlier periods. The reasons for this phenomenon
are not clear (Hedges and Reynard 2007). Consumption of resources enriched in 15N such as
pork (from pigs feeding on animal products), freshwater fish, and chickens and their eggs are
all cited as possibilities (Bayliss et al. 2004; Müldner and Richards 2005; Müldner and
Richards 2007).
Altogether, the application of isotopic analysis to medieval populations has identified a
number of trends in diet at the individual level in society that may not have been possible to
glean from written evidence and provides a useful source of complementary information for
population‐based differences in diet. Analysis of the diet of individuals has also underlined
the variability in diet during this period, and in certain cases, the potential mobility of
populations. However, given the importance of the animal baseline for providing a context
with which to interpret the diet of human populations (Müldner and Richards 2005; Britton
et al. 2008), it is a significant drawback that many studies have not analysed
contemporaneous animal remains, or only few.
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Case study approaches form the basis for wider, integrated approaches to diet such as the
one conducted in this thesis. Altogether, the current study is notable in comparison to many
other research carried out on medieval populations as it comprises samples of broadly
contemporaneous humans of different faiths from sites in differing environments that are
accompanied by analysis of a substantial number of animal remains from each location. This
also serves as an important first major body of isotopic data from archaeological populations
from the Iberian Peninsula upon which further studies may build.
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Country

Location

Date
(centuries)

Site Type

Animals
sampled (No.)

Reference

None

8th‐10th

Coastal and
inland
Coastal

No. of
adults
sampled
23
(3 sites)
19

Norway

12th‐16th

Sweden

W, N and E
Norway
Birka
Gotland

9th‐12th

Coastal

10

Sweden

Sigtuna

10th‐16th

Urban

Denmark

Holbæk

13th‐16th

UK

NE England

10th‐16th

UK

10th‐16th

UK

Wharram
Percy
Norwich

Urban,
coastal
Lay and
monastic
Inland,
rural
Urban

76
(3 sites)
34

Animal (8),
fish (1)
Animal (3),
fish (1)
None

Johansen et
al. 1986*
Linderholm et
al. 2008
Kosiba et al.
2007
Kjellström et
al. 2009
Jørkov et al.
2008
Mays 1997*

Sweden

UK

Yorkshire

12th‐16th

UK

Orkney

UK

Animal (6)

57
(4 sites)
28

None

12

None

Lay,
monastic

46
(3 sites)

Animal (54),
fish (28)

9th‐14th

Coastal

40

York

8th‐16th

Urban, lay,
monastic

219

Animal (28)
fish (4)
Animal (67),
fish (31)

UK

Whithorn

13th‐14th

14

Animal (15)

Poland

Giecz

10th‐12th

Clergy and
lay
Inland

24

Belgium

Koksijde

12th‐15th

11

France

13th‐15th

34

Animal (13)

Italy

St Laurent,
Grenoble
Rome

15th

Coastal,
monastic,
lay
Inland,
urban
Urban

Animal (4),
fish (4)
Animal (9)

None

Greece

Crete

11th

Urban

49
(2 sites)
15

Coastal and
inland

78
(5 sites)

Animal (31)

Greece

11th‐13th

Mainland
11th‐16th
Greece and
Islands of
Mitilini and
Petras
* Studies analysed carbon only

None

Animal (10)

Richards et al.
2002
Bayliss et al.
2004
Müldner and
Richards
2005
Richards et al.
2006a
Müldner and
Richards
2007a/b
Müldner et al.
2009
Reitsema et
al. 2010
Polet and
Katzenberg
2003
Herrscher et
al. 2001
Salamon et al.
2008
Bourbou and
Richards
2007
Garvie‐Lok
2001

Table 23: A summary of previous studies using analysis of carbon and nitrogen isotopes to investigate
the diet of medieval populations from Europe.
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3 DIET IN MEDIEVAL SPAIN: HISTORICAL AND ARCHAEOLOGICAL
EVIDENCE
To interpret results from stable isotope analysis applied to historical populations, an
appreciation of the current knowledge of diet within those societies is necessary. This
chapter will therefore discuss historical and archaeological evidence for diet in medieval
Spain. The chapter begins with an introduction to the major historical and archaeological
sources of evidence for diet. This will be followed by a synopsis of diet and available
foodstuffs consumed, organized by major food groups such as cereal grains, legumes, meat,
dairy products and vegetables. The chapter concludes with a thematic discussion of diet
addressing the key research themes outlined in Chapter 1. ‘Cuisine’ in medieval Spain,
specifically flavours and methods of preparation of dishes, is not discussed, as this cannot be
explored using isotopic techniques.

3.1 Historical and archaeological evidence for diet
In order to characterise diet in medieval Spain, a selection of written and archaeological
evidence must first be considered. Much of this information derives from sources such as
cooking manuals, household and travel accounts, hospital records, agricultural and dietary
treatises, popular literature, medical texts, pictorial representations and legal texts (García
Sánchez 1986; Ladero 1985). Manuals for market inspectors in Islamic Spain, or ‘Hisba,’ also
provide information on what was available in urban centres (Lewis 1997:175). Taken
together, these sources provide useful insights into the diet of the time, however, the
limitations of each should be borne in mind. For example, household accounts may describe
the procurement of foodstuffs, but not ingredients from private gardens or gifted foods
because they were not purchased. Medical and religious texts may also prescribe the
consumption or avoidance of certain foodstuffs but the extent to which this advice was
followed cannot be gauged.
Cooking manuals in particular are commonly used as evidence for diet and usually detail
recipes, foodstuffs and domestic kitchen activities. There are two Hispano‐Maghreb cookery
books from al‐Andalus dating to the 13th century, some of the earliest recipe books in Europe.
The ‘Kitāb Fadālatalkhiwān fī tayyibāt alta’ām walalwā’n (‘Book of the Excellent Table
Composed of the Best Foods and the Best Dishes’), or ‘Fadalat alkhiwan’ originates from
Murcia in southern Spain and was written by the Berber Ibn Razīn al‐Tujībī (Waines
1992:734; Waines 2003:574). The other, the Kitab al tabikh filMaghrib walAndalus fi `asr
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alMuwahhidin, limu'allif majhul (‘The Book of Cooking in Maghreb and al‐Andalus in the era
of Almohads, by an unknown author’) is commonly referred to as ‘The Anonymous 13th
Century Andalucian Cookbook’ (Waines 1992:734). These cooking manuals provide an insight
into the culinary tradition of high‐status, urban society which included bureaucrats, religious
scholars and military leaders (Marín 1996:165). They do not, however, reflect the habits of
the court or more importantly, the poor or rural population (Waines 2003:574). Similarly, the
Liber de Sent Soví, an anonymous cookbook composed in Catalan dating to the 14th century,
only provides information on the diet of Christian nobles and clerics (Santanach 2008:11,16).
Archaeological evidence for diet discussed in this chapter derives from excavated animal
bones and preserved plant remains. There is very little in the way of published information
on medieval plant remains from Spain, with the exception of a few archaeobotanical analyses
(Alonso 2005; Alòs et al. 2006‐2007; Cubero et al. 2008; Buxó 2010, Pers. Comm.). Animal
bone collections from medieval excavations in Spain are rarely given the attention they
deserve in archaeological studies and much of the research carried out does not get published
(Benito 1985:409; Morales Muñiz 1996, 2002; Montón 2003:66). There is therefore a general
lack of thorough archaeozoological reports from medieval sites in Spain at present. This is
confounded by the limitation of recovery processes. Until relatively recently, a lack of sieving
on most archaeological sites has resulted in an under‐representation of fish, rodents and
other small species or young animals (Morales Muñiz 2002). With these caveats in mind, a
summary table of the archaeozoological evidence discussed in the text is provided at the end
of the chapter, chosen as being the largest and most widely published reports from medieval
period sites (urban, where possible) from the Iberian Peninsula (Table 3‐1). Discussion of
any animal bone assemblages that have been studied from the sites sampled for this thesis
can be found in Chapter 4.
The following section provides a synopsis of diet in medieval Spain. The historical evidence
for diet, where possible, focuses on Aragón and Valencia, the geographical and political
regions studied for this thesis. For clarity, diet will be discussed in terms of the contemporary
Christian kingdoms and the Islamic territory of al‐Andalus while, in areas where Islamic and
Christian rule were consecutive, the diet of the Islamic and Christian periods is referred to
separately.
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3.1.1 Cereal grains and their products
Cereals formed the base of the diet across all echelons of society during both the Islamic and
Christian periods in medieval Spain. Cereals, along with pulses, were most often consumed as
bread, porridge and semolina or as a thickener in soups and stews (Aguilera 1991:12; de
Castro 1993:116; Rubiera 1994:129; García Sánchez 1982:139).
In al‐Andalus ‘dry’ or non‐irrigated cultivation involved the growing of cereal crops, namely
wheat, barley, oats, millet, sorghum and rye. Wheat and barely were predominant and were
given extensive coverage in agronomical texts. Other grains such as rye, sorghum and millet
are considered secondary crops in both the Christian and Islamic periods (Aguilera 1991:9,
28; García Sánchez 1994:257). The Arabs also introduced hard wheat (Triticum durum) to the
peninsula and this became a popular crop from which pasta, couscous and hardtack (biscuits
made of flour, water and salt) could be produced (Watson 1983:22; Dunmire 2004:14). The
first written recipes for couscous appear in Andalucian cookbooks in the 13th century and it
was consumed particularly at religious and secular festivals in al‐Andalus and the Maghreb
(Waines 1992:733; Zaouali 2007:45). Couscous was best made from wheat but could be
made with other grains such as barley and millet (García Sánchez 1982:175; Perry
1990:176).

3.1.1.1 Wheat and bread
Bread was a dietary staple throughout medieval Europe. Bread ovens were usually owned by
the community, lord or professional bakers, and often flour ground at the mill was taken
home for preparation before baking in the communal oven, or in the case of richer
households, the household oven (García Sánchez 1982:150; Flores and Muñoz 1993; Waines
2003:579; Adamson 2004:2). For those unable to afford the communal oven, grains could be
ground roughly at home and turned into unleavened bread or porridge. Certain types of
breads however, were traditionally prepared and baked at home in al‐Andalus (Waines
1992:727; Adamson 2004:3).
Bread was predominantly made with wheat, both in al‐Andalus and the Christian kingdoms.
Different wheat flours were produced that were more or less refined through milling and
sieving (García Sánchez 1982; Rubio 1995). Socio‐economic differences were reflected in the
types of bread that were afforded by various members of society (García Sánchez 2002:279).
Medical texts of the medieval period tended to reinforce the social hierarchy claiming that
refined, white bread made of wheat was better suited to those of higher status, whereas
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dense, less refined bread made with inferior rye or barley, were more suitable to the coarser
constitution of manual labourers (Waines 1992:726; Cortonesi 1999:26; Waines 2003:579;
Adamson 2004:3). Similarly, cooking manuals destined for the urban elites exclusively
mention white bread (García Sánchez 2002:280). Not all medical texts considered refined
bread to be particularly nutritious however (Salas‐Salvadó et al. 2006:S103). The demand for
wheat was such that wheat and other grain from North Africa and occasionally the northern
Christian kingdoms was imported into al‐Andalus between the 9th to 14th centuries AD
(García Sánchez 1982:140; Glick 1982:82; Aguilera 1991:30; Constable 1994:162).
The consumption of wheat bread by urban populations of Christian cities in the peninsula is
indicated by various historical records, and wheat often formed an essential part of the
agricultural economy of cities such as those of Murcia and Valencia (García Marsilla
1993:259; Martínez 1996; Rubio 1995:168). High‐status households in rural areas, however,
also purportedly consumed a diet mainly based on wheat bread. This is indicated by accounts
from rural Aragón, for example (Conte 1987:201).

3.1.1.2 Secondary crops
Although wheat was ostensibly predominant, other cereals were also available and
consumed. Historical records from Valencia dating to the 14th and 15th centuries, for example,
mention barley, millet and sorghum among the grains used to make bread (Rubio 1995:164).
Various medieval documents and records from the Christian Crown of Aragón also speak of
bread made with a mixture of wheat and other grains such as rye, barley, millet and sorghum
(Conte 1980:291; Conte 1987:201; Rubio 1995; Sarasa 1995). Those of the lowest social
strata, particularly in rural areas in both the Christian and Islamic periods probably only had
access to bread made with mixed grains, that may or may not have included wheat (Brumont
1984:201; Montanari 1994:53; Rubio 1995:164). Growing a mixture of grains provided
greater food security, and rapid growing grains such as millet and sorghum were available in
spring when other supplies were low (Spurr 1986:97; Cortonesi 1999:268). Mixed grain
bread was even consumed by the privileged classes during times of need (García Marsilla
1993:262; García Sánchez 2002:281). The poorest in both Islamic and Christian periods
turned to acorns, roots, nuts and wild plants for ‘famine bread’ during times of greatest
shortage (García Sánchez 1982:161).

After wheat, barley is mentioned most often in agricultural treatises from al‐Andalus and was
cultivated widely, usually alongside wheat (García Sánchez 1992:994). Barley was used most
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often as a substitute for wheat in bread and was consumed as such during both the Islamic
and Christian periods (García Sánchez 1982:161; Brumont 1984:12; de Castro 1993:284;
Rubio 1995:168). Barley is also mentioned in the Liber de Sent Soví as being a grain suitable
for making porridge (Santanach 2008). This crop was also commonly used as an animal
fodder, particularly for horses, oxen and mules (Brumont 1984:12; de Castro 1993:284). For
example, barley was bought specifically to feed horses and chickens by councillors in 15th
century Murcia (Martínez 1996:200‐201, 212).
Rye was mostly grown in colder, mountainous areas to which this crop is most suited
(Aguilera 1991:9; Montanari 1994:31). As a result, rye was more popular in the northern
Christian kingdoms than al‐Andalus, where sorghum was consumed more often (Glick
1982:82). For example, rye made up a quarter of the cereal crop in mountainous rural areas
of Castile and is also mentioned as a marginal crop in sources from Aragón (Brumont
1984:12; Martínez and Carbajo 1984; de Castro 1993). Oats, on the other hand, were usually
reserved for animal fodder rather than human consumption (de Castro 1993:283; Rubio
1995:169; Cortonesi 1999:269), though they are the major ingredient for porridge in the
Liber de Sent Soví (Santanach 2008).
The use of millet is recorded in a variety of historical documents from both the Christian and
Islamic periods in Spain. Archaeobotanical evidence indicates that two species of millets,
Italian/foxtail (Setaria italica) and broomcorn/common millet (Panicum miliaceum) were
present from the Iron Age onwards across the Iberian Peninsula (Buxó 1992; Marnival 1992).
These two species of millets are particularly notable in the context of this thesis as they
utilise the C4 photosynthetic pathway and thus their consumption may be distinguished from
the predominant C3 plants mentioned above by using carbon isotopes. These species
continued to be cultivated throughout the medieval period. For example, analysis of
carbonized plant remains from Islamic period (8th‐12th century) deposits in the city of Lérida
in Catalonia, identified remains of Italian millet, but in very minor quantities when compared
to wheat (Triticum aestivum/durum) and barley (Hordeum vulgare), which were predominant
(Alonso 2005). A similar finding was reported from analysis of carbonized archaeobotanical
remains from excavations of the Islamic city of Pla d’Almatà (8th‐12th century), 30km from
Lérida (Alòs et al. 2006‐2007). Archaeobotanical study of the remains of a burnt granary at
l’Esquarda in Catalonia, dating to the Christian period (13th century) indicated the presence of
common millet in minor quantities compared to other cereals including barley, wheat
(emmer, einkorn and naked) and rye (Cubero et al. 2008). Archaeobotanical remains from
these sites provide valuable evidence for the presence of millet in north‐east Spain, albeit in

58

3: Diet in medieval Spain
lesser quantities when compared to other grains. This supports evidence from historical
documents that indicates the relatively minor importance of this crop when compared to
others such as wheat and barley. In addition, direct evidence for the consumption of millet
was provided by a pilot study of plant phytoliths (microscopic silica bodies formed by many
plants) surviving on the enamel of teeth from 7 humans from the 7th‐14th century site of La
Olmeda, Palencia, in Castile, which identified a phytolith of common millet (Lalueza et al.
1994).
As indicated above, millet was used to make flour and bread but could also be used to make
porridge and couscous (Perry 1990:176). It has been thought that millet was considered
synonymous with hunger and poverty during the medieval period, consumed only when the
supply of other grains were lacking (Adamson 2002:8). This is corroborated by sources such
as a 14th century notorial protocol from Zaragoza that indicates that fluctuations in the price
of wheat and bread due to a poor harvest encouraged producers to plant grains such as
millets in order to make bread (Sarasa 1995:195).
Altogether, it is believed that only the rural poor would have regularly consumed millet
(Braudel 1972:595). Recipe books, for example, do not mention this grain (Adamson 2004:5).
However, millet is mentioned often as a secondary grain in other historical sources from a
variety of geographical areas across the Iberian Peninsula in both the Islamic and Christian
periods, for example, Andalucía, Aragón, the Basque country, Cantabria, Galicia and Valencia
(Glick 1982:83; Díaz 1983:180; Arizaga 1984; Martínez and Carbajo 1984; Rubiera 1994;
Rubio 1995; Añíbarro 2009:372). Historical documents from Christian Valencia specifically
mention the foxtail and broomcorn varieties of millet (de Castro 1993:286; Rubio 1995:169).
Millets were also recorded as animal fodder, especially for poultry across the Mediterranean
(Cortonesi 1999:269; Adamson 2004:5). This last point should particularly be borne in mind
when assessing the isotopic data from animals in this dataset (Chapter 6).
Sorghum, another plant species that uses the C4 photosynthetic pathway, was introduced into
the Iberian Peninsula around the 11th century, and, in al‐Andalus it probably replaced millet
as a staple of the poor (Glick 1982:82). The 14th century polymath Ibn Khaldūn wrote that
the good health of the Andalucians, particularly those from rural areas, could be attributed to
‘their spartan diet of sorghum and olive oil,’ (Ibn Khaldūn translated 1958, cited by Glick
2005a:78). Sorghum is a hardy, drought‐tolerant C4 summer crop suitable for hot regions
with little rainfall and therefore often grown on marginal land (Simpson and Ogorzaly 1995).
Both white and red varieties of sorghum were known in the medieval period, the white
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variety being considered better for human consumption as indicated by 14th to 15th century
documents from Valencia (Rubio 1995:169; Watson 1983:9).
Sorghum was not restricted to al‐Andalus and southern Spain, however (Figure 3‐1). The 11th
century Andalucian geographer and historian, al‐Bakrī, recorded that sorghum and millet
were also major crops in Galicia in northern Christian Spain and other written evidence
indicates that it was present in the south of France in the 12th century (Watson 1995:63).
Evidence from medieval Italy also suggests that sorghum was used as fodder for cattle and
pigs in this region (Cortonesi 1999:269).

Figure 31: The estimated distribution of sorghum in the Mediterranean during the medieval period
(from Watson 1983:10).

On the basis of this evidence, millet and sorghum were available and consumed across
medieval Spain. Evidence from written sources, however, falls short when considering the
actual contribution these crops made to the diet of both rural and urban populations (Braudel
1972:595). Fortunately, this can be explored using isotopic techniques, as both these plants
utilise the C4 photosynthetic pathway (Chapter 2).
Rice (a C3 plant) was another crop present in medieval Spain that was rare elsewhere in
Europe. It is believed that rice was introduced to the Iberian Peninsula by the Byzantines in
the 6th century AD (Lagardère 1996). Its cultivation, however, was expanded by the Arabs
who grew the crop in coastal areas, such as the Ebro Delta and Valencia, where the
environment was advantageous to the growing of this heavily irrigated crop (March
1990:158; Lagardère 1996). Rice became a popular export from Valencia particularly from
the 15th century (Bisson 1986:170). This crop did not, however, become a staple in Spain
until the 18th century, though its consumption is difficult to estimate from written sources
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(García Sánchez 1982:176; Dunmire 2004). Rice could be used to make bread; a practice
usually resorted to in times of scarcity of other grains in both the Islamic and Christian
periods (Rubio 1995:171; Álvarez de Morales 1997:153). On the other hand, rice was
considered a high‐status grain in areas such as Castile to where it had to be imported (de
Castro 1993:883).

3.1.2 Legumes
Various legumes are mentioned in recipe books and historical texts, including broad beans,
lupins, lentils, fava beans, chickpeas, kidney beans and peas. These would have formed a
significant part of the diet, providing important protein especially when meat was scarce
(Aguilera 1991:28; García Sánchez 1992:994; Flores and Muñoz 1993). Lentils, for example,
are about 25% protein, and chick‐peas 20% (Zohary and Hopf 2001:94, 108). Pulses were
therefore a particularly suitable substitute for meat during Lent and Christian fasting days. As
a result, it is believed that green beans and legumes were a primary part of the diet of monks
and the poor (Adamson 2004:6; Tomás 2009:479). Indeed, legumes played an important role
in the diet of medieval populations across the Mediterranean (Horden and Purcell 2000:203;
Adamson 2004:6). Written evidence for the consumption of legumes, however, is often scarce
(Conte 1980:299). This may be due to their role as ‘poor man’s meat’, particularly in the diet
of rural populations who potentially may have had little access to meat and sold off much of
their agricultural produce, especially cereals (Arizaga 1984:199; Brumont 1984:136; García
Marsilla 1993:85; García Sánchez 1994:276; García Sánchez 2002:281). Legumes such as
beans, peas and lentils were advantageous in this role as they are easily preserved and stored
and could provide food in the winter or during periods of food shortage (García Sánchez
1994:280‐1). Archaeological remains of legumes found in Islamic deposits at the cities of
Llerida and Pla d’Almatà in Catalonia largely consisted of lentils (Lens Culinaris) and
occasionally bitter vetch (Vicia ervilia) (Alonso 2005; Alòs et al. 2006‐2007). In addition,
legumes dominated the plant assemblage uncovered from the remains of the burnt granary at
l’Esquarda dating to the Christian period (13th century) (Cubero et al. 2008). Those that were
identified included vetches (Vicia ervilia and Vicia sativa), lentils and chickpeas (Cicer
arietinum). Archaeobotanical evidence thus confirms these legumes were probably an
important constituent of the diet during the both the Islamic and Christian periods in these
areas of Spain.
Legumes were commonly included as an ingredient in pottages and stews, or made into
purées and occasionally used to make bread, the latter particularly during times of need
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(García Sánchez 1982:164; García Marsilla 1993:263; Salas‐Salvadó et al. 2006:S103; Tomás
2009:479). Medieval Islamic agronomic texts also recommended growing lentils for soil
fertilization to aid crop rotation due to their nitrogen‐fixing properties (García Sánchez
1992:994). Legumes such as alfalfa could also be used to fodder animals, as was the case in
medieval England (Stone 2006:13).
In theory, a reliance on legumes could serve to decrease the δ15N values of consumer tissues,
as legumes tend to possess lower δ15N ratios than other plants due to their nitrogen fixing
properties (Chapter 2). This is a factor to consider in the isotopic dataset from the sites
sampled in this study.

3.1.3 Vegetables, fruits and nuts
A remarkable range of vegetables were grown and consumed across medieval Spain
particularly during the Islamic period. Regardless of wealth, each household would have had
its own kitchen garden where vegetables and herbs were grown for family consumption and
occasionally the surplus from these gardens was sold at market (Falcón 1984:209; Aguilera
1991:10; García Sánchez 1992:994). It is thought, however, that kitchen gardens in al‐
Andalus contained a greater variety of vegetables and greens than Christian gardens. Thus, it
is generally assumed that the diet of inhabitants of al‐Andalus was more varied in terms of
vegetables and fruits than that of the Christian kingdoms (García Sánchez 1992:994; García
Sánchez 1994:281). The great number of words for fruits and vegetables in the Spanish
language that derive from Arabic attests to the popular consumption of these foodstuffs
during the Islamic period (Rubiera 1994:131).
Fresh vegetables could be cultivated all year round, promoting a nutritionally rich diet. Just
some of the vegetables mentioned in 13th century Andalucian recipe books include onions,
aubergines, mushrooms, carrots, parsnips, leeks, lettuce, asparagus, turnips, cabbages, chard,
garlic, spinach and pumpkins (Adamson 2004:6). Agricultural treatises also cover squashes,
kidney beans, cucumbers and artichokes (García Sánchez 1992:994). Vegetables such as
carrots, asparagus and spinach were introduced into al‐Andalus by the Muslims, and by the
end of the medieval period they had spread to the rest of Europe from Spain (Adamson
2004:9‐11). Aubergines, on the other hand remained popular in Spain and Italy where Arab
influence was strong, although other areas of Europe were slow to accept the vegetable
(Aguilera 1991:13; Adamson 2004:11). Vegetables in particular would have played a
significant part in the diet, especially of those with little access to meat (Flores and Muñoz
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1993). Wild plants such as nuts and wild vegetables would have also been collected for
consumption, particularly in rural areas (García Sánchez 1994:277).
Referring specifically to evidence from the Christian period, vegetables mentioned in 11th‐
12th century documents from the Kingdom of Aragón researched by Gómez de Valenzuela
(1979) were restricted to onions, spinach, peppers, garlic, beans, peas and chick peas. In
addition, vegetables mentioned as being grown in gardens in the Basque country during the
14th‐15th centuries include onion, garlic, parsley and lettuce (Arizaga 1984:200). Historical
evidence from medieval Valencia and Castile indicate that garlic and onions in particular
were identified with the rural and urban poor (de Castro 1993; García Marsilla 1993:261).
However, it should be borne in mind that foodstuffs from the kitchen gardens are unlikely to
be mentioned in household and monastic accounts (Gómez de Valenzuela 1979).
During the Islamic period fruit would have been commonly eaten either fresh or dried but
also as juices, compotes and marmalades (García Sánchez 2002:285). The consumption of
fresh fruit, however, is difficult to ascertain from written records (Kuhne 1994). Preserved
fruits and vegetables would have been available for much of the year and consumed when
fresh foods were scarce (Waines 1992:728; García Sánchez 1994:267). Recipe books indicate
that many recipes contained fruit, such as confectioneries and desserts (Kuhne 1994:302).
Dried fruit and almond milk were widely used in all types of dishes in cookbooks from al‐
Andalus and the Liber de Sent Soví including those with meat, fish and poultry (Kuhne
1994:302). Agricultural treatises indicate the cultivation of fruits such as bitter orange,
grapefruit, lemon, pomegranate, fig, lime, cherries, plums and peaches (García Sánchez 1994).
Bitter oranges were first introduced into Europe by Arabs in Sicily and Spain and, together
with other citrus fruits such as the lemon and lime, they were considered luxury food in the
rest of Europe, affordable only by those of high‐status during this period (Adamson 2004:23).
However, they were probably available for popular consumption in growing areas in Spain.
Fruit trees also provided shade, scent, decoration, and thus orchards served as recreational
areas for those of high‐status particularly during the Islamic period (Lafuente 1998:39).
Nuts are also mentioned in agronomic texts including acorns, almonds, chestnuts, hazelnuts,
pine nuts and walnuts (García Sánchez 1994; Salas‐Salvadó et al. 2006). Vineyards and olive
groves are given considerable attention in the treatises, underlining their economic
importance (García Sánchez 1992:994). Olive oil was the most popular fat in al‐Andalus and
used more often for cooking than other vegetable and nut oils (García Sánchez 2002:11).
Grapes were consumed fresh as well as used to make fruit juice and wine (Falcón 1984:212).
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For example, archaeobotanical analysis of cess deposits dating to the Islamic period in Lérida
and El Pla d’Almatà in Catalonia recovered a high frequency of seeds from grapes, figs, apples
and pears in human faecal matter (Alonso 2005; Alòs et al. 2006‐2007).
The medical benefits of fruit were widely known in the medieval period. Medieval Arabic
medical texts comment on the use of fruits for their laxative effects (Kuhne 1994). Similarly,
the dietary regime drawn up for James II of Aragón by his physician in the 13th century
stipulated that fruit was not to be consumed for nourishment or pleasure, but as a medicine
to maintain health (McVaugh 1993:147).
Unfortunately, as fruit and vegetables are low in protein and are also, in the majority, C3
plants, isotopic techniques cannot offer any more insight into the popular and regular
consumption of fruit and vegetables by medieval populations.

3.1.4 Meat and animal products
Some researchers believe that diet in al‐Andalus was conspicuously low in animal protein,
instead the consumption of a variety of vegetables, pulses and fruits is emphasized (Watson
1995:71; Dunmire 2004:14). However, this view may be based on the diet of the lower strata
of society. Those of high‐status, purportedly ‘revelled’ in meat and refined wheat (Waines
1992:726). The most popular meats mentioned in recipe books and other historical texts
from al‐Andalus are, above all, lamb and mutton, followed by chicken and other birds and
beef (Díaz 1983:180; Aguilera 1991:28; Waines 1992:732; García Sánchez 1996:227). Goat
was possibly consumed more often in the Islamic period than in the Christian period (de
Castro 1993:271). The use of beef in recipes from al‐Andalus is a feature more or less absent
in Eastern cooking and may be a product of Berber influence (Waines 1992:732).
During the Christian period, various sources from Aragón, Valencia and Castile indicate that
the most popular types of meat consumed were, again, mutton and lamb, although pork was
widely utilised (Sesma 1977:67; Brumont 1984:206; Falcón 1984:211; de Castro
1993:272,282; García Marsilla 1993:241). The wide variety of meats mentioned in the Liber
de Sent Soví includes chicken/capon, pork, rabbit, mutton, hare, beef, veal, kid and piglet
(Santanach 2008). The meat most commonly consumed may have differed between localities.
Purchasing accounts of a French cleric travelling between northern kingdoms in Iberia the
14th century give the impression that the Kingdom of Aragón was particularly known for its
bacon, whereas sheep and goat were eaten more often in Navarre and Castile (Villegas
1984:236). Pork is also present in a number of 11th‐13th century Aragonese household
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accounts and legal texts (Sesma 1977; Gómez de Valenzuela 1979), and was preserved by
salting and popularly available (Santich 1995:3). Mountainous regions such as Jaca in the
Pyrenees produced much salted ham, as indicated by 15th century royal provisions accounts
from Zaragoza (Sarasa 1984:225). Salt pork fat was used more often than olive oil for grease
and flavour during the Christian period, and is often found in household and travel accounts
lists throughout Spain (Arizaga 1984:200; Martínez and Carbajo 1984:340; de Castro
1993:307; Larráyoz 1998; Cortonesi 1999:273). It is also frequently mentioned in the Liber
de Sent Soví (Santanach 2008).
It is believed that meat would have been a luxury to the majority of the populace during both
the Islamic and Christian periods, reserved for religious and family celebrations. During the
Islamic religious festival of Eid al‐Adha, for example, a male lamb is traditionally sacrificed
(García Sánchez 2002:283). Following the festival, any meat not consumed was preserved in
a variety of ways for later consumption including drying and salting. This use of the ram has
been compared to the use of the pig by Christians (Rubiera 1994:132‐33). Various historical
documents from 12th‐13th century Aragón and 14th century Valencia in the Christian period,
indicate that meat was eaten more often by those of higher status (Conte 1987:20; García
Marsilla 1993). In particular, high‐status individuals often consumed very young animals
during both the Islamic and Christian periods in Spain. A 15th century treatise on diet from
Nazrid Granada indicates that the meat considered the most nutritious included that of a
yearling lamb, suckling kid, veal and castrated kid (Díaz 1983:180). This is echoed in other
medical texts from al‐Andalus (Salas‐Salvadó et al. 2006:S103). Evidence from the Christian
period includes 12th‐13th century banquet records from the Castle of Sesa in northern Aragón
that mention rabbits and young suckling animals such as kid (Conte 1987). Veal, kid and
young rabbits were also purchased for the Queen of Navarra and her retinue during her
pilgrimage to Zaragoza in 1433 (Martínez 1996:200; Larráyoz 1998:320‐1). This may,
however, also be a reflection of the availability of younger animals such as lamb, kid and veal
calf in urban markets while older animals were consumed in rural areas at the end of their
useful life in breeding and agriculture (Molénat 1984:315; Cortonesi 1999:273). This was
particularly true of cattle, where in Castile in the 16th century, for example, the ox was
considered food for the poor. For this reason, ox was provided for the poor by hospitals in
Toledo in the 15th century (Brumont 1984; Molénat 1984:315; de Castro 1993:280 García
Marsilla 1993:260). The meat of old animals was also cheaper in the medieval markets in
Madrid during the 15th century (Puñal 2009:188). It must be remembered however, that
households keeping breeding animals such as pigs and chickens would have had access to
young and suckling animals and consumption of these animals may not be reflected in
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written documents. For example, in Zaragoza in the 15th century it was permitted to kill
suckling animals at home (Falcón 1984:211).
Cheaper cuts of meat and offal would have been affordable to those of intermediate status
and wealth (Adamson 2004:1; García Sánchez 2002:8). Contemporary records confirm the
availability of such products in urban centres, for example, a Hisba manual from 12th century
Seville indicates that a number of animal products such as rissoles, sausages and the cheaper
cuts of meat such as offal and tripe were on offer at the central market (Lewis 1997:175).
Also, bacon in particular is thought to have been regularly consumed by those of low‐status in
Christian Valencia (García Marsilla 1993:260).
The majority of the lower echelons of society, especially in rural areas would not have had
access to meat everyday. Meat, when it was available, was thus often prepared in ways so as
to make use of all the parts of an animal and increase the volume of what little was
obtainable, for example being ground in pottages and soups (García Sánchez 1996:227;
Medina 2004:158). However, written evidence also indicates that the lower status working
under a lord, for example, were provided with rations of meat. Accounts dating to the 12th to
13th century from the castle of Sesa in northern Aragón show that the castle workers
consumed meat every day except fast days when dried fish or eggs/cheese were substituted
(Conte 1987:198). Similarly, in records of provisions for artisans working in medieval
Zaragoza, workers were given rations of mutton, in addition to figs, olives, bread and wine
(Sarasa 1995:199). In certain areas, meat was given out as charity and alms to the poor and
infirm by fraternities and hospitals. For example, records from Lérida in the 14th century, and
from Burgos in the 15th‐16th centuries, demonstrate that mutton and sometimes pork was
provided to the poor and to pilgrims (Bertrán 1994:362; Martínez García 1984).
Nevertheless, this provision of meat probably depended on the availability of resources at the
time and, during bad harvests or in areas of little agricultural potential, meat may have been
less available (Conte 1987:198). Indeed, not all food provided as alms included meat. For
example, although knights and clergy in Huesca in the 12th‐13th centuries had access to fresh
and dried meat, they did not offer meat as charity (Conte 1980:291).
It must be borne in mind that the animals consumed in urban areas, particularly the large
domesticates such as sheep, goats and cattle, were not always reared in the immediate area
surrounding the settlements. For example, butchers in the city of Valencia in the 15th century
purchased animals from flocks from other areas of the Crown of Aragón and also Castile
(García Marsilla 1993:122). During the medieval period most animals would have been
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brought in to towns on the hoof (Sykes 2006:63), and the practice of transhumance of flocks
is well attested to in historical and zoorchaeological evidence from Spain during the Christian
period in particular (Klein 1920; Le Roy Ladurie 1978 ; Moreno 1997). In addition, preserved
meat products, especially that of pork, are likely to have been transported already processed
(Sarasa 1995:191). This suggests that meat and dairy products present in urban centres
probably originated from a wide catchment area that often extended well beyond the local
region. This point is worth bearing in mind in the results of this thesis.
Evidence from animal bone assemblages (Table 3‐1), indicates that sheep and goat dominate
assemblages from the Islamic and Christian periods, a feature of the archaeological record
which is congruent with evidence from historical sources. Where sheep and goat remains
could be separated morphologically, sheep tended to outnumber goats, with the exception of
one site in Alicante (Benito 2006). Analyses of assemblages from many Islamic period sites in
Alicante, Andalucía and southern Portugal have indicated that ovicaprids were
predominantly slaughtered at a young age. This is thought to reflect a preference for tender,
young meat and supports evidence from historical documentation, discussed above (Benito
1987a; 1989; Riquelme 1991; 1992; 1993; Lentacker and Ervynck 1999; Moreno and Davis
2001). However, at other Islamic periods sites such as Arrabalde de Silves (Portugal) and
Castillo de Ambra (Alicante), there are a substantial number of older ovicaprids present
which suggests their use for wool and milk (Benito 2006; Gonçalves 2006). It is difficult,
therefore, to make sweeping generalisations about economic and dietary trends in animal
husbandry that hold for all sites in the Islamic period. Assemblages from the later Christian
periods, at Granada, Castillo de Mola and Castillo de Ambra in Alicante and to some extent
Alcáçova de Santerém in Portugal indicate that most ovicaprids were slaughtered at adult
ages. This likely reflects the predominant economic production system of the Christian
period, when sheep were increasingly exploited for their wool (Benito 1985; 1987b;
Riquelme 1993; Benito 2006; Davis 2006a).
Cattle generally follow ovicaprids in frequency within animal bone assemblages. However,
there is some suggestion that cattle increased in importance during the Christian period, as
demonstrated at Castillo de la Mola and Castillo de Ambra in Alicante (Benito 1985; 1987b;
2006). Analysis of cattle slaughter ages from Islamic period sites such as Castillo de la Mola
and Castillo de Ambra (Alicante), Alcáçova de Santerém, Alcácer do Sal and Arrabalde da
Silves (Portugal) suggested that cattle tended to be slaughtered at older ages (usually over 2
years). This is assumed to reflect historical evidence that beef was held in little regard during
the Islamic period and cattle were mainly used for traction and for their milk (Benito
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1985:420; Moreno and Davis 2001; Benito 2006; Davis 2006a:51). Analysis of cattle remains
from Christian period sites such as Castillo de Ambra (Alicante) and Motril (Andalucia)
indicate a tendency for cattle to be slaughtered at young ages (Riquelme 1993; Benito 2006).
This has been attributed to a rise in popularity of beef in the Christian period while also
reflecting the tastes of the urban market (in Motril).
Pigs are entirely absent from Islamic period sites at Mertola, Saltés, and Silves, which
indicates that the religious taboo on pork was rigorously followed (Morales Muñiz 1993;
Lentacker and Ervynck 1999). However, pigs are present on some Iberian Islamic sites, a
phenomenon usually attributed to the possible presence of a small number of
Christians/mozarabs on site or in the case of a site from Mértola and another at Alcáçova de
Santerém in Portugal, the presence of hunted wild boar (Benito 1985; Morales Muñiz et al.
1988; Lentacker and Ervynck 1999; Atunes 1996:271; Benito 2006; Davis 2006a:26).
Nevertheless, pig remains increase in number in Christian period deposits from sites in
Alicante and are prevalent in 16th century Motril, although they remain secondary to
ovicaprids and cattle (Benito 1987b; Riquelme 1993; Benito 2006).
Where horse or mule bones are recovered, they are not usually considered to be human food
refuse, rather meat fed to dogs after their use in agriculture or transport. Although their
consumption cannot be ruled out, written sources from Islamic Spain indicate that horseflesh
was not held in high esteem (García Sánchez 1996; Lentacker and Ervynck 1999:152).
Dromedary bones have occasionally been excavated from Islamic period sites in Spain that
show marks of butchery and fire, which suggests that they were consumed, despite being
considered tough and unpalatable in written sources of the time (Morales Muñiz et al. 1995;
Díaz 1983).

3.1.4.1 Poultry and eggs
Chicken (such as hens and capons) and other poultry were commonly consumed in al‐
Andalus and some dietetic texts place chicken above all meat (García Sánchez 2002:282).
Chicken forms the basis of the majority of the recipes in the 13th century Andalucian Fadalat
alkhiwan cooking manual, although frequencies of products in cookbooks cannot be treated
as a realistic reflection of real consumption (Marín 1996:166). Chickens and partridges were
among the birds most consumed in the Christian periods according to written sources (de
Castro 1993:267). Other birds mentioned in cookery manuals and purchasing accounts of the
Islamic and Christian periods include pigeon, dove, partridge, quail and other wild fowl and
game such as duck, goose and occasionally small birds (Arizaga 1984; Larráyoz 1998; Waines
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2003:576; Salas‐Salvadó et al. 2006:S103). A Hisba manual from Seville reveals poultry such
as chickens and partridges and their eggs were available in the urban markets of al‐Andalus
(Lewis 1997:175). Several historical sources indicate that chicken was often purchased for
those of higher status in the medieval period. Chicken is mentioned numerous times
throughout the provisioning records for the council in Murcia in the 15th century, for example
(Martínez 1996:200). In addition, both urban and rural households would keep their own
chickens and thus have access to eggs, which would have served as an important source of
protein for the lower strata of society in particular (Arizaga 1984; Brumont 1984:209; de
Castro 1993:151; Sarasa 1995:198; García Sánchez 2002:284).
Chickens are present in almost all archaeozoological assemblages from medieval sites in the
Iberian Peninsula, although their prevalence may be underestimated due to a lack of sieving
on archaeological sites (Table 3‐1). Evidence from chicken remains studied from Alcáçova de
Santerém indicates that males were killed at younger ages than females, presumably because
females were kept for eggs (Davis 2006:68). Rare finds of chicken egg shells were also
recovered from Dunas de Guardamar in Alicante (Benito 1987; 1989). Partridges are usually
second in number to chickens where they have been recorded, reflecting historical evidence
for their consumption mentioned above (Moreno and Davis 2001:239).
Poultry are mentioned in historical documents as being consumed especially at times of
illness. Stock from poultry is recommended for the ill or convalescent in medical texts from
al‐Andalus (Salas‐Salvadó et al. 2006:S103). This medical recommendation was often put into
practice. For example, the accounts records from a pilgrimage of the Queen of Navarra to
Zaragoza during the 15th century indicates that the most popular meat was chicken, due in
part to it being consumed in a broth to combat the illness that affected the retinue on the
journey (Larráyoz 1998). In the same vein, chickens were found to be absent from monastic
and hospital accounts from Aragón in the 11th‐13th centuries, perhaps because this meat was
being reserved for the infirm (Sesma 1977:68). This is certainly the case in hospital records
from Burgos in the 15th‐16th centuries where poultry and eggs were provided primarily for
the sick (Martinez García 1984:354).

3.1.4.2 Game
Game was hunted and consumed in both the Islamic and Christian period in Spain (de Castro
1993:273‐4). Rabbit and hare are indigenous to the Iberian Peninsula and therefore would
have been consumed relatively often (Adamson 2004:36). High‐status individuals would have
hunted for pleasure, however, game such as rabbits and game birds being available to those
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of intermediate status. Rabbits, in particular, were appreciated during the Islamic period (de
Castro 1993:274). The 12th century Hisba manual from Seville indicates that skinned rabbits
were commonly available in markets in al‐Andalus (Lewis 1997:175). In rural areas where
wild animals such as rabbits and hares were plentiful, it is likely that their meat served as a
complement to the diet (de Castro 1993:150). Purchasing accounts from merchant’s
households in 15th century Valencia, however, indicate that game such as deer, hare and
rabbit was rarely bought (García Marsilla 1993:242). There are numerous recipes for rabbit
and hare in cooking manuals from al‐Andalus and the Liber de Sent Soví (Aguilera 1991:20;
Santanach 2008). Meat also classed as game in the Liber de Sent Soví includes bear, crane and
wild boar (Santanach 2008).
Archaeozoological analysis of animal remains from Islamic sites in Granada, Huelva, Mértola,
Murcia, Alicante, Calatrava la Vieja and Alcáçova de Santerém identify the presence of
comparably large numbers of rabbit remains. This is considered to be a reflection of their
frequent consumption during this period and also reflects their relative abundance and ease
of capture in the wild or that they were possibly kept in towns (Benito 1987, 1989; Morales
Muñiz et al. 1988; Riquelme 1991:103; Lluró 1991; Morales Muñiz 1993; Atunes 1996;
Lentacker and Ervynck 1999; Davis 2006a). It is not possible to tell, however, whether these
remains of rabbits represent wild or farmed animals, although as rabbits are often classed as
game in historical sources from the Islamic period it is likely that they were wild (Morales
Muñiz 1993; Lluró 1991:95; Lentacker and Ervynck 1999). Other wild and hunted game were
also uncovered on some Islamic and Christian period sites such Dunas de Guardamar, Saltés
and Alcáçova de Santarém where the presence of deer and wild birds such as red legged
partridge and dove, indicates that hunting was practiced and game featured as a supplement
to the diet (Benito 1987,1989; Davis 2006a). Indeed, hunting with birds to catch prey such as
rabbits, doves and partridge was carried out not only by the nobles, but also purportedly by
the wider population during the medieval period in Spain, albeit with birds of lesser status
(Morales 2002).

3.1.4.3 Dairy products
Dairy products were popular in both al‐Andalus and the Christian kingdoms. Cooking
manuals specify the use of the milk from sheep, goats and cows, although it was milk
products from sheep and goat which were apparently sold most commonly in the markets of
al‐Andalus (Waines 1992; García Sánchez 1996:228; Santanach 2008). In addition, analysis of
animal bone assemblages at the Islamic sites of Mertola and Dunas de Guardamar, for
example, reveal a tendency for female goats to be slaughtered at older ages. It is assumed that
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at these sites during the Islamic period, goats may have been exploited more than sheep for
their milk (Benito 1989; Morales Muñiz 1993).
Milk was consumed in various ways, either directly skimmed or as cottage cheese, curd, fresh
or mature cheese (Álvarez de Morales 1997:156). Cheese was the main ingredient for many
recipes particular to Andalucian cuisine, such as almujabbana (almojábana in modern
Spanish), a pastry filled with fried cheese made from both sheep and cow’s milk, baked, and
covered with spiced sugar or honey (Waines 1992:733; Eigeland 1989). In both the Islamic
and Christian periods, milk was used to cook meat, vegetables and cereal dishes (Santich
1995:28; García Sánchez 2002:282). Butter, on the other hand, did not become popular in
Mediterranean countries before the 15th century (Santich 1995:28).
Like eggs, milk would have been available on a self‐sufficient basis and thus accessible to
most strata of society (García Sánchez 1996:227). It is believed that animal protein in the
form of eggs and dairy products such as cheese, curds and milk would have been consumed
more often than meat by those of lower status (García Marsilla 1993:261; Anderson
2002:187). This was the case in the 13th/14th century rural settlement of Montaillou, situated
in the Pyrenees just inside the modern border of France (Le Roy Ladurie 1978:7). In addition,
various written sources from the Christian Crown of Aragón indicate the consumption of
cheese and accounts from monasteries and hospitals during the 13th century, in particular
eggs and cheese serving as a substitute for meat, rather than fish, during fast days (Sesma
1977:70; García Marsilla 1993:273; Sarasa 1995:188). In addition, documents from Zaragoza
dating to the 15th century suggest that milk was sometimes left for the young and infirm to
consume (Falcón 1984).

3.1.5 Fish
Due to its position between the Mediterranean and Atlantic seas, there is much opportunity
for fishing and fish consumption in the Iberian Peninsula. Despite this, fish are believed to
have not been held in high esteem by those of high‐status in the medieval Islamic world. Of
the 500 recipes in the anonymous 13th century Hispano‐Muslim cookbook, just 20 include
fish (García Sánchez 1996:227). However, fish were an important foodstuff during the Islamic
period and would have probably formed part of the diet of those of low‐status, especially on
the coast and along large rivers where fish was plentiful and sometimes eaten more often
than meat (de Castro 1993: 326; García Sánchez 1996:227; Figure 3‐2). Marine fish often
consumed included bonito, grey and red mullet, hake, sardines, shad and tuna, while among
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the freshwater fish were sturgeon and trout (de Castro 1993:326; Flores and Muñoz 1993;
Gallart et al. 2005:198). Both fresh and salted fish were sold in the markets of Seville in the
12th century (Lewis 1997:177).

Figure 32: Illustration from the 13th century Cántigas of King Alfonso X of Castile, depicting Muslim
fishermen fishing with nets near the Islamic town of Faro, southern Portugal (from Burns 1973).

During the Christian period, fish gained a new importance in the liturgical calendar as a
replacement for meat and animal products during fast days and Lent. As a consequence,
salting fish became common in Christian Spain from about the 12th century (de Castro
1993:324). Recipes in the Liber de Sent Soví including fish or seafood are not always explicit
about the species, but those mentioned include eel, hake, lamprey, lobster, mackerel, mullet,
octopus/squid, prawns, sardines, sea bass, sea bream and shad (Santanach 2008). Conger eel,
in particular is frequently mentioned in recipe books (García Marsilla 1993:160).
A similar range of fish were caught and likely consumed in both the Islamic and Christian
periods. Medieval ordinances from Granada and Malaga suggest that bonito, conger eel, sea
bass and tuna, for example, were common in both periods (Malpica 1984:106‐113). These
sources also indicate that tuna was the most sought after and thus expensive fish in the
Kingdom of Granada, whereas breams and cartilaginous fish, such as the tope shark, were
more affordable (Malpica 1984). This was similar to the situation in Alicante where records
indicate that salted tuna was the most expensive followed by eel and hake. The least
expensive fish were bonito, mullets, salted and smoked sardines and, again, cartilaginous fish
such as the hound shark (Gallart et al. 2005:205).
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The availability and abundance of fish consumed would have depended on locality. Fish was
available in various forms; however, fresh marine fish would have been most available on the
coast, with freshwater and salted, dried or smoked fish present in inland areas (Malpica
1984:106; Gallart et al. 2005). Those species of fish which were commonly salted included
anchovies, conger eels, herring, sardines and tuna (Gallart et al. 2005:201). Fish (and some
meats) could also be preserved in vinegar, referred to as escabeche (Chabrán 2002:133;
Santanach 2008).
Marine fish, particularly in salted form, were transported great distances. One of the most
important fishing areas of Spain was the Atlantic coast of Galicia, where products such as
conger eel, hake and sardines were traded with other cities and regions in Spain (Ferreira
1988; de Castro 1993:324; Gallart et al. 2005:205). Ships from the Baltic‐Hanseatic League
(est. 1241) also carried salted and died fish to ports in the Iberian Peninsula such as Cádiz
Lisbon, Porto and Seville (Kiple 2007:87). Atlantic cod, which was popular in northern
Europe, was apparently not documented in Galicia until AD 1500 (Ferreir 1988:148) and in
Valencia not until the 17th century (Gallart et al. 2005:207). Basque ships had, however,
brought cod from the coast of Newfoundland to the peninsula in the 15th century (Bielza
1996:75). Valencia and Alicante, in particular, served as centres for redistribution of fish
caught in Galicia to inland regions such as Castile and Aragón (Ferreira 1988:145,731).
Evidence from historical accounts substantiates evidence from trading records, further
indicating the consumption of salted and dried fish far inland. For example, salted fish from
the Bay of Biscay are mentioned in 15th century municipal documents from Zaragoza (some c.
200km from the sea) and others from 11th‐13th century Castile (Falcón 1984:212; Martinez
and Carbajo 1984:339). Furthermore, salted fish such as conger and herring were provided to
castle workers on fast days in Sesa at the foot of the Pyrenees in Aragón in the 12th‐13th
centuries (Conte 1987:198). The 14th century Castillian poem, the Libro de Buen Amor
suggests that Valencia was particularly well known for its salted and cured eels and that
salted sardines were central to the local diet at the time (Chabrán 2002:125). Sardines, in
particular, were a cheap fish that those of little wealth could afford in Valencia during the
Christian period (García Marsilla 1993:261).
Freshwater fish were commonly consumed locally; for example, records from Huesca,
Aragón, mention fishermen who fished trout in the nearby rivers of the Sierra de Guara to sell
in the city (Gómez de Valenzuela 1979:7). In some areas such as the Basque country during
the 14th‐15th centuries, it was a common right to fish from rivers where fish such as catfish,
eels, salmon and trout are mentioned (Arizaga 1984:203). In Aragón where there are
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plentiful freshwater sources, freshwater fish was probably consumed more than marine fish.
This is indicated by several sources such as monastic and hospital records in the 11th‐13th
centuries (Sesma 1977:69), municipal documents from Zaragoza in the 15th century (Falcón
1984:212) and the travel accounts of a French cleric from the 14th century who indicated that
freshwater fish were more widely available in Aragón than in Castile and Navarra (Villegas
1984:245). However, a wide range of marine and freshwater species are recorded in
commercial accounts from Aragón in the 15th century; hake was popular and other fish
mentioned include conger eel, herring, salmon, sardines and tuna (Sesma and Líbano
1982:45; Falcón 1984:212). The popularity of hake in this region is reflected in purchase
accounts from the pilgrimage of the Queen of Navarra to Zaragoza in the 15th century when
hake was purchased most often, sometimes specifically in salted form though freshwater fish
such as carp and eels were also aquired (Larráyoz 1998:320‐1). The household accounts of
the Queen of Aragón, Maria de Luna, in 1403 mention three species of freshwater fish: barbel,
trout and pike, although marine fish were bought most often (García Marsilla 1993:202).
Archaeozoological evidence for fish suffers from recovery problems on most sites where
sieving is not a common practice. Sieving was however carried out during a campaign at the
Islamic coastal site of Saltés on the south west coast of Spain (Lentacker and Ervynck 1999).
Here, inshore marine fish dominated the assemblage with sea bream being the most common,
followed by the comber, meagre and sole, along with cartilaginous species such as sand tiger,
tope and smooth hound shark and ray (Lentacker and Ervynck 1999:145‐6,153). Similarly,
sea bream were uncovered from el Castillo de la Mola in Alicante (Benito 1985:42) and
cuttlefish, an inshore species, was the predominant marine species recovered at the Islamic
period site of Dunas de Guardamar in Alicante (Benito 1987,1989). Fish species recorded
from Islamic levels at Alcáçova de Santarem included a mixture of marine and freshwater
species, including barbell, mullet, sea bream and sturgeon (Davis 2006a:20). Freshwater fish,
primarily barbs (a relative of the carp) were also recorded in House II in Mértola, Murcia
(Atunes 1996). The great variety of fish identified, despite inadequate techniques, reflects the
range of fish mentioned in the various historical sources above. The presence of edible
inshore marine molluscs at Saltés and Dunas de Guardamar and oysters collected at Alcáçova
de Santarém provides valuable evidence for their collection and consumption during this
period, given the general silence of historical sources on the consumption of shellfish (Benito
1989; Lentacker and Ervynck 1999; Chabrán 2002:183; Davis 2006a).
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3.1.6 Drinks
In al‐Andalus, water was drunk often by all classes, followed by milk, vegetable and fruit
juices and also in Valencia, horchata, a drink prepared from liquid extracted from tigernuts,
tubers (cyperus sculentus lativum, 'chufa' in Spanish) that were introduced by the Muslims
during the medieval period (Flores and Muñoz 1993; García Sánchez 1996). Water was also
drunk perfumed with rose water and orange blossom (Waines 1992:736). However, wine is
the drink most often cited in historical records and was consumed both in the Islamic and
Christian periods in Spain. Numerous prohibitions of wine were issued during the rule of the
Almoravids and Almohads in al‐Andalus, which suggests that drinking wine continued among
most levels of society into the 12th and 13th centuries (de Castro 2002; Zaouali 2007:32;
Reklaityte 2009). As is clear from historical evidence, all strata of society in the Christian
kingdoms consumed wine (Adamson 2004:50). Wine, for example, was the equivalent price
to bread and far less expensive than meat in 15th century Zaragoza (Falcón 1984:216). Wine
was also provided to the poor by hospitals and fraternities across Spain in the Christian
period (Martinez Garcia 1984). Cider was appreciated in some regions of northern Spain such
as the Basque country and areas of Old Castile, traditionally Asturias (Arizaga 1984; Martinez
and Carbajo 1984:340). Beer, however, was less commonly drunk in Spain than it was in
Northern Europe (Montanari 1994:20; Adamson 2004:49).

3.2 Diet and faith
The following section serves as a brief introduction to some of the dietary laws observed by
Muslims and Christians in medieval Spain. The diet of Jews who were also present in
medieval Spain is not considered however, as Jewish individuals could not be studied for this
work (chapter 1).

3.2.1 Islamic dietary laws
Islamic dietary law was actually less restrictive than the dietary regimes proscribed by
Judaism and Christianity at the time. The Shari'ah, a detailed Islamic legal system, was
accepted in AD 629 and stipulated the prohibition of pork, carrion, spilt blood and,
technically, alcohol (Insoll 1999:95; Adamson 2004:ix). In addition, to be considered halal
(lawful), animals for consumption had to be slaughtered by a clean cut to the throat and the
name of god invoked (Insoll 1999:97; Ehlers 2006:97). A month of fasting takes place during
Ramadan, where abstinence from food and drink occurs from sunrise to sunset and the fast is
broken with a sumptuous meal each night (Insoll 1999:106). The principal fasting period of
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Ramadan lasted thirty days instead of the forty days of Christian Lent and there were no
restrictions imposed on eating meat during the year (Zaouali 2007:30).
Unlike the practice of modern Islam, during the medieval period intoxicating beverages such
as wine were in theory forbidden but in practice often tolerated (Waines 1994:112; Kiple
2007:85). However, it was never officially authorised and the extent of toleration was largely
dependent on those in power (Zaouali 2007:32). The prohibition of pork, on the other hand,
was strictly adhered to. Although cookbooks written by Muslims between the 10th and 13th
centuries included references to Christian cooking and ‘counterfeit’ recipes without meat that
could be used by Christians during fast days, pork is never mentioned (Waines 1992:737;
Waines and Marín 2002). Pork is also very rarely mentioned in dietic texts from al‐Andalus
(García Sánchez 2002:282).

3.2.2 Christian fasting
Christianity was largely unconcerned with food taboos; although, fasting was made part of
Christian doctrine as a way of praising God by purifying the body (Kiple 2007:86). Fast days
(typically Wednesdays and Fridays) and Lent accounted for over 150 of the days in the year
of the Christian calendar (Guiral 1989:388; de Castro 1993:137; Kiple 2007:86; Tomás
2009:465). Fish did not necessarily replace meat on fast days however, dairy products were
sometimes used, if not permitted, as a substitute. For those who were particularly poor or
strict in their observance, cereals, legumes and vegetables were simply eaten without meat,
fish or dairy products (García Marsilla 1993:76; Adamson 2004:189; Rodrigo 2009:571). The
Church in Spain permitted the consumption of eggs and dairy products during Lent officially
after 1491 (Tomás 2009:465). Accounts from hospitals in Spain indicate that charity
provided to the poor included fish or eggs on fast days (Bertrán 1984:363; Martinez García
1984:351). In addition, certain members of society were exempt from fasting, such as
pregnant women, the sick, poor labourers, beggars and pilgrims (García Marsilla 1993:74;
Tomás 2009:465). It is certain, however, that the consumption of fish would have increased
during Lent. Commercial and legal documents from Aragón during the 14th‐15th centuries, for
example, indicate that the demand for fish surpassed supply during this time of year (Rodrigo
2009:572). Purchasing accounts from merchants’ households in 15th century Valencia
indicate that fish was almost exclusively bought for fast days (García Marsilla 1993:245).
Also, in many areas of Spain it seems that Muslims and Jews under Christian political rule
were forbidden to buy fresh fish during Lent, thereby leaving this commodity for Christians
during this time of fasting (Glick 2005a:195; Rodrigo 2009:572). The consumption of fish by
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Christians has been argued to be the result of religious obligation rather than reflecting any
esteem this food had during the medieval period (Rodrigo 2009:573). Muslim and Christian
communities may have therefore differed on the extent to which they relied on aquatic
(marine and freshwater) resources due to their differing religious observances.
Within monasteries and their religious orders, for example, some in the early Kingdom of
Aragón (11th century) prohibited meat totally, whereas others allowed meat three days a
week, following the rule of St Augustine (Sesma 1977:67). Selected monasteries with royal
patronage in Aragón in the 12th century were given unlimited rights to fish from rivers in
order to facilitate this practice (Gómez de Valenzuela 1979:6). This indicates there may have
been a greater access to regular fish supplies by monastic orders which could result in a
different diet to the majority of the lay population, particularly that of the lower strata of
society who may not have had access to fish every fast day and only used vegetables, grains
and pulses instead. The sites sampled in this study do not offer the opportunity to compare
lay and monastic diet however.

3.2.3 Diet under Muslim and Christian political control
The Muslim conquest in the 8th century led to a strong Eastern influence in the cuisine of
medieval Spain, an influence that extended to a greater or lesser extent across Europe during
this time. The cuisine of the medieval Islamic world represented a mixture of Persian,
Maghribian and Andalucian influences with an emphasis placed on on agriculture and
vegetables (García Sánchez 1996). Following the Christian Reconquest, however, much of the
agriculture reverted away from fruits and vegetables and back to grains and grapes, placing
more emphasis on the raising of livestock (Glick 1982:83; Montalvo 1992). This in turn would
have had an impact on the foodstuffs available in Christian Spain. There is a general
agreement among researchers that Christian diet was potentially more restricted, at least in
the range of vegetables and fruits consumed, than the preceding Islamic period (Glick 1982;
García Sánchez 2002:287; Dunmire 2004:18).
Diet and foodways in areas formally under Islamic political control would have therefore
undergone many changes as a result of the Christian Reconquest. There was often a gradual
substitution, re‐combination and/or addition of ingredients and dietary practices (de Castro
2003:227). For example, following the Christian conquest of the Balearics in the 13th century,
mutton fat was exchanged for salt pork in popular dishes on the island of Mallorca (Rosselló
1994:196‐197). The use of pork fat and lard in cooking became an ‘article of faith’ for

77

3: Diet in medieval Spain
Christians, particularly after the Reconquista, as Muslims and Jews would not consume these
pork products (Fernández 2001:158; Kiple 2007:89). For example, archaeozoological
evidence, discussed in Section 3.1.4, suggests that pigs and cattle may have been consumed
more frequently in the Christian period than in the Islamic period. Similarly, the presence of
dromedaries in the Iberian Peninsula appears to have ceased with the Christian Reconquest.
That the dromedary was no longer used for meat or transport probably was due to its
perceived significance as a symbol of Islamic culture (Morales Muñiz et al. 1995).
The potential for differing resource exploitation and subsistence during the Islamic and
Christian periods will be investigated using isotopic data. In addition, whether Christians
consumed more aquatic resources than Muslims due to religious fasting will also be explored,
as the consumption of aquatic (marine and freshwater) resources would serve to increase
consumer bone collagen nitrogen values. The consumption of marine fish in particular would
also cause enrichment in carbon (Chapter 2).

3.3 Diet and status
As demonstrated by the historical evidence discussed above, food was apparently distributed
and consumed in medieval Spain in accordance with societal hierarchies based around
wealth and status (García Marsilla 1993:77; Tomás 2009:466). This is common pattern for
many human societies in general (Garnsey 1999:6). In particular, status in past human
societies was often manifested by the quantity and ‘quality’ of foodstuffs that formed the diet
of different social groups (van der Veen 2003). Much of the difference between those of lower
and higher status in the medieval period was related to access to meat and the variety,
quality and quantity consumed (Salisbury 1994:57; van der Veen 2003). In medieval Spain,
various historical sources identify the rural and urban poor in both Islamic and Christian
periods with a diet based mainly on grains, legumes and vegetables, supplemented by eggs
and diary products. Meat, on the other hand, was purportedly only consumed in sizeable
amounts on special occasions by the majority of the populace and generally originated from
older animals past their best for agriculture (García Sánchez 1982:139; de Castro 1993:147;
García Marsilla 1993:77; Tomás 2009:466). The consumption of different cereal plants was
also seen as indication of social status. Many sources consider bread made of unrefined wheat
and grains such as barley, rye, millet and sorghum to only have been suitable for those at the
lower end of the social hierarchy (García Marsilla 1993:77; Tomás 2009:466). Millet and
sorghum, in particular, were considered to be a signature of the diet of low‐status and rural
populations (García Marsilla 1993:259; Montanari 1994:51). However, historical sources do
not tell us how often C4 plants were eaten (Braudel 1972:595). The possible widespread
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consumption of C4 plants by those of lower status is one research question in which the
application of isotopes to populations from Spain has the upper hand, at least in comparison
to studies in Northern Europe where C4 plants were rarer.
Stable isotopes therefore offer the opportunity to explore potential status differences
between individuals in medieval Spain. In particular, the consumption of less meat and/or
the consumption of legumes by those of low‐status would serve to decrease δ15N ratios in
consumer tissues. Those that consumed the most meat and fish protein, on the other hand,
should exhibit higher δ15N ratios. In addition, the hypothesised consumption of ‘inferior’ C4
plants (millet and/or sorghum) by those of low‐status and rural populations in Spain, would
lead to the enrichment of δ13C of consumer tissues.
At the same time, it is important to bear in mind that, as socio‐economic differences in the
consumption of different grains were not restricted to C3 versus C4 crops, it will not be
possible to determine status differences between the consumption of C3 grains thought of as
‘higher’ and ‘lower’ quality such as wheat and barley using stable isotope analysis (Chapter
2).

3.4 Diet and gender
The analysis of sex of humans in relation to diet can provide information about possible
differences in diet which may be due to gender‐based roles or social practice (Gumerman
1997:106). Men and women certainly had different occupations in medieval societies and
historical sources give the impression that women generally played an inferior and
subordinate role to men (Richards 1990:25; Ward 2002). Specifically, food preparation and
domestic work was perceived as the occupation of women in medieval Christian and Islamic
male‐dominated societies (Bynum 1987:192; García Marsilla 1993:152; Boone and Benco
1999:67; Insoll 1999:62‐3). Thus, gender‐based differences in occupation and lifestyle may
have caused differential access to certain foodstuffs between males and females (Medina
2004:159). The extent to which this was the case is not understood. Medieval dietetic texts,
based on the writings of classical scholars such as Aristotle and Galen, follow the principle of
the ‘humours’ in relating cold and moist qualities with women, who are recommended
therefore to avoid foods with similar properties, such as riverine fish (Garnsey 1999:105
Ward 2002:1). Medical texts also prescribe diets for pregnant women, specifically to avoid
bitter or acrid foods such as salt, wine, pork and fish and instead to consume ‘pure’ foods
such as chicken, partridges and eggs (Adamson 2004:219‐220). These writings, however,
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were unlikely to have disseminated to the whole population during the medieval period and
so the extent to which these ideas permeated popular thought is unknown.
Much of what little evidence exists for specific gender‐based differences in diet tends to
surround the consumption of meat. In western culture, for example, males and masculinity
are traditionally associated with rich and heavy foods, particularly red meat as befits their
dominant role in the household. For example, patterning of diet with gender in Chaucer’s
Canterbury tales implies that to indulge in meat was a masculine trait and to consume a diet
based more heavily on vegetables was a feminine quality (Biebel 1998:23). Research suggests
that meat would have been reserved for men during times of scarcity and women were
generally more likely to abstain from food than men (Bynum 1987:191; Medina 2004:159).
Some literary sources therefore allude to possible differences in diet by gender during the
medieval period, though the evidence is sketchy. As it is generally accepted that there is no
difference in isotopic values of male and female body tissues based on physiology (Schwarcz
and Schoeninger 1991), stable isotope analysis may be utilised to explore whether any
substantial gender‐based differentiation in diet was present among the medieval populations
at the sites sampled for this thesis. For example, based on the evidence above, if men were
consuming more meat products than women, this might correspond with higher nitrogen
values amongst males when compared to females.

3.5 Other factors affecting medieval diet in Spain
Numerous other factors should be considered when studying diet. For example, diet may
have varied depending on the individual’s health, age and geographical location. The
geography of Spain has had a profound effect on its culinary history, with strong regional
traditions in diet remaining to this day (Chabrán 2002:127). The consumption of different
meat products in different regions was alluded to by written sources discussed in Section
3.1.4. Access to non‐local produce would have likely depended on the nature and location of
settlement. For example, inhabitants of large cities such as Valencia would have had access to
foodstuffs from other locations in the Iberian Peninsula and other areas across the
Mediterranean and Northern Europe (Guiral 1989). Low‐status rural, inland settlements on
the other hand would not have access to the wider market and would have therefore relied
more heavily on local resources. This was the case at the village of Montaillou in the French
Pyrenees, where, during the 13th and 14th centuries, little was imported and almost all that
was consumed was produced locally (Le Roy Ladurie 1978:7). Isotopic analysis will be
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utilised to explore whether regional trends in diet between Aragón and Valencia may be
identified and also compare the diet of inhabitants of inland and coastal urban societies.
Diet would also been subject to change throughout life of an individual, particularly during
the early and later stages of life (Parker Pearson 2003:7; Salas‐Salvadó et al. 2006:S102). The
diet of children, especially the young, would have often been distinct from that of an adult.
For example, Andalucian medical texts recommend that weaned children should be given a
diet of soups, milk and bread in stock, a practice that was probably followed across medieval
Europe at the time (McVaugh 1993:149; Adamson 2004:221; Salas‐Salvadó et al. 2006:S102).
In addition, dietetic texts recommended that the elderly were to avoid coarse foods like beef
and instead eat soft foods such as goat and sheep meat, chicks, eggs and fruit that promoted
laxative effects, such as figs (Adamson 2004:223; Salas‐Salvadó et al. 2006:S102). These
sources, however, are aimed at those of high‐status; many would not have been able to afford
to choose what to eat. The possibility of a differing diet in childhood should not affect the
isotopic signatures of the humans sampled in this research as only those of adult age were
selected (Chapter 5).
In addition, recipe books often stipulate certain foodstuffs for those who are ill. For example,
the Liber de Sent Soví recommends that porridges and broths should be given to the sick or
convalescent, flavoured with seasoning appropriate to the nature of the sickness as dictated
by the humours (Santanach 2008:75, 99). Chicken broth in particular was thought to be
nourishing for the weak or sickly, as discussed in Section 3.1.4.1 (McVaugh 1993:148;
Adamson 2004:223). In the same vein, Islamic cooking manuals of the medieval period often
recommended vegetarian dishes for the sick (Waines and Marín 2002:296). However, as the
health of the human populations in this dataset is unknown, the relationship with diet and
illness is not a factor that may be explored in this thesis, though it should be borne in mind.

3.6 Summary
As the brief review in this chapter demonstrates, stable isotope analysis has the potential to
explore important issues surrounding diet in medieval Spain. Some of these issues, which
might be labelled as 'generic' in as far as they are questions which might be asked of any
medieval European population, relate to questions of geography, gender, and status. For
example, variation in diet can be compared between the coast and the interior, examining the
reliance

on

marine

resources,

or

from

place‐to‐place

according

to

settlement

ranking examining the exploitation of C4 crops such as sorghum and millet by different rural
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and urban populations. At the same time, gender‐based differences in diet can be explored to
reveal whether men consumed more animal protein or fish than women. Taken together with
the historical sources, this leads into a discussion of why and how any differences in diet
were made visible. Finally, comparison of the relative consumption of animal protein and C4
crops provides an opportunity to explore status‐based differences in diet. Caveats to be borne
in mind are that isotopic analysis cannot distinguish subtle differences in diet due to the
consumption of different parts of the same animal or the consumption of dairy products
rather than meat by those of low status or different gender. Similarly, the consumption of C3
plants by individuals of differing status, for example between wheat and crops such as barley
and rye, is not realistic. These limitations should be kept in mind when exploring the issues
outlined above and especially when comparing the archaeological and historical records.
Aside from these generic questions, there are also lines of inquiry which are specific to the
particular cultural and social circumstances of life in Spain during the period under study.
These relate to dietary differences between contemporary populations of Muslims and
Christians, for example questioning the hypothesis that Christians consumed more aquatic
resources than Muslims due to their religious fasting laws. There is also, however, a need to
evaluate the impact of the Christian Reconquest both on the diet of faith communities as well
as domestic animals. Changes in the diet of animals, for example, may provide evidence for
evolving animal husbandry practices under different political and agrarian regimes. As we
have seen, this is an issue which has been tackled by historians and archaeozoologists alike.
Isotopes provide an alternative avenue of investigation here which, while unlikely to provide
conclusive answers on the basis of a limited sample from just one part of the Peninsula, will
add to our understanding and help to define research questions for the future.
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Table 31: Brief summary of results of zooarchaeological reports mentioned in the text.
Location

Date
(centuries)

Predominant
species*

Other
species

Comments

Reference

Dunas de
Guardamar,
Alicante

9th‐11th
Islamic

Sheep/goat

Lamb and kid less
than seven months
old present.

Benito
1987a,
1989

El Castillo
de la Mola,
Alicante

12th‐15th
Islamic,
then
Christian

Sheep/goat

Cattle,
chicken
(+eggs)
rabbit,
cuttlefish
red deer
wild birds
Cattle, deer
rabbit/hare,
ibex.
Marine fish:
sea bream.

More adults and old
ovicaprids
slaughtered in
Christian compared
to Islamic periods.
Pig and cattle
increase in number
in Christian period.

Benito
1985,
1987b

Castillo de
Ambra,
Alicante

13th
Islamic,
then
Christian

Sheep/goat

Cattle, pig,
deer, ibex,
rabbit

Benito
2006

Calatrava la
Vieja,
Castile‐La
Mancha

12th‐13th
Islamic

Sheep/goat

Casa San
Nicholás,
Murcia

10th‐12th
Islamic

Sheep/goat

Sheep outnumbers
goat. Small
assemblage, highly
fragmented.

Lluró 1991

Catedral de
Granada,
Andalucía

10th‐11th
Islamic

Sheep/goat

Ovicaprids killed
relatively young. Pig
absent.

Riquelme
1992

El Maraute,
Motril,
Granada
Andalucía

10th‐11th
Islamic

Sheep/goat

Cattle
rabbit
deer
chicken
marine fish,
Cattle,
rabbit and
hare,
chicken,
horse
Cattle,
rabbits,
chicken
ibex
camel
Cattle,
chicken,
rabbit

Goat outnumber
sheep in Christian
period.
Larger numbers of
cattle and pig in
Christian period.
Sheep outnumber
goat. Very few pig.

Ovicaprids and
cattle slaughtered
young, before 2yrs
of age.

Riquelme
1991

Plaza
España,
Motril,
Granada
Andalucía

16th
Christian

Sheep/goat

Ovicaprids slaughter
pattern– wool
production system?
Young beef for
urban market.
Presence of suckling
pig.

Riquelme
1993

Cattle, pig,
chicken
horse,
rabbit,
marine
molluscs
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Location

Date
(centuries)

Predominant
species*

Other
species

Comments

Reference

Saltés,
Huelva,
Andalucía

12th‐13th
Islamic

Sheep/goat
rabbit

Sheep outnumber
goat. Pig absent.

Lentacker
and
Ervynck
1999

Mértola,
Portugal

11th‐13th
Islamic

Sheep/goat,
rabbit

Cattle,
chicken,
fish,
edible
marine
molluscs,
wild birds,
horse
Cattle, deer,
horse

Older goats (milk),
sheep slaughtered
young (meat). Pig
absent.

Morales
Muñiz 1993

Alcaria
Longa and
Casa II,
Mértola,
Portugal

12th‐13th
Islamic
Urban

Sheep/goat
rabbit

Sheep outnumbers
goat. Pig present –
wild boar?

Atunes
1996

Arrabalde,
Silves,
Portugal

12th‐13th
Islamic

Sheep/goat

Cattle,
chicken
deer,
partridge,
hare
freshwater
fish (barbs)
Cattle,
rabbit,
chicken and
game birds,
horse, deer

Gonçalves
2006

Alcácer do
Sal
Portugal

9th
Islamic

Rabbit,
sheep/goat

Cows all adults,
more ovicaprids
killed slightly
younger, but also
older individuals
used for milk and
wool. no pigs
present.
Few pig present.

Convento
de São
Francisco,
Santarém,
Portugal

10th‐11th
Islamic

Sheep/goat

Ovicaprids
slaughtered young.

Moreno and
Davis 2001

Santarém,
Portugal

9th‐12th
Islamic and
some
Christian

Sheep/goat

Chicken,
cattle, deer,
partridge
fish
Cattle,
rabbit,
horse,

Moreno and
Davis 2001

Cattle,
High‐status
Davis 2006
rabbit,
occupation on site?
chicken, roe
deer, fish,
oysters, pig
wildfowl
*Usually calculated by minimum number of individuals (MNI) and number of identified fragments
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4 THE SITES AND THEIR HISTORICAL AND ARCHAEOLOGICAL CONTEXT
This chapter introduces the specific historical background for each site chosen for this thesis.
The archaeological context for each of the sampled populations is provided, outlining any
details that should be taken into account when interpreting the results. Particular attention is
paid to the major cites of Zaragoza and Valencia as sites from these two settlements make up
the majority of the sample.
A total of 336 human and faunal remains were sampled for isotopic analysis from 21 sites,
four of which are located in the city of Zaragoza and six in Valencia. The following tables
provide information on the human (Table 4‐1) and animal material (Table 4‐2), indicating the
number of individuals sampled, their location and date. Every site sampled within each
location is considered in this chapter, in order of geographic location, from north to south.
Area

Location

Site

Date

Period/Faith

(centuries)
Aragón

Valencia

Zaragoza

No.
sampled

Roman Theatre

7th ‐ 8th

Mozarab

2

La Seo

12th onwards

Christian

5

Bab al‐Qibla

10th – early 12th

Islamic

25

Calle de Predicadores

9th – early 12th

Islamic

14

Albarracín

Almacabra

10th ‐ 12th

Islamic

31

Jaca

Plaza Biscós

13th – 15th

Christian

27

Valencia

Calle Alta

11th – 13th

Islamic

23

La Rauda (Almoina 1)

11th ‐ 13th

Islamic

8

Calle Pintor Sorolla

13th

Islamic

3

Calle Sagunto

11th – 13th

Islamic

7

San Andrés

14th – 15th

Christian

5

San Vicente

14th

15th

Christian

15

Colegiata

13th – 16th

Christian

24

Benipeixcar

15th

Mudéjar

21

Total sampled

210

Gandía

–

–

16th

Table 41: Number of human burials sampled from all sites, with associated dates and periods.
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Area

Place

Site

Aragón

Zaragoza

Roman Theatre

Albarracín
Huesca

Castle
Joaquín Costa/Pedro IV,

Barbastro
Valencia

Hacienda/Calle
Abellanas
San Juan Barbastro
Plaza de la Almoina

Gandía

Benipeixcar

Valencia

Date
(centuries)
11th ‐ 13th,
16th
11th – e.12th
12th

Period(s)/faith
Islamic, Christian

No.
sampled
21

Islamic
Mudéjar/ Christian

34
9

12th

Mudéjar/ Christian

4

11th
10th ‐ 13th,
13th ‐ 14th
15th – 16th

Islamic
Islamic, Christian

4
30

Mudéjar
Total sampled

24
126

Table 42: Number of animals sampled from all sites with associated dates and periods.

4.1 Jaca
Jaca lies in the Huesca province of Aragón near the modern‐day border with France. The
settlement is located in a major valley system in the Pyrenees, adjacent to the River Aragón, a
tributary of the Ebro, and is surrounded by the fertile plain of the Campo de Jaca. This
settlement was only briefly occupied by the Muslims and was certainly under Christian
control by the 9th century (Bisson 1986:10; Buesa 2004). Individuals sampled from this site
are therefore intended to characterise a Christian diet in northern Spain that would not have
been greatly influenced by Islamic political control.
Jaca was the capital of the Christian Kingdom of Aragón, created in the 11th century for
Ramiro I (AD 1035‐1063), the son of King Sancho of Navarra (Collins 1983:251). Jaca was
granted a charter in c.1077 AD and became a bishopric in 1076, which resulted in the
building of a cathedral (Bisson 1997; Falcón 1985:1160). By AD 1100, a suburb was growing
outside the walls of the city (Nelson 1978:693).
The urban development of Jaca was largely due to its advantageous position on trade and
travel routes. Jaca lies on the crossroads of the Way of St James, a major European pilgrimage
route to Santiago de Compostela in Galicia, which runs between France and Aragón, through
the Somport pass in the Pyrenees (Figure 4‐1), reaching the eastern territories of the
Kingdom of Aragón along an old Roman road (Buesa 2004; Falcón 1985: 1170; Nelson 1978).
This geographical position was particularly significant as much trade in Spain in this period
was undertaken overland rather than by sea (Constable 1994:45). Pilgrimage to Santiago
gained popularity during the 11th and 12th centuries and during this time towns along the
route such as Jaca increased in size (Justes and Domingo 2007). The city also attracted a large
number of settlers from Gascony and Toulouse in France (Bisson 1986:13). The burgeoning
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of pilgrimage to Santiago meant that providing services to pilgrims became an important
economic activity (Constable 1994:45; Nelson 1978:700). Jaca therefore became a
strategically important regional market centre for trade in arms, cloth and animals and
remained the capital of the Christian Kingdom of Aragón until 1097.

Figure 41: Map of northern Spain indicating the various pilgrimage routes to Santiago de Compostela
and their origin. Jaca lies on route 4 (adapted from MacKay 1977, Map 3).

4.1.1 Plaza Biscós
Human individuals sampled for this thesis from Jaca derive from the excavation of Plaza
Biscós carried out in 2005‐2006 (Figure 4‐2). Over 850 burials were uncovered from the
main cemetery situated close to the Cathedral, making this the largest medieval Christian
cemetery excavated thus far in Aragón (Justes and Domingo 2007:311). Documentary
evidence indicates that the cemetery was in use from the 13th to the mid 16th centuries AD,
although some burials are believed to date to the 11th century and were disturbed by the
building of a later 12th century tower (Justes 2006:26). Individuals were buried in a single
layer and many had been disturbed either by later burials in the same grave/stone coffin or
had been cut through by the digging of later graves. In the later phases of use, secondary
burials of dismembered bones were placed between or on top of other graves due to pressure
on space (Justes 2006:31). The individuals sampled for this thesis, however, date to between
the 13th and 15th centuries and include individual interments rather than secondary,
dismembered burials (Justes 2007 pers. Comm.).
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Figure 42: Map of the centre of Jaca indicating Plaza Biscós (X), The original settlement of the 11th
century (A), the former judería (JQ) and the medieval wall (bold) (adapted from Falcón
1985:1169 and Guillén 2004:70).

The main cemetery is believed to have contained the general populace and the status of
individuals cannot easily be distinguished (Justes 2006:31). Those of highest status were
buried either inside or immediately within the Cathedral grounds, from which no samples
were available (Justes and Domingo 2007:316). Very few objects interred with burials have
been recovered from the cemetery. Most notable is the identification of pilgrims to Santiago
from the inclusion of scallop shells, the symbol of St James, in some interments (Figure 4‐3).
Perforations found on well‐preserved shells indicate that they were either fixed to garments
or strung and worn about the body. Twenty‐one shells were found in all, some burials
containing multiple shells, in particular two individuals were buried with three shells,
probably indicating several pilgrimages (Justes 2006:40). There is also the strong possibility
of other pilgrims being buried in the cemetery without scallop shells and any of those that
died on the lengthy journey to Santiago may not have been buried with shells (Justes and
Domingo 2007:317). Two burials with scallop shells were deliberately sampled in this thesis
(burials 200 and 188), in order to compare the diet of pilgrims with the rest of the sampled
population, specifically in order to investigate possible differences in diet of local people
against possible non‐local individuals.
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Figure 43: Example of pilgrim's scallop shells with perforations excavated from Plaza Biscós, Jaca (from
Justes 2006:55).

Selected burials from this cemetery have been studied previously by an osteoarchaeologist
(Gimeno 2006). Out of the 9 burials examined, there were three cases of cribra orbitalia
identified (burials 5, 43 and 117), indicating probable iron deficiency anaemia (Roberts and
Manchester 1995:166), together with a high incidence of dental disease and wear, indicating
an abrasive diet (Gimeno 2006).

4.1.2 Animal remains
Unfortunately, contemporaneous animal material from Jaca was not available for this thesis,
as no appropriate sites have so far been examined. Therefore, deposits with animal remains
were sampled from the settlements of Huesca (c.70km from Jaca) and Barbastro (c.120km
from Jaca), which are in the closest available positions. Barbastro was a wealthy settlement
established by the Muslims in the 10th century (Corral 1998:10). Christians conquered the
city in AD 1094 with the help of French crusader forces (Nelson 1978:697). The Christian
capture of Huesca by the Aragonese King Pedro I followed in AD 1096 and Huesca became the
royal capital of Aragón until the conquest of Zaragoza in AD 1118 (Nelson 1997:242). Animal
material from Barbastro derives from 11th century contexts during Islamic rule and those of
Huesca are from post‐Reconquest deposits of the 12th century and therefore may be of
Christian and/or mudéjar origin.

4.2 Zaragoza
Zaragoza is the capital of the present day autonomous community of Aragón in the north‐east
of the Iberian Peninsula, situated at the confluence of the Ebro River and its tributaries, the
Huerva and Gállego. The city was founded by Roman Emperor Caesar Augustus as the Roman
colonia of Caesar Augusta in 15 BC and enjoyed prosperity until the collapse of the Roman
Empire in the 4th century AD (Beltrán 2007:5). Zaragoza however, remained an important
urban and ecclesiastical centre under the Visigoths (5th‐7th centuries AD) and, despite a
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gradual dispersal of the population, many areas of the city maintained relative prosperity.
This was due in part to the city’s strategic position for trade and communication along the
Ebro Valley (Falcón 2006:216).
Muslims conquered Zaragoza in AD 714 and, although a minority of religious leaders and
nobility fled to the Pyrenees, much of the indigenous population remained, able to keep their
houses and possessions (Bisson 1986:9; Corral 1998:9; Falcón 2006:216). While under
Islamic rule, the city was re‐named ‘Saraqusta’ and became the capital of the area of the Ebro
basin known as the Marca Superior (Upper March). This frontier territory of al‐Andalus
encompassed an area that extended over half of the Ebro Valley (Corral 1998:11; Collins
1983:165). Islamisation of the city was relatively rapid and a mosque was erected on the site
of the earlier Visigothic Cathedral (Corral 1998:9; Falcón 1985:1180). Urban development of
the city during the Islamic period, however, retained much of the rectilinear Roman urban
plan, its walls and principal streets (Figure 4‐4; Falcón 2006:220). Zaragoza later became the
capital of the independent Taifa kingdom of ‘Zaragoza’ in the 11th century, following the
collapse of the centralised Cordoban Caliphate (Chapter 1). The city briefly came under
Almoravid rule in AD 1110 before it was conquered by the Christian King Alfonso I of Aragón
in AD 1118 and was thereafter established as the capital of the Kingdom of Aragón (Kennedy
1996: 149‐153).
There was a gradual increase in population, particularly through migration throughout the
Islamic period, and especially during the 10th and 11th centuries when the economy in
Zaragoza flourished. Civil war following the collapse of the caliphate in the 11th century
encouraged affluent Jews, intellectuals and others to seek refuge and protection in northern
cities such as Zaragoza (Corral 1998:36). The principal mosque was extended twice and four
suburbs were formed outside the walled city (Falcón 2006:219; Corral 1998:30). The
population of Zaragoza during the 11th century has been estimated at around 17,000
inhabitants (Roth 1994:135; Glick 2005a:117). It is impossible to draw an accurate number,
however its size is believed to have been similar to that of Granada and only surpassed by the
major cities of Córdoba, Seville and Toledo during the Islamic period (Corral 1998:29; Galve
2007). The Aljafería palace, constructed outside the walls of the city as the residence of the
Banu Hud in the 11th century (Figure 4‐4), still stands.
During the Islamic period, the areas with concentrations of Jews or Christians lay within the
city walls. The Judería lay to the south‐east and the Mozarab quarter is believed to have been
situated in the north‐west corner of city (Figure 4‐4; Martínez 1991:104; Corral 1998:35;
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Falcón 2006:221). Following the Christian Reconquest in AD 1118 the principal mosque was
converted into a Christian cathedral dedicated to San Salvador, now the La Seo cathedral
(Falcón 2006:223). Muslims were permitted either to leave the city with their goods or to
remain, with their religious practices and judicial authority (Falcón 2006:223). Much of the
original Islamic population, however, converted to Christianity following the Reconquest to
take advantage of the benefits of following the dominant religion (Corral 1998:33). An
enclosed Islamic quarter or morería was created outside the city walls immediately to the
south of the city walls (Galve et al. 2005:9; Falcón 2006: 232).
Zaragoza was surrounded by an abundance of fertile land owing to its position at the
confluence of three rivers. Agriculture therefore dominated the economy, focusing on crops
such as wheat, barley, olives, grapes, cherries and peaches (Lafuente 1998:38‐39). Zaragoza
also lay on many important trade and communication routes which led to a thriving
mercantile sector in the city and its position as a frontier territory meant that there was a
successful slave market with slaves originating from Europe or captured from military
excursions into Christian territory (Lafuente 1998:40‐41).
Humans were sampled from four sites in Zaragoza and animals were sampled from one of
these (Roman Theatre). The location of each site within Zaragoza is indicated in Figure 4‐4
and discussed separately below.

Figure 44: Map of the historical centre of Zaragoza south of the River Ebro, indicating the location of
the original Roman walls (bold outline), the Mozarab quarter (MQ), the Jewish quarter (JQ), the
Puerta de Toledo (A), the Puerta de Valencia (B) and sampled sites as follows: 1) Roman Theatre,
2) Calle Predicadores, 3) Bab alQibla, 4) La Seo.
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4.2.1 Roman theatre
During the 1989 season of the long‐running excavation of the Roman Theatre in Zaragoza (in
use between the 1st and 4th centuries AD), four human burials were uncovered above the
orchestra pit (Figure 4‐4; Beltrán et al. 1989). Osteological analysis of the burials identified
them as three males and one female, all over 20 years of age, with one male and the female
over 50 years old (Lorenzo 1998). They were buried without a coffin or furnishings and
aligned west‐east with their head lying to the west, identifying them as non‐Muslim burials.
The burials are believed to be part of a Christian cemetery dated by stratigraphy to the 8th‐9th
centuries AD (Beltrán 1991:42). Osteological analysis of human remains also indicated that
the individuals suffered from gingival infections and tooth loss probably due to a poor diet
and deficient hygiene (Lorenzo 1998:3). Three of the four burials uncovered from the Roman
Theatre were suitable to be sampled for this thesis and offer the opportunity to compare the
diet of contemporaneous Christians and Muslims in the city.
A number of pit deposits containing animal bones dating to the Islamic and later Christian
periods were also excavated from this site. A selection of those dating to the 11th to 13th and
16th centuries was sampled for this thesis. These assemblages are yet to be studied by an
archaeozoologist.

4.2.2 Bab alQibla and Calle Predicadores
Zaragoza possessed two major Islamic cemeteries that lay near the east and west gates to the
city. These cemeteries were contemporaneous and burials exhibit similar Islamic burial
traditions. The large numbers of contemporaneous burials available for analysis from these
cemeteries allows inter‐population comparison of diet in Islamic Zaragoza.
The cemetery near the west gate (Figure 4‐4) was in use continually from the Roman to
Islamic period (1st century to the early 12th century) (Beltrán 1991:27). Approximately 300
burials belonging to the Islamic cemetery have been uncovered to date (Galve 2007). The
burials sampled for isotopic analysis are part of the collection of 200 excavated between
1987 and 1988 in Calle de Predicadores 24‐26 (Galve 1991; Figure 4‐4). Two individuals
from this cemetery, 70 and 89, have been radiocarbon‐dated to the 9th and 10th centuries, AD
834 ±35 (Gr N‐ 15644) and AD 929 ±30 (Gr N‐ 15646) respectively (Galve and Benavente
1991:97), which places them in the middle of the Islamic period.
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Figure 45: View of the excavation of the Islamic cemetery of Puerta de Toledo, Zaragoza. The large
pottery vessel is a storage jar from a later level (from Galve and Benavente 1991:87).

The cemetery outside the eastern gate of the city (Figure 4‐4) is referred to as ‘Bab al‐Qibla’
in historical documents (Galve, 2007). Around 1,000 burials have been excavated from this
large cemetery with over six levels/phases of superimposition, the highest density of
individuals occurring in the upper levels. Material culture and stratigraphy dates the
cemetery to between the 10th and early 12th centuries (Galve et al. 2005:9). Burials sampled
for this thesis derive from a large excavation carried out in the Plaza de Tenerías no. 10‐12
and Alonso V no. 5‐9 (Cebolla and Ruiz 2006; Figure 4‐4) where 305 inhumations were
uncovered.

4.2.3 La Seo
La Seo is one of the present day cathedrals in Zaragoza (Figure 4‐4). The site was the location
of an earlier Roman forum and is also believed to be the possible location of the original
Visigoth Cathedral, although no trace of this structure was found during excavations
(Hernández and Bienes 1998:28). Medieval Christian burials were recovered during
excavation between 1992 and 1996, while the building was being restored (Hernández and
Bienes 1998). Samples were selected from burials from the 1992 excavation. Unfortunately,
the assemblage was both poorly preserved and originated from a secondary, mixed burial;
therefore single elements were sampled. Mandibles were preferentially chosen for age
estimation. These samples were chosen despite being few and fragmentary as they have
potential to explore the diet of Christians after the Christian Reconquest. The date of the
inhumations is not certain, however, one of the burials is reported to have had had a 12th
century coin placed in the mouth (Juan José Bienés 2007 pers. comm.). The human bones
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from this site therefore potentially have a wide date range, but pertain to period after the
Christian conquest from the 12th century onwards.

4.3 Albarracín
Albarracín is a small medieval town in the Teruel province in the south of Aragón. Located in
the Sierra de Albarracín in the eastern reach of the Iberian mountain range, it has a strongly
seasonal, high altitude climate (Benito et al. 1993:71). There is nothing documented of
Albarracín prior to the 11th century, however, a castle was probably already present during
the Córdoban Caliphate in the 10th century (Bosch 1959:126; Figure 4‐6). Albarracín
flourished during the Taifa period and was granted the status of ‘medina’ or town in the 11th
century while under the rule of the Berber family of Beni Razín (Bosch 1959:63). During this
period, Albarracín lay in the territory between the frontier zones of Marca Superior and
Marca Media controlled by Zaragoza and Valencia respectively (Bosch 1959:53,58). Under
Almoravid rule in the 12th century, the court of the Beni Razín was broken up and the castle
occupied by a garrison (Bosch 1959:173). In AD 1170, Albarracín was granted to the
Christian King of Navarra and the castle was thereafter inhabited by Christian lords. A
bishopric was founded in Albarracín in AD 1172 (Falcón 1985: 1199).
Modern shepherds in this area practice transhumance of their flocks to the south during the
winter. This practice would have likely been carried out during the medieval period, however
whether it was also carried out during the Islamic period is unknown (Moreno 1999). The
possibility should be kept in mind when examining the isotopic results from ovicaprid
remains from this site.
Samples of contemporaneous humans and animals were collected from recent excavations
within Albarracín, the locations of which are indicated in Figure 4‐6.
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Figure 46: Plan of modern Albarracín indicating the location of the castle and the excavation of the
Islamic cemetery (redrawn from Moreno 1999:261).

4.3.1 Almacabra
Human samples derive from an Islamic cemetery, the Almacabra, discovered in the river
valley to the west of the main settlement in what is a small modern suburb (Figure 4‐6). A
large area of this Islamic cemetery was excavated in Camino al Santo Cristo no. 2 between
2004 and 2005 (Pardos and Franco 2005). A total of 109 inhumations were recovered, found
buried in a single layer. There was little variation in burial practice; most burials were laid as
single interments without any grave goods, covered with wood and low mounds of earth with
some stones to delineate the grave. Other, more complex burial types were, however, present
outside the excavated area. These consisted of large mounds with stone structures, possibly
foundations for some type of podium. These more conspicuous burial structures may have
belonged to those of higher status from Albarracín but, unfortunately, they have yet to be
excavated and were therefore unavailable for sampling. The burials were dated by their
typology to between the 10th and 12th centuries AD and therefore correspond with the Islamic
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rule of Albarracín (Pardos and Franco 2005:11). The human remains have yet to be studied
osteologically.

4.3.2 Castle
Animal remains were sampled from archaeological deposits excavated from within the castle
enclosure (Figure 4‐6). During the excavation of the castle between 1992 and 1994, two well‐
stratified dumps containing animal remains were recovered, dating to the 11th‐14th centuries
(Moreno 1999:67). Animal remains were sampled for this thesis from layers dating to the
period of the rule of the Beni Razín, between the 11th and early 12th centuries (c. 1046‐1104,
Period 1 in the archaeological deposits). Archaeozoological analysis has been carried out on
the material from the castle site (Moreno 1999). These deposits represent the domestic
refuse of the inhabitants of the castle (there was an absence of non‐food animals such as dogs
or cats) and are believed to be representative of a high‐status diet (Moreno 1999:82).
Whether the humans sampled from the Almacabra had access to these foodstuffs is unknown,
given that the individuals sampled were probably representative of the general populace
rather than the local elites. However, isotopic analysis of these animal remains will indicate
the isotopic signatures of food resources potentially available to the town in the absence of
other appropriate assemblages.
The results of the archaeozoological assessment of animal remains dating to the rule of the
Beni Razín, which comprised over 6,000 bone fragments identified to species, can be
summarised briefly (Moreno 1999). The pattern of main domesticates found at the site is
similar for other Islamic period sites from the Iberian Peninsula (Chapter 3). Ovicaprids
dominate the assemblage (~80% of the remains) and of those elements that could be
assigned to sheep or goat, sheep are in the majority. A large proportion of ovicaprids in the
11th century were slaughtered at a very early age, perhaps indicative of the tastes of the high‐
status court of the Beni Razín and the primary role of ovicaprids as meat (rather than wool)
producers at the site (Moreno 1999:126). Lagomorphs and cattle contributed the majority of
the remainder of the assemblage. The low frequency of cattle remains is again thought to be
due to the use of this animal primarily for traction rather than meat (Moreno 1999:81). Other
species identified included chicken, deer and partridge, along with occasional finds of marine
fish, which were identified as the Mediterranean golden grey mullet (Liza aurata). Pigs were
present in the assemblage in very small amounts (<1%), which could suggest the presence of
Christians on the site (Moreno 1999:84). The identification of wild animals such as deer, hare
and partridge indicates that the local elites hunted, particularly in the forests around
Albarracín (Moreno 1999:82).
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4.4 Valencia
Valencia is today Spain’s third largest city and the capital of the autonomous community of
the same name. It is located on the Mediterranean coast of the Iberian Peninsula on the banks
of the River Turia. The Romans founded Valencia as the settlement of Valentia in 138 BC
(Ribera 2006:77). Following the collapse of the Roman Empire, the city suffered a decline
during the Visigothic period, although it was granted the see of a Bishopric (Houston
1949:21; Glick 2005a:11).
Valencia was taken by Muslim armies in AD 711 and became known as Balansiya. The city did
not, however, become fully established with an Islamic ruler until around AD 800 (Kennedy
1996:42). Unlike Zaragoza, it is not believed that a substantial population of mozarabs
remained in Valencia following the Islamic conquest. Any Christian presence would have
been, therefore, restricted to merchants and immigrants (Burns 2003:829). A minority
mozarab presence probably persisted, however, as later a Christian church is believed to
have been located in the suburbs outside of the city (Ehlers 2006:10).
Valencia was not a significant city at the time of the Caliphate in Córdoba. The city instead
flourished during the 11th century, when it was made the independent capital of a Taifa state
(Houston 1949:21; Bisson 1986:63). Valencia subsequently became one of the most populous
and prosperous of the Taifa states, with its surrounding huerta (fertile, irrigated region)
being one of the most productive in the Iberian Peninsula (Kennedy 1996:133). The city
underwent major urban development during this period and an increasing population,
estimated at around 15,000 at the end of the 11th century led to the construction of suburbs
outside the walls (Roth 1994:135; Ortega 2002:7; Glick 2005a:117). A plan of medieval
Islamic Valencia is provided in Figure 4‐7, indicating the approximate limits of the city in this
period.
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Figure 47: Plan of Valencia, indicating the approximate line of the Islamic city walls and location of
cemeteries and main artisan district. Numbers refer to gates: 1: alQantara, 2: alWarraq, 3: Ibn
Sajr, 4: alSari’a, 5: Buytala, 6: alHanax. Other areas indicated, A: Roteros suburb, B: La Rauda
(redrawn and adapted from Barceló 2000:48).

The Christian Rodrigo Diaz, better known as ‘El Cid’, interrupted Islamic rule at the end of the
11th century, creating an independent principality from AD 1094 until his death in 1099
(Kennedy 1996:166). Valencia was then re‐taken from the Christian King Alfonso VI of Castile
by the Almoravids in AD 1109 and remained under Islamic control during the subsequent
Almohad rule until the early 13th century (Kennedy 1996:165‐197). The city was
reconquered by Christians under the Aragonese King James I in 1238 and annexed to the
Crown of Aragón. The charters of the ‘Furs of Valencia’, in 1239, recognised Valencia as a
distinctive realm within the Crown (Bisson 1986:66). Valencia city became the capital of the
Kingdom of Valencia that lay between Murcia and the Tortosa region of the Ebro valley.
Immediately after its Reconquest, large numbers of Muslims (mudéjares) remained in the
city. A series of mudéjar revolts, however, led to their expulsion. Between AD 1350 and 1450,
the Islamic population of the kingdom of Valencia fell from around half to a third (Ehlers
2006:11). Those of the mudéjar population that did not emigrate to North Africa and Muslim
Granada settled in rural areas and made up a large proportion of the farming population of
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the kingdom (Houston 1949:26; Ehlers 2006:11). A morería did exist outside the original city
walls, however (García Marsilla 1993:113). The mudéjares were also notably heavily involved
in mercantile and artisan occupations, dominating the paper and ceramics industries (Burns
1984:13).
The city was subsequently repopulated by Christian immigrants from the northern territories
of Aragón throughout the 13th and 14th centuries (Glick 1970:231). The population grew from
around 26,000 inhabitants in the mid 14th century to around 40,000 by the 15th century and
much of this growth was due to the influx of immigrants to the city (García Marsilla 1993:25).
The presence of Jews in the city of Valencia is documented from the 11th century and,
although many emigrated as a result of the religious intolerance during the rule of the
Almoravids and Almohads, favourable policies towards the Jewish community after the
Christian Reconquest attracted many Jews from other areas of Aragón and North Africa
(Montalvo 2003). The Jewish population were granted a judería within the walls of the city in
AD 1244 (Fernández 2007:90).
The city of Valencia was an extremely important international port and commercial centre
throughout the medieval period. The Kingdom of Valencia and its early Taifa territory was
surrounded by mountainous terrain, which served to isolate it somewhat from the mainland
and led to the region having a ‘maritime, international character,’ (Burns 2003:829). This
maritime character was developed under Islamic rule and by the 12th century, Genoese
merchants were using Valencia as an outlet for exporting goods from al‐Andalus to Christian
ports along the north‐west Mediterranean (Constable 1994:20). By the 15th century, Valencia
had become Spain’s ‘premier city,’ and a port to rival Venice (Braudel 1972:55; Burns
2003:831; Blumenthal 2009:1). It was also the largest city in the Crown of Aragón during this
period (Bisson 1986:165; Ruiz 2001:55).
Agriculture and industry were also extremely important to the economy of Valencia. The
Kingdom of Valencia itself was characterised by green huertas around lowland settlements,
dry farming of olives and vines in the uplands with transient and local sheep/goats and larger
livestock on northern estates (Burns 2003:831). The production of economic crops such as
rice, sugar cane, mulberry trees (for silk production) and cereals flourished during the 14th
and 15th centuries, although in the 15th century many staple foods, especially wheat, were
being imported from areas such as Sicily, which was part of the Crown of Aragón at this time
(Burns 2003:831).
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Six sites were sampled within the city of Valencia, four dating to the Islamic period and two to
the Christian period; their location is indicated on the map below (Figure 4‐8).

Figure 48: Map of the modern centre of Valencia with the location of sites sampled: 1) Plaza de la
Almoina, 2) Bab alHanax, 3) Calle Sagunto, 4) Calle Pintor Sorolla/San Andrés, 5) San Vicente.
Location of cathedral marked with a cross.

4.4.1 La Rauda (Plaza de la Almoina)
The Plaza de la Almoina (Figure 4‐8) has been the political and religious nucleus of Valencia
since the Roman period. Several seasons of excavation in this area have revealed a long
sequence of monuments dating from the 2nd century BC to the modern day (Ribera 2006:77).
Of particular note for this thesis are the remains of an Islamic palace (alcázar) that was
originally adjacent to the main mosque, which was converted to the present cathedral after
the Christian Reconquest. The alcázar has an adjoining Islamic cemetery that was situated
within the city walls, unlike other cemeteries of the period and those in Zaragoza, for example
(Figure 4‐7, Pascual 1989:406; Ribera 2006:82). Historical sources identify this cemetery as
La Rauda or the high‐status burial ground for the Taifa kingdom (Pascual and Serrano 1996).
Individuals from this cemetery were therefore sampled to explore any associations between
diet and status within the Islamic population of Valencia.
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Burials selected for this thesis were uncovered during the first season of excavation at the
Plaza de la Almoina in 1985 (Pascual and Ribera 1990). During this excavation, 61 burials
interred in the Islamic tradition were found. Most individuals lay in an area delimitated by
walls and placed into graves lined with bricks or mortar (Pascual 1989:408; Figure 4‐9). The
graves were unfurnished, although remains of gold weave were found with three individuals,
which further supported the high‐status identity of these burials (Pascual 1989:406‐407).

Figure 49: Photograph of burial 1295 sampled in this thesis. The grave is lined with mortar (from
Pascual 1989:406).

Burials were present in one layer in an organised layout that suggests that the graves were
marked. Fragments of grave markers have been found displaced from their original context
probably when the alcázar was destroyed in the Christian period. One example made of white
marble was uncovered in a fill during excavation in the plaza in the 1980s (Figure 4‐10). The
nature of its fragmentary inscription suggests that it was used as the burial marker for an
individual of high political and social standing and includes the name of the Almohad
governor who ruled until 1186; this indicates some political or familial association to this
ruler (Barceló 1998:196). Another fragment of a marble grave marker was found re‐used in a
later building and bears an inscribed date of AD 1179‐1199 (Barceló 1998:197).
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Figure 410: Illustration of the large fragment of grave marker with inscription from la Rauda,
mentioning the name of the Almohad governor of Valencia in 1186 (from Barceló 1998).

4.4.2 BabalHanax (Calle Alta)
Bab‐al‐Hanax, a large Islamic cemetery located to the east of the medieval city, was in use
between the 11th and 13th centuries (Figure 4‐8). It was originally outside the walls, between
two city gates, the Bab al‐Hanax and al‐Qantara, just south of the suburb of Roteros which
was established in the 10th‐11th century (Figure 4‐7; Martí 2002:59). Historical documents
indicate that, in the 14th century, the area of the earlier cemetery became a nucleus for
artisans in Valencia involved in the pottery, dye, wool and stone‐cutting industries and the
remains of 14th century artisan dwellings have been found during excavations (Pascual and
Serrano 1996; Serrano 1997; Ortega 2002).
The burials sampled for this thesis were selected from the excavation of Calle Alta 48‐58 in
1997 (Serrano 1997). During this excavation, 435 inhumations were uncovered in three
layers of burial, dated to the 11th‐13th centuries by pottery fragments found in the grave fills
(Serrano 1997:14). Burial followed the Islamic tradition and most graves were simple,
containing a lack of personal adornments, although five burials had ceramic vessels
associated with the body (Serrano 1997:21). The skeletal remains have yet to be studied
using osteological techniques, although it is noted in the excavation report that many
skeletons possessed negroid characteristics, namely an accentuated sub‐nasal protaganism
(Serrano 1997:22). Although the accuracy of this observation has yet to be confirmed using
reliable techniques, it may indicate the presence of immigrants or slaves in the population
buried in this cemetery. Unfortunately, it is not known which individuals possessed these
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features, limiting the ability for comparison in this thesis between those with negroid
features and those without. This may have had an impact on diet, especially if the individuals
were non‐locals that had originated from an arid area where C4 plants are regularly cultivated
such as North Africa or Sudan (Zohary and Hopf 2001). The possible presence of non‐locals
or slaves among this cemetery population should be considered in the interpretation of
isotopic data from this site.

4.4.3 Calle Sagunto
During excavation in Calle Sagunto nos. 165 and 167 (Figure 4‐8) in 1998, 95 Islamic
inhumations were uncovered (Herreros 1999). These were buried in a single layer and
ceramic material found in associated contexts dated the burials to between the 11th and 13th
centuries (Herreros 1999:17). Again, the bones have yet to be studied using osteological
techniques; however, one skeleton was reported to have a cranium with negroid features
(Herreros 1999:17).
Material uncovered in various excavations close to the cemetery identify it as the suburb of la
Alcudia, which grew up outside the city walls in the 11th century during the prosperous Taifa
period (Martí 2002:69). The cemetery may have served as the burial ground for the
inhabitants living in the suburb of la Alcudia, given its small size and location close to the
settlement (Herreros 1999:19). Samples taken here allow exploration of possible differences
in diet across the city, between quarters that may have had differential access to foodstuffs.

4.4.4 Calle Pintor Sorolla
Fourteen Islamic burials were uncovered during excavation in Calle Pintor Sorolla nos. 5 and
7 (Figure 4‐8; García and Ruiz 1997:49). The fills of the burials contained material dating to
the 13th century, and the cut of the graves disturbed a 12th century sewer, indicating that they
date to the end of the Islamic period in Valencia (García and Ruiz 1997:49). These burials lay
within the Islamic city walls, something which was prohibited under normal circumstances,
however, during the Christian siege of the city, burial outside the walls was not possible. On
that basis, it is thought that these individuals were interred during the siege, which lasted for
several months in AD 1248 (Bisson 1986:66). Such precise dating provides the opportunity
for greater resolution in diachronic changes in diet, examining the diet of Muslim individuals
tightly dated to the mid 13th century. In addition, this excavation uncovered a Christian
cemetery from the medieval parish of San Andrés, which was also sampled for this thesis
(Section 4.4.5).
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4.4.5 San Vicente and San Andrés
San Vicente and San Andrés are two of five medieval parishes with associated burials
excavated in Valencia to date (Pepa Pascual pers. comm. 2007). Altogether, the churches have
a relatively broad time span of 500 years between the 14th and 18th centuries. Only a few
burials date to the 14th to 15th centuries and individuals selected for this thesis were the most
securely datable and well preserved. Christians sampled from these sites will serve as a
comparison of diet and subsistence with those from the Islamic period and allow the
investigation of dietary trends between periods.
San Andrés was one of the first parishes created after the Reconquest and was one of the
wealthiest in the 13th century (Burns 1967:97; García and Ruiz 1997:5). Fifty‐eight burials
from the cemetery, dating to the 14th‐15th centuries were excavated in Calle Pintor Sorolla
nos. 5 and 7 (Figure 4‐8), the same site where the Muslims buried during the Christian siege
were also discovered (García and Ruiz 1997:19). The graveyard lies near the Islamic city
walls, away from the parish church, just to the south. Three levels of burials were uncovered,
interred following the Christian tradition (García and Ruiz 1997: 21).
The burial ground excavated in the street of San Vicente, no. 134 (Figure 4‐8), is part of a
complex of a church, monastery and hospital that was established in the 13th century by royal
patronage (Burns 1967:283). It is thought to be the original site of a basilica erected at the
turn of the 5th century dedicated to San Vicente the martyr. Additionally, some historians
believe the Mozarab population of Valencia lived in this suburb, called Rayosa or alKanisa,
and maintained a Christian place of worship here throughout the Islamic period. These are
largely regarded as legends due to the lack of irrefutable evidence for the presence of a
community of Mozarabs in Valencia (Burns 1967:284; Ortega and Gállego 2004:4).
Excavation took place in 2004, when 225 burials were uncovered, believed to date to the 14th
and 15th centuries (Figure 4‐11). Three levels of Christian interments were identified (Ortega
and Gállego 2004:6).
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Figure 411: The cemetery of San Vicente under excavation (from Ortega and Gállego 2004:7).

4.4.6 Animal remains
Animal remains were sampled from well‐stratified refuse deposits excavated from the Plaza
de la Almoina spanning a wide chronological range from the Roman to medieval periods (1st
to 16th centuries). Samples were taken from a selection of contexts dating to the Islamic (10th‐
13th centuries) and Christian (13th‐14th centuries) periods excavated during the 8th and
9th/10th excavation seasons that took place between 1997 and 2001. The animal remains
from these seasons have undergone limited zooarchaeological assessment and a summary of
the analysis of the material from Islamic and Christian periods carried out by Sanchis (1999)
and López (2002) is provided below.
Over 2,000 fragments were identified to species in the archaeozoolgical report from the 8th
season and around 3,000 from the 10th/11th season. Ovicaprids make up the majority of
remains (>70%) throughout the Islamic and Christian periods. Where elements could be
identified to species, sheep were more numerous then goats. Assessment of age‐at‐death
within the sequence suggests infant and juvenile ovicaprids in greater frequencies during the
10th‐12th centuries than 13th‐14th centuries, where the majority were of adults of 2‐3 years of
age. This indicates a shift in the husbandry of these animals that were exploited
predominantly for meat in the early Islamic periods, but increasingly relied on for secondary
products such as milk and wool during the later Islamic and Christian periods. This follows
the tentative trends exhibited at other sites in the Iberian Peninsula (Chapter 3).
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Remains of cattle are second to ovicaprids in frequency throughout the medieval period, but
they increase in number in the Christian period. Cattle were generally slaughtered as adults,
over 3‐4 years of age, until the Christian period where the number of cattle under 4 years
increases. This indicates the predominant exploitation of cattle for secondary products,
especially traction in agriculture throughout the medieval period, although their importance
for providing meat increased during the Christian period, which may reflect a change in
tastes.
Remains of pig were present in very small amounts during the Islamic period but increase in
frequency during the Christian period, as expected, reflecting the wider consumption of pork
during this time. Birds, especially chickens are present throughout the medieval assemblages
but are most frequent in Islamic contexts, perhaps reflecting a greater reliance on this animal
as a source of meat. Other species represented in small numbers include lagomorphs, red
deer, equids and occasionally fish (although the fish are not identified to species and
frequencies are not provided in the archaeozoological reports). Sieving was not carried out
on site, so fish are probably under‐represented in the assemblage, preventing any
conclusions as to the importance of fish to the diet. Wild species were not well represented
and it is difficult to make conclusions as to the importance of hunting in Valencia.

4.5 Gandía
Gandía is located in the autonomous community of Valencia, 65km south of the city of
Valencia on the Mediterranean coast. This settlement probably came into existence as an
urban centre shortly after it was re‐conquered by James I in 1245 (Vidal 2006:25). In 1399,
Gandía was made a Royal Ducat under the Duke of Gandía, Alfonse el Val and by the 16th
century, Gandía had grown into a successful town with an economy deeply rooted in
agriculture, principally that of sugar cane (Vincent 1992).
Surrounding Gandía was a number of small settlements made up of mudéjares, who after
conversion to Christianity were known as moriscos. The mudéjares in Gandía underwent
forced baptism in AD 1521 during a violent insurgence of brotherhoods of armed artisans
known as germanías. A later treaty of 1526 stipulated that certain Islamic traditions such as
burial were to be respected for 40 years following conversion (Ehlers 2006:14‐16). Historical
evidence suggests that that the overwhelming majority of the newly converted moriscos
returned to their previous Islamic ways, which generated problems between Christian and
morisco communities in society (Ehlers 2006). For clarity within this thesis, the Muslim
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population of Benipeixcar of the 15th‐16th centuries will be referred to as mudéjares, as even
after forced conversion in the 1520s many continued to be ‘crypto‐Muslims’ and would have
rejected conversion if possible (Harvey 1990:3). This also serves to distinguish the Muslims
under Christian rule in Benipeixcar from Muslims during Islamic political rule in the earlier
periods.
Mudéjares

and

later

moriscos

in

particular

took

part

in

the

cultivation

and

processing/refining of sugarcane and production of confections across Valencia (Meyerson
1990:134; Figure 4‐12). Until their expulsion in AD 1609, moriscos and the sugar industry
were fundamental to the economy of the duchy of Gandía (Vincent 1992:1).

Figure 412: Illustration of a Mediterranean sugar factory in the second half of the 16th century (from
Galloway 1977:184).

Populations of both mudéjares and Christians have been sampled from the area of Gandía to
provide comparison of both Christian and Muslim diet under later medieval Christian
political control. Mudéjares have been sampled from the cemetery related to the settlement of
Benipeixcar and the Christians from the grounds of the medieval Colegiata (Collegiate
church) de Santa María (Figure 4‐13).
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Figure 413: Map of modern Gandía indicating the location of the sampled sites: 1) Colegiata de Santa
María, 2) Benipeixcar. The regular plan of roads demonstrates the modern development and
growth of the town.

4.5.1 Benipeixcar
Benipeixcar was a small settlement to the south of Gandía that has now been assimilated by
the modern town. It was one of the Duke de Cardona’s aljamas (a self‐governing community
of Muslims or Jews) located in the huerta of Gandía (Meyerson 1990:181). Historical sources
indicate that the population of Benipeixcar was involved in cultivating and refining sugar
cane and evidence indicates that mudéjares held a large portion of the irrigated land
surrounding Gandía to grow this crop (Meyerson 1990:118). Sugarcane became an
economically important crop in the Western Mediterranean during the later medieval period
and that from Gandía itself was exported to the international market from the 15th century
onwards (Galloway 1977; Watson 1983:28; Guiral 1989:424).
Fifty‐four Muslim burials were uncovered during excavation in Benipeixcar in 1993‐4
(Puchalt 2001:357). Limited assessment indicated that of the 54 burials found, 39 were
adults and 15 were juveniles/infants. Individuals were buried following the Islamic tradition,
bodies being placed in the ground without coffins, and the grave was lined with 2 layers of
curved ceramic roof tiles that also covered the body. Material found in the area of the burials
and in domestic contexts from an area of habitation associated with the cemetery dated it to
the 15th‐16th centuries (Cardona et al. unpublished). The human remains are currently in the
process of being studied by the Facultad de Medicina, Valencia University.
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Zooarchaeological analysis has been carried out on the domestic deposits from the settlement
associated with the cemetery in Benipeixcar (Dolores 2000). The report of the c.3,000
remains identified to species indicates that the economy of the site was based on both arable
and pastoral agriculture. The assemblage comprised of goats and sheep in the majority,
followed by cattle, dogs, cats, equids and some remains of pigs. Ovicaprids were slaughtered
as adults, beyond the age of maximum meat yield, indicating that husbandry and economy
was geared to the production of secondary products such as milk and hide/wool rather than
purely meat. Among the cattle, adult males were predominant which indicates the use oxen
for traction and presence of adult females suggests their exploitation for milk. The use of
animals in traction and agriculture is also demonstrated by the presence of horse and ass
(none of the remains of which had any signs of butchery).
The high frequencies of chicken in the assemblage suggest that poultry provided an
important complementary part of the diet. Lagomorphs were entirely absent. The presence of
pigs is not unusual for Muslim sites of this period (Chapter 3), but only very few remains
were uncovered indicating they were probably not a major part of the diet in Benipeixcar.
Only one fish bone was mentioned, which potentially indicates that fish was not regularly
consumed at Benipeixcar, something which is surprising given the proximity of this site to the
coast (Dolores 2000). Unfortunately, however, the true prevalence of fish cannot be
ascertained, as sieving was not carried out on the site. The fish bone sampled for isotopic
analysis from this site has been identified as vertebrae of a tope shark, a fish commonly found
in Mediterranean waters (Davidson 2002:26).

4.5.2 Colegiata de Santa María de Gandía
Christian burials from Gandía have been sampled from the excavation of the Colegiata of
Santa Maria conducted between 2001 and 2004 (Vidal 2006:22). The Colegiata had
previously been the site of a mosque that was converted after the Reconquest and dedicated
to Santa Maria de la Asunción; much of the extant building dates to the 14th and 15th centuries
(Vidal 2006).
A minimum number of 561 individuals was uncovered, 409 of which were adults, all dating
between the 13th and 18th centuries (Vidal 2006:171). Although some burials were found
inside the church, those sampled for this work were excavated from three grave pits located
outside the church – in the east, west and area 195 (Figure 4‐14). Individuals were selected
from contexts/layers dating from the 13th to 16th centuries, in order to include burials
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contemporaneous with the mudéjares sampled from Benipeixcar. Dating evidence was based
on architecture, ceramic material and coins found within archaeological deposits associated
with the burials. Such material was often interred with the body, with objects of ceramic and
glass being particularly common (Vidal 2006:141). Interestingly, one individual uncovered
from 14th century contexts was buried with two scallop shells, suggesting a pilgrimage to
Santiago (Vidal 2006:69, 140).

Figure 414: Multiple layers of burials excavated in the west grave pit of the Colegiata de Santa Maria,
Gandía (from Vidal 2006:159).

These remains have undergone osteological assessment, however, all burials from the 13th‐
18th centuries were considered together as a population, including both the medieval and
post‐medieval periods. In addition, all burials inside and outside the church were considered
together without any study of any possible spatial patterning. Nevertheless, pathologies
noted in the population were similar to that common elsewhere in this period, including
degenerative diseases and osteoporosis. There was a relatively high instance (40 individuals)
of cribra orbitalia, which is usually linked to anaemia but the author believes that in this
geographical location malaria may be a cause (Beneyto 2006:181). The author notes that
prevalence of dental wear is higher than in contemporaneous populations elsewhere
(Beneyto 2006:192), which suggests a more abrasive diet at this site perhaps. Periodontis
was also common, which is linked to the consumption of sugar and refined carbohydrates
(Beneyto 2006:181). The incorporation of burials dated after the 16th century in this
assessment means it is difficult to ascribe any potential significance of these observations to
the isotopic analysis of individuals from this site.
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4.6 Summary
Altogether, the chosen sites satisfy the aims of this study outlined in Chapter 1. Both regional
and local‐based trends in diet and subsistence may be explored by this dataset. Sites from the
area of Valencia on the Mediterranean coast of Spain allow the exploration of diets in urban
(Valencia city) and rural (Gandía and Benipeixcar) settlements within this region. Of the
northern, inland sites in Aragón, Jaca and Albarracín are both relatively small, mountainous
towns that may be compared to the large urban centre of Zaragoza, which also serves as an
apt inland comparison to the city of Valencia. Unfortunately, sampling of rural locations was
not possible in Aragón where there was a lack of excavated cemeteries from such areas.
Sizable numbers of human individuals have been selected from each site that facilitate
exploration of intra‐population variation in diet due to social factors including sex, status (in
the case of La Rauda in Valencia) and also possible differences in diet and subsistence
between sites in the same location within the cities of Zaragoza and Valencia.
Within each region, the sampling of either Muslims or Christians at different locations also
allows the exploration of diet in relation to faith and ethnicity. Unfortunately, exactly
contemporaneous remains of both Christian and Muslim from the same cities dating to either
side of the Christian Reconquest were not available. This, however, is a potential avenue for
future research and is not a significant caveat to the present study which is able to examine
diet and faith at contemporaneous sites in close proximity (Gandía and Benipeixcar) and at
the same site in successive periods (Valencia). For Valencia in particular, samples of Muslims
during Islamic rule and Christians under later Christian rule enables the exploration of
differences in diet and subsistence under differing political rule. A lack of mudéjares or a
substantial number of post‐Reconquest Christians available from Zaragoza means that a
similar analysis will not be possible at this site however.
The sampling of a relatively large number of animals from many locations should provide an
adequate faunal baseline with which to interpret the human data while also facilitating
comparisons between different animal species (e.g. cattle and ovicaprids) to explore animal
husbandry strategies and foddering. A potential caveat that should be acknowledged,
however, is that animal remains have generally been sampled from one archaeological site
within each settlement. Inevitably this can only provide a limited picture of the possible
variation, particularly in large urban centres. It would have been preferable to have a mixture
of contemporaneous samples from a number of areas, to explore possible differential
husbandry and dietary practice across large settlements. The lack of animals from a range of
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areas, however, is largely due to the availability of animal remains at each site. Animal
remains are rarely systematically collected by the excavation units working in the areas
examined here. The majority of excavators collect and record some animal bones, although it
is rare that all bones are collected from all pits (including large fish bones). It was therefore
considered advantageous to draw from large, well‐stratified assemblages where possible.
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This chapter outlines the sampling protocols and laboratory procedures followed within this
thesis. A brief outline of sample analysis is provided along with assessment of analytical
errors, inter‐lab comparisons and variation in the collagen dataset. The chapter concludes
with an collagen sample quality and an outline of the statistical analyses applied to the
isotopic results.

5.1 Human sample selection
Sampling was restricted to adult skeletons for this thesis, defined here as having a biological
age of over 18yrs. This avoided any possible complications of a breastfeeding/weaning signal
(Chapter 2). At each site, all available adults of determinable sex were selected and this
usually required complete or near‐complete burials for a valid sex and age estimation. Where
only a limited number of adults were available (as at the site of La Seo in Zaragoza)
individuals of unknown sex were also sampled. Sexing and ageing of human remains was
carried out by the author and where there was a human bone report available, the original
identification was re‐assessed. The methods used for human sexing and ageing techniques
are outlined below.

5.1.1 Human ageing methods
Dentition, tooth wear and epiphyseal fusion were used to estimate age. Adult ages were
assigned to categories, following a slightly modified version of the scheme outlined by
Buikstra and Ubelaker (1994): young adult (18‐34yrs), middle adult (35‐49yrs) and old adult
(50+yrs). Although individuals between 18‐20yrs are characterised as ‘adolescent’ by this
scheme, they were included in the dataset due to the imprecise nature of adult ageing
techniques and the age range given for adult age markers such as the eruption of the M3.
Age was estimated using dental eruption (Buikstra and Ubelaker 1994) and occlusal wear of
lower molars followed the scheme developed by Brothwell (1972). Wear stages attained by
molars on both the left and right sides of the mandible were recorded separately and then
averaged to avoid biases of lateral chewing preferences. Analyses of adulthood and skeletal
maturity were also carried undertaken through assessment of the epiphyseal fusion of
various elements (Buikstra and Ubelaker 1994). Due to time restrictions, other adult ageing
techniques such as analysis of the auricular surface or pubic symphysis of the pelvis could not
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be completed, which would have permitted further resolution of adult ages (Lovejoy et al.
1985; Brooks and Suchey 1990). As a result, many individuals could be aged no more
precisely than ‘adult’, allowing only limited analysis of possible variation of the diets between
adults of differing ages (Chapter 7).

5.1.2 Sex determination
Sex was determined using established sexually diagnostic morphological criteria of the pelvis
and skull (Buikstra and Ubelaker 1994; Phenice 1969). A numeric score was attributed to
character following the system outlined in Buikstra and Ubelaker (1994): female (1); possible
female (2); undetermined (insufficient data) (3); possible male (4); male (5). In addition,
biometric analysis of the femoral head was also carried out following Bass (1995). This
measurement was particularly taken into account on those rare occasions where the pelvis or
skull were missing or fragmentary in the available individuals, as the accuracy for this
method, although found to be at least 85% in some studies, is highly population dependant
(Mays and Cox 2000:117). Evidence from the pelvis was prioritised, as this is directly related
to sexual function and the most sexually dimorphic element followed by the skull (Mays and
Cox 2000:119).

5.2 Faunal sample selection
All faunal elements were assigned to species employing morphological criteria using a
reference collection from the archaeozoology laboratory at Durham University and with the
aid of diagrammatic material (Schmid 1972). Sheep and goats were also separated, where
possible, following the criteria of Boessneck (1969), in order to investigate possible
differences in diet between grazers and browsers. Fish remains were sent to the Museum of
Natural Sciences at the Royal Belgian Institute of Natural Sciences (Brussels), and kindly
assigned to species by Professor Wim Van Neer.

5.2.1 Faunal ageing methods
Ageing of animals was carried out where possible particularly to explore the isotopic effect of
the consumption of very young animals such as sucking pig and kid (Chapter 3). Aging was
carried out using mandibular tooth rows, as aging from dental eruption and wear tends to
produce more detailed age information than analysis of epiphyseal fusion (Silver 1969),
especially as animals are often slaughtered before many skeletal elements are fully fused.
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Aging followed wear stage data for sheep and pigs following Payne (1973), Grant (1982) and
O’Connor (1988).

5.3 Sampling procedure
When sampling human skeletal remains, ~3‐4cm of rib bone was taken by hand or with a
pair of clippers, minimising destruction wherever possible. For preference, ribs were
sampled as these tend to be the least diagnostic element that usually contain the smallest
amount of morphological information and are numerous for each individual. Where ribs were
not available, small ~2cm samples of cortical bone from long bone diaphysis were removed
using an automatic drill, again from a broken element where possible, in order to minimise
destruction.
When sampling animal skeletal material, mandibles were preferentially selected so as to
facilitate the age estimation of the animal. When the mandible was unavailable, metapodials
and long bones were sampled, though scapula and pelvis were also sampled in the absence of
any other suitable bone material. Where fish remains were available, usually only vertebrae
were preserved. Only one element of the same species was sampled from each context, in
order to avoid potential multiple sampling of the same specimen. Small samples of bone
~3cm2 were usually taken with the aid of an automatic drill.

5.4 Laboratory procedure
This section outlines the techniques utilised in the laboratory for the isolation and
purification of bone collagen for isotopic analysis. The protocol is an established method
based on a modified Longin (1971) method, including an additional ultrafiltration step
(Brown et al. 1988) and aims to remove the mineral phase of the bone and as many
exogenous contaminants as possible. The resultant product will not be pure collagen as it will
contain traces of other bone proteins; it is therefore referred to as “collagen” by some
researchers (DeNiro 1985; Ambrose 1990; Schwarcz and Schoeninger 1991; van Klinken
1999).
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The stages of the procedure were as follows:
1. Sample cleaning
2. Weighing out and demineralisation in dilute HCl
3. Gelatinisation in acidic solution
4. Ultrafiltration
5. Freeze drying (lyophilisation)
6. Preparation for mass spectrometry
Lipid extraction with methanol‐chloroform was not deemed necessary in this protocol as the
procedure was carried out on medieval rather than modern bone. Modern bone has large
quantities of lipids which can have a significant effect on δ13C values, making them more
negative, which would affect the dietary signal (Lidén et al. 1995). Archaeological bone, on
the other hand, should only contain small amounts of preserved lipids (Evershed et al. 1995).
An additional NaOH step was not included in the protocol, although it is recommended by
some authors to remove lipids and humic acids. This step has been found to lower collagen
yields and alter the amino acid composition of the resultant protein, while also being
inefficient at removing lipids (Lidén et al. 1995; Dufour et al. 1999). The later step of
ultrafiltration should remove some of these contaminants (Lidén et al. 1995). A recent study
investigated the use of ultrafilters and NaOH in different collagen extraction methods (Jørkov
et al. 2007). It was found that NaOH treatment could remove non‐protein contaminants such
as humic acids better than ultrafiltering on material less than 30kDa, but the process does not
remove any lipids, whereas the ultrafilter does. Although there was a statistically significant
difference in collagen quality between the different methods (NaOH, ultrafiltering and just
Ezee® filtering), it was concluded that it would have no effect on the interpretation of the
isotopic results (Jørkov et al. 2007).
Laboratory safety procedures were observed at all times. Protective clothing i.e. a lab coat,
gloves, glasses and a face mask were worn when appropriate (for example, during drilling
and power abrasion). Sample processing of humans was carried out at the facilities at the
Archaeology Department, Durham University. A selection of faunal samples were processed
at the stable isotope facilities at the Department of Human Evolution in the Max Plank
Institute at Leipzig in Germany. The process at both facilities remained largely the same and
any differences are highlighted in the following text. The comparable nature of the
procedures was investigated and is discussed later (Section 5.5.2).

116

5: Sampling and methodology

5.4.1 Cleaning
Cleaning was undertaken using mechanical methods in order to remove outer surface debris
and contamination. First, the ribs were separated and the spongy/trabecular bone and
associated soil and other trapped material removed using a scalpel or burr attachment on a
dental drill. This was followed by powder‐abrasion, during which aluminium oxide powder
was blasted onto the sample using air‐powered powder abrasion equipment.

5.4.2 Weighing and demineralisation
Collagen is structurally bound to mineral apatite within the bone, therefore, the mineral
fraction has to be removed in order to isolate the protein (demineralisation).
Demineralisation was carried out by placing the sample in a weak acidic solution, a
procedure which also removes some organic pollutants (Longin 1971).
Long shards of rib bone were broken off where possible, rather than using crushed bone, to
minimise loss of bone during the laboratory procedure and retain the collagen fibres.
Grinding bone has been shown to damage the collagen (Collins and Galley 1998). Where it
was not possible to shard the bone, in the case of long bone and animal bone material, the
sample was coarsely crushed instead, using a pestle and mortar cleaned with distilled water
before each use.
Around ~200mg of bone was weighed out and placed into 15ml glass test tubes or screw‐top
tubes. Dilute refrigerated 0.5 M HCl was then poured into each tube leaving a small space at
the top of the tube. The tubes were covered loosely with aluminium foil to allow CO2 from
effervescence to escape and then placed in a fridge maintained at a temperature of ~4oC. The
cooling of the demineralization reaction minimises hydrolytic damage to the collagen protein
within the bone (Collins and Galley 1998).
The period of demineralisation lasted between two days and two weeks depending on the
sample and preservation. The HCl was changed after the first two days if the sample was not
deemed to be demineralised, to ensure that there was sufficient acid for effective
demineralisation and to maintain the correct pH level. Samples were also shaken once a day
to ensure all the bone was exposed to acid, especially in the case of the crushed bone samples.
Samples were considered to be demineralised when one or more of several criteria had been
met. These were when the bone had become flexible or pliable, or samples may have floated
to the top of the tube, or cessation of effervescence due to the acid consuming the available
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mineral. When the samples had demineralised, the remaining spent acid was decanted and
the sample rinsed in purified water at least three times to achieve a near‐neutral solution.

5.4.3 Gelatinisation
In order to denature the collagen stands and solubilise the protein (gelatinisation), the
sample was heated in a weak acidic (pH3) solution that avoided dissolving any non‐acid
soluble contaminants (Chisholm et al. 1983:357). Dilute 0.5M HCl was added drop‐wise to
each sample in purified water to achieve a pH3 solution (about 3 drops were required). Each
test‐tube was then sealed with a marble (or a screw cap) to prevent evaporation and placed
into a heater block for 48 hours at 75oC; tin foil was placed around the tubes to help insulate
them. The sample was then filtered using an Ezee® filter (Evergreen Scientific, 5‐8 microns)
to retain the gelatinized protein, leaving any acid insoluble residue such as particulate
organic matter behind in the tube.

5.4.4 Ultrafiltration
The samples were then ultrafiltered to purify and isolate the high molecular weight, >30kDa
peptide fraction of the gelatinised protein. This step removes contaminants and degraded
polypeptides from the sample and should also remove lipids molecules that have a smaller
weight than 30kDa (Brown et al. 1988; Jørkov et al. 2007). This is particularly desirable when
isolating collagen for

14C

dating but has also become routine in dietary isotope studies. It

should be noted that ultrafiltering decreases the collagen yield due to the loss of molecules
smaller than 30kDa. This loss has been reported to be up to 50% or more (Jørkov et al. 2007).
The ultrafilters at Durham (Sartorius Stedim Biotech GmbH, Vivaspin 15R) were pre‐cleaned
by passing de‐ionised water through the filter once in the centrifuge at a speed of 4,000rpm.
In Leipzig, where more sensitive, ancient samples are routinely processed, an astringent
cleaning regime was used. Each ultrafilter (Millipore, Amacon® Ultra‐4) was filled with dilute
0.5M NaOH and centrifuged at 2,500rpm for 20min to remove contaminants. The NaOH was
discarded and the filters rinsed through with MilliQ water three times for 20min at 2,500
rpm, discarding the water each time. The samples were then centrifuged in the filters until
the liquid remaining in the filter reduced to retain the 30kDa fraction.
The desired supernatant remaining in the filter was then pipetted into pre‐weighed clean
plastic 15ml tubes sealed using parafilm which was pierced to allow gas to escape during the
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freeze‐drying process and the samples placed into a freezer kept at around ‐28oC to freeze
the sample to a solid.

5.4.5 Freeze drying (lyophilisation)
The frozen samples were then transferred to a freeze‐drier and lyophilised for 24‐48 hours.
This stage of the process aims to remove the organic solvents and water from the sample by
sublimation (i.e. liquid goes from a solid state straight to a gas), leaving the solid, candy‐floss
like collagen behind, which is usually white to tan in colour in archaeological samples. The
tubes containing the collagen material were re‐weighed and the original weight of the tube
subtracted to obtain the weight of collagen material. The collagen yield was then calculated
from the original processed weight of the bone:
Weight of collagen/ original sampled bone weight x100
The collagen yield for each sample could then be used as an indication of collagen quality
(Chapter 2, Section 2.5.1). The freeze‐dried collagen was then stored in the plastic tubes until
preparation for mass spectrometry.

5.4.6 Preparation for mass spectrometry
In preparation for analysis in a mass spectrometer, an aliquot of each sample collagen
material was weighed into a tin capsule (Elemental Microanalysis Ltd). The amount of
collagen needed depended on the optimum detection for each mass spectrometer. For carbon
and nitrogen, around 0.35‐0.45mg was desirable for analysis in Alaska and around 0.5mg in
Leipzig. The original run of 80 samples was weighed out between 0.25‐0.35mg as they were
originally to be analysed in the Department of Earth Sciences in Durham. Each sample was
weighed out in duplicate. Each duplicate was intended to be measured in separate runs
where possible and the average of both duplicates used for data analysis.

5.5 Stable isotope ratio mass spectrometry
Human samples were sent for analysis at the Alaska Stable Isotope facility at the University of
Alaska Fairbanks’s Water and Environmental Research Centre (WERC). Samples were run
using continuous‐flow isotope ratio mass spectrometry (CFIRMS) with a Delta+XP interfaced
with a Costech ESC 4010 elemental analyser. Typically instrument precision is <0.2‰. All
animal samples were analysed at the stable isotope facility in Leipzig, where samples were
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run using ThermoFinnigan Delta XP and ThermoFinnigan Flash or Eurovector elemental
analysers.
During analysis, the sample within the tin capsule is dropped into a combustion chamber in
the elemental analyser where it is totally combusted in oxygen. The resultant gasses are
carried in a helium stream through a reduction chamber with heated copper, where nitrogen
is reduced to N2 and carbon to CO2. These gases are separated into species by their molecular
weight in a gas chromatography column and delivered sequentially to the mass spectrometer,
where they undergo ionisation. Their mass to charge ratio (m/z) is then measured through
the separation of charged atoms and molecules by their masses and motions in a magnetic
field within the mass spectrometer (Hoefs 2009:23). This produces a measurement of the
raw ratio of the heavy (e.g. 13C) to light (e.g. 12C) isotope in a sample. These measurements are
then converted to relative abundances, δ values (‰) by comparison with a ratio of an
internationally accepted standard gas for the isotope analysed (Coplen 1994; Chapter 2). This
conversion is necessary, as relative isotope abundances can be measured far more accurately
than absolute abundances (Hoefs 2009:27).

5.5.1 Standards and analytical error
Internal laboratory standards were run alongside samples to ensure measurement quality.
These were methionine at Leipzig (expected δ13C = ‐26.4‰ and δ15N = ‐2.8‰) and peptone
at Alaska (expected δ13C = ‐15.8‰ and δ15N = +7.0‰). In‐house laboratory controls of pure
gelatine and nylon (expected δ13C = ‐26.1‰ and δ15N = ‐2.2‰) from Durham were also
weighed out and run as an additional check on measurement quality. Analytical error was
calculated from the standard deviation of multiple measurements of these internal reference
materials (Jasper 2001).
Analytical error for the measurement of carbon and nitrogen isotopes as calculated from
repeated data from multiple runs was ± 0.2‰ or better (1σ) for peptone in Alaska,
methonine in Leipzig and in‐house nylon and collagen (omitting one outlier) from Durham
run in Alaska. The Technical Error or Measurement (TEM)2 for duplicate analysis of collagen
samples run in Alaska was 0.1‰ for δ15N and δ13C and for those run in Leipzig it was 0.1‰
for δ15N and 0.2‰ δ13C. Analytical error will therefore be quoted as ± 0.2‰ (1σ) for each
measurement of carbon and nitrogen throughout this thesis.

2

Calculated as: the square root(average(differences)/2).
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5.5.2 Interlaboratory comparison and variations in the collagen dataset
As samples included in this PhD were run in two separate labs, five samples were processed
in Durham and run in both Leipzig and Alaska. The samples were measured in duplicate at
each facility. The results of the inter‐lab comparison of the δ13C and δ15N results are provided
in Table 5‐1 below.
Sample No.
ABM106
ABM111
ABM17
ABM90
JAC179

Alaska
‐19.4
‐19.1
‐19.0
‐18.9
‐19.1

δ 13C
Leipzig
‐18.9
‐18.4
‐18.3
‐18.5
‐18.6
Average
StDev

Difference
0.6
0.7
0.7
0.4
0.5
0.6
0.2

Alaska
10.1
11.0
11.1
10.4
8.6

δ 15N
Leipzig
10.1
11.0
10.2
11.0
8.8
Average
StDev

Difference
0.0
0.0
0.9
0.6
0.2
0.0
0.6

Table 51: Results of interlaboratory comparison. Samples analysed in Alaska were processed in
Durham, samples analysed in Leipzig were processed in Leipzig.

The absolute difference in δ13C of 0.6‰ and the standard deviation of 0.6‰ for δ15N (based
on only 5 samples however) is greater than the analytical error calculated for both
laboratories, above. This variation, however, is not at the level of normal dietary
interpretation where differences of a few per mille or more are usually considered significant
when examining for example C3 and C4 based diets and feeding at different trophic levels.
Some difference is to be expected when comparing data from multiple stable isotope facilities
using different equipment and internal reference materials. Caution however should be
maintained when analysing mixed sets of data from both laboratories that could have an
impact on the magnitude of enrichment of δ13C between humans and animals (Chapter 6).
The effect of different sample processing procedures used at Durham and Leipzig on δ13C and
δ15N values was also explored. Three animal samples, VM06, GBO2 and GBO6 were processed
in Durham and processed again in Leipzig and the collagen for both run in Leipzig. The
average absolute difference between these 3 samples was 0.2‰ for δ13C and 0.1‰ for δ15N,
which lies within the analytical error. Although this represents a small number of samples,
the indication is that different preparation at both labs does not have a significant effect on
δ13C and δ15N values and so samples prepared at each lab may be considered within the same
dataset for the purposes of this thesis.
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Collagen extractions were repeated from the same bone of a single individual to assess
collagen variation further. Between the 18 samples for which repeated extractions were
carried out, the mean difference in δ13C between the two extractions was ‐0.1 ± 0.2‰ (1σ)
and for δ15N 0.0 ± 0.4‰ (1σ), the full data table may be found in Appendix A. The TEM was
calculated as 0.1‰ for δ13C and 0.2‰ for δ15N, which showed no difference from the TEM
calculated from sample analysis repeats above. Difference collagen extractions are therefore
not considered to have induced significant errors in the dataset.
Of the possible sources of error explored above, none is significant at the magnitude of
dietary interpretation of interest in this work. Overall, it is therefore considered appropriate
to combine samples whose extraction and analysis were carried out at Alaska and Leipzig and
carry out inter‐site comparisons of the data. However, caution must be maintained with any
comparison of other published data that may have been run to different specifications.

5.6 Collagen preservation and quality
To facilitate meaningful discussion of isotopic data in terms of dietary significance, the
quality of the dataset must be evaluated. Collagen preservation was generally good at most
sites. Of the 339 humans and animals sampled, 19 samples produced insufficient collagen for
mass spectrometry (Table 5‐2 and Table 5‐3), with collagen yield across all sites ranging
between 0.4% and 19% (average of 6.4%). A decrease in collagen yield is to be expected
through the use of ultrafilters (Chapter 5), therefore samples with a collagen yield of less than
1% were not excluded but subject to further quality checks. These samples are highlighted in
Appendix B and C.
Location
Jaca
Valencia
Zaragoza
Zaragoza
Zaragoza

Site
Plaza Biscós
Calle Alta (Bab al‐Hanax)
Bab al‐Qibla
Predicadores
La Seo

Period (centuries)
Christian (11th‐16th)
Muslim (11th‐13th)
Muslim (8th‐12th)
Muslim (9th‐12th)
Christian (12th onwards)
Total

Burial/context nos.
48, 121
1941, 2475
28, 139
162
4, 5
9

Table 52: Human samples yielding insufficient collagen for isotopic analysis.
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Location
Gandía
Huesca
Huesca
Huesca
Zaragoza
Zaragoza

Site
Alquería de
Benipeixcar
S. Hacienda.
C/Abellanas
S. Hacienda.
C/Abellanas
Joaquin Costa/Pedro
IV
Roman theatre
Roman theatre

Period (centuries)

Context

Sample

Species

Mudéjar (15th‐16th)

13043

GBGa4

Chicken

Christian (12th)

8c

JHGa2

Chicken

Christian (12th)

8c

JHR1

Rabbit

Christian (12th)

3019.1

JHP3

Pig

Muslim (10th‐12th)
Christian (15th‐16th)

Pozo 17
Pozo 31

ZMC2
ZCO1
Total

Cow
Ovicaprid
6

Table 53: Animal samples yielding insufficient collagen for isotopic analysis.

In general, only a few samples needed to be discarded altogether and these are detailed in
Appendix B, Table B.2. Two samples were discarded on the basis of their atomic carbon to
nitrogen ratio (C:N), which fell outside the range of 2.9 to 3.6 as recommended by DeNiro
(1985). These were VSAC1560 from Valencia, and ZLSC3 from Zaragoza, (C:N of 3.8 and 11.5
respectively). The extreme C:N exhibited by the sample from La Seo in Zaragoza, ZLSC3, was
coupled with a low collagen yield (1.4%), a low concentration of nitrogen (3.7%) and an
unusually high δ15N ratio (23.4‰), which suggests either severely degraded collagen or an
anomaly in sample analysis. Six samples exhibited C:N ratios within the range 2.9 to 3.6 but
fell outside the 3.1 to 3.5 recommended by van Klinken (1999). These samples are
highlighted in Appendix B, Table B.1, but included in the results (Chapter 6).
All carbon and nitrogen percentages in the collagen samples were above the cut‐off points
suggested by Ambrose (1990), the overwhelming majority lying between the limits stipulated
in Chapter 5. However, some collagen samples have higher nitrogen content, mostly around
18‐19%, which are generally coupled with high carbon contents of >50%; these are
highlighted in Appendix B, Table B.1. These samples are all human samples processed and
weighed out in different batches at Durham and analysed in Alaska, none of the samples
weighed out and analysed in Leipzig exhibited such high %C and %N, including those
samples re‐analysed in Leipzig for the inter‐lab comparison. These percentages are, however,
not radically higher than the elemental percentages reported for modern mammalian bone
collagen by Ambrose (1990) that ranged up to 17.3% N and 47% C by weight. In addition, the
samples with high %N and %C values have acceptable C:N ratios and do not suffer from low
collagen yields. The pattern is unusual as studies report %N and %C values that decrease
rather than increase in archaeological samples that are badly preserved (Ambrose 1990,
1993; van Klinken 1999). One recent study reported elemental percentages very similar to
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those presented here, with %C and %N values of up to 56% and 20% respectively and C:N
ratios within the accepted range (Huray and Schutkowski 2005). Although the authors
accepted the data and noted the values were relatively high, they did not explain any possible
cause.
The higher values exhibited in the dataset of this study may be the result of a differing
calibration of the mass spectrometer in Alaska Fairbanks that is not solely used to run
archaeological proteinous material, coupled with error induced by poor calibration and
precision of the fine balance used to weigh out samples for mass spectrometry at the facilities
at Durham University, which may have led to weights being recorded as lower than they
actually were. The lack of correlation of higher %N and %C with other quality control
parameters (yield and C:N ratio) is combined with the observation that the samples with
higher %N and %C plot with the rest of the samples in terms of δ13C and δ15N at their
respective sites, with one exception (ZPM50, discussed below). This therefore led to the
decision that these samples should be accepted in the dataset.
Sample ZPM50 should be noted as it has relatively high %C of 49.8% and %N of 18.4% and
has a similar δ13C value (‐18.8‰) but a higher δ15N value (14.1‰) than the rest of the
sampled population from the Islamic period in Zaragoza (Chapter 6). Despite this, the sample
has been retained in the dataset, as the %N, although high, is not extreme and the collagen
yield (18%) and C:N ratio of the sample are acceptable. It cannot be certain however, whether
the sample has been affected by diagenesis or that the outlying δ15N value is due to dietary
factors, therefore interpretation of the diet of this individual will be undertaken with caution.

5.7 Statistical analysis
Statistics are employed to explore observed differences in the data produced. Published
dietary isotope studies in archaeology commonly employ the t‐test or the Mann‐Whitney U‐
test to analyse their data (e.g. t‐test: Privet and O’Connell 2002; Richards et al. 2006a; Jørkov
et al. 2008; Kosiba et al. 2008; Salamon et al. 2008, U‐test: Herrscher et al. 2001; Prowse et al.
2005; Bourbou and Richards 2007; Keenleyside et al. 2009). The Mann‐Whitney U test is a
non‐parametric statistical test that makes no assumptions of the normal distribution or
homogeneous variance of the data (Dytham 2003:101). This test was the preferred statistical
test used in this thesis, for although it is not as powerful as the t‐test, due to the reasons
stated above, it is more conservative. Therefore, the Mann‐Whitney U test is less likely to
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generate false positive results and indicate a significant result where no real differences exist
(type 1 error) (Dytham 2003:23).
However, there is an increased likelihood of type 1 error with the Mann‐Whitney U test if
there is a large difference in variance between two populations (Kasuya 2001). This has the
potential to occur if the standard deviations of two datasets differ substantially, by a factor of
4 or more (Kasuya 2001), which occurs rarely in this thesis (Chapter 7). Nevertheless, if false
positives occur due to differences in variance, it works in the favour of the questions being
asked in this study, namely whether the distributions of two populations under consideration
differ.
One limitation of the Mann‐Whitney U test is that it only assesses the centrality of data and is
not sensitive to population distributions (Pett 1997). The less powerful two‐sample
Kolmogorov‐Smirnov test will therefore be used to provide additional information on the
distribution of the data where the Mann‐Whitney test cannot (Pett 1997:92). The results for
the two‐sample Kolmogorov‐Smirnov test will only be provided when significant p values are
observed where the Mann‐Whitney test indicated that there was no difference between the
medians of the populations under consideration.
Following convention, a critical p value of p=0.05 will be used in this thesis. Degrees of
significance will be denoted by one asterisk (*) for p values between 0.05 and 0.01, two
asterisks (**) for p values below 0.01 and three (***) to indicate p values below 0.005
(Dytham 2003:23). Statistical analyses were carried out with the aid of SPSS for Windows
version 15.
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6 RESULTS AND DISCUSSION OF INDIVIDUAL SITES
In this chapter the isotopic data generated from all the sampled locations are presented and
discussed. This discussion focuses on patterning within rather than between sites, exploring
sex, faith and chronological differences in diet were applicable. Inter‐site comparisons will be
undertaken in Chapter 7 where a more thematic‐based discussion and comparisons with
other published medieval data from Europe are included. Raw data and information for
human and animal remains are presented in Appendix B, Table B.1 and Appendix C, Table C.1.
Summaries of animal data from each site are tabulated in each site section. Summary tables of
human data will be provided where appropriate, and graphs of both animal and human data
are presented for each site.
Each site is considered separately in terms of their animal and human data. The presentation
of the results and the discussions of each site will begin with the analysis of the animals
sampled from each location. This gives some indication of the baseline in δ15N and δ13C values
expected in the foodstuffs at each location and aids in the interpretation of the main sources
of dietary protein at each site. It is important to characterise this separately at each location
because, as reviewed in Chapter 2, there is likely to be regional variation in δ15N and δ13C in
foodstuffs at each site. Marine fish are included in all individual medieval site plots. Although
most of these fish were excavated from Albarracín, they are common marine fish (meagre,
mullet and sea bass) that could feasibly have been available to any of the populations
sampled here. These are the only marine fish of medieval date that are available for
comparison for all sites. Unfortunately, freshwater fish were not identified from any site.
Chapter 7 (Section 7.1.5) provides a discussion of isotopic data from fish in comparison to
published examples.
Mathematical stable isotope ‘mixing models’ are not attempted in the following analysis.
These are calculations developed from modern ecosystem studies that have been applied to
isotopic data from modern populations in order to infer a calculated value for the relative
proportions (%) of different protein components in the diet (Phillips and Koch 2002).
However, when considering human populations from large urban centres that are drawing
from a range of food sources, both local and non‐local, it would be impossible to calculate
isotopic values for all possible dietary sources. This study therefore follows the opinions of
other researchers in considering that calculating mixing models could lead to a misleading
impression of accuracy when estimating absolute quantities of various protein sources in the
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diets of archaeological populations, especially those from the historic period (Richards et al.
2006b; Müldner and Richards 2007b).

6.1 Jaca
Results for both human and faunal data are plotted in Figure 6‐1, while data and summary
statistics for the animal dataset are provided in Table 6‐1. Both cattle and ovicaprids from
Huesca possess comparable ranges in δ13C values between ‐20.0‰ and ~19.0‰ (~1.2‰)
and similar means of ‐19.3‰ and ‐19.6‰ respectively. The three ovicaprids from Barbastro,
however, exhibit slightly more enriched δ13C values with a smaller range of 0.6‰ and a mean
of ‐18.1‰. Ovicaprids from Huesca exhibit a wide range in δ15N values between 3.5‰ and
8.8‰ (5.2%), with a mean of 6.0‰. Ovicaprids from Barbastro possess enriched δ15N values,
with a mean of 8.1‰. Cattle from Huesca have δ15N values within the upper range of the
ovicaprid values, with a mean of 7.8 ‰.
The isotopic variation exhibited by animals from Huesca and Barbastro is notable,
considering the sites lie ~50km away from each other. This therefore demonstrates the
importance of sampling animals from the local vicinity in order to derive a faunal baseline for
interpretation of isotopic data from humans (Müldner and Richards 2005).
Species
Ovicaprids
Ovicaprids
Cattle
Herbivores
Pig
Pig
Chicken

Location
(Centuries)
Barbastro
11th
Huesca 12th
Huesca 12th
Huesca
12th
Barbastro
11th
Huesca 12th
Huesca 12th

No.
3

Min
‐18.5

δ 13C (‰)
Max
Mean ± 1σ*
‐17.9 ‐18.1 ± 0.3

7
2

‐20.1
‐20.0

‐19.0
‐18.7

‐19.6 ± 0.5
‐19.3

9

20.1

17.9

19.5 ± 0.5

1

‐

‐

3
1

‐19.1

‐19.0

‐18.4
‐19.0 ± 0.03
‐18.7

Min
7.9

δ 15N (‰)
Max
Mean ± 1σ*
8.4
8.1 ± 0.3

3.5
7.2

8.8
8.5

3.5

8.8

‐

‐

7.9

8.4

6.0 ± 2.1
7.8
6.4 ± 2.0
7.4
8.1 ± 0.9
9.1

Table 61: Summary isotopic data for animals from Barbastro and Huesca. Standard deviations are
calculated where the sample number was at least 3. *Where a species is represented by one
sample, the raw value is given. Domestic herbivores are cattle and ovicaprids.

The ovicaprid samples from Barbastro that exhibit relatively enriched δ15N values derive
from adult animals, two of which were aged between 6 and 8 years. The age of herbivores
from Huesca is not known, however, given that those with high δ15N values from Barbastro
were adults, it is perhaps unlikely that those ovicaprids and cattle with enriched δ15N values
in Huesca were young individuals with a persisting suckling signal. The wide range in
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ovicaprid δ15N values from Huesca indicates that these animals probably derived from a
range of locales with differing environments and production systems. Three herbivores, JHC1,
JHO1 and JHO3 are quite separated from the other herbivores, exhibiting enriched δ15N
values >8‰ and carbon values around ‐20‰. Such enrichment in nitrogen values of
herbivores may be the result of a range of environmental or anthropogenic influences,
previously discussed in Chapter 2. The general pattern of enriched nitrogen values exhibited
by herbivores from the majority of the sites in the dataset will be explored further in Chapter
7.
Enriched δ13C values among herbivores from Barbastro probably indicate that these animals
had a small amount of C4 plants in their diet, perhaps through foddering with millet. The
presence of cultivated C4 crops in northern Spain is attested to by both written and
archaeological evidence (Chapter 3). Although the animal values from Barbastro are slightly
more enriched in δ13C than those from Huesca, there is a tentative trend in some herbivores
from Huesca for slight carbon enrichment that may result from smaller quantities of C4 plants
in the diets of certain animals.
Pigs from Huesca have δ13C values that are similar to the herbivore mean and exhibit δ15N
values that are on average 1‰ more enriched than the herbivores, although there is a wide
range in actual enrichment values due to variable herbivore δ15N values. Pigs also plot
similarly to the humans from Jaca, which suggests the input of animal protein to their diet.
This is not surprising, as pigs are omnivorous and during the medieval period it was common
for pigs to be kept within settlements and fed with household waste and food scraps that
would have probably included some sort of animal protein (Albarella 2006; Ervynck et al.
2007). Isotopic studies of other medieval populations have also reported pigs with
omnivorous diets (e.g. Bourbou and Richards 2007; Ervynck et al. 2007; Müldner and
Richards 2007b). The pig sample from Barbastro, on the other hand, exhibits an δ15N value
that is just 0.6‰ lower than that of the pigs from Huesca and lower than that of ovicaprids
from Barbastro. This would suggest that, unlike the pigs from Huesca, the pig from Barbastro
was potentially feeding as a herbivore. This may indicate that the pig was a wild specimen, or
else kept under a different feeding regime. As well as being kept semi‐confined in settlements
in the medieval period, pigs could also herded in forested environments (particularly for
autumn pannage), or pastured like sheep and cattle (Albarella 2006:77; Ervynck et al. 2007).
These different husbandry and feeding strategies would have an effect on the isotopic values
of pigs and indeed, isotopic analysis of pigs from multiple medieval (11th‐15th century) sites
in Belgium revealed pigs feeding under different husbandry regimes could be present at the
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same locations (Ervynck et al. 2007). The possibility that pigs from Huesca and Barbastro
were kept under different husbandry regimes is therefore not unexpected.
The single chicken sampled from Huesca exhibits δ13C values and δ15N values similar to those
of pigs from the same site, which is indicative of a diet not solely based on plant foods.
Enriched δ15N values are common in chickens analysed from other sites in medieval Europe
(Schwarcz et al. 1999; Herrscher et al. 2002). Chickens were commonly kept in backyards in
urban areas during the medieval period and likely foraged in domestic waste (MacDonald
and MacDonald 2001). This has the potential to increase their bone collagen δ15N ratios,
particularly if they were consuming meat scraps and related refuse. Enriched nitrogen values
among chickens are also thought to be the result of the chickens consuming insects, which
tend to possess high nitrogen values because they feed at higher trophic levels (Bocherens et
al. 1991). Published data for insects such as Drysophila sp. flies and anthropods in soil
communities, for example, indicate some insects can have δ15N values up to 8‰ to 10‰
(Markow et al. 2000; Ponsard and Arditi 2000).
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Figure 61: Scatter plot of δ15N and δ13C ratios (‰) of humans from Jaca (13th15thC  burials with scallop shells identified with solid black squares) and animal remains
from Barbastro (B, 11thC) and Huesca (H, 12thC). Marine fish from Albarracín and Gandía plotted as the mean ± 1σ.
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The 25 human individuals sampled from Jaca exhibit δ13C values that range between ‐19.6‰
and ‐15.3‰ with a mean of ‐18.4 ± 1.1‰ (1σ) and δ15N values between 12.2‰ and 8.6‰
with a mean of 10.0 ± 0.8‰ (1σ). The mean value for δ15N in humans is about 4‰ higher
than that of the herbivores in Huesca and about 2‰ higher than herbivores from Barbastro.
With the caveat that the animals do not derive from the same site, this would suggest that the
human population at Jaca was eating a mixed diet of plants and animal protein, the latter
being supplied by sheep/goat, cattle and pig, with no appreciable consumption of fish. Only
two individuals, JAC613 and JAC652 exhibit high nitrogen values (11.8‰ and 12.2‰
respectively, the value for JAC652 being almost three standard deviations from the
population mean) suggesting the possible consumption of aquatic resources, and their
relatively depleted carbon values indicate the consumption of freshwater rather than marine
fish.
The wide range in δ13C values (4.3‰) exhibited by humans in Jaca is unusual for a single
population. The majority of individuals have δ13C values that range between ‐19.6‰ and
‐18.5‰. A noticeable trend is exhibited, however, in six individuals who have carbon values
that become steadily more enriched, from ‐17.9‰ to the values of ‐15.3‰ and ‐15.4‰
exhibited by the most extreme outliers, JAC97 and JAC43. These most extreme outliers have
δ13C values that are almost three standard deviations (2.7 and 2.8 respectively) away from
the population mean. This indicates a appreciable input of C4 protein into the diet of these
individuals, particularly the extreme outliers. The C4 component of the diet could have been
consumed either directly by these individuals or indirectly through the consumption of
products from animals consuming C4 plants, such as millet or sorghum. The nitrogen values
of the individuals, all at around ~10‰, indicate that their dietary protein largely derived
from animal products, so the indirect consumption of C4 resources is likely. Either way, their
diet or that of the animals they consumed was notably different from their neighbours in the
cemetery.
The presence of certain individuals with different diets in Jaca could have a number of
explanations. Either these individuals were local to Jaca or the immediate area and relied on
quite a different suite of resources, or they were immigrants buried in Jaca who originated
from another geographical area where C4 plants were much more heavily exploited.
Alternatively, there may have been a temporal change in diet among Christians in Jaca. These
hypotheses are considered further below.
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Unfortunately, as contemporaneous animals were not available for sampling from Jaca, the
potential consumption of C4 plants by local animals cannot be established with precision.
Animal remains from Barbastro, however, south of Jaca, exhibit δ13C values that are indicative
of the input of C4 plants into their diet and the consumption of products from animals from a
similar area could therefore account for those outliers with less enriched δ13C values. It
cannot account, however, for the most enriched individuals.
Written records attest to the presence of millet in northern Spain and archaeobotanical
evidence confirms that it was cultivated in Catalonia, for example (Alonso 2005; Cubero et al.
2008; Chapter 3). It would not be surprising therefore to find millet present in Jaca, though
the reason for selected members of society having a greater dependence on millet is less easy
to fathom. Differences in socio‐economic status are one possible explanation. Perhaps, rather
than status differences being visible through differential access to animal protein, status is
manifested here though a reliance on particular types of crop. Given that Plaza Biscós is the
burial ground for those of low‐status from Jaca (Justes 2006:57) and millet was considered a
‘low‐status’ crop, perhaps these particular individuals could only afford millet. Against this
interpretation however, their high nitrogen levels also suggest the consumption of at least
some animal protein, in which case it may be that their livestock were being fed millet.
Historical sources (Chapter 3) also indicate that millet was regarded as a starvation crop, to
be relied upon particularly in times of need. Burials from Jaca span the 13th to 15th centuries,
but cannot be phased accurately; therefore, it is possible that the burials derive from an
extended period of bad harvests or catastrophe. The 14th century in particular saw changing
weather systems that caused sustained famine across Europe and the Mediterranean, which
was exacerbated by a decline in population due to the Black Death (Hunt and Murry
1999:126; Benito 2009:301). Palaeoenvironmental reconstruction in the area of the pre‐
Pyrenees has reported a decline in agricultural production probably due these climatic and
demographic factors during the 14th to 16th centuries (Riera et al. 2004). So it is possible that
these individuals were forced to change their diet out of economic necessity. Investigation of
this hypothesis could be possible through the more precise dating of the human remains from
Jaca.
Alternatively, if millet was supposedly cultivated and consumed more often in the
countryside than it was in towns (Montanari 1994:51), it may be that these individuals had
arrived in Jaca from a rural area close by that relied heavily on the cultivation of C4 crops such
as millet. In this case individuals with ‘intermediate’ isotope signatures may have migrated to
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Jaca and lived there for some years, with the isotopic bone signal beginning to take on the
‘local’ dietary signature of the majority of the town’s inhabitants.
The possibility, however, that these individuals were from another, more distant area where
C4 crops were more regularly cultivated and consumed also cannot be ruled out. In which
case these individuals may have been long‐distant migrants, merchants, or perhaps even
slaves. Jaca lay on an important overland trade route linking the territories in Spain with
those of France. Historical documentation suggests that trade in Muslim slaves from al‐
Andalus to Christian Spain, southern France and Italy rapidly increased from the 12th century,
probably related to military conquest of Muslim lands and border raiding. These slaves were
often put to work within Christian households as maids, servants and such like (Constable
1996:271‐2). Although slaves like these were most often transported by sea from areas such
as Catalonia to ports in southern France (Constable 1996:273), the presence of Muslim slaves
in Jaca is specifically attested to in a charter of the 11th century, which lists regulations for the
seizure of property and any associated ‘Saracen’ men or women (Bisson 1997:125). These
individuals may therefore have originated from further south in Spain where C4 crops were
certainly cultivated and consumed more frequently (Sections 6.4 and 6.5). A study of foreign
names in the city also suggests a significant immigrant population in Jaca from the 12th
century at least, hailing mainly from what is now the Midi‐Pyrénées, a large area of southern
France adjacent to Spain (Ubieto Arteta 1962). Both historical and archaeobotanical evidence
indicate that millets were cultivated in this area of France. Millet, for example, is mentioned
as a crop consumed at the village of Montaillou in the French Pyrenees during the 13th and
14th centuries (Le Roy Ladurie 1978:8). Millet has also been identified amongst
archaeobotanical remains dated to the late medieval period in southern France (Marinval
1992).
In addition, Jaca lay on an important pilgrimage route to Santiago de Compostela and it is
thought that pilgrims using the Jaca branch of the route would have travelled from southern
France (Chapter 3), probably from the direction of Montpellier, which was an important
trading port with strong links to the rest of the Mediterranean during the medieval period.
Pilgrims could have conceivably have arrived from areas far afield such as northern Italy,
where, once again, millet is known to have been cultivated and believed to have been a
significant crop (Montanari 1994; Zohary and Hopf 2001).
Altogether, there are a number of hypotheses for the presence of these isotopic outliers in
Jaca, but perhaps the simplest explanation is that these individuals were migrants who were
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not native to the town, but originated either from a rural settlement close by or arrived from
further afield, quite possibly from southern France. The position of Jaca as a crossroads on
the route to Santiago encourages this line of reasoning. The analysis of oxygen and strontium
isotopes in the tooth enamel of these individuals could explore further the possibility that
they were migrants from another area. Sulphur isotope analysis is underway and this might
too shed light on their origin.
Returning now to discuss inter‐site variability in human diet in Jaca, Figure 6‐2 demonstrates
the distribution of the human samples by sex. The mean δ13C and δ15N values exhibited by
females are ‐18.3 ± 1.4‰ and 9.7 ± 0.6‰ respectively and for males, ‐18.3 ± 0.9‰ and 10.5
± 0.9‰ respectively. Females exhibit the lower values in δ15N and males the highest,
although there is considerable overlap. It is noteworthy that the two individuals with the
higher δ15N perhaps indicative of freshwater fish consumption are males. Statistical
comparison reveals that there is no difference in δ13C between the sexes (Mann Whitney
U=61.5, p=0.828), though there is a significant difference in δ15N values (Mann Whitney
U=30.5, p=0.031*). As isotope values exhibited by males are so variable and not consistently
higher than the females, it does not appear that preferential access to one particular
foodstuff, such as meat or fish by males rather than females, is the sole source of the
difference in nitrogen values. Rather, it may reflect more subtle, occupational differences. The
females probably had a domestic role involving their close proximity to foodstuffs prepared
and consumed at home, whereas the males potentially ate away from the home more often
and therefore had more access to cooked food sold in markets, inns etc that did not derive
from the same production systems as those in the home.
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Figure 62: Scatter plot of δ15N and δ13C ratios (‰) of male and female humans from Jaca.

The two individuals buried with scallop shells, JAC188 and JAC200, possess δ13C and δ15N
values of ‐19.2‰ and 9.7‰ and ‐19.6‰ and 10.2‰ respectively and are therefore not
outliers in the Jaca population. This does not prove that these individuals were not pilgrims
from further afield however. The isotopic values are similar to those exhibited by medieval
populations from C3 temperate ecosystems sampled from the rest of Europe (Salamon et al.
2008; Müldner and Richards 2005; Polet and Katzenberg 2003). It may be that they
originated from Jaca itself, or alternatively that they came from an area with a similar
environment and so consumed foods comparable to those consumed by the Jaca population.
Their identity as pilgrims from another area therefore cannot be confirmed by looking at the
δ13C and δ15N of their bone collagen alone. Again, isotopes such as strontium and oxygen
could be employed to further explore the possibility that they are migrants.
Osteological analysis of burials 5, 43 and 117 identified cribra orbitalia in these individuals
(Chapter 4). Cribra orbitalia has traditionally been associated with iron‐deficiency anaemia
ascribed to poor diet or malabsorption due to gastrointestinal infections (Roberts and
Manchester 1995). The former might indicate a lack of iron‐rich foods in the diet such as
meat, fish or legumes, which potentially could show up in the nitrogen values of the collagen
sampled from these remains. Burials 5, 43 and 117 possess δ15N values of 10.4‰, 9.6‰ and
9.3‰ respectively and are not in any way distinguished from the rest of the population in
terms of their nitrogen (or carbon) signatures. The aetiology of cribra orbitalia and its
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relation to iron deficiency has however recently come under scrutiny, although nutrient
deficiency is still considered to be a causative effect (Walker et al. 2009). Perhaps the direct
correlation between stable isotope values for individuals that show signs of this condition is
not likely given the number of complicating factors involved in its occurrence in human
populations (Walker et al. 2009).
Isotopic data from Jaca indicated that fish was not likely to be a major component of the diet
for the majority of its inhabitants. This is despite the availability of freshwater fish from a
dense network of rivers in the region and Templar accounts from Huesca which suggest that
fishing was a common occupation among the urban inhabitants of northern Aragón during
the 12th and 13th centuries (Conte 1980: 287, 291). Only two individuals may be interpreted
as having a diet that possibly had a prevalent freshwater fish component, given their
relatively high nitrogen values but depleted carbon values, and these may have been
fishermen. However, this hypothesis is weakened by the wide range in herbivore δ15N and
therefore enrichment values between humans and herbivores at this site and the lack of
samples of contemporaneous freshwater fish to give an adequate baseline (discussed in
Chapter 2). In addition, historical documents recording the population of Jaca in 12th century
do not mention fishing as a profession in Jaca, concentrating instead on professions relating
to the burgeoning pilgrim trade, such as shoe traders, leatherworkers and blacksmiths
(Ubieto Arteta 1962:14).’
In summary, the isotopic results from Jaca reveal:

•

Outliers in the human dataset whose carbon values indicate the consumption of a
varying amount of C4 plant resources. Various possibilities for the identification of
these outliers as low‐status or rural individuals or long‐distance migrants are
proposed;

•

Animals sampled from nearby Huesca and Barbastro indicate a potential input of C4
plants into the diets of some herbivores from these areas, particularly those from
Barbastro. Wide ranges in nitrogen values for ovicaprids in Huesca perhaps reflect a
range of locales and husbandry regimes from which this urban centre was drawing;

•

Carbon and nitrogen values for the majority of humans from Jaca indicate the
consumption of a mixed, terrestrial C3 diet; only two individuals exhibit δ15N values
that suggest there may have been an measureable input of freshwater fish into their
diet, and therefore selective consumption of food products;
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•

Differences in δ15N values between the sexes may reflect differences in lifestyle and
dietary habits between males and females.

6.2 Zaragoza
Carbon and nitrogen data from human and faunal data from Zaragoza are plotted together for
comparison in Figure 6‐3. Data and summary statistics for the animal dataset are provided in
Table 6‐2, below. These results indicate that most domestic herbivores (ovicaprids and cows)
from Islamic and Christian period Zaragoza exhibit a range of δ13C values between ‐20.2‰
and ‐17.9‰ (range of 2.3‰) and δ15N values between 3.2‰ and 10.1‰ (range of 6.6‰).
This range in isotopic values is to be expected for a large urban centre to which animals
would have been brought to market from a broad geographical area. Cows in particular show
a wide range in nitrogen values between 3.2‰ and 9.8‰ (6.6‰). The lower δ15N values
may indicate cows were being foddered with legumes such as alfalfa, something that is also
proposed for other sites in the dataset. Feeding cattle with substantial amounts of legumes
has been found to decrease the δ15N values hair in modern populations of cattle (Schwertl et
al. 2005). Two ovicaprids (ZMO4 and ZMO6), have slightly more positive δ13C values of
around ‐18‰, which indicates a minor input of C4 plants into their diet. In addition,
ovicaprids sampled from the Christian period generally exhibit higher δ15N values than those
from the Islamic period, however, this may be due to the persistence of the weaning signal in
these animals whose age, estimated from their mandibles, was determined to be juvenile (2‐6
months of age). Chapter 7 (Section 7.1.2) discusses the isotopic results for those animals that
could be aged further.
Species

Ovicaprids
Cows
Domestic
Herbivores
Ovicaprids
Rabbit
Chicken
Dog
Dog

Period/
date
(Centuries)
Islamic 11th
Islamic 11th
Islamic
11th
Christian
13th
Islamic 11th
Islamic 11th
Islamic 11th
Christian
15th‐16th

No.
Min

δ 13C (‰)
Max
Mean ± 1σ*

Min

8
4

‐19.8
‐19.5

‐17.9
‐18.3

‐19.1 ± 0.8
‐18.9 ± 0.5

4.8
3.2

δ 15N (‰)
Max
Mean ±
1σ*
8.3
6.8 ± 1.2
9.8
6.8 ± 3.5

12

19.8

17.9

19.0 ± 0.7

3.2

9.8

6.8 ± 2.1

3

‐20.2

‐19.5

‐19.8 ± 0.4

8.3

10.1

9.2 ± 0.9

1
1
1
1

‐
‐
‐

‐
‐
‐

‐20.5
‐18.5
‐18.2

‐
‐
‐

‐
‐
‐

6.2
11.8
11.3

‐

‐

‐18.3

‐

‐

10.7

Table 62: Summary data for animal samples from medieval Zaragoza omitting sample ZMO1, which
was identified as an outlier. Standard deviations are calculated where the sample number was at
least 3. *Where a species is represented by one sample, the raw value is given. Domestic
herbivores are cattle and ovicaprids.
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One ovicaprid sample, ZMO1 is clearly separated from the herbivore group and exhibits
unusual isotopic values, with an enriched δ13C of ‐15.8 coupled with a high δ15N of 10.8‰
(not included in Table 6‐2 but plotted in Figure 6‐3). The δ13C value which is almost three
standard deviations (2.7) away from the herbivore population mean suggests this ovicaprid
has a significant C4 input into its diet, not seen in any other ovicaprid sampled in this study.
The δ15N ratio of ZMO1 is also unusual, being higher than that of some humans and on a level
with dogs from Zaragoza. This animal was a sub‐adult (1‐2 years of age) and therefore
nitrogen enrichment due to the persistence of a suckling signal is unlikely. Although ZMO1
exhibits isotopic values that are far removed from the other ovicaprids from Zaragoza, a line
of best fit drawn for ovicaprid samples indicates that their δ13C and δ15N values are strongly
correlated (r=0.86), with ZMO1 located at the far end of a possible trend (Figure 6‐3). When
ZMO1 is removed from the trend, the r‐value drops to 0.64, indicating a weaker correlation
without the outlier. Nevertheless, the strong correlation could suggest that despite its
unusual isotopic values, ZMO1 could have originated from the local geographic area. Such
high δ15N values in association with enrichment in δ13C in domestic herbivores has been
observed for extremely arid areas in Egypt, with some isotopic values for cattle and sheep
being remarkably similar to the ovicaprid specimen in question here (Thompson et al. 2005).
The central Ebro Valley, especially the area around Zaragoza, is considered the most arid
inland area in Europe, with low rainfall of about 300‐350mm/yr (Herrero and Snyder 1997).
Palaeoenvironmental evidence from the central Ebro Basin indicates the climate was similar,
if a little drier during the Muslim period, around 1,000 years ago (Davis 1994:275; González‐
Sampériz et al. 2008). However, the Ebro Valley is still not as arid as much of Egypt (Herrero
and Snyder 1997). The enriched δ13C of this ovicaprid is also noteworthy, as no other animal
sampled from northern Spain exhibits such high δ13C indicative of a substantial C4 input to its
diet. On that basis, it is suggested that this animal derived from another geographic area with
extremely arid

15N

enriched soils and/or availability of C4 plants, such as Egypt or the

Maghreb.
The long distance movement of sheep and other livestock from overseas to improve local
breeds during the Islamic period is suggested from documentary and archaeological sources.
For example, written and archaeological evidence indicates that dromedaries were imported
from North Africa (Morales Muñiz et al. 1995). Merino sheep are hypothesised to have been
introduced into the Iberian Peninsula by Berbers from North Africa some time during the
Islamic period (Klein 1920; Davis 2006b; Pereira et al. 2006). This could support the
hypothesis that the ovicaprid sample ZMO1 with a substantial C4 plant component to its diet

138

6: Discussion of results of individual sites

and a high δ15N value may have originated from an area similar to the Maghreb and been
brought to al‐Andalus as breeding stock, possibly by Berbers, who then immigrated into the
area. However, the position of ZMO1 at a possible endpoint of a trend in ovicaprid values at
Zaragoza is notable, and so the definite non‐local identity of this animal remains in question.
Future work using sulphur or further analysis with oxygen or strontium isotopes may help to
ascertain whether ZMO1 was a non‐local animal.
Other animals in the dataset include a single rabbit sample which exhibits a δ13C value which
is a little depleted in comparison to other herbivores from the same site. The chicken has a
more enriched δ15N signal than that of herbivores, which is again to be expected for a
domestic bird consuming domestic scraps, plants and insects. The two dog samples are
enriched in δ15N and δ13C compared to the herbivore average by ~4‰ and 1‰ respectively,
in line with the expected trophic level shift between herbivores and carnivores (Bocherens
and Drucker 2003). The dogs exhibit δ15N values similar to that of humans, which is a
common observation for dogs from archaeological sites in general (e.g. Schulting and
Richards 2002a). Dogs live as commensal animals, often being fed the same food as humans,
or alternatively scavenging food waste from human preparation and consumption. The
similarity in the isotopic values for dogs from both the Christian and Islamic periods would
indicate that similar foods were available and consumed by these animals in both periods.
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Figure 63: Plot of δ15N and δ13C ratios (‰) of Muslims (9th12thC) and Mozarabs (8th9thC) with later medieval Christian humans (12thC onwards), alongside animals of
Islamic (11thC) and Christian (13th16thC) date from Zaragoza. Line of best fit included for ovicaprids (r=0.86). The use of (C) on the plot denotes animal samples
of Christian date. Marine fish from Albarracín and Gandía are plotted as the mean ± 1σ.
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Summary statistics for the human dataset from Zaragoza are presented in Table 6‐3.
Although the average δ13C values for herbivores and humans are the same, indicating a lack of
trophic enrichment, the herbivore data may in fact be enriched by ~0.6‰ when compared to
the human data due to their being run at different labs (Inter‐lab comparison in Chapter 5).
Nevertheless, this does not affect interpretations of human diet at this site, in which a
similarity to the average herbivore δ13C values indicates a mainly C3 based, terrestrial diet
without a significant input of marine sources. The human δ15N ratios are on average 3.5‰
higher than the herbivore average, but enrichment ranges from between 0.5 and 6.6‰. This
suggests that a range of animal and probably aquatic protein sources were being consumed,
the higher enrichment values including protein from omnivores, such as chicken and their
eggs and freshwater fish. The similarity of human δ15N to that of dogs from this site, above,
emphasises the heavy animal protein component in the human diet.
Site and
period/faith
Bab al‐Qibla/
Muslim
Calle
Predicadores/
Muslim
All Muslims
Roman
Theatre/
Mozarab
La Seo/
Christian

Date
(centuries)

No.

10th‐12th

Min

δ 13C (‰)
Max
Mean ± 1σ

23

‐19.6

‐18.2

‐18.9 ± 0.3

9.0

12.9

10.5 ± 1.2

9th‐12th

13

‐19.6

‐18.7

‐19.1 ± 0.3

9.0

14.1

11.5 ± 1.5

10th12th

36

19.6

18.2

19.0 ± 0.3

9.0

14.1

10.9 ± 1.4

8th‐9th

3

‐18.5

‐17.7

‐18.2 ± 0.4

12.1

10.7 ± 1.2

Post 12th

2

‐19.1

‐18.6

‐18.8

Min

9.9
8.0

δ 15N (‰)
Max
Mean ±
1σ

12.4

10.2

Table 63: Summary isotopic data for medieval human δ13C and δ15N date from Zaragoza. Standard
deviations were calculated where the number of samples was at least 3.

The majority of human samples derived from the Islamic period. The isotopic results indicate
they consumed a mixed, terrestrial‐based diet, with variation in the type or amount of
animal‐ or fish‐derived protein consumed. The higher δ15N values, in particular, could be
indicative of the consumption of aquatic resources, although the wide range in both carbon
and nitrogen isotope values exhibited by herbivores at this site again potentially weakens
this hypothesis. The widespread consumption of marine fish is unlikely as there is no
associated enrichment in carbon values, which instead indicate a C3 plant/terrestrial
baseline. Nevertheless, in spite of the lack of archaeological remains of fish sampled from
Zaragoza, it is highly probable that freshwater fish would have been widely available and
were consumed by the population. The city of Zaragoza itself lies on a confluence of 3 rivers,
where the Gállego and the Huerva join the Ebro, which attracted a concentration of fish
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(Rodrigo 2009:553). The Ebro River was described by one 12th century French pilgrim monk
as ‘abounds with fish’ in his Pilgrims Guide to walking the route to Santiago de Compostela
(Stones et al. 1998:19). Freshwater fish available in northern Spain, mentioned in the same
text included, barbel, eel, shad and tench, in addition to red mullet, a marine species (Stones
et al. 1998:19). Historical sources dating to the 11th and 12th centuries from the northern
Christian kingdom, contemporaneous with the Islamic material sampled from Zaragoza,
mention a number of freshwater fish commonly consumed including eels, conger eels and
salmon (Gómez de Valenzuela 1979:7). Documents from Aragón post‐dating the Christian
conquest of Zaragoza further indicate the popularity of freshwater fish in the region of the
Ebro (Chapter 3; Rodrigo 2009). Isotopic data from medieval Zaragoza therefore goes some
way to supporting historical evidence for the widespread consumption of freshwater fish in
the region.
Isotopic results for Muslim humans from Zaragoza separated by site are presented in Figure
6‐4. There is no significant difference in δ13C (Mann Whitney U=94.5, p=0.069) and δ15N
(Mann Whitney U=91.5, p=0.056) values between the two sites. Individuals from both sites
are therefore combined to explore possible sex differences and plotted in Figure 6‐5.

Figure 64: Scatter plot of δ15N and δ13C ratios (‰) for humans separated by site in Zaragoza.

The average δ13C and δ15N values of females were ‐19.0‰ ± 0.4‰ and 11.1‰ ± 1.3‰ (1σ)
respectively and for males, ‐18.9‰ ± 0.3 and 10.1‰ ± 1.0‰ (1σ) respectively. Both sexes
show similar ranges in δ13C values, but there is around 1‰ difference between the mean
δ15N values between males and females, with an overall tendency for females to possess
higher δ15N values. Individuals of unknown sex are distributed throughout the range of
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human values. Statistical comparison of those remains for which the sex could be estimated
reveals no statistical difference in δ13C values between males and females (Mann Whitney
U=82, p=0.351), but, the differences between their δ15N values are statistically significant
(U=57, p=0.040*). This suggests a difference in diet between the sexes in Zaragoza during the
Islamic period. This may indicate that females are eating a diet richer in protein overall or,
alternatively, consuming more dietary protein with higher δ15N values such as freshwater
fish, chicken meat or eggs. The former would contradict the prevailing view that males may
have consumed more meat than females during this period (Bynum 1987:191; Medina
2004:159, Chapter 3). However, the significance of this observation and any possible
interpretation is diminished by the presence of individuals of unknown sex, some of whom
plot with females with higher δ15N values.

Figure 65: Scatter plot of δ15N and δ13C ratios (‰) for male, female and Muslim humans of unknown sex
from Zaragoza, both sites considered together.

The nitrogen values of Mozarabs (8th‐9th centuries) from the Roman Theatre are well within
the range of the Muslim population, ranging between ~10‰ to 12‰. Two Mozarabs have
similar δ13C values (~‐18.5‰) that are in the higher range of those exhibited by Muslims and
one, ZTRV4 exhibits the most enriched δ13C among humans in Zaragoza (‐17.7‰), (Figure

6‐3). This individual has a δ15N of 9.9‰, in the lower range exhibited by the Muslim
population, which would suggest that the more enriched carbon value of ZTRV4 probably
derives from the consumption of C4 plants (direct or indirect) rather than any increased
consumption of marine fish. However, the significance of this trend as indicating possible
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differences in diet between Muslims and Christians is not possible to assess on three samples
alone.
Of the five post‐conquest Christian individuals sampled from La Seo in Zaragoza, only two
samples produced valid results. Bones from this site originated from an ossuary and were in
a particularly bad state of morphological preservation, which is also reflected in the poor
quality of the collagen extracted from these remains. The two Christian samples that did yield
satisfactory collagen had similar δ13C values to each other and the earlier Muslim population.
They differ, however, in their δ15N values by 4‰, with one (ZLCC2) exhibiting a more
enriched nitrogen signal and plotting with the Muslim population and the other (ZLSC1)
plotting with the lowest nitrogen values exhibited by a human in the dataset from Zaragoza.
Despite the problems surrounding the date of these burials (Chapter 4), the individual with
the more enriched nitrogen value, ZLSC2, has an isotopic signature in line with the
consumption of animal protein from herbivores dating to the Christian period and consumed
a diet similar to humans from the preceding Islamic period.
The possibility that ZLSC1 is an ovicaprid bone misidentified as human is ruled out as the
sample was taken from a mandible. Based on the majority of isotope values of animals
sampled from Zaragoza, it would seem that ZLSC1 gained the majority of their dietary protein
from vegetable sources, possibly without inclusion of animal protein in the form of eggs,
cheese or milk. This tentatively identifies this individual as a vegan who may have chosen to
follow a specific diet, perhaps due to extreme religious fasting, or shows a possible status
difference in diet if this individual was unable to afford meat or other animal protein.
However, with a δ15N value of 8‰, which differs from the lowest δ15N value of humans from
the preceding Islamic period by just 1‰ and taking into account that nitrogen values of some
herbivores from the proceeding period were as low as 3.2‰, the vegan attribution must be
used with caution. Additional analyses of herbivores and humans from the Christian period
would further aid in the identification of the possible vegan diet of this individual.
Unfortunately, at present, it is not possible to characterise adequately the diet of Christians in
Zaragoza after the Christian conquest of AD 1118 from these two individuals and so it is not
yet possible to identify dietary differences between the Muslim and Christian periods in the
city during the medieval period.
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To summarise, isotopic results from Zaragoza indicate:

•

Humans consumed a predominantly C3‐plant based terrestrial diet with dietary protein
from animal sources probably deriving from ovicaprids and cattle in the Islamic period;

•

High δ15N values in certain individuals which suggests the consumption of measureable
quantities of freshwater fish and/or the consumption of chicken and their eggs, the
latter being especially likely;

•

Difference in diet between the sexes during the Islamic period with a diet more
enriched in δ15N in females when compared to males, possibly due to consumption of
differing animal products or freshwater fish. This is contrary to the findings of other
sex‐based differences in diet reported in medieval Europe (Chapter 7);

•

Possible differences in diet between faith communities present in the city. These are
difficult to explore due to low sample sizes of mozarabs and later Christians;

•

The presence of a possible non‐local ovicaprid in the assemblage that may have
originated from the Maghreb, possibly indicating long‐distance movement of animals,
perhaps for breeding.

6.3 Albarracín
Results for both human and faunal data are plotted in Figure 6‐6. Data and summary statistics
for the animal dataset are provided in Table 6‐4. Ovicaprids exhibit a range of 1.3‰ in δ13C
and range of 2.8‰ in δ15N. Such a range in nitrogen is not unusual; ovicaprids from
archaeological sites often exhibit such variation because of the range of vegetation they
consume. However, it is interesting that the two ovicaprids with the highest δ15N values
(6.5‰ and 6.8‰) should belong to a juvenile between 2‐6 months old and an adult aged
between 2‐3 years old respectively. For this reason, persistence of the suckling signal is not
likely to be the principal factor behind higher δ15N values in this population.
Cattle show a smaller range in δ13C than ovicaprids, but a much larger range in δ15N with
values ranging between 2.6‰ and 8.9‰. The cow sample with the highest δ15N value plots
close to the human population and, although it could not be aged, the possibility that this
individual was a juvenile cannot be discounted. The lowest δ15N value of 2.6‰ exhibited by
cattle is also an outlier and may indicate specific foddering practices with, for example, a
substantial input of leguminous fodder. Alfalfa appears to have been widely used as animal
feed at the time and today alfalfa is commonly used to fodder dairy cattle (Griffiths 1949).
The wide range in δ15N may indicate that the cows originate from a range of differing
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production systems, perhaps being brought to Albarracín from across a wide geographic
area. This concords with historical records, which indicate that Albarracín may have had an
important role as a commercial centre for goods originating across the Sierra de Albarracín
(Bosch Vilá 1959:64).
Species

No.

Ovicaprids
Cows
Domestic
Herbivores
Deer
Pigs
Chickens
Partridge
Lagomorphs
Marine Fish

10
7

Min
‐20.3
‐20.3

δ 13C (‰)
Max
Mean ±1σ*
‐19.0 ‐19.8 ± 0.4
‐19.6 ‐19.9 ± 0.2

17

20.3

19.0

19.8 ± 0.4

2
3
4
1
2
5

‐20.3
‐20.6
‐19.4
‐
‐20.9
‐11.4

‐20.1
‐20.3
‐19.1
‐
‐20.4
‐9.4

‐20.2
‐20.5 ± 0.1
‐19.2 ± 0.1
‐18.9
‐20.6
‐10.6 ± 0.8

Min
3.9
2.6
2.6
3.7
9.0
8.7
‐
4.4
8.1

δ 15N (‰)
Max
Mean ±1σ*
6.8 5.4 ± 1.1
8.9 6.3 ± 2.0
8.9

5.8 ± 1.5

5.1
11.7
13.1
‐
5.5
12.6

4.4
9.9 ± 1.6
10.3 ± 2.0
4.8
4.9
10.6 ± 1.9

Table 64: Summary isotopic data for animals from Albarracín dating to the 11th early 12th centuries.
Standard deviations are calculated where the sample number was at least 3. *Where a species is
represented by one sample, the raw value is given. Domestic herbivores are cattle and ovicaprids.

Deer and lagomorphs, the wild herbivores, exhibit more depleted δ13C values and lower δ15N
values than that of domestic herbivores. This probably reflects their natural diet, which was
not subjected to human management and foddering practices. The presence of woodland in
the area surrounding Albarracín may have led to a depletion in the δ13C values of wild
herbivores and perhaps some domestic herbivores too, due to the canopy effect (Drucker et
al. 2008; Chapter 2). Cattle, sheep and deer often fed on vegetation in wooded environments
during the medieval period in Europe and Spain in particular, a practice that continues to the
present day in some areas (Butzer 1988; Montserrat and Fillat 1990; Rackham 2001).
Woodlands, which were predominately made up of native oak (now replaced by pine), are
known to have been used for stock grazing in the area of Albarracín and this practice
extended into the historic past (Moreno 1999:33).
The pigs sampled from Albarracín exhibit unusual isotopic values. All the pigs have δ13C
values that are similar, if a little depleted, when compared to domestic herbivores, which may
be indicative of their feeding in the forested area around Albarracín, like the deer, above.
However, their δ15N values are higher than the majority of the herbivores and are instead in
line with those of humans and chickens. One pig in particular possesses a δ15N value that is
~3‰ more enriched in δ15N than the others. It seems unlikely that this pig is a juvenile that
retains the suckling signal, as the sample was taken from a humerus was not so small to
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suggest it was under a few weeks old. In the wild, pigs feed as opportunistic omnivores,
consuming a broad range of foodstuffs from green vegetation, acorns and beechnuts to
gastropods, earthworms, insects and fungi (Schley and Roper 2003). Although the
consumption of insects could increased the δ15N values of pigs, as hypothesised for chickens
(Bocherens et al. 1991), insects are unlikely to have formed the majority of their diet. Human
influence on pig‐feeding habits, such as regularly feeding them with household waste and
food scraps would also tend to increase their δ15N values (Ervynck et al. 2007). However, the
lack of an associated trophic shift in δ13C in pigs compared to the herbivores is noteworthy
and perhaps suggests that consumption of animal protein is not the cause of their high δ15N
values. The isotopic values displayed by these pigs may instead be related to their feeding on
vegetation enriched in

15N,

as was hypothesised for a pig sample with a similar unusually

high nitrogen value coupled with depleted carbon value from the Iron Age site of Glastonbury
Lake Village in the UK (Jay 2008). In any case, and most importantly for this thesis,
comparison between the isotopic values for pigs and humans would indicate that pork did
not feature in the diet of the Muslim individuals sampled here, see below.
Chickens, again, possess nitrogen values on average higher than domestic herbivores. One
chicken in particular has a δ15N ratio that surpasses that of humans. Nitrogen ratios in
chickens may have been enriched not only by their diet of insects probably supplemented by
humans food scraps, but also being kept in a confined area where they would root in ground
enriched by their own manure (Rodgers 2009). This is one possible explanation for the high
δ15N exhibited by a domestic chicken at this site. The red‐legged partridge, a wild bird native
to Iberia, has a lower nitrogen level than the domestic chicken. This is to be expected, as the
adult birds are herbivores that feed on roots and grass rather than insects (RSPB 2009).
Marine fish will be discussed in the context of other archaeological examples from
Mediterranean sites in Chapter 7 (Section 7.1.5).
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Figure 66: Scatter plot of δ15N and δ13C ratios (‰) for humans (10th12thC, n=31) and fauna (11the.12thC) from Albarracín.
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Isotopic data from 31 human individuals sampled from Albarracín range between ‐19.4‰
and ‐18.5‰ with a mean of ‐19.0 ± 0.2‰ (1σ) for δ13C and between 9.4‰ and 12.1‰ with
a mean of 10.8 ± 0.6‰ (1σ) in δ15N, indicating a predominantly C3 plant‐based terrestrial
diet. Human δ13C and δ15N ratios are, on average, enriched compared to those of domestic
herbivores by ~1‰ for δ13C and 5‰ for δ15N, which are within ranges expected for trophic
level enrichment, although on the upper limit of 3‐5‰ for δ15N (Bocherens and Drucker
2003). This suggests that the human population at Albarracín consumed a mixed diet of plant
and animal products, but probably gained most of their dietary protein from meat and dairy
products of domestic herbivores.
The dietary spacing between the means for humans and those of deer and lagomorphs
exceeds 1‰ for δ13C and 5‰ for δ15N, which indicates that these herbivores were not a
major source of protein in the human diet (Bocherens and Drucker 2003). The spacing
between the mean δ13C values for pigs and humans is ~1.5‰ and the δ15N values differ by
~1‰ on average which, at least in the case of nitrogen, suggests that pigs were not
consumed by the population of Albarracín, which would tie in with the dietary habits of a
Muslim population. In addition, the similarity between the mean δ15N values for humans and
chickens (10.8‰ and 10.3‰ respectively) also suggests that chickens and/or eggs were not
a major component of the diet for the majority of humans sampled from this site.
Nitrogen values are not high enough in comparison to the herbivores to deduce confidently
the consumption of significant quantities of aquatic resources. It is likely, however, that
freshwater fish did contribute to the diet, given the close proximity of the Guadalaviar River.
Rights to fish in this river appear in various legal documents surviving from the Christian
period during the 13th and 14th centuries and it seems the Guadalaviar was particularly
renowned for its trout (Rodrigo 2009:551, 557). The isotopic values of marine fish excavated
from the castle dump also indicate that this human population did probably not consume
marine protein in large quantities.
Humans exhibit only small variation in δ13C and δ15N (1‰ and 2.6‰ respectively), which is
in contrast to the variable values exhibited by the animal material, particularly for δ15N.
Although this is to be expected because isotopic variation in food sources are averaged in
human tissue, it may also be that the population of the general burial ground did not have
access to the full range of animal products sampled here, which are believed to represent
table refuse from the high‐status group within the castle. This may also explain the apparent
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lack of marine protein in the diet that was obviously available in some quantity to the
occupants of the castle. Marine fish, however, may have only been traded into the castle
rather than the market and, as a result, would not have been obtainable for the bulk of the
population. Possible status differences in access to foodstuffs may also account for the wild
taxa in the assemblage that do not appear to contribute to the dietary protein of the human
individuals here, although partridges and rabbits were purportedly commonly hunted with
birds of prey by individuals at almost all levels of society during the Muslim and Christian
periods in Spain (Morales Muñiz 2002:137).
The distribution of human δ13C and δ15N values by sex is illustrated in Figure 6‐7. The mean
δ13C and δ15N values are ‐18.9 ± 0.2‰ and 10.9 ± 0.6‰ respectively for males and ‐19.0 ±
0.1‰ and 10.7 ± 0.7‰ for females. Statistical comparisons indicate that there was no
difference between the δ15N values for males and females (Mann Whitney U=107.5, p=0.703);
however, there is a significant difference between the δ13C values (Mann Whitney U=67,
p=0.040*). Figure 6‐7 indicates that males exhibit greater variation in δ13C compared to
females. The majority of males are very slightly enriched in carbon when compared to
females, except for two male individuals. Although the maximum difference between these
males is 0.9‰, the mean values for δ13C between males and females differ by just 0.1‰, a
value smaller than analytical error (0.2‰). With such small absolute differences observed, it
is difficult to pinpoint a particular dietary difference.

Figure 67: Scatter plot of δ15N and δ13C ratios (‰) of human males and females from Albarracín.
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In summary, results from Albarracín suggest:
•

Variability in environments and animal husbandry across the Sierra de Albarracín with
animals originating from a wide area;

•

The diet of the human population was predominantly based on C3 plant, terrestrial
protein, probably more from domestic herbivores and their products;

•

The sample population possibly had limited access to game such as partridges and deer
and non‐local commodities such as marine fish. It cannot be ruled out, however, that
the whole range of species was consumed, though irregularly or in insignificant
quantities;

•

Surprisingly, protein deriving from freshwater resources does not seem to have been
consumed by the human population, despite the proximity of the river;

•

Sex‐based differences in diet are present, with an overall tendency of slightly enriched
carbon values in males;

6.4 Valencia
Due to the number of remains sampled dating to both the Islamic and Christian periods from
Valencia, results from animals and humans from each period are presented separately below.
This is followed by an integrated discussion in which results from both Islamic and Christian
Valencia are compared.

6.4.1 Islamic Valencia: 10th – 13th centuries
Summary data for animal samples are provided in Table 6‐5. Results from animal and human
data are plotted together in Figure 6‐8. Ovicaprids from Islamic Valencia exhibit a range of
1.8‰ in δ13C and a wide range of 6.9‰ in δ15N. Depleted δ13C values indicate that C3 plants
were the main source of food for these domestic herbivores. Cattle, however, exhibit a wider
range of 4.3‰ in δ13C and a slightly more restricted range of 6.0‰ in δ15N. Two cows in
particular, VMC2 and VMC5, have enriched δ13C values of ‐16.8‰ and ‐15.8‰, whereas the
other cattle plot together with a similar range to ovicaprids. The input of C4 plants into the
diets of cattle would confirm that C4 plants such as millet and sorghum were cultivated
around Valencia in the 11th to 13th centuries. Species of millet are mentioned among the
grains used to fatten cattle by Ibn al‐Awwam in his 12th century Treatise on Agriculture (Ibn
al‐Awwam 1802). Historical records indicate that C4 crops were present in the irrigated
surroundings of Valencia in the later Christian period (14th and 15th centuries). In particular,
two types of sorghum were cultivated, a white form used primarily for human consumption,
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and a red variety considered most suitable as a fodder for cattle and poultry (Glick 1982:83;
Rubio 1995:169).
In Islamic Valencia, therefore, some cows were being fed substantial amounts of C4 plants,
whereas others were not. It may be that some cattle in Valencia came from rural areas that
may have had to rely more heavily on hardy C4 crops than others. Alternatively, the variation
in cattle values could reflect the exploitation of this animal for different uses, some cattle
being used as draft animals, and others exploited for their meat and milk. Draft oxen, for
example, were considered the most valuable among the farm animals (Smith 1979:221;
Salisbury 1994:36) and may have been fed additional C4 fodder to supplement C3 pasture.
The isolation of draft oxen from the rest of the herds in a settlement is illustrated by the use
of enclosed pastures owned by municipalities, kept exclusively for draft animals such as oxen,
referred to as ‘dehesa boyal’ (Vassberg 1974:391; Butzer 1988:44; Motserrat and Fillat 1990).
This practice of keeping draft oxen on prime pastures is known from written evidence from
the Roman period onwards (Butzer 1996:143). The isolation of certain animals based on
their perceived value and use in agriculture may have therefore an impact on the way these
animals were fed and consequently the isotopic ratios of their bone collagen compared to
other domestic herbivores from the same site. This significant finding provides direct
evidence for the use of differing animal husbandry practices in the medieval period.
One cow, VMC4, is also notable for having a very depleted nitrogen value of 2.5‰, similar to
that of an ovicaprid, VMO1, with its δ15N ratio of 2.8‰. This may indicate that these animals
came from a similar geographical area, or were primarily fed on fodder that was extremely
depleted in δ15N, such as alfalfa or vetches. Historical accounts attest that the cultivation of
alfalfa was common across the Valencian territory. Its cultivation in the agricultural
surrounds of the city is recorded in both the Islamic and Christian periods and it is mentioned
in court documents from the 15th century as a commodity liable to theft (Glick 1970:28;
Blumenthal 2009:83, 101). Alfalfa is also mentioned as an important crop among the
medieval Muslim population of the Sierra de Espadán, a mountainous area 60km north of
Valencia (Butzer et al. 1986). Thus, herbivores with low δ15N values may have been raised
locally or originated further afield. Chapter 7 contains discussion of the wide range in
nitrogen values exhibited by herbivores in Valencia and other sites from Spain within the
dataset as a whole.
The variation in isotopic values for herbivores in particular indicates there were different
management and foddering practices during this period in the region of Valencia. This is most
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likely to reflect the large area and range of resources this large coastal city would have been
drawing on, with livestock originating from the local area of the city, the mountainous
interior, the Mediterranean littoral as well as the more arid plains to the south.
Species

No.
Min
‐20.4
‐20.1

δ 13C (‰)
Max
Mean ±1σ*
‐18.6 ‐19.5 ± 0.6
‐15.8 ‐18.0 ± 1.7

Min
2.8
2.5

δ 15N (‰)
Max
Mean ±1σ*
9.7
6.5
8.5
6.2

Ovicaprids
Cows
Domestic
Herbivores
Pig
Chicken

8
5
13

20.4

15.8

18.9 ± 1.3

2.5

9.7

6.3 ± 2.3

1
2

‐
‐17.9

‐
‐10.0

‐19.5
‐13.9

‐
11.4

‐
11.5

7.7
11.4

Table 65: Summary isotopic data for animal samples from Islamic period Valencia (10th13th centuries).
Standard deviations are calculated where the sample number was at least 3. * Where a species is
represented by one sample, the raw value is given. Domestic herbivores are cattle and ovicaprids.

The single pig sampled from Islamic Valencia exhibits δ13C and δ15N values that lie within the
range of the ovicaprids and plot quite separately to the humans. This would suggest that this
pig was feeding similarly to the herbivores and may have been kept under a similar
husbandry regime or alternatively, it may have been a wild specimen. Although the eating the
flesh of the pig may have been prohibited, it was permitted for Muslims in the Arab world to
hunt wild boar (Rosenberger 1999). Given that the pig was found in domestic deposits in
close proximity to a high‐status residential complex, it may be exactly that.
Chicken samples from Valencia exhibit the enriched δ15N expected of poultry consuming
grain, food scraps and insects, however their δ13C values are quite distinctive. One chicken
sample, VMGa2 (labelled as a galliform on the graph in Figure 6‐8), possesses a highly
enriched δ13C ratio of ‐10.0‰, equivalent to the marine fish analysed from medieval
Albarracín, whereas the other has a more depleted δ13C ratio of ‐17.9‰. It was initially
thought that VMGa2 may have been mis‐identified and was in fact a marine bird. However,
subsequent consultation confirmed that the sampled humerus was indeed from a galliform,
most likely a chicken (L. Gidney 2010, pers. comm.).
Although VMGa2 is an outlier in the dataset from Valencia, it has an enriched carbon value
similar to those possessed by chickens from Benipeixcar (see Section 6.5). Published δ13C
values for modern millet are around‐11 to ‐12‰ (Bocherens et al. 1991; McGovern et al.
2004). Taking the atmospheric carbon offset due to the fossil fuel effect into account, it is
possible that consumption of C4 grains such as millet is behind the carbon enrichment in this
chicken specimen. Millet seed is especially suitable as a bird feed and was probably used as
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such in antiquity (Spurr 1986:100; Zohary and Hopf 2001:83). The 12th century Muslim
agronomer Ibn al‐Awwam mentions millet, wheat bran and barley as suitable for chickens.
Feeding hens millet in particular was thought to fatten them and encourage the hen to lay
more eggs (Ibn al‐Awwam 1802). Direct isotopic evidence for the consumption of millet by
chickens during the medieval period is provided by an archaeological chicken specimen from
14th century Besançon, north‐east France, that had a δ13C of ‐16.4‰, indicative of the
consumption of C4 grain (Bocherens et al. 1991). The amount of C4 protein food to cause such
carbon enrichment in this chicken specimen, however, suggests great effort was spent on
feeding this chicken specific grain rather than letting it forage on its own, which would have
been a more expensive husbandry strategy but presumably fattened the bird more quickly
for the table.
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Figure 68: Scatter plot of δ15N and δ13C ratios (‰) for humans from Islamic period Valencia (11th13thC) plotted with animals of the Islamic period (10th13thC).
Marine fish from Albarracín and Gandía are plotted as the mean ± 1σ.
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Summary data for human samples in provided in Table 6‐6. Taken altogether, humans from
Valencia exhibit a strikingly wide range of 5.5‰ in δ13C, with values between ‐19.8‰ and ‐
14.2‰. This suggests the input of some C4 protein into the diet of certain individuals with
enriched δ13C values, either directly, indirectly, through the consumption of animals raised on
C4 plants, or both. An extremely large variation in δ15N of around 7‰ is also found in human
values and even with the removal of one outlier with a very high δ15N value of over 16‰
(VRM1356), the range is still around 5‰, with values between 9.3‰ and 14.5‰.
Site

La Rauda
Bab‐al‐Hanax/
Calle Alta
Calle Sagunto
Calle Pintor
Sorolla
ALL

Date
(centuries)

No.

11th ‐ 13th

Min

δ 13C (‰)
Max
Mean ± 1σ

Min

7

‐18.9

‐15.8

‐17.3 ± 1.1

10.7

δ 15N (‰)
Max
Mean ±
1σ
16.6
12.9 ± 2.1

11th ‐ 13th

21

‐19.8

‐15.8

‐18.4 ± 1.0

9.3

12.2

10.7 ± 0.7

11th ‐ 13th

7

‐17.9

‐14.2

‐16.6 ± 1.3

11.0

14.5

12.4 ± 1.2

13th

3

‐16.6

‐15.2

‐16.0 ± 0.7

11.8

12.3

12.0 ± 0.3

11th – 13th

38

18.9

14.2

17.7 ± 1.3

9.3

16.6

11.5 ± 1.4

Table 66: Summary isotopic data for medieval Muslim human δ13C and δ15N from Valencia.

On average, humans exhibit mean values for δ13C and δ15N that are about 1‰ and 5‰ higher
respectively than the herbivore mean, which is around one trophic level effect in magnitude
for both isotopes, although it lies within the upper limit of 3‐5‰ suggested for nitrogen
(Bocherens and Drucker 2003). However, due to the variability in isotopic values exhibited
by both humans and animals from Valencia, there is actually a wide range in enrichment ‐ the
values for herbivores and humans even overlap in some cases. The great variety in animal
values from Islamic Valencia therefore complicates identification of the primary
contributions of animal protein to the diet.
Marine fish could also have been a component of the diet of some, for although the fish
sampled in this study exhibit relatively enriched δ13C values; other fish available from the
Mediterranean may not have had such high δ13C (see Chapter 7). It is difficult to identify the
consumption of marine fish rather than C4 resources, especially in the case of indirect
incorporation of C4 protein from consuming animals raised on C4 plants, which tends to lead
to higher δ15N values in consumers (Chapter 2). Trends are however observed in the
population from Valencia that may indicate the preferential consumption of one over the
other by certain individuals. One trend or ‘mixing line’ is exhibited by individuals who
possess increasingly enriched δ13C values but relatively constant δ15N values of around 12‰.
Another mixing line includes individuals that exhibit considerable enrichment in δ15N (up to
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~14‰) coupled with corresponding higher δ13C values (16 to 17‰). Individuals exhibiting
the first trend may have had a greater input of C4 resources to their diet whereas those on the
latter trend could have consumed more marine protein. Other humans, on the other hand,
that have depleted carbon values of ~‐19.0‰ to ‐18.0‰ probably had little or no input of
either C4 or marine sources of protein into their diet.
In order to explore further the breadth in diet exhibited by the Islamic population of Valencia,
humans were plotted by site in Figure 6‐9. Again, there is remarkable variability within sites,
which suggests that there was little partitioning of resources within the city. However, the
majority of individuals from Calle Alta (the Bab‐al‐Hanax cemetery) plot in a relatively
cohesive group with some individuals tailing out towards more enriched δ13C ratios. This site
also contains the individuals with the most depleted carbon values. It is possible that the
majority of these individuals in Calle Alta exhibit a ‘local’ dietary signature. Others with more
enriched carbon values may have originated from other geographical areas. For example,
written records indicate that both members of the nobility and inhabitants of other cities in
the Valencian territory were buried here (Pascual and Serrano 1996:232). Burials from Calle
Sagunto, associated with the artisan suburb of la Alcudía outside the city, have extremely
variable carbon and nitrogen ratios and individuals possess some of the higher δ15N values
exhibited by the population. There is also one outlier present at this site, VCSM1331 with a
highly enriched δ13C of ‐14.2‰, which is almost three standard deviations (2.7) from the
population mean and is indicative of a diet with a significant input of C4 resources, greater
than any other individual from Valencia. The three individuals from Calle Pintor Sorolla,
believed to date to the end of the 13th century (Chapter 4), all possess nitrogen values around
12‰ and enriched carbon values >‐16‰, indicative of the consumption of C4 protein or
perhaps low‐trophic level marine fish. High‐status burials from La Rauda are again highly
variable in both their δ13C and δ15N, with some plotting with the majority in Calle Alta and
others with more enriched δ13C and δ15N values, which may indicate a proportion of marine
resources in their diet.
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Figure 69: Scatter plot of δ15N and δ13C ratios (‰) for humans separated by site in Islamic period
Valencia (11th13thC).

One individual, VRM1356, mentioned above, with a δ13C of ‐16.3‰ and δ15N of 16.6‰, is a
significant outlier in the population, with a δ15N value more than three standard deviations
(3.7) from the population mean. The isotopic ratios exhibited by this individual are similar to
the highest values from a coastal population on Orkney in the UK who were thought to have
gained over half their dietary protein from marine sources (Richards et al. 2006a). VRM1356
may have therefore consumed a similar diet containing a significant proportion of marine
protein. Alternatively, this individual may have originated from an arid area where
substantial enrichment in 15N of consumer bone collagen can also occur; the reasons for this
were explored in Chapter 2. For example, bone collagen sampled from humans from
Dakheleh Oasis in the Sahara, dating between 60 BC and AD 400, exhibited δ15N values from
around 15‰ to <18‰, although their δ13C values of ~‐18 to ‐19‰ were indicative of a C3
based diet (Schwarcz et al. 1999; Dupras and Schwarcz 2001). However, enriched carbon
values, similar to those exhibited by VRM1356 have been reported in human collagen
samples from other archaeological populations from North Africa such as Sudanese Nubia
(Turner et al. 2007). The individuals buried at the high‐status cemetery of La Rauda are
believed to have been those related either politically or by kinship to the Almoravid and
Almohad rulers of Valencia. It is highly probable that some of the elites may have originated
from the Almohad capital of Marrakesh on the edge of the Sahara in North Africa (Burns
1973:26; Boone and Benco 1999:530). Others, on the other hand, may have been from the
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local hierarchy, whose diets may have been isotopically similar to the majority of the
population in Calle Alta. This is one potential hypothesis to explain the wide range of isotopic
values exhibited by this high‐status population; alternatively, the differences may reflect
dietary differences among the local elites.
The possible presence of migrants in the general population may also explain the extreme
variation exhibited within sites, especially Calle Sagunto. There were continuous waves of
Berber immigrants from North Africa into al‐Andalus throughout the Islamic period, the
frequency of which increased from the 10th century onwards (Butzer et al. 1985:482; Glick
2005a:202). Valencia was a successful port during the Islamic period and would have been a
centre involved in many of the intense patterns of political, familial, trade and travel links
between al‐Andalus and the Maghreb during the 11th to 13th centuries (Glick 2005a:357).
Slaves would have been a major presence in Valencia during this period and historical
accounts from the 13th century suggest that there was considerable religious and ethnic
diversity in the slave population of al‐Andalus (Constable 1996:269). The presence of, and
access to, black slaves in al‐Andalus purportedly goes back to the 11th century, associated
with Islamic penetration of Sub‐Saharan Africa and the arrival of the Almoravid and Almohad
dynasties from North Africa (Phillips 1985:69; Constable 1996:269). These slaves were put to
domestic, agricultural and industrial work and often served as manual labour assistants for
artisans (Phillips 1985; Blumenthal 2009). The presence of black people in Valencia is
attested to by the limited cranial morphometrics observed in the excavations in both Calle
Sagunto and Calle Alta (Chapter 4). Thus, it may be that some individuals who may have been
slaves or free people, with relatively enriched nitrogen and a C4 plant carbon signature, may
have originated from more arid areas such as sub‐Saharan Africa where C4 crops such as
sorghum were also cultivated (Watson 1983; Dupras and Schwarcz 2001; Turner et al. 2007).
These individuals may not have resided long enough in Valencia for their bone collagen
values to shift towards the ‘local’ dietary signature.
The presence of migrants is unlikely to account for all the individuals with enriched δ13C
values, however. There may have been a socio‐economic difference in diet within the
population of Valencia, related to the consumption and use of C4 plants. Due to the demand on
local resources, it is believed that a high proportion of the cereal grains and especially wheat,
were imported from areas outside the region (Glick 1970:28; García Marsilla 1993:28;
Constable 1994:162). Historical sources from al‐Andalus indicate that the social hierarchy
was reflected in access to different grains, with wheat predominantly associated with high‐
status (García Sánchez 2002, see Chapter 3). It may be, therefore, that access to imported C3
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grain was restricted to those that could afford it, while others had to rely on less desirable C4
plants. Slaves, in particular, may have been provided with breads that would have been made
of these grains. Evidence from later Christian Valencia indicates that bread preparation
within households was separated for slaves and their masters (Blumenthal 2009:117). On the
other hand, as the individuals with enriched δ13C values also possess high δ15N ratios, which
could be indicative of the consumption of animal protein, it may be that they were local
migrants from rural areas where C4 grain was utilized more widely, as indicated by the
historical sources reviewed in Chapter 3. For example, Butzer and colleagues (1986) report
that rural medieval Muslim populations from the Sierra de Espadán to the north of Valencia
grew millet and sorghum in greater quantities than wheat (Butzer et al. 1986:347).
To explore possible correlation between diet and sex in Valencia, individuals from all sites,
separated by sex, are plotted in Figure 6‐10. This plot indicates that the variation between
male and female diets is extremely similar. The average carbon and nitrogen values for both
males and females are also comparable. Females exhibit mean δ13C and δ15N values of ‐17.6 ±
1.4‰ and 11.6 ± 1.3‰ (1σ) respectively and mean δ13C and δ15N for males are ‐17.7 ± 1.3‰
and 11.3 ± 1.1‰ (1σ) respectively. Statistical analysis indicates that there is no significant
difference in either carbon (Mann Whitney U=144.5, p=1.0) or nitrogen (U=132, p=0.666)
between the sexes when all sites are considered together. Possible site‐based differences in
diet by sex were investigated by comparison between males and females from the largest site
at Calle Alta. Again, no significant difference was revealed between the sexes in either carbon
(Mann Whitney U=49, p=0.939) or nitrogen (U=44, p=0.649).
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Figure 610: Scatter plot of δ15N and δ13C ratios (‰) Muslims from Valencia separated by sex,
individuals from all sites pooled.

In summary, an extremely complex picture has emerged, with isotopic values indicating a
high degree in variability in diet in Valencia during the Islamic period, which is partly
reflected in the animal data. This variability is unlikely to be the result of the larger sample
size at this city when compared to others, as there is great dietary diversity seen even at
single sites within the dataset. The main points to stress are:

•

The highly variable values for animals which indicate that they originated from a range
of geographical areas and were subject to differing husbandry strategies;

•

Animal protein was probably consumed by all humans, though C3, C4 and possibly
marine fish sources all contributed to the diet in varying proportions. This emphasises
not only variability in food sources, but also the high level of individual choice in diet in
Valencia during this period;

•

A number of hypotheses have been presented for the great variation in diet in Islamic
period Valencia and it is probable that a complex inter‐play of all of these factors is
behind the observed variety in isotopic values;

•

The possible presence of immigrants among the Muslim population originating from
arid areas such as the Maghreb. Trade, military and political activity during North
African Almoravid and Almohad rule in Valencia could have motivated their migration;
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•

The dataset would benefit from the application of oxygen and strontium isotopes to
tease out any migrants, and help indicate the true variation in diet among the local
population.

6.4.2 Christian Valencia: 13th – 15th centuries
Summary data for animal samples are provided in Table 6‐7. Data from animal samples are
plotted with Christian humans separated by site in Figure 6‐11. Ovicaprids from Christian
Valencia demonstrate a range of 1.4‰ in δ13C and, again, a large range of 5.0‰ in δ15N. The
two samples of cattle have similar δ13C and δ15N values to ovicaprids, with one cow exhibiting
a slightly higher δ15N value of 9.0‰. This indicates that all domestic herbivores were raised
on mainly C3 plants. The presence of relatively depleted values in carbon for some herbivores
may, however, reflect climatic differences in the region and identify animals that may, for
example, have been bred in the colder, mountainous interior of the kingdom. The northern
mountainous area pastured the majority of the livestock in the kingdom, according to a
census in AD 1510 (García Cárcel 1977:88). Again, the possible influences behind the large
range in δ15N exhibited by herbivores are discussed in Chapter 7, Section 7.1.2.
Species

No.

Ovicaprids
Cows
Domestic
Herbivores
Pig
Rabbit

7
2

Min
‐20.7
‐20.6

δ 13C (‰)
Max
Mean ±1σ*
‐19.3 ‐20.0 ± 0.6
‐19.9 ‐20.2

9
4
1

Min
3.0
6.0

δ 15N (‰)
Max
Mean ±1σ*
8.0 5.5 ± 1.8
9.0 7.5

20.0 ± 0.6
‐19.6
‐

‐17.0
‐

‐18.6 ± 1.2
‐21.8

6.0 ± 1.9
8.0
‐

9.6
‐

8.8 ± 0.7
4.6

Table 67: Summary isotopic data for animal samples from Christian period Valencia (13th14thC).
Standard deviations are calculated where the sample number was at least 3. * Where a species is
represented by one sample, the raw value is given. Domestic herbivores are cattle and ovicaprids.

The rabbit from Christian period Valencia possesses a more depleted δ13C than the domestic
herbivores, with a δ15N ratio that is at the lower end of the herbivore range. Thus, it is far
removed from the human values and therefore, although there is only one sample, it would
appear that rabbits did not make a major contribution to the diet of the Christian population
of Valencia. Chapter 7 (Section 7.1.4) contains further discussion of lagomorphs from the
entire dataset.
The four pig samples exhibit δ15N ratios with a tight range (1.6‰) that are higher than most
herbivores, which would suggest an input of animal protein to their diet perhaps in the form
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of household waste or food scraps. Pigs also exhibit a larger range of δ13C than the herbivores
(2.6‰). Two pigs in particular are enriched in carbon, with VCP4 having a δ13C ratio of
‐17.0‰. This suggests the input of a source of enriched carbon to the diet, potentially either
from C4 plants or marine protein. The wide range in herbivore δ15N values, some of which are
quite high, makes it difficult to distinguish between possible marine and terrestrial sources of
enriched carbon in these pigs. However, as the pigs have lower δ15N values than the majority
of humans, a C4 plant contribution to their diet is perhaps more likely. Altogether, the
enriched δ13C values of some pigs, coupled with their δ15N values that are higher than most
herbivores and on par with some humans, suggests they were subject to differing husbandry
regimes to the herbivores and could have been kept within the city. This perhaps reflects the
dominant Christian presence in Valencia during this period, when pigs would have gained a
new importance in the diet of the urban population.
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Figure 6-11: Scatter plot of δ15N and δ13C ratios (‰) of Christian humans (14th-15thC) separated by site plotted with animals of the
Christian period (13th-14thC) from Valencia. Marine fish from Albarracín and Gandía are plotted as the mean ± 1σ.
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Summary data for human samples is provided in Table 6‐8. Altogether, humans from
Christian Valencia possess a range of 2.5‰ in δ13C values between ‐19.3‰ and ‐16.8‰, and
a 9.1‰ range in δ15N, with values between 8.0‰ and 17.1‰. However, the wide range in
δ15N values is due to the presence of an extreme outlier, VSVC3622, with a high δ15N value
that is more than three standard deviations (3.3) from the population mean. Removing this
outlier leads to a much narrower range of 3.7‰ in δ15N with a maximum value of 11.6‰. As
a result, VSVC3622 is omitted from Table 6‐8 and any further statistical comparisons, as it
presents a misleading representation of the range in δ15N values in this population.
Site
San Andrés
San Vicente
ALL

Date
(centuries)
14th ‐ 15th
14th ‐ 15th
14th  15th

No.
4
14*
18*

Min
‐18.4
‐19.3
19.3

δ 13C (‰)
Max
Mean ± 1σ
‐18.1 ‐18.2 ± 0.1
‐16.8 ‐18.4 ± 0.7
16.8 18.4 ± 0.6

Min
10.5
8.0
8.0

δ 15N (‰)
Max
Mean ± 1σ
11.7
11.2 ± 0.5
11.6
10.4 ± 1.2
11.7
10.5 ± 1.1

Table 68: Summary isotopic data for medieval Christian human δ13C and δ15N from Valencia. *Omitting
sample VSVC3622, a possible nonlocal outlier.

On average, human δ13C and δ15N ratios are enriched compared to those of domestic
herbivores by 1.7‰ for δ13C and 4.6‰ for δ15N, which are within the upper ranges expected
for trophic level enrichment for both isotopes (Bocherens and Drucker 2003). Compared to
pigs, human δ13C and δ15N ratios are on average 0.2‰ and 1.8‰ higher, which is a little less
than the trophic enrichment expected for δ15N. This suggests that the majority of this
population did not eat pork in significant amounts. Altogether, these enrichment values
indicate that the population consumed a mainly C3 plant, terrestrial‐based diet which centred
on the consumption of herbivores and their products. However, there may be an additional
source of enriched carbon and nitrogen values to the diet in some individuals, perhaps from
pork or marine sources.
The low number of samples from San Andrés limits inter‐site comparison in Christian
Valencia. However, the four individuals from this cemetery do exhibit δ13C and δ15N values
that show less variation than those from San Vicente (Figure 6‐11). This may reflect the
differing nature of the two burial populations. San Andrés was one of the relatively wealthy
parishes in Valencia, where much of the population composed agricultural workers and
members of the bourgeoisie who gained their income from rents (Ruiz 2001:64). The
cemetery of San Vicente, on the other hand, related to a complex of buildings including a
church, a monastery, a hospital for the sick and a hospice for the poor, in addition to a
residence for retired functionaries of the king (Burns 1967:285). Therefore, individuals from
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a wider range of socio‐economic circumstances could have been buried in the cemetery of
San Vicente and this may be contributing to the wider range of diets apparent at this site
when compared to San Andrés.
A group of four humans from San Vicente have depleted nitrogen values around 8‰ to 9‰,
which are lower than the rest of the human population and similar to pigs and the highest
values exhibited by herbivores. This could suggest that these humans consumed little in the
way of animal protein and may identify them as low‐status individuals with limited access to
meat or other animal products. Significantly, the complex of San Vicente included a poor
hospice during this period who may have consumed little in the way of animal protein,
instead perhaps relying on legumes which could further serve to decrease their δ15N values.
Alternatively, since the San Vicente complex also contained a hospital, these individuals may
have had a restricted diet due to illness (Chapter 3). Either way, the variation in herbivore
δ15N values at this site makes it difficult to estimate the contribution animal protein made to
their diet.
Two individuals, VSVC3274 and VSVC3244, also from the San Vicente cemetery, have more
enriched δ13C ratios than the rest of the population, with values of ‐17.3‰ and ‐16.8‰.
These individuals may have been consuming more meat from pigs with enriched carbon
values indicative of a C4 plant contribution to their diet. VSVC3274 exhibits a δ15N value of
11.6‰, which is among the highest in the population, and, although the indirect consumption
of C4 crops through the consumption of pigs would cause such enrichment, it is possible that
enriched carbon values may be due to the consumption of marine fish. The San Vicente
complex also contained a monastery, but whether or not monks would have been buried in
this cemetery is unknown. If they were, they maybe had greater access to fish as a
substitution for meat on fast days (Chapter 3). Fishing would have been an important
economic activity in Valencia, however (see below), so the consumption of fish is unlikely to
have been restricted to monks.
One individual from San Vicente, VSVC3622, is a marked outlier from the rest of the
population from Valencia, with an enriched δ15N value of 17‰ that is highly unusual and
unmatched by any other published medieval adult from Europe. Hypotheses for enriched
nitrogen values in humans do not usually extend to δ15N values that would usually be
reserved for marine carnivores (e.g. Richards and Hedges 1999). The individual does not
exhibit a corresponding enrichment in δ13C, which rules out the consumption of marine fish.
However, this value is even higher than Mesolithic individuals from Lepenski Vir in Central
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Europe who are assumed to have gained their dietary protein primarily from consuming
freshwater fish from the Danube (Bonsall et al. 2004). It seems unlikely that a diet of
freshwater fish protein consumed in such quantities could be responsible, especially
considering the diet of the rest of the sampled population from Valencia, if the individual
originated from the city at all. The individual may, however, be a migrant from another
extremely arid area akin to that of the Dakheleh Oasis, mentioned above (Schwarcz et al.
1999; Dupras and Schwarcz 2001). The carbon value of this individual, at‐18.7‰, fits within
the range reported for adult humans from the Dakheleh Oasis where the mean δ13C of males
was ‐18.8‰ and females ‐19.1‰, while the nitrogen value lies in the lower end of the range
exhibited by adults there, between ~16‰ to >20‰ (Dupras and Schwarcz 2001).
Altogether, the hypothesis that the individual originated from an arid area seems the most
likely. The use of migratory isotopes could be used to explore this possibility more fully.
The overall lack of substantial marine fish consumption reflected in this dataset is somewhat
surprising given that historical sources attest to the importance of fishing for export to the
economy of Christian Valencia. For example, port archives of the 15th century mention 27
different types of marine and freshwater fish, all available depending on the season (Guiral
1989:381). Fresh fish either originated from the sea or brackish lagoons such as the Albufera,
where eels, shad and mullet in particular were fished (Glick 1970:29; Guiral 1989:381;
Blanco et al. 2003; Gallart et al. 2005:193, 204). The importance of the Albufera lagoon as a
significant source of fish is indicated by the Hospitalers settling over 100 Muslims in the area
of the lagoon to supply boatmen for 30 fishing ships in the 13th century (Burns 1975:30). The
isotopic results, however lead us to question how marine resources were exploited in
Valencia and the extent to which they contributed to the local diet.
It may be however, that the consumption of aquatic foods is difficult to detect in the isotopic
data. Fish from brackish waters tend to exhibit a range in δ13C that overlaps with freshwater
and marine fish collagen values (Grupe et al. 2009). It is therefore possible that fish from
coastal lagoons such as the Albufera may not have had δ13C values that were as enriched as
marine fish and would therefore not have caused a corresponding enrichment in human
consumer tissues. Analysis of medieval fish remains from Valencia would serve to elucidate
the expected isotopic values for fish from the city during this period. It is also recognised that
the dietary contribution of low trophic level marine fish and minor quantities of marine
resources is difficult to detect (Chapter 2; Garvie‐Lok 2001; Hedges 2004; Triantaphyllou et
al. 2008). This is especially problematic for Valencia where, as previously mentioned, the
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exploitation of C4 plant resources and their indirect contribution to the diet through the
consumption of animal protein may mask the marine protein signal.
In order to explore possible sex differences in diet in Christian period Valencia, males and
females from both sites are plotted together in Figure 6‐12. Males are slightly shifted towards
higher carbon values on this bivariate plot, which may suggest that they were consuming
foodstuffs enriched in 13C, such as marine fish or pigs fed on C4 resources when compared to
females. As males do not exhibit an associated increase in δ15N values, it would suggest that
the latter hypothesis is the most likely. The differences observed above however are not
statistically significant for either δ13C (Mann Whitney U=26, p=0.212) or δ15N (U=39.5
p=0.964).

Figure 612: Bivariate plot of δ15N and δ13C ratios (‰) of Christians from Valencia separated by sex,
both sites considered together.

Altogether, the isotopic data from Christian Valencia indicates:

•

Humans consumed a diet primarily based on C3 plant, terrestrial resources, with some
possible input of marine protein or C4 plants to the diets of some individuals. This again
emphasises the visibility of individual choice in diet using isotopic techniques;

•

Possible differences in diet according to socio‐economic status as suggested by a group
of individuals with low nitrogen values that may have had a corresponding lack of
animal protein in their diet;
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•

One definite outlier with a high nitrogen value who could either have had a diet that
consisted of mainly freshwater protein or, more likely, may be identified as a migrant
who had originated from an arid area;

•

No sex‐based differences in diet.

6.4.3 Valencia comparison
Herbivores and humans from both periods are plotted together for comparison in Figure
6‐13. The bivariate plot suggests that there are differences in both the herbivore and human
data between the two periods, particularly in the relatively enriched carbon values exhibited
by humans and animals in the Islamic period. These possible differences are explored and
discussed below.

Figure 613: δ15N and δ13C ratios (‰) of Islamic period humans (M, 11th13thC) and humans from the
Christian period (C, 14th15thC), plotted against means of herbivores from the Islamic (M) period
and mean of herbivores from the Christian period (C) from Valencia. Error bars indicate ±1σ.

When values for cows and ovicaprids are pooled to increase sample sizes and compared
statistically between periods, there is a significant difference between their δ13C values
(Mann Whitney U=21.5, p=0.013*), which implies that there were differences in livestock
practices between both periods. There were no significant differences between their δ15N
values, however (U=51.5, p=0.64).
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Historical evidence does not provide much detailed information about the continuity or
change in practices in livestock management between the Islamic and Christian periods in the
region of Valencia (Montalvo 1992). There is enough to suggest, however, that although there
may have been much continuity in agriculture and land management between the Islamic and
Christian periods, the scale of agriculture and animal husbandry differed (Glick 2005a:59).
During the Christian period, there was a shift in economic strategy away from the balance
between local herding and cereal farming found during the Islamic period, towards the less
intensive agriculture and development of large‐scale transhumance of flocks for exploitation
of wool, the latter culminating in the establishment of the Mesta in AD 1273 (Klein 1920:12;
Watson 1983:144; Glick 2005a:111). Written sources further suggest that there was increase
in the importance of livestock over agriculture over much of the Kingdom of Valencia
following the Christian conquest (Montalvo 1992). Although local transhumance of sheep
flocks probably did occur in Valencian territories during the Islamic period, it is in the
Christian period that huge transhumant sheep flocks were driven through the peninsula from
Aragón and Castile to the lowland pastures of southern Valencia (Klein 1920:157; Butzer
1988:39; Montalvo 1992:162). Similarly, cattle ranching, which involved the driving of herds
over large distances, had developed earlier in the northern Christian Kingdoms and was
introduced to Valencia in the 13th century. Historical records at this date indicate that cattle
herds from Valencia were driven to graze pastures some 170km to the south at Elche
(O’Callaghan 1975:478; Montalvo 1992:169). Therefore it would seem that there was a
greater focus in large‐scale animal husbandry in the Christian period, which could have
served to lessen variability in livestock practices and may have been behind the decline in the
variety of diet exhibited by herbivores in the Christian period when compared to that of the
Islamic period. For example, transhumant cattle and sheep flocks driven between summer
and winter grazing lands would have effectively fed on C3 pastures all year round which may
have led to a decline in C4 fodder fed to local sedentary animals. This would particularly have
been the case at times of the year when there was only poor quality local pasture available.
Caution should be exercised, however, as herbivores from each period are represented by
small sample sizes. In addition, some researchers play down the impact that transhumance
would have had on local economies and livestock husbandry after the Christian Reconquest
(e.g. Butzer 1988). To determine whether the differences in livestock practices suggested
here is truly significant, further samples would need to be analysed from different quarters of
the city.
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Moving on to compare the humans from Islamic and Christian Valencia, as the figures in
Table 6‐9 and the bivariate plot in Figure 6‐13 indicate, the human population of Valencia
during the Islamic period exhibits almost double the range in both δ13C and δ15N than
populations in the later Christian period. Statistical analysis reveals the difference in variance
in δ13C values between Christians and Muslims is statistically significant (two‐sample
Kolmogorov‐Smirnov z=1.451, p=0.030*) and differences in δ15N values between the two
periods are statistically significant (Mann Whitney U=216, p=0.027*). This supports the
observation that population during the Islamic period had more variable δ13C ratios, with a
tendency towards enrichment and elevated δ15N values overall when compared to the
Christian period.
Period

Islamic
11th – 13th
Christian
14th – 15th

No.
Min

δ 13C (‰)
Max
Range

Mean ±
1σ

Min

δ 15N (‰)
Max
Range

38

‐19.8

‐14.2

5.6

‐17.7 ± 1.3

9.3

16.6

7.3

11.5 ± 1.4

18*

‐19.3

‐16.8

2.5

‐18.4 ± 0.6

8.0

11.7

3.6

10.5 ± 1.1

Mean ±
1σ

Table 69: Summary isotopic data for human populations from the Islamic and Christian periods in
Valencia. * Omitting sample VSVC3622 with an unusually high δ15N value.

Depleted carbon values among humans during the Christian period might suggest a decrease
in the exploitation of C4 plants by Christians following the Reconquest. This is in parallel with
the results from the herbivores compared above. The Christian population of Valencia after
the Reconquest comprised an overwhelming majority of settlers from the northern Christian
kingdoms who were encouraged to migrate by reduced taxes and enhanced privileges (Burns
1975; Ruiz 2001; Glick 2005a). Written sources suggest that C4 plants were regarded as
minority crops in these regions and that rye, a cereal more suited to the colder northern
climes, replaced the role that sorghum played in the south (Aguilera 1991:9; Glick 1982:82;
see Chapter 3). As a result, the consumption of C4 crops such as sorghum may have decreased
after the Reconquest, at least among the urban Christian population, despite occasional
references to these crops in historical documents of the period (Rubio 1995:162). Sorghum,
in particular, was purportedly held in low regard and was eventually replaced by maize in the
17th century (Butzer et al. 1985:500). This crop, which originated in North Africa and was
introduced by Muslims into Europe (Watson 1974), may have been ascribed cultural
significance as a ‘Muslim’ foodstuff in a similar manner to the meat of dromedaries and use of
olive oil rather than lard in cooking, (Chapter 3). As a result it may have been little used by
the new urban Christian population.
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By contrast, part of the isotopic variability exhibited by the Muslim population of Valencia
may also be due to a greater presence of non‐locals in the city, especially those from more
arid areas (potentially causing enrichment of δ15N values) where C4 crops were cultivated,
such as North Africa. During the Islamic period, al‐Andalus was orientated towards the
southern and eastern Mediterranean, particularly in terms of trade and maritime occupation
(Constable 1994:14). This situation was altered when Christians held much of the Iberian
Peninsula from the 13th century onwards which, in turn, led to a re‐orientation of trade away
from the Muslim world towards northern Christian Europe (Constable 1994:3; Hunt and
Murry 1999:83‐84; Glick 2005a:138). Some trade links with the Sultanate of Granada and the
Islamic Maghreb did continue, however (Salicrú 2001). This major reorganisation of trade
routes had an impact on the origin of travellers, merchants and traders present in the city
and could have led to a decline in peoples arriving from areas in North Africa with enriched
isotope carbon and nitrogen values.
The differential consumption of marine fish should also be taken into account. Consumption
of marine fish in both periods is likely, although the higher number of individuals with
enriched carbon and nitrogen values in Islamic Valencia may indicate greater consumption in
this period. Little is known about the fishing industry in al‐Andalus and the industry is
thought instead to have undergone something of a revival in the later Christian period
(Gallart et al. 2005). As reviewed in Chapter 3, historical evidence does not suggest why
marine fish would have been consumed more in the Islamic period rather than the Christian
period, indeed dietary laws imposed on Christians would tend to suggest the opposite.
Conducting complementary analysis of carbonate from bone or tooth enamel could help to
distinguish between marine fish and a C4 plant signal as possible sources of δ13C enrichment
between consumers (Kellner and Schoeninger 2007). However, as stated in Chapter 2, due to
concern over issues surrounding diagenesis of bone apatite, the mineral fraction of bone was
not sampled for this thesis. Techniques utilising compound‐specific analysis of bone collagen
amino acid δ13C may also identify diets with high marine protein input (Corr et al. 2005).
These techniques are however beyond the limits of the current study.
Altogether, the isotopic results presented here seem to support the historical evidence
discussed in Chapter 3 for a potential change in diet and subsistence in the Christian period
compared to the preceding Islamic period, at least in the city of Valencia.
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To summarise, comparison of isotopic data from Islamic and Christian Valencia indicates:

•

Differences in both human and animal data between the Islamic and Christian periods,
which are probably the result of a complex inter‐play of factors;

•

A possible decrease in the cultivation of C4 crops during the Christian period and
perhaps a greater reliance on marine protein by some individuals during the Islamic
period;

•

A change in livestock and agricultural practices, which could be related to the
emphasis placed on large commercial crops and flocks during the Christian period
rather than the previous balance between local herding and cereal farming, which
would lead to greater variety in isotopic values for herbivores during the Islamic
period.

6.5 Gandía
Results for both human and faunal data are plotted together in Figure 6‐14. Data and
summary statistics for the animal dataset are provided in Table 6‐10. Animal data from
Benipeixcar is separated both between species and within species. Ovicaprids form an
unusually tight group with mean δ13C and δ15N values of ‐19.3 ± 0.2‰ and 4.0 ± 0.8‰
respectively. The ovicaprid group as a whole has low δ15N and δ13C values that are quite
distinct from the human population, indicating that the humans analysed in this study did not
generally consume the ovicaprids or products derived from them in any significant quantity.
These ovicaprids may therefore have been kept for other purposes than food, such as their
wool in the case of sheep, which had become an important economic product during this
period in Spain (Montalvo 1992:167; Glick 2005a:105). This supports the evidence from
archaeozoological analysis at this site (Dolores 2000, Chapter 4) and may reflect the growing
economic importance of sheep for their wool rather than meat.
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Species

No.
Min

Ovicaprids
Cows
Herbivores
Chickens
Pig
Cats
Marine fish
(Tope shark)

9
5
14
4
1
3
1

‐19.5
‐20.1
20.1
‐17.5
‐
‐16.3
‐

δ 13C (‰)
Max
Mean
±1σ*
‐19.1 ‐19.3 ± 0.2
‐14.3 ‐17.8 ± 2.8
14.3 18.8 ± 1.7
‐13.3 ‐15.8 ± 2.1
‐
‐17.8
‐15.5 ‐16.1 ± 0.5
‐

‐12.4

Min
2.9
5.7
2.9
8.4
‐
8.1
‐

δ 15N (‰)
Max
Mean
±1σ*
5.6
4.0 ± 0.8
8.5
7.0 ± 1.2
8.5
5.1 ± 1.8
10.2
9.3 ± 1.8
‐
6.6
9.1
8.7 ± 0.5
‐

9.9

Table 610: Summary isotopic data for animals from Benipeixcar dating to the 15th16th centuries.
Standard deviations are calculated where the sample number was at least 3. * Where a species is
represented by one sample, the raw value is given. Domestic herbivores are cattle and ovicaprids.

Cattle, on the other hand, display more enriched δ15N values than the ovicaprids, with values
between 5.7‰ and 8.5‰. They also exhibit greater variation in δ13C, with a range of 5.8‰
and values between ‐20.1‰ and ‐14.3‰, indicating that different management strategies
were in place for domestic herbivore species at this site. The isotopic values of cattle are so
removed from those of humans that it seems that they too did not contribute significantly to
the protein sources in the diets of the humans at Gandía or Benipeixcar. The cattle can be
separated by their δ13C values, and two cows, GBC1 and GBC4, possess enriched carbon
values of ‐15.2‰ and ‐14.3‰, indicative of a significant input of C4 plants to their diet. The
remaining cows exhibit depleted δ13C values that signify a diet based on predominantly C3
plants. This separation of cattle δ13C values suggests differing management and feeding
regimes for the same species. This patterning may reflect a differentiation in animals left to
graze on local C3 pastures and others that were deliberately fed C4 plants. If anthropogenic
enrichment of soil

15N

around human settlements is a common phenomenon (Hedges et al.

2005; Hamilton et al. 2009; Commisso and Nelson 2010), the differences in nitrogen values
between ovicaprids and cattle may be indicative of the latter being kept in close proximity to
settlements, while sheep were pastured elsewhere. The sheep specimens may also have
derived from the non‐local long‐range transhumant flocks that grazed designated pastures
different to those set aside for local animals (Smith 1979:234). A similar pattern in livestock
herding to that proposed here is reported after the Christian conquest among the Muslim
community in the mountains of the Sierra de Espadán, north of Valencia. Livestock at this site
derived from both small, locally owned herds and large inter‐regional flocks that grazed
seasonally (Butzer et al. 1986).
The evidence from Valencia (discussed above), suggests that C4 plants such a millet and
sorghum were used to fodder animals during the medieval period in Valencia and its
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territories. In Gandía, however, there is the additional possibility that the C4 signature in
some cows could be from sugarcane, which was being grown by the mudéjares of Benipeixcar
for the Duke of Gandía during this time. The 12th century Muslim agriculturalist Ibn
al’Awwam, mentions in his Treatise on Agriculture that the by‐products of sugarcane such as
molasses and discarded cane made excellent cattle fodder (Ibn al‐Awwam 1802). Almost all
waste products can be used as fodder for cattle and pigs (Daniels and Daniels 1993; Yadar
and Solomon 2006). Later historical accounts of sugar processing in Jamaica in the 18th
century indicate that draft animals fed greentops improved during the season of sugar
processing, as sugarcane is highly calorific and fattening (Daniels and Daniels 1993). It is
therefore highly likely that this readily available resource would have been exploited for
animal fodder at Gandía and that sugarcane represents at least some of the C4 contribution to
the diets of certain cattle, perhaps those kept as draft animals who were put to work in sugar
cane fields and mills. It should be noted that animal bone analysis conducted at Gandía did
not mention any abnormal level of dental disease/caries in cattle, as might be assumed for
cattle eating large quantities of sugarcane. However, although the consumption of refined
sugar does cause dental caries, sugarcane in its natural state contains calcium sucrose
phosphates that actually protect against tooth decay. An increased incidence of caries is
therefore not to be expected (Daniels and Daniels 1993).
Returning to the isotopic data for the remainder of the animals sampled from Gandía, four
chicken samples possess enriched δ15N, around 8‰ to 10‰ and a wide range in δ13C values
of about 4‰ between ‐17.5‰ and ‐13.3‰. Two chickens, GBGa1 and GBGa5, appear to have
had a significant C4 plant contribution to their diet, with δ13C values of ‐14.9‰ and ‐13.3‰
respectively. As discussed previously for Islamic Valencia, C4 crops such as millet and
sorghum made excellent feed for poultry. The other two chickens, on the other hand,
consumed a mainly C3 plant based diet. These chickens may have been kept in different areas
or households of the settlement, and therefore had access to, or else had been fed, different
foodstuffs, either that or certain chickens were procured from a market and therefore
originated from elsewhere.
The one pig sample has a δ15N signal comparable to that of the herbivores, indicating that was
perhaps unlikely to have been kept within the settlement and fed waste from human
consumption. Its enriched δ13C value of ‐17.8‰ suggests some contribution of C4 plants to its
diet, but not in the substantial amounts indicated by some cattle and chickens.
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The cat specimens had enriched δ15N and δ13C values indicative of carnivores but also hint at
the contribution of enriched carbon to the diet, either from C4 plants or from marine fish. Cats
were often to be found on human settlements, and were useful for catching rodent pests
(Salisbury 1994:14). Although the cats may have been fed or scavenged scraps from human
consumption that may have included marine fish, it is also extremely likely that the cats were
consuming rodents such as rats and mice. In turn, it seems likely the rodents had been
consuming C4 grain from stores or marine fish from human refuse. This further underlines
the presence of C4 plants at this settlement.
One fish vertebra was sampled from Benipeixcar, identified as a Tope shark, a fish common to
the Mediterranean (Froese and Pauly 2009). This specimen plots with the enriched δ13C and
δ15N values expected for a marine fish, although the carbon ratio is slightly depleted
compared to the fish sampled from Albarracín (Figure 6‐14). For further discussion of this
fish sample in the context of other examples, see Chapter 7, Section 7.1.5.
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Figure 614: Scatter plot of δ15N and δ13C ratios (‰) of Christians from the Colegiata, Gandía (13th16th) and mudéjares and animals from Benipeixcar (15th16thC).
Marine fish from Albarracín.
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Summary data for both humans from Gandía and Benipeixcar is included in Table 6‐11. This
indicates that some individuals in both populations register enriched carbon values
suggestive of a measurable dietary input of C4 plants and/or marine protein. The most
depleted δ13C values, suggestive of a mostly C3, terrestrial‐based diet, are also exhibited by
Christian individuals from Gandía.
Human values from both Gandía and Benipeixcar are on average 2‰ higher in δ13C and
5.4‰ more enriched in δ15N than the means for herbivores. The dietary spacing between
humans and herbivores is wider than might be expected for trophic level enrichment
(Bocherens and Drucker 2003). This implies that both populations also consumed other
enriched sources of 15N and 13C, perhaps including chickens and their eggs, pork and marine
fish. Those individuals with the highest δ13C and δ15N values may have consumed marine fish
in more substantial quantities.
Period
(Centuries)

No.
Min

δ 13C (‰)
Max
Range

Mean ±
1σ

Min

δ 15N (‰)
Max
Range Mean ± 1σ

Gandía
Christian
13th‐16th

24

‐18.7

‐15.0

3.8

‐17.2 ± 1.0

8.8

12.0

3.2

10.3 ± 0.8

Benipeixcar
Mudéjar
15th‐16th

20

‐18.0

‐14.2

3.7

‐16.4 ± 1.0

9.2

11.9

2.8

10.7 ± 0.6

Table 611: Summary data for humans from Gandía and Benipeixcar.

Despite the relatively small difference (<1‰) in absolute means for δ15N and δ13C between
the populations of Christians and mudéjares from Gandía and Benipeixcar, statistical analysis
indicates that the distribution of their δ15N and δ13C values is statistically different (two‐
sample Kolmogorov‐Smirnov z=1.486, p=0.024* and z=1.486, p=0.024* respectively). The
plot in Figure 6‐14 indicates that mudéjares tend to have more enriched δ13C and δ15N values
than Christians, however, the overlap in nitrogen values is such that it is difficult to tease out
a significant trend. Subtle differences in diet between Christians and mudéjares may be due to
a number of factors, discussed below.
Enriched δ13C values exhibited by mudéjares could indicate that this community relied more
heavily on C4 plants, both for their own consumption and for their animal fodder. Again, if C4
crops were truly low‐status foodstuffs, this dietary difference may be related to socio‐
economic differences. The isotopic data may be indicating the subtle dietary differences
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between the urbanised town of Gandía and the rural village of Benipeixcar in terms of access
to crops. Historical sources indicate the Duke of Gandía instructed the Muslim workers on his
land to farm sugarcane due to its profitability. This in turn led to such a shortage of staple
crops such as wheat that they then had to be imported from Valencia (Aparisi et al. 2009). If
there was such a shortage of C3 crops in the region, it may be proposed that the Christian
inhabitants of Gandía would have had more access to staple crops such as wheat brought in
from Valencia, with the rural mudéjar population falling back on the cultivation and
consumption of hardy C4 crops. A similar emphasis on C4 crops is seen among mudéjar
populations in the Sierra de Espadán in the north of the kingdom of Valencia in the 14th to
16th centuries. Written records and archaeobotanical evidence indicates that these
communities relied on the cultivation of millets and sorghum in particular, which may have
been related to the ‘social segregation’ of these Muslims in relation to Christians in the region
during this period (Butzer et al. 1986:372). This in turn may be linked to the deterioration of
the social standing of Muslims after the Christian Reconquest (Ruiz 2001).
In addition, the mudéjar population of Gandía was closely involved with sugarcane cultivation
and processing and as a result it is probable that they not only foddered their animals on
bagasse and green tops, but also consumed sugarcane directly themselves. It is common
practice for workers on sugarcane plantations to chew on canes and consume the juice;
inquisitorial records specifically indicate this was a practice common among mudéjares in the
16th century (Galloway 1989:16; Ehlers 2006:96). As sugarcane has an extremely low protein
content, however, it would remain under‐represented in bone collagen when compared to
high protein foodstuffs such as meat and therefore human individuals with enriched carbon
values may have largely obtained their C4 plant signatures indirectly through the
consumption of animals raised on them. Possible foddering of cattle with sugarcane has been
discussed above. Direct consumption of sugarcane has, however, been claimed to be
detectable from analysis of the apatite fraction of bone (Ambrose et al. 1997).
Differential consumption of marine fish is also one possible source of variation between the
Christian and mudéjar populations. It is possible that cheaper fish would have been available
and utilised by the community. For example, the Tope shark found at the site was
purportedly one of the cheaper marine fishes of the time (Malpica 1984). Fish and eggs are
also specifically mentioned as foodstuffs that moriscos would turn to after the prohibition of
Muslim butchery practices in the 16th century meant that Halal meat was not available, at
least by legal means (Ehlers 2006).
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Another factor may have been possible diachronic changes in diet. The sampled Christian
population of Gandía cover a period of four centuries (13th to 16th centuries), whereas
mudéjares from Benipeixcar derive from two centuries (15th to 16th centuries). Potential
changes in diet between the 13th and 16th centuries may account for some of the difference
seen in the diet. For example, meat rose in price in the Kingdom of Valencia during 16th
century, to the extent that the King prohibited the slaughtering of animals several times after
AD 1525 (García Cárcel 1977:100). Perhaps, if there was a true scarcity of meat, this may
have caused greater reliance on other protein sources such as marine fish and chickens and
their eggs during this century. This in turn could have led to enrichment in carbon values (if
chickens were consuming C4 plants) and nitrogen values.
The plots in figures Figure 6‐15 and Figure 6‐16 explore intra‐population variation in diet by
sex at Gandía and Benipeixcar respectively. At Gandía, the mean δ13C and δ15N values
exhibited by females are ‐17.4 ± 0.8 ‰ and 10.2 ± 0.8 ‰ respectively and for males, ‐17.1 ±
1.2 ‰ and 10.3 ± 0.8 ‰ respectively. Males and females are thus very close in their mean
values for both isotopes and the plot in Figure 6‐15 does not suggest any particular trend in
diet by sex. Statistical analysis also indicates that there is no difference between the δ13C and
δ15N values between males and females in Gandía (Mann Witney U=61.5, p= 0.544 for δ13C
and U=62.5, p= 0.583 for δ15N).

Figure 615: Scatter plot of δ15N and δ13C ratios (‰)Christians separated by sex from Gandía.
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Unfortunately, there were too few males to conduct statistical analysis for comparison of diet
between the sexes in Benipeixcar. The plot in Figure 6‐16 indicates the five male individuals
cluster closely together with δ13C values around ‐18.0‰ to ‐17.0‰ and all individuals with
δ13C values >‐17.5‰ are female. However, it is possible that this clustering is due to the
under‐representation of males in the sample, rather than any true dietary difference between
the sexes.

Figure 616: Scatter plot of δ15N and δ13C ratios (‰) of humans separated by sex from Benipeixcar.

The possibility that the consumption of maize (a C4 crop) could have contributed to the
enriched δ13C values of humans and animals from Gandía and Benipeixcar should be
explored. These samples collectively date between the 13th‐16th centuries, covering the
century after the introduction of maize to Spain following the first voyage by Columbus to the
Americas in AD 1492. Although the dissemination of maize across Europe was rapid, its
importance as an economic crop was not by any means immediate and was initially restricted
to certain areas of Europe, namely north‐west Spain, Portugal and northern Italy. During the
first half of the 16th century, it remained a minor crop in many areas and was grown only in
botanical gardens (Sauer 1976: 824). The first images of maize in Europe, for example, derive
from the villa of a wealthy banker in Italy dating to between AD 1515 and 1517 (Janick and
Caneva 2005; Figure 6‐17). In Andalucía and Valencia, maize did not become a dominant
cereal until the 17th and 18th centuries (Sauer 1976: 824; Crosby 2003:179). Evidence for the
timing of the introduction of maize into the Kingdom of Valencia is derived from two
principal historical chronicles: one dated AD 1564 the other dated AD 1610. The first does
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not distinguish maize from sorghum or millet; the second mentions ‘maíz’ or ‘adaça de las
Indias’. Despite the difficulties surrounding the contemporary terminology for millet,
sorghum and maize, this evidence has been taken to indicate that maize was introduced into
Valencia at some point between c.1564 and c.1610 (Gomez 1974). Altogether, on the basis of
the above information, maize is ruled out as a potential source of C4 protein as it was not
widely adopted until after the 16th century in the area in question. It will therefore not be
discussed further.

Figure 617: Painting of maize from Villa Farnesina, Italy dating to between AD 15151517. The villa
contained a garden of rare plants (From Janick and Caneva 2005:74).

Altogether, isotopic results from the human and animal population of Benipeixcar and the
humans from Gandía indicate:

•

Both the Christian population from Gandía and the mudéjares from Benipeixcar
consumed significant amounts of C4 plants directly and/or indirectly, with some
individuals exhibiting enrichment in both carbon and nitrogen suggestive of a potential
input of marine protein into their diets;

•

Differences in both carbon and nitrogen values between humans from both sites, a
feature which may be linked to the differing ‘status’ of the two populations. mudéjares
may have had more limited access to C3 plants such as wheat due to their lower status
at this time. Alternatively, differences may stem from closer proximity of mudéjares to
the cultivation and processing of sugarcane, a C4 crop or to the greater consumption of
marine fish;

•

No differences in diet between the sexes at either site, although comparison between
the sexes in Benipeixcar was confounded by an under‐representation of males in the
sampled population;
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•

Isotopic values of animals from Benipeixcar showed a degree of separation by species,
ovicaprids possessing more depleted carbon and nitrogen values when compared to
cattle. The latter are proposed to have grazed non‐local pastures;

•

Isotopic variability amongst cattle. This indicates that certain animals were fed
significant amounts of C4 plants, which may be linked to their possible use as traction
animals in sugarcane agriculture.
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7 COMPARATIVE AND THEMATIC DISCUSSION
Following on from the previous chapter, in which data from medieval humans and animals
within the dataset were discussed separately by site, this chapter takes a broader view of
dietary patterning between sites. In addition, to provide a Mediterranean and European
context, animal and human data will be compared against other published studies of
medieval populations from the Mediterranean and Europe. The chapter concludes with an
exploration of evidence for medieval diet in Spain by considering the factors of faith, status,
sex and age (Chapter 3). Initially, however, this chapter begins with an exploration of isotopic
data from the animals across all the sites sampled in this study.

7.1 Animal data across all sites
The following discussion of animal values will focus on comparison between domestic
herbivores as this group make up the majority of the animals sampled and are probably the
most significant in terms of human diet. The diets of omnivores such as pigs, domestic fowl
and carnivores were discussed in Chapter 6 and interpreted in relation to the herbivore and
human values at each site. General trends exhibited by isotopic data from fish and
lagomorphs will be explored later in this chapter.

7.1.1 Domestic herbivores
In order to compare domestic herbivores across all regions, and thus investigate differences
in diet due to location (north/south, inland/coastal) and husbandry, it is necessary to explore
any possible systematic differences in feeding practices between the sheep, goats and cattle
sampled in this study.
As outlined in Chapter 6, an effort was made during sampling to distinguish goat and sheep
bones in order to explore differing husbandry strategies for these economically important
species and perhaps reveal dietary differences between browsers and grazers. Unfortunately,
only a small proportion of the 54 ovicaprid bones sampled could be identified to species, with
only two specimens identified as goats and 10 identified as sheep. As a result, comparison
between the two species was not possible. Only one study from the Mediterranean has
reported slight differences between sheep and goats; a sample from 11th century Crete in
which goats exhibited more variable isotopic values than sheep, with δ13C values that
suggested a possible input of C4 resources (Bourbou and Richards 2007). This is not likely to
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have been the case for sheep and goats in this study, as naturally occurring C4 plants are not
common in Spain (Collins and Jones 1985).
Data for goats and sheep are thus combined with those of other ovicaprids in order to
examine possible differences in feeding practices between ovicaprids and cattle. Summary
data for ovicaprids and cattle are presented in Table 7‐1 below and a scatter plot of the δ13C
and δ15N ratios can be found in Figure 7‐1.
Species
Ovicaprids*
Cattle
ALL*

No.
54
25
79

Min
‐20.7
‐20.5
20.7

Max
‐17.9
‐14.3
14.3

δ 13C (‰)
Range
2.8
6.2
6.4

Mean ± 1σ
‐19.5 ± 0.7
‐18.9 ± 1.7
19.3 ± 1.1

Min
2.8
2.5
2.5

Max
10.1
9.8
10.1

δ 15N (‰)
Range
7.3
7.3
7.6

Mean ± 1σ
5.9 ± 1.9
6.7 ± 2.0
6.2 ± 2.0

Table 71: Summary isotopic data for all medieval cattle and ovicaprids. *Excludes ovicaprid from
Zaragoza, ZMO1, see text.

The means for cattle and ovicaprids are close, with a difference of <1‰ in δ13C and δ15N
between the two groups (Table 7‐1). The majority of cattle and ovicaprids also have a similar
range in values for both isotopes, although the cattle from Islamic Valencia and Gandía with
enriched δ13C values indicative of a C4 input into their diets are outliers, seen in the bivariate
plot in Figure 7‐1. The plot in Figure 7‐1 also demonstrates the highly unusual nature of a
single ovicaprid from Zaragoza (ZMO1), which plots with highly enriched δ13C and δ15N
values. As it is uncertain if this animal was local to Zaragoza or the Ebro Valley (Chapter 6),
this sample is omitted from any statistical calculations.
Statistical comparison indicates there is no significant difference between cattle and
ovicaprids in terms of δ13C (Mann Whitney U=529, p=0.572), but the distribution of their
δ15N values differs significantly (2 sample Kolmogorov‐Smirnov Z=1.432, p=0.033*). This
indicates that, although cattle and ovicaprids have similar means for δ15N, cattle tend towards
higher δ15N values. This suggests that these species were managed under slightly different
husbandry regimes as might befit their very different roles in agriculture and food
production. For example, cattle may have been kept closer to human settlements (which
could increase the δ15N values of their tissues, see below), or been separated from the rest of
the herds. As previously discussed in Chapter 7, plough oxen in particular were considered
especially valuable and as a result could be segregated from other animals to provide them
with ‘prime’ pasture (Montserrat and Fillat 1990; Butzer 1996).
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Although written sources allude to the highly diversified nature of stock rearing in Iberia
(Butzer 1988), historical evidence for animal management in medieval Spain is scarce in
comparison to agricultural texts (Álvarez de Morales 1990). In addition, the written sources
are more often than not based on Arabic translations of classical sources, such as the 12th
century Treatise on Agriculture composed by Ibn al‐Awwam. The practical ‘on the ground’
application of animal husbandry strategies recommended in such texts during the medieval
period is somewhat debatable, especially given their limited dissemination. The isotopic
results presented here, on the other hand, provide direct evidence for the differences in the
management of domestic herbivores. This demonstrates the utility of isotopic analysis of
animal remains, not only to provide a context with which to interpret the diet of humans, but
also in providing direct evidence for animal husbandry and long‐term feeding strategies.

Figure 71: Bivariate plot of δ13C and δ15N (‰) ratios of cattle and ovicaprids from all sites. Outlying
ovicaprid from Zaragoza labelled (ZMO1).

7.1.2 Intersite comparison
Summary data for domestic herbivores from each site is provided in Table 7‐2 and the means
and standard deviations are plotted in Figure 7‐2. Despite the small differences between
ovicaprids and cattle, data from these species are combined to produce larger sample sizes.
Both the table and the plot demonstrate that there is a substantial overlap in herbivore
values across all sites; wide ranges in δ15N values, in particular, are exhibited by herbivores at
all locations. Benipeixcar, Islamic Valencia and Zaragoza, however, exhibit broader ranges in
δ13C values than other sites. Herbivores from Barbastro are also somewhat separated from
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the main group of sites and possess a more limited range in carbon and nitrogen ratios.
However, there are only a small number of samples from this site (n=3).
Site and
period
(centuries)
Barbastro
11th
Huesca
12th
Zaragoza*
11th‐13th
Albarracín
11th‐e.12th
Valencia
11th‐13th
Valencia
13th‐16th
Benipeixcar
15th – 16th

No.
Min

δ 13C (‰)
Max
Range

Mean ± 1σ

Min

δ 15N (‰)
Max
Range

3

‐18.5

‐17.9

0.6

‐18.1 ± 0.3

7.9

8.4

0.5

8.2 ± 0.3

9

‐20.1

‐18.7

1.4

‐19.5 ± 0.5

3.5

8.8

5.3

6.8 ± 1.9

15

‐20.2

‐17.9

2.3

‐19.2 ± 0.7

3.2

10.1

6.9

7.3 ± 2.1

17

‐20.3

‐19.0

1.3

‐19.8 ± 0.4

2.6

8.9

6.3

5.8 ± 1.5

13

‐20.4

‐15.8

4.6

‐18.9 ± 1.3

2.5

9.7

7.2

6.4 ± 2.3

9

‐20.7

‐19.3

1.4

‐20.0 ± 0.6

3

9

6.0

5.9 ± 1.9

14

‐20.1

‐14.3

5.8

‐18.8 ± 1.7

2.9

8.5

5.6

5.1 ± 1.8

Mean ±
1σ

Table 72: Summary δ13C and δ15N data for domestic herbivores from each site. * Excluding ZMO1 that
may have been a nonlocal ovicaprid.

Figure 72: Bivariate plot of mean of δ13C and δ15N (‰) ratios of all medieval domestic herbivores (cows
and ovicaprids). The outlying ovicaprid from Zaragoza is excluded. Error bars signify ±1σ.

In order to examine inter‐site variations more closely, herbivore values are plotted in
separate box plots for δ13C in Figure 7‐3 and δ15N in Figure 7‐4, in order of geographical
location, from north to south and inland to coast. These plots identify outliers and reveal that,
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as expected, the wide range in δ13C exhibited at Benipeixcar and Islamic Valencia is due to the
presence of cattle with significantly enriched carbon values compared to the remainder of the
herbivore population. Comparing the interquartile range of herbivores sampled across all
sites indicates that there is no geographic trend in δ13C ratios. C3 plants dominated the diet of
herbivores across all sites, a possible supplementary contribution of C4 plants to the diets of
herbivores is not restricted to the south, but also present in the north, at Barbastro and
Zaragoza. Herbivores from Albarracín and Christian Valencia on the other hand, were raised
on a diet of C3 plants alone. Statistical comparison between the δ13C values of herbivores
across all sites (omitting Barbastro with its small sample size) is provided in Appendix D,
Table D.1. The herbivores from Albarracín are significantly different in terms of their δ13C
values from herbivores in Islamic Valencia, Zaragoza and Benipeixcar (to the <0.005*** level
in the case of Zaragoza and Benipeixcar), all of which have more elevated carbon values than
Albarracín. In turn, Zaragoza and Christian Valencia differ significantly from Islamic Valencia,
which again has more enriched carbon values. Herbivores from Christian Valencia are also
significantly depleted compared to herbivores from Benipeixcar.

Figure 73: Box plots for herbivore δ13C (‰) ratios. The whiskers indicate the range of values, the boxes
represent the interquartile range (50%) of the values and the horizontal lines show median
values. Labelled individuals are statistical outliers at each site. Site dates are in centuries. Sample
numbers from left to right, 3, 14, 16, 13, 9, and 14.

Herbivore nitrogen values, on the other hand, show greater similarity, with a wide range in
nitrogen values exhibited at all sites and no outliers present. However, the bulk of herbivores
from Benipeixcar possess lower nitrogen values than those from other sites. Statistical
comparison (Appendix D, Table D.1) indicates that differences in nitrogen are significant
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between herbivores from Zaragoza and those from Benipeixcar and Albarracín, with
herbivores from Zaragoza having more enriched nitrogen values than both the other sites.

Figure 74: Box plots for herbivore δ15N (‰) ratios. Site dates are in centuries. Sample numbers from left
to right, 3, 15, 16, 13, 9, and 14.

Wide ranges in herbivore nitrogen values, up to around 5‰ are not unusual in
archaeological data (e.g. Jay and Richards 2007); however, the ranges exhibited from Spanish
sites are particularly broad (>5‰) and consistently so across almost all sites. This is due to
the presence of herbivores with very low nitrogen values of around 2.5‰ to 3‰ alongside
others with δ15N values between around 8‰ and 10‰, which are exhibited by around a
quarter of the herbivore dataset (Figure 7‐1). At the sites of Huesca, Zaragoza and Islamic and
Christian Valencia, herbivore δ15N actually overlaps with that of humans (Chapter 6). Values
such as these are infrequent in published studies, although this may be an artefact of
sampling. Few studies analyse more than a small selection of herbivores when undertaking
isotopic studies of medieval populations (Chapter 2).
The wide range in herbivore nitrogen values is again indicative of a range of geographic and
environmental origins and long‐term feeding strategies amongst herbivores across all sites.
To some extent, this is to be expected in animals from large urban centres that would have
drawn on a wide catchment of resources (Chapter 3, Section 3.1.4). The lowest nitrogen
values in herbivores are hypothesised to have been the result of the consumption of
leguminous fodder (Chapter 6), or the grazing of different geographic areas characterised by
low nitrogen values, such as the leguminous pastures which are common in many areas of
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Spain (Butzer 1996; Montserrat and Fillat 1990). Such pasture may have been purposefully
sought out for dairy animals, because consumption of leguminous plants can stimulate a good
milk yield (Smith 1979:234). High nitrogen values, on the other hand, may be due to a variety
of environmental and anthropogenic factors mentioned previously in Chapter 2 and
discussed further below.
Firstly, where high δ15N values for herbivores have been reported in the literature, the
possibility of the persistence of the weaning effect is usually considered (e.g. Keenleyside et
al. 2009; Jay and Richards 2006). Investigation of animal age and δ15N values was attempted
animals sampled from sites in this study. Due to a lack of complete mandibular tooth rows,
however, there were only a small number of samples that could be aged across all sites, and
only ovicaprids and pigs could be examined. The raw values for those pigs and ovicaprids
that could be aged are presented in Appendix C, Table C.2. To detect any systematic trends in
the age of animals and their δ15N values, the data from all sites are therefore pooled, with
ovicaprids and pigs plotted separately on Figure 7‐5. With the caveat that animals from
different periods and geographic regions are represented here, the graphs indicate that there
is no systematic trend in δ15N of either ovicaprids or pigs by age of mandibles sampled, even
in juvenile ovicaprids aged between 2 to 6 months. Only one juvenile ovicaprid exhibits a
δ15N value higher than that of adults, a signature which could correspond to a trophic level
increase related to suckling. Age information is unfortunately lacking for the great majority of
the herbivores with high δ15N values in the dataset and although very small and unfused
mammal bones were not sampled, the possibility that there are some young individuals in the
dataset with a persisting weaning signal cannot entirely be ruled out. On the basis of the
limited evidence presented here, however, the conclusion must be that persistence of the
weaning signal is not the principle factor behind nitrogen enrichment of herbivore values at
these sites.
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Figure 75: Plots of δ13C and δ15N (‰) of ovicaprids (top) and pigs (bottom) by age across all sites and
periods. Age categories follow Payne (1973) for ovicaprids and O’Connor (1988) for pigs.

A second factor that may contribute to nitrogen enrichment in herbivore tissues is the
consumption of plants unusually enriched in

15N.

This was hypothesized to be the cause of

unusually high δ15N values (up to 9.6‰) displayed by cattle from medieval sites in Belgium
(Ervynck et al. 2007). High δ15N values in plants can occur as a result of intensive manuring
or high stocking rates of fields, for example (Schwertl et al. 2005; Bogaard et al. 2007). This
may particularly be applicable to oxen that were kept in a restricted area of pasture (dehesa
boyal), which were, and still are, set aside for communal use at most settlements in Aragón
(Montserrat and Fillat 1990:56). Manure is, and was, an extremely important resource in the
Mediterranean region, used extensively to nourish the soil. Modern ethnographic studies in
Aragón and Valencia have indicated that in rural areas, dedicated enclosures for the stabling
of animals while being foddered (called corrals or borda) are particularly important for the
production of manure which is then used to fertilise meadows and terraces (Christie et al.
2004:109; Montserrat and Fillat 1990:58). Animal manure and human waste were both used
as fertiliser in the Islamic and Christian periods in Valencia, a practice that almost certainly
extends to other settlements in medieval Spain (Kahn 1954:393; Glick 1970:26; Braudel
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1972:84). Manure itself was a valuable commodity, as exemplified by mounds of animal dung
being liable to theft in 15th century Valencia, which reflects its importance in agriculture
(Blumenthal 2009:99). Alternatively, δ15N enrichment may also be the result of herbivores
grazing close to urban settlements where there might be an accumulation of human and
animal nitrogenous waste. This has the potential to increase the δ15N values of the soil and
therefore plants at the bottom of the food chain and has been proposed to cause enrichment
in herbivores from archaeological sites elsewhere (Hedges et al. 2005; Honch et al. 2006;
Triantaphyllou et al. 2008; Hamilton et al. 2009). Recent fieldwalking results from rural
settlements in Aragón show ‘haloes’ of waste enrichment around them (Gerrard 2010, Pers.
Comm.). In Medieval Christian Spain, for example, there was often a specific waste area or
‘exido’, set aside close to the settlement for waste disposal and animal grazing (Vassberg
1974; Butzer 1988).
Another explanation for enrichment in δ15N values could be the grazing of coastal areas. An
increase in plant δ15N values because of the sea spray effect has been hypothesised to be
behind enriched δ15N values in herbivores from coastal sites elsewhere (Richards et al.
2006a; Choy and Richards 2009). Although research from prehistoric sites across the UK, for
example, indicates that not all animals recovered from coastal sites exhibit such enriched
δ15N values (Jay and Richards 2007; Mulville et al. 2009). On the other hand, coastal salt‐
march grazing by herbivores has also been reported to enrich δ15N in consumer tissues,
attributed to a similar mechanism to the aridity effect (Chapter 2; Britton et al. 2008). Coastal
and salt marsh grazing is believed to be behind enriched δ15N values (>7‰) exhibited by
domestic herbivores sampled from the medieval coastal site of Whithorn in the UK, for
example (Müldner et al. 2009). An extensive wetland with salt marshes lies ~10km to the
south of Valencia, around the Albufera lagoon (Figure 7‐6). The practice of grazing sheep and
cattle in this marsh area is known from historical records of the 13th and 14th centuries
concerning rights to pasture (Momblanch y Gonzálbez 2003). Such grazing then may have
also had an effect on the δ15N values of certain herbivores in Islamic and Christian Valencia
that are similar to some humans in terms of their δ15N values (Chapter 6). While this link with
coastal and salt‐marsh grazing may be applicable to the area of Valencia, the low frequency of
high nitrogen values in the dataset from Gandía is notable, given its similar coastal location. It
may be, however, that coastal pastures were not available to mudéjares from this particular
settlement for the grazing of flocks. Growing tensions between mudéjares and Christians in
15th century Valencia saw grazing rights going in favour of the Christians (Aparici 2009:427),
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this probably restricted their access to certain pastures which may have included those near
the coast.

Figure 76: Map of Valencia
and its surrounds, indicating
the location of the Albufera
lagoon and the former
extent of the wetland that
surrounded it in the
medieval period (From
Horden and Purcell
2000:193).

In addition, high δ15N values amongst herbivores may also have been affected by the degree
of aridity in the study area. Valencia and the central Ebro valley are considered to be dry and
semi‐arid bioclimatic contexts, having a mean annual rainfall ranging from 500mm/yr to less
than 300mm/yr (Linés Escardó 1970; Herrero and Snyder 1997; Gonzales Hidalgo et al.
2003; Terral and Durand 2006). Thus, bearing in mind the possible aridity effect on
herbivore values discussed in Chapter 2, the slightly enriched values here may be due in part
to their origin in one of the more arid regions sampled. This may be particularly applicable
for the inland site of Zaragoza, for which coastal grazing is most unlikely to have been a
factor.
The exact cause of the high δ15N values exhibited by around a quarter of the herbivores in the
dataset is not possible to determine at present. They are likely to be the result of a
combination of environmental and anthropogenic influences on δ15N in food webs. Such
phenomena are especially difficult to explain as the herbivores deposited at urban centres
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could have originated from a wide geographical area encompassing a range of environments.
On the basis of the current evidence, however, it is hypothesised that elevated nitrogen
values are probably due to those factors applicable to most sites, such as manuring and/or
aridity. Further work is required to explore this, particularly the baseline enrichments in soils
and plants in close proximity to human settlements (e.g. Commisso and Nelson 2010).

7.1.3 Comparison with European and Mediterranean data
Comparison of herbivores sampled in this thesis with other studies of medieval European
and Mediterranean populations allows exploration of the variability in isotopic values
exhibited by herbivores from Spain in the light of other published datasets. Comparative data
are plotted in Figure 7‐7. Herbivore data from Spanish sites exhibit the expected climatic shift
towards higher δ13C values in warm, Mediterranean climates compared to cooler regions
such as England and France, as discussed in Chapter 2 (Section 2.2.1.2; Richards and van
Klinken 1997; van Klinken et al. 2000). The input of C4 plants into the diets of herbivores
from Barbastro, Huesca, Islamic Valencia, Benipeixcar, however, will also contribute to the
enrichment of δ13C exhibited by herbivores.

Figure 77: Bivariate plot of mean of δ13C and δ15N (‰) ratios of all domestic herbivores from medieval
Spain in comparison to published animal values from medieval Europe and the Mediterranean
(including a Roman site from Tunisia to provide a North African comparison). Error bars signify
±1σ. Dates are in centuries AD. References for comparative data: Greece (GarvieLok 2001), Crete
(Bourbou and Richards 2007), Tunisia (Keenleyside et al. 2009), France (Herrscher et al. 2001)
and the UK (Müldner and Richards 2007b).
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In terms of their carbon values, sites from Spain exhibit very similar values to other sites in
the Mediterranean. Herbivores from Christian Valencia, Albarracín and Huesca in particular
plot closely with those from Crete and Greece where a diet based on C3 plants was consumed
with little or no contribution from C4 sources (Garvie‐Lok 2001; Bourbou and Richards
2007). The means for Barbastro, Zaragoza, Islamic Valencia and Benipeixcar are shifted
towards higher carbon values than other herbivores, reflecting the incorporation of C4 plants
into their diets. The identification of the consumption of C4 crops by animals in Spain is a
significant finding. Although foddering of animals with crops such as millet has been
proposed previously, mostly from classical sources (Chapter 6), substantial confirmation of
this practice has hitherto been lacking in the published isotopic dataset from medieval
Europe. In an unpublished study of diet in Medieval Greece, Garvie‐Lok (2001) reported one
equid sample from medieval Athens that demonstrated a substantial consumption of C4
plants, with a δ13C value of ‐17.3‰. No other herbivore in the Greek study showed similar
enrichment, leading to the interpretation that C4 fodder was only provided to the most valued
livestock in Medieval Athens (Garvie‐Lok 2001:311). This is similar to the hypothesis put
forward for the cattle with enriched δ13C values among the animals sampled in this thesis.
Further work is now needed to confirm whether preferential foddering of ‘valuable’ animals
such as plough oxen and horses/donkeys with C4 grains in the Mediterranean did indeed take
place. This could prove to be a promising area of interdisciplinary research which might
evolve analysis of plant remains, carbonised residues, identification of documented crop
names, combined with isotopic research.
A wide range in nitrogen values is exhibited by herbivores at most urban sites in Europe and
the Mediterranean. Sites from Spain, Greece (Garvie‐Lok 2001) and Tunisia (Keenleyside et
al. 2009) exhibit the highest mean δ15N ratios, with sites in Spain surpassed only by the
Roman site of Leptiminus in Tunisia. The standard deviations in δ15N for Greece, Tunisia and
Spain (with the exception of Albarracín and Barbastro) are also consistently large at around
2‰ or more, which is slightly larger than that of the urban centre of York in the UK (1.6‰).
The data from Tunisia is unusual, however, the possible sources of enriched herbivore
nitrogen values are not explored in the published study beyond the possible presence of
suckling lambs (Keenleyside et al. 2009). Possible causes for nitrogen enrichment in
herbivore tissues from Spanish sites may be applicable to the Tunisian dataset especially
factors such as coastal grazing and arid enrichment given the coastal location of the site and
the proximity to the Sahara. The range in nitrogen exhibited by herbivores from sites in the
Mediterranean may be due in part to the exploitation of a range of ecological niches.
Mediterranean agriculture was/is particularly sensitive to adverse weather conditions and
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so, to minimise the risk of shortfall, a diverse range of environments were exploited to grow
crops for human and animal consumption, including scrubland, forests and wetlands
(Montserrat and Fillat 1990; Butzer 1996; Garnsey 1999:2; Horden and Purcell 2000; Glick
2005b:8‐9).
In summary, the overall variability in both carbon and nitrogen values for herbivores from
medieval sites in Spain when compared to those of published studies in Europe and the
Mediterranean is significantly greater and likely due to a number of geographical, climatic
and anthropogenic factors. It is perhaps also related to the topographic and ecological
diversity of the Iberian Peninsula, which is unmatched by any other country in Europe
(Montserrat and Fillat 1990; Ruiz 2001:11; Gil García et al. 2007). This variability also reveals
the diversity in animal management and foddering practices in use in Medieval Spain, made
visible by the incorporation of C4 plants into the herbivore diets. This study represents the
first substantial herbivore dataset from Spain and much more work is needed to characterise
further the range of isotopic values that may be expected from domestic herbivores there.
Large datasets for herbivores are available from the UK (e.g. Jay and Richards 2007), but
other areas of Europe are lacking. Again, the importance of analysing animal material from
archaeological sites to determine the faunal isotopic baseline must be stressed, as this can
have a major impact on the interpretation of human isotope values.

7.1.4 Lagomorphs
Lagomorphs (rabbits and hares) were a popular food in Spain during the medieval period
(Chapter 3), and therefore they were sampled wherever possible for this study, although only
a few were available for analysis. As well as being trapped in the wild, rabbits were probably
kept within human settlements (Davis 2006a:69). The four lagomorphs sampled for this
study had δ13C values that ranged from ‐21.8‰ to ‐20.4‰ and δ15N values between 4.4‰
and 6.2‰ (Figure 7‐8). Although they plotted similarly to other sampled herbivores in terms
of nitrogen, lagomorphs tended to have carbon values that were more depleted than other
large ruminant herbivores at their respective sites.
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Figure 78: Bivariate plot of δ13C and δ15N (‰) ratios for lagomorphs sampled in this study plotted with
the mean herbivore value ± 1σ.

Depleted carbon values for lagomorphs have been reported from other isotopic studies,
including a wild rabbit dating to the Upper Palaeolithic in the pre‐Pyrenees region of Spain,
with a δ13C of ‐21.2‰ (Garcia‐Guixé et al. 2009) and a medieval example from 14th century
Besançon in north‐east France, with a δ13C of ‐21.8‰ (Bocherens et al. 1991), both of which
are within the range of values exhibited in this study. However, lower nitrogen values in the
bone collagen and hair keratin of lagomorphs in comparison to large herbivores are also
generally reported (Bocherens et al. 1991; van Klinken et al. 2000; Sponheimer et al. 2003a;
Garcia‐Guixé et al. 2009). This does not appear to have been the case for lagomorphs sampled
in this study. Enriched nitrogen values for rabbits have however been reported from a Roman
site in Tunisia (δ15N of 6‰) and modern examples from the Canary Islands (δ15N up to
9.0‰) (Bocherens et al. 2003; Keenleyside et al. 2009). Values for modern specimens were
hypothesised to be the result of nitrogen inputs into the soil due to the ‘sea spray effect’ or
anthropogenic influence on terrestrial plants (Bocherens et al. 2003). It may be therefore that
the high nitrogen values exhibited by some of the specimens sampled from medieval sites in
Spain had a human influence on their diet, either because they were inhabiting areas close to
human settlements, or alternatively, their δ15N values may be evidence for keeping rabbits in
settlements themselves. However, their more depleted δ13C values when compared to
domestic herbivores are noteworthy. Comparison with other herbivores may be hampered
by the possible effect of physiology on animal isotopic values. Differences in isotopic values
between lagomorphs and large herbivore ruminants are generally thought to be in part due
to the particular digestive physiology of lagomorphs which are hindgut rather than foregut
fermenters and commonly consume their own faeces (caecotrophy) (Sponheimer et al.
2003a; Kuijper et al. 2004).
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When comparing isotopic values for lagomorphs from this study to human values at the same
sites, it is difficult to comment on their popularity in the human diet, but it is probably fair to
say that they are unlikely to have been a major component of dietary protein amongst the
human populations sampled here. Rabbits would have been consumed as a complement to
the diet. This is congruent with the historical and archaeological evidence reviewed in
Chapter 3.

7.1.5 Fish
Fish vertebrae were available from two sites, Albarracín (5 samples) and Benipeixcar (1
sample). The raw values for each specimen and information on their feeding practices are
provided in Table 7‐3. These remains were identified as marine species common to the
Mediterranean, although some, such as the mullet and sea bass, are found in waters
elsewhere (Froese and Pauly 2009).
Site
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Benipeixcar

Common
name
Meagre
Sea Bass
Sea Bass
Mullet
Mullet
Tope Shark

Scientific name

Diet

Argyrosomus regius
Dicentrarchus Sp.
Dicentrarchus Sp.
Mugilidae Sp.
Mugilidae Sp.
Galeorhinus galeus

Fish and crustaceans
Fish
Fish
Bottom feeder ‐ detritus
Bottom feeder ‐ detritus
Fish, crustaceans and worms
Mean ± 1σ

δ13C
(‰)
‐10.8
‐11.4
‐11.2
‐10.1
‐9.4
‐12.4
10.9
± 1.0

δ15N
(‰)
10.4
12.5
12.6
8.1
9.5
9.9
10.5
± 1.7

Table 73: Raw values for Medieval fish species sampled in this study. Dietary information derived from
Froese and Pauly (2009).

When values for all fish species are considered together, their mean δ13C and δ15N values are
‐10.9 ± 1.0‰ and 10.5 ± 1.7‰ (1σ) respectively. These enriched carbon and nitrogen values
are indicative of a marine signal, although the mean δ13C value is higher than the mean of
‐16.0‰ predicted for marine fish species under most circumstances (Sealy 2001). The two
mullet samples in particular are more enriched in δ13C than the other fish species, and this is
in accordance with their feeding habits on benthic, bottom‐dwelling detritus (Pinnegar and
Polunin 2000; Froese and Pauly 2009). There is a paucity of comparative isotopic data from
archaeological fish remains from the Mediterranean. In Figure 7‐9, samples from this study
are plotted against available data from tuna and marine fish uncovered from the Roman
coastal sites of Velia in southwest Italy (Craig et al. 2009), and Leptiminus in Tunisia
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(Keenleyside et al. 2009) along with samples of modern fish bone collagen from species in the
eastern Mediterranean (Garvie‐Lok 2001)

Figure 79: Plot comparing data from marine fish from medieval Spain with published tuna and marine
fish of Roman date from Italy(R), marine fish of Roman date from Tunisia (T) and modern (M)
fish from the eastern Mediterranean. Error bars indicate means ±1σ for modern material,
references in text.

The plot in Figure 7‐9 indicates that fish species from sites in Spain have a similar range of
nitrogen to other higher trophic level fish species from Roman Italy, Tunisia and the eastern
Mediterranean. Their carbon values are similar, if slightly higher, than that of Roman fish and
markedly enriched in comparison to fish from the modern Eastern Mediterranean. The
overall similarity exhibited between the medieval fish from Spain and that of Roman period
samples from the western Mediterranean in comparison to modern examples from the
eastern Mediterranean is noteworthy. As previously discussed in Chapter 2, carbon sources
are extremely variable in marine systems. In addition, the biological origin, age, size and
therefore the feeding patterns of these fish are not certain, and this can also have profound
effects on their isotopic values (Badalamenti et al. 2008). A recent study of archaeological cod
remains from sites around the North Sea reported a range of δ13C between ‐11.7‰ to
‐14.0‰ among cod, which is close, though still more depleted, than the values found here
(Barrett et al. 2008). Enriched δ13C values, similar to those exhibited by fish sampled in this
study have been reported from fish inhabiting coastal reefs (Schoeninger and DeNiro 1984).
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It is probable, therefore, that the medieval specimens were inshore fish caught just off the
coast, which is not surprising, given that inshore fishing was the predominant form of fishing
until technological advances in the later Medieval period (Malpica 1984:106). Comparison
with modern fish data is inherently problematic as anthropogenic input and alteration of
isotopes in marine ecosystems is highly probable, therefore the large difference between
modern and medieval fish may represent human influence, or again, differences due to their
geographical origin, feeding patterns between different fish or between the same fish in
different marine environments. Comparison with other modern published data for fish from
the Mediterranean is further confounded by the fact that muscle tissue or occasionally fish
scales are sampled in ecological studies and the offsets in isotope values between different
fish body tissues depend on species and geographic location (Blanco et al. 2009).
Altogether, the highly variable nature of δ13C values for marine fish should be borne in mind
when interpreting human dietary data as the small number of samples analysed here cannot
hope to characterise the marine fish signature adequately. It is very likely that fish with
depleted δ13C values were also available to human populations across medieval Iberia.

7.2 Human data across all sites
Having established the spread of herbivore data in the dataset, discussion will now move to
consider the pattern of human data across all sites and their possible dietary implications.
Comparison of human data from Spain with other medieval sites in the Mediterranean and
Europe will also be conducted in this section. This is followed by the discussion of isotopic
evidence for diet in terms of the issues identified in Chapter 3.

7.2.1 Intersite comparison
In order to examine possible geographic variability in diet and resource exploitation across
the full human dataset, summary data for all sampled sites are provided for comparison in
Table 7‐4 and the information plotted as means and standard deviations in Figure 7‐10. The
figures in the table and the plot indicate that there is some overlap in isotopic data between
all sites, although some general trends may be identified.
The sites of Albarracín and Zaragoza exhibit more depleted carbon values and less variation
in δ13C than coastal sites to the south, which demonstrate a predominantly C3 terrestrial base
at these northern locations. The wide variation in δ13C exhibited by Benipeixcar, Gandía and
Islamic Valencia, on the other hand, is indicative of a reliance on C3 plants with a varying
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exploitation of C4 crops and possible consumption of marine resources. The greater
variability exhibited by the Islamic population from Valencia, in particular, is probably not
merely a reflection of dietary variability among the local population but also due to the
presence of immigrants. The suggested north‐south, coastal‐inland trend is confounded by
average δ13C values from populations in Jaca and Christian period Valencia. However,
individual inter‐site discussions have shown that more enriched δ13C values among the Jaca
population are probably due to the presence of outliers (Chapter 6, Section 6.1).
All the sites discussed here show similarity in their average δ15N values, although Islamic
period Valencia exhibits a slightly enriched δ15N ratio, about 0.6‰ higher than the next
highest mean δ15N from Zaragoza. Populations from Zaragoza and Islamic and Christian
Valencia also exhibit the widest ranges in δ15N values, a likely reflection of greater variability
in diets at these sites and the diversity in food sources available in large urban centres when
compared to other, smaller settlements in the dataset. The population from Albarracín, on
the other hand, is very close to Zaragoza in terms of its average δ13C and δ15N values and
exhibits the smallest variation in both isotopes (comparable to δ13C measurement error),
which probably reflects a primary reliance on local resources due to its location in an isolated
mountainous area. In turn, this is quite unlike the population from Jaca, which is situated in a
similar mountainous location but demonstrates a wider range in δ13C and δ15N values. This is
attributed to its position on major travel and trade routes across the Pyrenees between
Aragón and southern France (Chapter 4, Section 4.1).
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Site and
period
(centuries)
Jaca
11th‐15th
Zaragoza
9th‐12th
Albarracín
9th‐11th
Valencia
11th‐13th
Valencia
14th‐15th
Gandía
13th‐16th
Benipeixcar
15th‐16th

No.
Min

δ 13C (‰)
Max
Range

Mean ± 1σ

Min

δ 15N (‰)
Max
Range

25

‐19.6

‐15.3

4.3

‐18.4 ± 1.1

8.6

12.2

3.6

10.0 ± 0.8

36

‐19.6

‐18.2

1.4

‐19.0 ± 0.3

14.1

5.2

10.9 ± 1.4

31

‐19.4

‐18.5

0.9

‐19.0 ± 0.2

9.4

12.1

2.7

10.8 ± 0.6

38

‐18.9

‐14.2

5.6

‐17.7 ± 1.3

9.3

16.6

7.3

11.5 ± 1.4

18*

‐19.3

‐16.8

2.5

‐18.4 ± 0.6

8.0

11.7

3.6

10.5 ± 1.1

24

‐18.7

‐15.0

3.8

‐17.2 ± 1.0

8.8

12.0

3.2

10.3 ± 0.8

20

‐18.0

‐14.2

3.7

‐16.4 ± 1.0

9.2

11.9

2.8

10.7 ± 0.6

9.0

Mean ±
1σ

Table 74: Summary of δ13C and δ15N data for humans from each site. Muslims from both sites in
Zaragoza are pooled due to the lack of a significant difference between them. Christians from
Zaragoza are not included due to small sample sizes. *Data from Christian Valencia omitting the
outlying sample VSVC3622 with an extremely high δ15N value.

Figure 710: Bivariate plot of mean of δ13C and δ15N (‰) ratios of all medieval humans. Error bars
signify ±1σ.

In order to examine inter‐site variations in human populations further, the results are plotted
in separate box plots for δ13C in Figure 7‐11 and δ15N in Figure 7‐12 in order of their location
along the geographical transect, from north to south and from inland to coast. The results of
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statistical comparisons between human populations are provided in Appendix D, Table D.2.
These indicate that many of the sites in the dataset differ significantly in terms of their carbon
values but show greater similarity in their nitrogen values. Statistical analyses also
demonstrate that Islamic Valencia differs significantly in terms of δ13C when compared
against all other sites except Gandía and all sites except Zaragoza in terms of δ15N. This
emphasises the unusual isotopic variation exhibited by the Muslim population there and
supports the hypothesis for population mobility at this site (Chapter 6, Section 6.4.1). Jaca,
on the other hand, exhibits significantly lower nitrogen values compared to all sites except
Gandía. This, however, was not reflected in the herbivore data from Huesca and Barbastro
which both had enriched nitrogen values (Section 7.1.2). This highlights the need for
herbivore samples to be taken from the same sites as humans in order to characterise the
local faunal baseline (something that was not possible for Jaca in this study).
Comparison of the interquartile range of the δ13C values across all sites separates the sites
into two groups; more depleted carbon values being exhibited by the majority of the
populations from northern and inland sites, and more enriched values being present at
coastal sites in the south. Although Christian Valencia exhibits more depleted carbon values
than other sites in the south, this site is still statistically different to the northern sites of
Albarracín and Zaragoza in terms of its δ13C values (Appendix D, Table D.2). Furthermore,
identification of statistical outliers on the box plot in Figure 7‐11 confirms that the wide
range in carbon values exhibited by Jaca in Figure 7‐10 was the result of individuals with
enriched carbon values (as might be expected from the results of individual sites discussed in
Chapter 6). If the four most outlying individuals are removed from the dataset at Jaca,
statistical analysis indicates that the main group of the population is statistically different
from Christian Valencia and no longer statistically different to Zaragoza and Albarracín in
terms of δ13C (data provided in Appendix D, Table D.3). Omitting these individuals from the
Jaca dataset also removes the statistical difference between Christian Valencia and Jaca in
terms of δ15N. Altogether, this supports the striking north‐south trend visible in the
comparison of the interquartile range of δ13C values and also indicates that the individuals
with enriched carbon values from Jaca are unusual among sites in the north of Spain, which
lends weight to the hypothesis that these individuals were not local to this site. This also
indicates that diet and subsistence did not differ significantly under differing religious
political control in Aragón during the medieval period.
The north‐south trend in δ13C values is not, however, reflected in the δ15N data between sites
(Figure 7‐12). This indicates that access to marine fish is not the primary influence behind
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the distinction between coastal and inland populations. Instead, the increased exploitation of
C4 plants at southern sites in comparison to those in the north would appear to explain much
of the δ13C variation. However, as mentioned above (Chapter 2), it is difficult to distinguish
between consumption of C4 resources and marine protein, particularly when the C4
contribution to the diet may have been indirectly through animals fed on C4 plants, which
would result in a corresponding enrichment in δ15N in human consumer tissues. However,
the isotopic data from herbivores did not exhibit a trend in δ13C as it did for the humans
(Section 7.1.2), which could indicate that much of the C4 signature may have derived from
direct consumption of millet and/or sorghum. This issue could be further explored by
analysing carbon from bone or enamel apatite (Garvie‐Lok 2001; Reitsema et al. 2010).
However, certainly in the case of bone apatite, concerns over diagenesis prevail and are noted
as a potential significant confounding factor in even the most recent applications of the
method (Tykot et al. 2009).
This trend also does not reflect the differential consumption of C4 grains due to faith
differences. The Christian population from Gandía exhibits enriched carbon ratios, whereas
the Muslim populations at Zaragoza and Albarracín include some of the most depleted

13C

carbon values in the whole dataset. It is likely therefore that C4 crops such as millet and
sorghum may have been more or less exploited due to local growing conditions with some
variation due to cultural factors. This will be discussed later in this chapter in greater detail.

Figure 711: Box plots for human δ13C (‰) ratios across all sites sampled. Again, labelled individuals are
statistical outliers at each site. Site dates are in centuries. Sample numbers from left to right, 25,
36, 31, 38, 19, 24 and 20.
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Figure 712: Box plots for human δ15N (‰) ratios across all sites sampled. Labelled individuals are
statistical outliers at each site. Site dates are in centuries. Sample numbers from left to right, 25,
36, 31, 38, 19, 24 and 20.

7.2.2 Comparison with Mediterranean and European data
Isotopic results from medieval sites in Spain can also be compared to other published studies
of medieval (urban, where possible) populations from across Europe and the Mediterranean.
What little published isotopic work has been carried out in the Iberian Peninsula and the
Balearic Islands has been narrowly restricted to prehistoric sites (e.g. Lubell et al. 1994;
Davis 2002; van Strydonck et al. 2002; Garcia Guixé et al. 2004; Garcia Guixé et al. 2006;
Garcia Guixé et al. 2009). The results generally involve few samples and these cover long time
spans, often thousands of years. As a result, these analyses are not suitable for comparison
with the medieval data cited here, being far removed in time and including too few
individuals. Instead data from the medieval sites examined in this thesis are plotted in
comparison to selected sites from across Europe and the Mediterranean in Figure 7‐13.
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Figure 713: Bivariate plot of mean of δ13C and δ15N (‰) ratios of all medieval humans from Spain in
comparison to published values for human populations from medieval Europe, Mediterranean
and North Africa. Error bars signify ±1σ. Dates are in centuries AD. References for comparative
data: Crete (Bourbou and Richards 2007), Greece (GarvieLok 2001), Italy (Salamon et al. 2008),
Nubia (Turner et al. 2007), France (Herrscher et al. 2001), UK (Müldner and Richards 2007b),
Belgium (Polet and Katzenberg 2003) and Poland (Reitsema et al. 2010).

The earlier comparison of data from domestic herbivores across Europe and the
Mediterranean (Figure 7‐7) confirmed expected the climatic shift in isotopic baselines.
However, comparison of the δ13C of human data does not provide such a clear picture of bone
collagen δ13C values increasing from cooler and wetter to warmer and drier locations. These
environmental factors are likely to be obscured by the consumption of marine protein and C4
plants by humans at many sites. For example, Grenoble exhibits some of the most depleted
carbon values, as expected for a site located in the middle‐mountains of the Alps, where an
entirely terrestrial‐based diet was consumed (Herrscher et al. 2001). The human population
from medieval York (Müldner and Richards 2007b) however, exhibits a significantly more
enriched δ13C value than presented by the herbivores from York (Figure 7‐7), reflecting the
substantial consumption of marine fish by the human population (Müldner and Richards
2007b).
Carbon values from southern sites in the Spanish dataset plot similarly to that of Sudanese
Nubia who were consuming a predominantly C3 based diet with some input with C4 plants
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(Turner et al. 2007). This is in keeping with the interpretations of diet among the populations
of Gandía and Islamic Valencia, although the higher carbon values exhibited by the sample
from Benipeixcar probably also reflects a greater reliance on C4 plants and the input of some
marine protein into the diet. Although the site of Giecz in Poland was also identified as having
a C4 input into the diet of the populace (Reitsema et al. 2010), the δ13C values there are more
depleted than populations from Spain who exploited C4 plants. This is probably due to a
temperature‐based shift in δ13C between these two areas that is not as noticeable between
the populations from the warmer climates of Sudan and southern Spain.
Jaca and Islamic Valencia exhibit similar ranges in carbon values to the Ottoman Muslim
population from Greece which included individuals with a significant input of C4 plants to
their diet (Garvie‐Lok 2001). The variability in δ15N and δ13C ratios exhibited by this Ottoman
population was interpreted as being the result of the presence of immigrants at the site, just
as in this study the same hypotheses have been put forward for the human populations of
Jaca and Islamic Valencia.
The nitrogen values exhibited by Spanish populations are similar to those from Belgium
Greece and Rome who were assumed to have some input of marine protein to their diet
(Polet and Katzenberg 2003; Garvie‐Lok 2001; Salamon et al. 2008). These sites lie between
the low nitrogen values exhibited by populations subsisting on purely terrestrial resources
(Grenoble; Herrscher et al. 2001) and the highest δ15N exhibited by humans who consumed
significant levels of marine protein and other 15N enriched foods such as freshwater fish and
omnivorous pigs (York; Müldner and Richards 2007b). This is in keeping with the
interpretation that marine and/or freshwater protein was consumed by medieval
populations from Spain but as a complement to the diet rather than a primary food source.
Interestingly, Albarracín and Zaragoza plot almost exactly with the late medieval population
from Rome (Salamon et al. 2008), another western Mediterranean population which may be
expected to have a comparable climate and a possible similarity in food resources available
and consumed during the medieval period (Adamson 2004:124). However, the human
population from Rome was interpreted as having a significant marine input into the diet
(Salamon et al. 2008). This is not the case in Zaragoza and Albarracín, where in the context of
contemporaneous animal remains, the diet is assumed to have an input of freshwater rather
than marine protein. Nitrogen values at Zaragoza may also be subject to a slight aridity effect
as proposed for the herbivores from this site (Section 7.1.2). The problem of comparing sites
from different geographical areas is acknowledged, but the lack of data from
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contemporaneous animal remains from medieval Rome leaves that interpretation of human
diet somewhat open to question. Again, the importance of faunal baselines in isotopic studies
must be underlined (Müldner and Richards 2005; Britton et al. 2008).
Another comparison to note is the similarity in δ15N values between sites in this dataset with
that reported for other historic populations. Average enrichment values in δ15N between
herbivores and humans from Spanish sites range from ~3‰ to over 5‰ and most are in the
upper ranges or exceed the 3‐5‰ expected between trophic levels (Chapter 6, Bocherens
and Drucker 2003). The Δ15Nfauna‐human can be increased, however by the consumption of other
foods more enriched in

15N

such as freshwater or marine protein and meat from omnivores

such as pigs, chickens and their eggs (Müldner and Richards 2007b). Nevertheless, high
Δ15Nfauna‐human beyond that expected for trophic level enrichment is a continuation of a general
trend noted for historical populations. This reflects the current limitations in the
interpretation of δ15N in terms of the trophic level of humans from archaeological sites (and
therefore the estimation of the proportions of animal verses plant sources to the diet),
particularly during the historic period (Chapter 2, Hedges and Reynard 2007; Jay and
Richards 2007; Müldner and Richards 2007b).
Data from this study have revealed the consumption of C4 crops in medieval Spain, which, in
some cases, seems to have been quite a substantial component of the diet. The importance of
millet and other C4 grains to the diet of medieval populations in Europe is yet to be
adequately explored. Only two studies from later medieval period sites have revealed C4
consumption, a single site in medieval Poland (Reitsema et al. 2010) and another study of
several sites in medieval Greece (Garvie‐Lok 2001). Only a handful of studies have reported
the consumption of C4 resources, principally thought to be millet, from Iron Age prehistoric
populations from Slovenia and Austria (Murray and Schoeninger 1988; Le Huray and
Schutkowski 2005), Roman/Early Medieval Serbia between AD 250 to 400 (Bonsall et al.
2004) and from Roman Italy (Craig et al. 2009). In a study of an early medieval population
Germany (6th‐8th century), two individuals had δ13C values of ‐17.2‰ and ‐18.1‰, although
these went unremarked upon by the authors (Schutkowski et al. 1999). The substantial
contribution of C4 resources to the diets of both humans and animals at several sites in this
dataset therefore makes a significant contribution to our knowledge of the use and
importance of C4 grains in medieval Europe. Such an appreciation, it might be added, could
not be had from surveying historical sources.
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7.2.3 Diet and faith
The expected faith differences in diet such as the possible greater consumption of marine
resources by Christians at the sites of Jaca, Valencia and Gandía in comparison to Muslims
from Zaragoza, Valencia, Albarracín and Benipeixcar were not reflected in this dataset.
Geographical and internal variability within populations of differing faith were instead found
to exert greater influence on the local diet. It perhaps should be borne in mind that food in
itself is ‘not explicitly religious, but through dietary laws it [is] influenced by a religious
component’ (Insoll 1999:107). It may be therefore that religious dietary laws themselves
were not restrictive enough to permit any differentiation between Muslims and Christians
using isotopic techniques. It is difficult for stable isotope analysis to provide such resolution,
especially in large market economies where the resources available meant there were many
substitutes for food or drink that had to be avoided. For example, the substitution of meat
with other animal products such as milk and eggs by Christians on fast days would not serve
to differentiate them from a Muslim population which had similar access to such foodstuffs.
Furthermore, avoidance of the meat of omnivorous animals such as pigs by Muslims could
have been substituted by other foods that were

15N

rich, such as chicken and their eggs,

freshwater fish, or even herbivorous animals originating from different production systems.
That being said, although differences in diet due to Christian fasting were not observed, there
is some differentiation between populations of Muslims and Christians in successive periods
in Valencia and between contemporaneous populations of mudéjares and Christians at the
sites of Gandía and Benipeixcar. Both of these indicate a general tendency for more positive
carbon values amongst Muslims compared to Christians, which may itself indicate a greater
reliance on C4 grain and, in the case of Gandía, the consumption of more marine fish.
As briefly discussed in Chapter 6, the mudéjar populations in the Crown of Aragón are
considered to have been ‘segregated and discriminated minority’ (Salicrú i Lluch 2008:35),
that were politically subjugated and perceived as inferior by the Christian populace (Burns
1990:69; Meyerson 1995). The decline in social status of mudéjares in post‐Reconquest
Christian society would have had an inevitable effect on their diet and foodways by
potentially restricting their access to certain foodstuffs, subject to their religious dietary laws
(de Castro 2002). Isotopic evidence for heavier reliance on marine fish by mudéjares
presented here may, for example be the result of necessity as a result of the lack of legal
means of procuring halal meat, which increasingly became a focus of tension between
Christian and Muslim communities during the 15th Century in the Kingdom of Valencia

209

7: Comparative and thematic discussion

(Ehlers 2006; Aparici 2009:408). A similar situation occurred in post‐conquest Granada,
where a ban on slaughtering animals following Muslim practice apparently led to the mudéjar
population to either abstain from meat or acquire it illegally (de Castro 2002).
The possible consumption of greater quantities of C4 plants by the mudéjar population
probably reflects the scarcity of wheat in this region, given that the Christian population of
Gandía was also heavily reliant on these grains (see Section 7.2.4). However, as previously
discussed, mudéjares from Benipeixcar were heavily involved in sugar cane cultivation and
consumption of animals fed on this C4 plant could have led to δ13C enrichment amongst the
local population. In addition, the association of mudéjar populations with the use of
secondary crops such as spelt, sorghum and millet in particular is attested by contemporary
Christian sources from the Kingdom of Valencia and post‐Reconquest Granada, something
which is particularly significant for Granada as there was no shortage of wheat in that area
during this period (Casey 1971:30; de Castro 2002).
The point made above also supports the argument that C4 grains declined in importance in
Christian Valencia due to the association of these foods with a Muslim identity (Chapter 7).
However, the differences in diet between successive Islamic and Christian periods in Valencia
would have also been strongly influenced by the differing economies of the two societies, as
explored in Chapter 6, Section 6.4.3.
Altogether, differences in diet observed between Christians and mudéjares in the region of
Gandía could correlate with the historical evidence for the inferior treatment of mudéjares by
Christians and the differing dietary needs of the two religions as a focus of inter‐faith tension
in the Kingdom of Valencia (Aparici 2009:409). The differing dietary rituals of Muslim
communities in later Medieval Spain were an important factor in conserving both individual
and community identity, setting them apart from the majority Christian population (Burns
1990:58; Burns 2002:55). However, it is difficult to divorce this interpretation from economic
issues relating the availability and consumption of food resources in this area during this
period rather than just dietary differences between faiths (see discussion in Chapter 6
Section 6.5). This exemplifies the complex nature of diet and foodways in multi‐faith societies
and it is likely that a combination of economic and religious factors contributed to the
differing diets of the mudéjar population of Benipeixcar. The isotopic results presented here
have, however, demonstrated their worth in providing greater resolution on this issue.
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7.2.4 Diet and status
The only site in the dataset known to include individuals of high‐status is La Rauda in
Valencia, but a systematic difference in isotopic values was not observed between individuals
from this site and others in Islamic Valencia (Chapter 6, Section 6.2.4.1). This in itself is an
unexpected finding, but may be the result of the presence of migrants in the populations
sampled from Valencia which could be obscuring local differences in diet at this site.
However, status‐based differences in diet may have been present amongst other burial
populations. In the discussion of the historical evidence in Chapter 3, potential status‐based
differences in diet were hypothesised for medieval societies in Spain. These surrounded the
quantity and variety of meat consumed and the quality of grain available, with C4 grains such
as millet and sorghum potentially signifying those of lower status and living in rural
locations.
Only at one site was variation related to preferential access to animal protein. A group of four
individuals from the San Vicente cemetery had lower nitrogen values than the rest of the
human population (8‐9‰) that were on par with some of the higher herbivore values. This
may be related to a limited consumption of animal protein and/or reliance on legumes, which
could identify these individuals as poor persons probably housed by the hospital at the San
Vicente complex. Analysis of further individuals from this site could substantiate this finding.
Overall, however, given the relatively high nitrogen values for all the populations under
scrutiny here, animal protein was probably consumed in substantial amounts by the majority
of humans at all sites and an overwhelming reliance on legumes is not demonstrated, despite
evidence from historical sources (Chapter 3). This does not necessarily indicate that
everyone, regardless of status consumed meat in large quantities. Instead, those of lower
status may have consumed dairy products, eggs or even lower quality cuts of meat, rather
than no meat at all (Ervynck et al. 2003). Identifying such subtle differences in diet is not
possible using stable isotope analysis, because the technique cannot distinguish between the
consumption of different parts or products from the same animal (Chapter 2).
The greater reliance of on C4 plants exhibited by both Christian and mudéjar populations of
Gandía and Benipeixcar, in comparison to inhabitants of Christian Valencia, probably
represents a difference between urban and rural subsistence. During the 13th and 14th
centuries, the city of Valencia itself had authority over cereal production and distribution
across the Kingdom (Barrio 2009:63). A shortage of wheat in the Kingdom of Valencia led to
the importation of this grain into the city from areas outside the kingdom (García Marsilla
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1993:47), and as mentioned previously, wheat regularly had to be imported to the area of
Gandía from Valencia (Chapter 6, Section 6.5). Because of this, it is highly probable that the
availability of wheat in the rural areas of Gandía and Benipeixcar was limited to those who
could afford this imported foodstuff. As a result, the bulk of the populace would have had to
rely on grains that could be produced locally, which would have involved the growing of C4
plants such as millet and sorghum.
In addition, as seen in Section 7.2.3, the greater reliance on C4 resources by the Muslim
population in Benipeixcar may also reflect the ‘inferior’ status of that social group,
exemplifying that differences in diet due to faith and perceived status were probably
intrinsically linked in multi‐faith societies in the later Christian period in Spain (de Castro
2002). However, the consumption of C4 crops on the grounds of status is difficult to apply to
the whole dataset presented here. Although the substantial exploitation of C4 crops among
some Muslims in Islamic Valencia may have been linked to socio‐economic differences within
the population, other factors may have also contributed. These could have included, for
example, cultural preference, availability of these crops due to advantageous local growing
conditions, the consumption of animals that were raised on these crops and/or the presence
of immigrants. The consumption of C4 crops by a minority in Christian Jaca may reflect
striking socio‐economic differences in the population, but it is considered more likely that
these individuals originated from elsewhere. This may have been a rural location, in which
case the proposed reliance on C4 crops by rural communities could apply. Finally, the status
of C4 grains as ‘starvation’ crops means that their consumption as a reflection in times of
hardship cannot be ruled out. With this range of possible explanations, a clear association of
the consumption of C4 crops with low‐status is difficult to demonstrate although it is likely to
have been a significant contributing factor.
Where status differences have been investigated in other isotopic studies of medieval
populations, there has been an effort to correlate diet with burial type. For example, isotopic
analysis used to examine the correlation between diet and grave goods amongst Viking Age
burials in Birka, Sweden (Linderholm et al. 2008), concluded that individuals buried with
weapons consumed more marine protein than the rest of the burial population. In addition, a
study of a large number of human remains (n=155) from St Andrew’s Priory in York (UK),
was aimed at comparing individuals of high and low‐status as determined by the position of
individual burials in relation to different areas in and around the Priory building and
cemetery (Müldner and Richards 2007a). A general difference in diet between those in high
and low‐status burial locations was not revealed in the Priory although some patterning with

212

7: Comparative and thematic discussion

unusual burial types did occur (Müldner and Richards 2007a). A marked difference in the
diets between high‐ and low‐status burials was, however, found among 13th‐14th century
individuals sampled from Whithorn Cathedral Priory (Müldner et al. 2009). Here, individuals
identified as high‐status Clerics including Bishops, consumed more marine protein than those
from low‐status burial locations. This was thought to reflect the greater access to fish that
these high‐status individuals would have had on Christian fast days as a substitute to meat
(Müldner et al. 2009). A similar finding was reported from a limited analysis of burial
location and diet conducted among a monastic and lay population at Dunes Abbey, Koksijde
(Belgium), which indicated that those buried in privileged positions generally consumed
more animal or marine protein than others (Polet and Katzenberg 2003). Neither of these
types of analysis were possible for the sites sampled in this thesis, however. This is because
unfurnished burial was a common practice among both Muslims and Christians and the lack
of a sacred focus in the cemeteries sampled effectively prevented a meaningful spatial
analysis of the burials.
In summary, the isotopic results do not reflect a separation in the relative consumption of
animal protein that could be conclusively attributed to the possible presence of widespread
status differences among individuals in the burial populations. The lack of evidence for this in
the isotope data itself may be the result of the limitations of stable isotope techniques. The
diet of high‐status individuals from La Rauda in Valencia was not found to be noticeably
distinguished from that of other populations from Valencia, however better resolution may
be achieved by sampling additional populations with clear indicators of status such as burial
position, for example (Müldner et al. 2009). The consumption of C4 grain among rural
populations in Gandía and Benipeixcar is argued to reflect differences between rural and
urban settlements in the Kingdom of Valencia. However, the assumption that C4 grains were
only consumed by those of low‐status is not likely to apply to all sites, given the presence of a
number of complicating socio‐economic, religious and environmental factors. Therefore, no
clear differentiation in diet that can be solely attributed to status is revealed in the isotopic
evidence presented here. This, however, does not demonstrate that status‐based differences
in diet did not occur in medieval Spanish societies but indicates that more work needs to be
done to explore these themes.

7.2.5 Diet and sex
Evidence from written sources, discussed in Chapter 3, gives reason to believe that differing
roles for men and women in medieval societies may have extended to a gender‐based
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difference in diet. In exploration of this, isotopic results have indicated that statistically
significant differences in diet between males and females were present at some, but not all of
the sites analysed here. Within the Christian population of Jaca, males had a tendency
towards higher δ15N values than females. At Zaragoza, however, it was the females who
exhibited higher δ15N values than males. This suggests that men in Jaca either consumed
greater quantities of animal protein than women, or more foodstuffs that were enriched in
15N

such as freshwater fish, chicken meat or eggs, but that in Zaragoza the reverse was true.

In Albarracín on the other hand, males possessed slightly higher δ13C values when compared
to females, so it seems that males were consuming more foodstuffs enriched in δ13C. The lack
of a corresponding increase in δ15N values rules out the input of marine protein into the diet
of males at this site, however. The consumption of more C4 plants or animals with more
enriched carbon values by men would be an intriguing result. However, the differences in the
mean δ13C values between the sexes were only 0.1‰ and such a small absolute difference is
difficult to ascribe any practical dietary significance in terms of food on the plate.
Thus, differences between the diets of males and females, where present, were not similar at
all sites, and where they do occur there is some uncertainty in their interpretation in terms of
their practical significance in terms of diet. The overall patterning of diet between the sexes
does not follow the expected trend in consistently lower δ15N ratios among females who may
have had less access to meat, as alluded to by written evidence (Chapter 3). This suggests that
where differentiation in diet between males and females does appear in this study, the
abstinence of one particular food group such as meat is not the likely cause. Instead, subtle
differences may be due to a number of socio‐economic factors between the men and women
in medieval societies, not in the least their occupational roles (Chapter 3). What is clear,
however, is that sex‐based differences in diet were not widespread.
Significant differences between the sexes have been reported in isotopic analyses of medieval
populations from Newark Bay, Orkney (Richards et al. 2006a) and York (Müldner and
Richards 2007a). At both sites, males exhibited enrichment in δ15N and δ13C in comparison to
females, indicating that men consumed more marine protein than women. At York, however,
the results may be affected by the presence of monastic individuals in the dataset (Müldner
and Richards 2007a). Such differences in marine consumption between the sexes are not
reflected in the Spanish dataset. Higher δ15N values in males compared to females were
reported among a cemetery population of 11th‐12th century humans from Giecz in Poland
(Reitsema et al. 2010). Here, the observed differences in δ15N values are attributed to
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differences in the consumption of animal protein between males and females, with women
possibly consuming less meat than men, similar to that proposed for the population of Jaca.
Conversely, at one site (Church 1) studied from a medieval Swedish population at Sigtuna, the
females exhibited higher δ15N and δ13C values that were attributed to women consuming
more animal protein than men (Kjellström et al. 2009). Statistically significant sex differences
in diet were not however observed at the two other sites in the dataset from Sigtuna, which
could indicate that differences in diet between the sexes did not occur widely at this medieval
urban centre.
More often than not, clear differences in diet are not found in isotopic studies of medieval
populations (e.g. Garvie‐Lok 2001; Herrscher et al. 2001; Bourbou and Richards 2007; Turner
et al. 2007; Linderholm et al. 2008). Altogether, although historical sources may allude to the
different relationships men and women had with food and food production in the medieval
period, there seems to be little scientific support for the reality of gender‐based differences in
diet. If a widespread difference in diet did exist, perhaps it is too subtle to be detected using
isotopic analysis (Müldner and Richards 2006:234).

7.2.6 Diet and age
Unfortunately, there were not enough humans from each site with sufficient resolution in
adult ages to explore diet and age in detail. A general exploration of trend in diet with age
however, can be attempted by plotting all individuals whose age could be determined as
young, middle and old adults against those classed as ‘adults’ from all sites in the medieval
period in Figure 7‐14. The plot indicates there was no systematic difference in diet present
between different adult age groups between all locations of Islamic and Christian date in the
study area. It is, however, unlikely that a differentiation in diet by age would be visible using
carbon and nitrogen isotopes in this way, given the broad food groups recommended to those
of old age by medieval dietetic texts (Chapter 3). Also, study of turnover rates of bone show
that the substantial proportion of collagen is from adolescence (Hedges et al. 2007). Age‐
related changes in diet among adults in a medieval population were reported, however, in a
study of humans from the from Saint‐Laurent cemetery in Grenoble. Lower δ15N values in
young adults when compared to middle and old adults were identified, indicating that
younger adults consumed less animal protein at this site (Herrscher et al. 2001). This is a
rare, if not unique, example of age differentiation in diet among adult medieval populations,
however. A study of a large number of adults from medieval York (n=155), for example
reported no difference among adult age categories (Müldner and Richards 2007a). Given
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more time and resources, greater resolution in aging data for humans might have been
achievable in this thesis. However, the extent to which this would have improved this study is
debatable, given the minor variation of diet with age reported elsewhere amongst medieval
populations.

Figure 714: Scatter plot of δ13C and δ15N values (‰) of all humans in the dataset separated by adult
age classes.

7.3 Summary
The results from this study have identified the following major findings:

•

An absence of widespread differences in diet correlating with faith. However, socio‐
cultural factors are argued here to have had an effect on differences in diet exhibited by
contemporaneous populations of Muslims and Christians in Benipeixcar and Gandía
and successive populations of Muslims and Christians in Valencia;

•

A lack of correlation between diet and status at the high‐status burial ground (La
Rauda) in Valencia. However, possible differences between urban and rural diet may be
reflected in the populations of Gandía and Benipeixcar when compared to those from
Christian Valencia, based on the reliance on C4 grains in rural areas;

•

A lack of clear correlation between diet and sex among the majority of the medieval
populations here. Tentative differences in diet between the sexes were revealed at
some sites, however and are argued to be the result of local factors;
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•

A significant north‐south trend in carbon values among the human populations from all
sites that is not reflected in nitrogen values. This indicates that rather than this
representing the consumption of more marine sources at coast sites, C4 crops such as
millet and sorghum were exploited as a result of local growing conditions. Cultural
factors affecting their consumption are also hypothesised;

•

Wide ranges in isotopic values exhibited by Jaca and Muslim Valencia in comparison to
other sites. This indicates the potential for carbon and nitrogen stable isotope data to
identify the possible presence of migrants in human populations;

•

Comparison to other published studies of medieval populations in Europe and the
Mediterranean revealed that carbon values of the majority from sites in Aragón
correlated with diets based solely on C3 resources, whereas southern Spain compared
with sites where a mixture of C3 and C4 resources were consumed. Nitrogen values
exhibited by all Spanish sites indicated a diet with some input of marine/freshwater
resources;

•

The consumption of C4 crops by animals. This is rare among isotopic studies of
medieval populations and indicates that C4 crops were used regularly to fodder
animals, at least in certain locations;

•

Unexpected differences in the animal husbandry strategies between cattle and
ovicaprids. This is attributed to their differing roles in agriculture and food provision.

•

Unusually high nitrogen values exhibited by around a quarter of domestic herbivores.
This is argued to be the result of a number of environmental and anthropogenic factors,
including manuring, aridity and costal grazing.
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8 CONCLUSION
Analyses of δ13C and δ15N isotopes in archaeological human and animal bone collagen were
used in this thesis to explore diet and society in medieval Spain. This is the first application of
this technique to analyse medieval populations from the Iberian Peninsula. The stable isotope
data was interpreted within the context of other historical and archaeological evidence for
diet. The results indicate that humans consumed a diet predominately based on C3 plants and
animals fed on them, and that this was supplemented by C4 plants at certain sites, particularly
those in the south of the area of study. Relatively high nitrogen isotope ratios were exhibited
by all populations and indicated a significant contribution of animal protein to the diet, which
was probably supplemented by aquatic resources in many locations. The high variability of
the faunal baseline at many sites meant that it was often difficult to ascertain the
predominant type of animal protein consumed. There was also much diversity in isotopic
values exhibited by humans within and between sites. While the original focus of this thesis
was to explore diet and faith, ultimately, greater differences in diet were observed within
faith communities and between geographical areas. A number of key research questions were
addressed in this thesis and these will serve as the basis for a final discussion.

8.1 Diet and geographical location
Animals were sampled from each location in order to provide an isotopic baseline. Human
data was then interpreted in relation to that faunal baseline in order to estimate the diet at
each site. A strong geographical trend in isotopic values was not demonstrated by the
domestic herbivores sampled in this thesis. Herbivores consumed a diet predominantly
based on C3 plants, but C4 plants such as sorghum, millet and possibly sugarcane (in the case
of Benipeixcar) likely contributed to the diets of herbivores from Barbastro and Zaragoza in
Aragón in the north, as well as Valencia and Benipeixcar in the south of the study area. High
δ15N values among domestic herbivores were notable across almost all sites in the dataset,
irrespective of geographical location. This may be the result of an inter‐play between
environmental and/or anthropogenic factors such as manuring, grazing close to human
settlements, aridity and coastal grazing (e.g. Hedges et al. 2005; Schwertl et al. 2005; Bogaard
et al. 2007; Britton et al. 2008). The elucidation of any one major contributing factor is not
possible using the current evidence, but the data indicates that multiple animal husbandry
practices were utilised across the study area.
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When cattle and ovicaprids were separated into species and their isotopic values pooled
across all sites, a tendency for cattle to have higher nitrogen values was identified. This
unexpected finding probably reflects the different animal husbandry strategies used, as
befitting their differing roles in agriculture and food production. This finding is underlined by
the fact that a minority of cattle consumed significant quantities of C4 plants at the sites of
Valencia and Benipeixcar, which distinguished them from the rest of the domestic herbivores
at each site. This further indicates that cattle, in particular, may have been treated
preferentially, perhaps as a result of their role as valuable draft animals.
Analysis of the human dataset revealed a geographic, north‐south, coastal‐inland trend in
δ13C values, with coastal sites in the south exhibiting a tendency towards higher δ13C values
than those in the north. This trend, however was not correlated with δ15N values across all
sites. Therefore, on balance, it appears that the trend in δ13C values in the dataset reflects the
greater exploitation of C4 plants in these areas, rather than the increased consumption of
marine fish by coastal populations. This would indicate that C4 plants were primarily
exploited due to local growing conditions, although other factors such as status and the
rural/urban nature of settlements probably played a part within this.
The rural populations at Gandía and Benipeixcar exhibited the greatest overall reliance on C4
plants such as millet and sorghum, although mudéjares from Benipeixcar possibly exploited
these crops more than the Christians in Gandía (Section 8.2). This appears to support the
belief that rural populations relied on these crops to a greater extent than those in large
urban centres. As discussed in Chapter 6, the supply of wheat was under the control of the
city of Valencia during the late medieval period and therefore smaller rural settlements
probably had a limited access to this grain. However, to fully explore whether the significant
exploitation of C4 plants was truly a rural rather than an urban phenomenon, the study of
further rural sites is required, preferably those inhabited by Christians and/or Muslims in
other geographical areas.

8.2 Diet and faith
Data from Muslims and Christians sampled in this study indicated that broad dietary
differences between faiths are not present. The possibility of a greater reliance on fish and
aquatic foods by Christians due to religious fasting practices (Chapter 3) was not supported
by the results. For example, the diet of the population of Jaca, a Christian settlement that was
never under Islamic political control, was not significantly different to the diets of
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contemporaneous Muslims under Islamic rule in Zaragoza and Albarracín. This indicates that
diet and subsistence in Aragón did not differ under Christian or Islamic political rule.
However, the small number of Christians sampled from Zaragoza hinted at the potential for
different dietary preferences among these communities and this is something which certainly
warrants further investigation. Within the sites to the south in the region of Valencia, C4
resources were consumed by both Muslim and Christian populations, although the extent to
which C4 plants were relied upon differed and this is where faith differences may have played
a part.
Significant differences were found between the δ13C and δ15N values of Christians from
Gandía and mudéjares from Benipeixcar who lived in the vicinity of Gandía. There are several
possible hypotheses to explain this. These include the greater reliance on C4 plant resources
by mudéjares due to the perceived inferior status of mudéjares at the time and may also be a
reflection of sugarcane agriculture carried out by this community. Alternatively, the slight
shift in δ15N values could also imply that mudéjares relied more heavily on marine resources,
perhaps due to restrictions on Islamic butchery practices during this period. The differences
in diet between faith communities in the vicinity of Gandía therefore probably reflect the fact
that their diet was a focus of inter‐faith tension in the Kingdom of Valencia and may provide
evidence for the inferior status of mudéjares.
The concept of convivencia (Chapter 1), suggests that all three faiths were able to consume a
diet which was appropriate to their faith and lifestyle. The extent of status differences
between the faiths and of voluntary or enforced adherence to dietary laws, however, is
currently debated (e.g. de Castro 2002). This thesis begins to hint that mudéjares experienced
a change in diet due to economic and social pressures while Christian political control.
Isotopic analysis therefore could have the potential to provide another insight into the
realities of the co‐existence of faith communities and the unrealistic ideal of convivencia in
terms of diet. However, more work needs to be done, specifically with late medieval (15th‐16th
century) mudéjar/morisco populations, to substantiate the evidence presented in this study.
The results from stable isotope analysis also hint at the dramatic changes that took place
during the transition from an Islamic to Christian society in medieval Spain. These two
cultures had different socio‐economic systems and a shift in the balance of power would have
had an impact on all areas of daily life including settlement patterns, buildings and land use
(Glick 1995; Pluskowski et al. forthcoming). In terms of agriculture, the Islamic system is
assumed to have been dominated by self‐subsistent farming and polyculture. In the Christian

220

8: Conclusion

feudal system, on the other hand, it is assumed that certain products were emphasised and
marketed for profit, namely wool, grains, grapes and olives (Glick 1995; 2005a:105). This
thesis suggests that there is some truth behind this idea. The isotopic evidence from Valencia
hints that a possible change in diet and livestock management occurred at this city between
the periods of Islamic and Christian rule. This finding, it is argued here, could be related to an
emphasis on commercial exploitation of livestock and crops during the Christian period, as
opposed to the more localised herding and crop raising undertaken during the Islamic period.
In addition, the reduced exploitation of C4 crops in Christian Valencia in contrast to the
preceding Islamic period, may be the result of the influx of northern Christian settlers and a
lessening of the consumption of secondary C4 crops, perhaps because of their cultural
significance as a Muslim foodstuff. The strength of this observation is diminished by the
smaller number of Christian period samples analysed compared to the Islamic period and
also the possible presence of migrants among the Muslim population who may not have had a
‘local’ dietary signature (Section 8.4). Nevertheless, the reliance on C4 crops by Muslims as
opposed to Christians in the Valencia area could be an avenue for future investigation.
Further analysis of the impact of the Christian conquest in terms of land‐use, economy and
diet is required and more samples of animals and humans from the Christian period are
needed to substantiate the trend hinted at by the isotopic data presented here.
Further research exploring diet and faith during the medieval period in Spain could expand
on the promising results achieved in this study by comparing between populations of
Muslims and Christians that co‐existed at the same site during period of both Muslim and
Christian political rule. This analysis was beyond the current study, due to a lack of such
burials from the sites selected.

8.3 Diet and status
Muslim individuals sampled from the only high‐status burial ground in this study, La Rauda
in Valencia, showed no systematic difference from the rest of the population of Islamic
Valencia, although they did exhibit a highly variable isotopic ratios which may be indicative of
the presence of high‐status immigrants. Comparison may, however, be compromised by the
small number of the high‐status individuals sampled; further sampling would serve to better
characterise any possible status differences in diet in Valencia.
Overall, the relatively high nitrogen values exhibited the human populations in this study
suggests that animal protein formed a substantial part of the diet. Therefore, the suggestion
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that the majority of the general populace mostly had limited access to meat and relied on
legumes, as drawn from the historical evidence in Chapter 3, was not verified. This may be
due to the limitations of the isotopic technique, where the consumption of meat and dairy
products cannot be distinguished (Chapter 2 and 7). However, because the burial populations
lacked status indicators, the evaluation of diet and status was problematic. A more in‐depth
exploration of diet and status might be better served by the sampling of more individuals
clearly defined as high‐status, like those from La Rauda, to compare with those sampled in
this study. An apt comparison for the population sampled from the ‘general cemetery’ in Jaca,
for example would be burials excavated from the interior of the Church of San Pedro in the
city who are assumed to have been high‐status individuals (Justes and Gimeno 2003).
Another possible status difference in diet identified in historical sources, reviewed in Chapter
3, was the consumption of C4 plants such as millet and sorghum by the lower echelons of
society and the rural population. Although individuals from the urban sites of Valencia and
Jaca exhibited enriched carbon values that were probably related to the consumption of C4
plants, either directly or indirectly, it is problematic to assume all these individuals were of
low‐status. The availability and consumption of C4 plants such as millet and sorghum was
dependent on a number of factors, including growing conditions (Section 8.1),
economic/agricultural hardship and the possible presence of immigrants among the
population. In addition, the foddering of animals (ovicaprids, cattle, chickens) with C4 crops at
sites such as Barbastro, Valencia and Benipeixcar makes indirect consumption millet or
sorghum highly probable, which would probably not be an indicator of low‐status. Therefore,
although status could have played a significant part in the reliance on millet and sorghum ‐ as
exhibited by some individuals at certain sites ‐ it is difficult to disentangle this from other
influencing factors. Again, the sampling of humans with well‐defined status indicators such as
burial location may aid in the exploration of the consumption of C4 plants by those of low‐
status in urban areas.

8.4 Diet, sex and other interpopulation variation
The results of the exploration of diet and sex indicated that at some sites there was a
differences between the diets of males and females and at other sites not. Where differences
were present, they were not similar at all sites and therefore it is possible that such sex‐based
differences in diet my have been reliant on local factors. The absence of a clear, widespread
gender‐based difference in diet may indicate that men and women in general did not have
very different diets during the medieval period, despite their differing roles in society
discussed in Chapter 3. Alternatively, this finding may indicate that if differences did occur,
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they were too subtle to be detected using stable isotope analysis. The restrictions of small
sample sizes at some sites must also be taken into account. Nevertheless, the fact that
differences were found at certain sites indicates that there is the potential for men and
women to have had different diets and this should warrant further attention in future studies
with larger sample sizes.
Where multiple sites were sampled from the same locations, no significant differences were
found between them. Where sites may have been associated with certain areas of a city, for
example the cemetery at Calle Sagunto in Valencia which was believed to be linked with an
artisanal suburb outside the city (Chapter 4), the lack of difference would suggest that
different areas of city had similar access to foodstuffs. However, a significant variability
between the diet of individuals was seen at some sites, particularly in Islamic Valencia, where
extremely diverse isotopic ratios were observed. At Valencia, the high proportion of outliers
may correspond to the consumption of varying quantities of marine fish and/or C4 plants
such as sorghum (directly or indirectly) by these inhabitants of the city. However, although
the consumption of different foodstuffs could demonstrate social differences in diet between
individuals in Islamic Valencia and therefore reflect the diverse society of the time, it is
suggested that the extent of dietary variability more likely indicates the presence of
immigrants in the population. This would not be unexpected, given that Valencia was a port,
but the number of possible migrants detected is perhaps surprising. However, this finding
does exemplify the ‘extreme mobility’ that is thought to have been possible in the
Mediterranean world (Glick 2005a:13). A similar hypothesis is put forward for the presence
of a minority of individuals with enriched carbon signatures in Jaca, which was itself located
on a number of travel and trade routes. This data indicates the potential for these isotopic
methods to identify possible immigrants and further analysis of isotopes that provide
information on migration (e.g. strontium) could confirm a distinctly different geographical
origin of the individuals concerned (Section 8.5).
The limited analysis of diet related to the age of the adult populations sampled in this thesis
did not indicate any systematic changes in diet between adult ages. Although this may have
been due in part to the imprecise nature of the aging techniques used, the lack of a
widespread difference in diet with adult age reported from previous studies would suggest
that perhaps diet did not vary widely among adult age groups in medieval society or that
bone turnover is too slow for us to see age‐related changes in adult diet.
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8.5 Future research
The results of this thesis have indicated a number of areas where future research may be
undertaken. These include:

•

The analysis of additional animals from medieval deposits from the locations sampled
for this thesis could examine whether the proposed trend in the consumption of C4
plants, particularly by cattle, is a common phenomenon. Analyses of further fish
remains are also required in order to characterise the isotopic values of Mediterranean
marine fish more adequately. Furthermore, the sampling freshwater fish species would
determine whether the higher δ15N values exhibited by individuals from Aragón were
the result of the consumption of freshwater resources. Altogether, additional sampling
of terrestrial animals and marine and freshwater fish would provide a more complete
faunal baseline from which to interpret the diet of human populations. It would also
provide an avenue for exploring potential differences in husbandry strategies hinted at
here between different species in greater depth, something that was beyond the scope
of this research.

•

The diversity of dietary signals in Islamic Valencia and the presence of significant
outliers at Jaca and Christian Valencia appears to indicate the presence of immigrants.
However, evidence from carbon and nitrogen isotopes alone cannot be used to
ascertain whether an individual is local or non‐local. An important avenue for future
investigation would be the analysis of other isotopes such as strontium (87Sr/86Sr) and
oxygen (δ18O) to explore the possible presence of immigrants among the populations
sampled in this study. Strontium and oxygen are assimilated into consumer tissues
from food and drinking water. Strontium in biological systems ultimately derives from
underlying geology, whereas oxygen isotopes derive from precipitation and are linked
with climate (they vary with temperature and precipitation), latitude, altitude and
distance from the ocean (Sealy 2001; Bentley 2006). Analysis of both these isotopes in
skeletal material has been used to examine the origins of human populations (e.g.
Montgomery et al. 2005; Mitchell and Millard 2009; Müldner et al. 2009; Chenery et al.
2010). Dental enamel is usually sampled in such analyses, which is resistant to
diagenesis and retains the isotopic signal of the environment at the time of tooth
formation, thereby indicating the childhood residence of an individual (Budd et al.
2000). Additional sampling of teeth from the burials analysed in this study would
therefore be necessary to further explore population mobility. Analysis of sulphur
isotopes in bone collagen can also distinguish the consumption of foodstuffs from
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differing geographical regions and between marine and terrestrial sources in the diet
(Tieszen and Fagre 1993; Richards et al. 2003b; Privat et al. 2007; Nehlich and
Richards 2009). Sulphur isotope analysis is in the process of being carried out on the
dataset from this thesis.
•

The absolute dating of human burials sampled in this study through

14C

dating would

have potential to refine the chronology of many of the populations in this study and
identify diachronic trends in diet. This would also serve to verify whether outlying
individuals among the populations from cemeteries with wide date ranges such as Jaca
were representative of a change in diet over time.
•

The analysis conducted in this thesis could be extended to include samples of humans
and animals pertaining to the earlier Roman and Visigothic periods in order to carry
out a wider diachronic analysis of diet at large urban centres such as Zaragoza or
Valencia, similar to the study carried out on populations from York, UK (Müldner and
Richards 2007b). This could investigate changes in agriculture and food consumption
over the historical period, reflecting on written and archaeological evidence. For
example, northern European populations in the early medieval period are associated
with a diet in which animal products were of primary importance (Morales 1992;
Montanari 1994:9,45; Salisbury 1994:27; Adamson 2004:132). In possible support of
this, current archaeological and environmental evidence suggests that the early
medieval period (c.5th‐8th centuries AD) in northern Iberia was marked by a decline in
the importance of cereal cultivation (compared to the Roman period) with greater
emphasis being placed on pastoralism and the expansion of grazing lands (Davis
1994:280; Grau 2009:275; Lewit 2009: 89‐90). The succeeding Islamic period in Spain,
on the other hand, was marked by substantial urban expansion and agricultural
intensification (Butzer et al. 1985). The possible impact that these supposed changes in
economic strategy may have had on diet and subsistence could be explored using
isotopic techniques. In addition, such a diachronic study would allow the exploration of
changes in diet between the Visigothic and later medieval periods in Spain, perhaps
based around the increased consumption of fish in the later period, as has been
proposed for populations from the UK, Belgium and Italy (Chapter 2, Müldner and
Richards 2007b; Polet and Katzenberg 2003; Salamon et al. 2008, respectively). This
would indicate whether this trend truly was a European‐wide phenomenon.

•

The study could also be extended geographically. Possible regional differences in diet
could be further explored through comparison between other areas of medieval Spain,
such as the Kingdom of Castile or Granada, where differing policies towards non‐ruling
faith communities may have led to differing interactions between Christians and
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Muslims to that seen here in the Crown of Aragón. Analysis of medieval human remains
from North Africa would also serve as a useful comparison to the dataset, especially for
that from Valencia. For example, such research might identify whether some of the
variability exhibited by the Muslim population in Islamic Valencia could be attributed
to the presence of individuals from the Maghreb.

8.6 Concluding remarks
It is widely acknowledged that analysis of carbon and nitrogen isotopes from bone collagen
can only provide a broad picture of diet rather than identifying consumption of specific
foodstuffs. This study, however, has highlighted the power of δ13C and δ15N to infer the diets
of medieval populations from Spain and the results presented here indicate a considerable
degree of individual choice in foodstuffs that could not be gleaned from historical sources
alone. The isotopic data has indicated that there was a complex and subtle diversity in diet in
medieval Spain. The exploration of the social significance of the consumption of different
diets by individuals the population sampled would benefit from the use of complementary
isotope analysis using systems that provide direct evidence of mobility to identify migrants
(e.g. strontium, sulphur) or further sampling of individuals with clear associations with
status. Nevertheless, the remarkable variability in diet exhibited at certain sites in the dataset
is noteworthy and certainly goes against the traditional estimation of the Mediterranean diet
which emphasises the simple trinity of wheat, olives and grapes with the addition of a little
meat and cheese (Braudel 1972:236; Montanari 1994:6). In addition, the range in animal
values exhibited at almost all sites demonstrates the variety of animal husbandry practices
and ecological niches that were exploited during the medieval period in Spain, from the
mountainous Pyrenees to the Mediterranean littoral zone. In particular, the varying use of C4
resources for consumption by both humans and animals is surprising. This is one important
area where written sources falls short as exemplified by Braudel’s comment reflecting on the
available historical evidence: ‘more use was made in the past of cereals other than wheat. If
this could be proved it would be of capital importance’ (Braudel 1972:595). In contrast to the
limited information supplied by historical documents, therefore, the isotopic data from this
study has highlighted the dietary importance of secondary C4 crops such as millet and
sorghum in certain areas of medieval Spain and on the Mediterranean coast of Spain in
particular, indicating that the importance of such crops may have been underestimated
previously through the study of historical evidence alone.

226

8: Conclusion

In conclusion, this study has provided a better understanding of the diversity in diet,
foodways and production systems in Spain under both Muslim and Christian rule during the
medieval period. The results of this thesis have clearly demonstrated the great potential for
isotopic analysis for the exploration of the diet of medieval animal and human populations in
Spain and in so doing, provides an extensive dataset for further research.
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APPENDIX A
A.1: Data table for repeated extractions of the same bone.
Sample No.
ABM80
ABM83
TUM170
ZQM126
ZQM167
ZQM214
ZPM50
ZLSC2
VSVC3283
VSVC3054
VRM1428
VCAM2536
TUM72
JAC97
GBM2803
GBM2304
GBM14703
GBP1

A
‐19.0
‐19.1
‐18.7
‐18.7
‐19.1
‐19.1
‐19.3
‐18.5
‐18.9
‐18.2
‐17.9
‐18.8
‐19.0
‐15.4
‐16.0
‐16.4
‐15.0
‐18.0

δ 13C
B
‐18.9
‐19.1
‐18.8
‐18.6
‐19.1
‐19.2
‐19.4
‐18.6
‐18.7
‐18.5
‐17.8
‐18.8
‐19.1
‐15.4
‐15.3
‐16.2
‐15.3
‐17.6
Average
SD

Difference
0.1
0.0
0.1
0.1
0.0
0.1
0.1
0.1
0.2
0.3
0.1
0.0
0.1
0.0
0.7
0.2
0.3
0.4
0.1
0.2
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A
10.8
10.5
10.2
12.8
11.8
10.0
14.1
12.4
7.9
10.2
11.6
11.4
11.6
10.0
10.8
11.0
10.7
6.4

δ 15N
B
10.9
10.4
10.3
12.8
12.0
10.1
14.1
12.4
8.1
10.4
11.6
11.3
11.8
9.7
10.6
11.2
9.4
7.0
Average
SD

Difference
0.1
0.1
0.1
0.0
0.2
0.1
0.0
0.0
0.2
0.2
0.0
0.1
0.2
0.3
0.2
0.2
1.3
0.4
0.0
0.4

APPENDIX B
B.1: Human sample catalogue
Catalogue Codes:
Period
l. = late
e. = early

Age
YA = young adult (18-34yrs)
MA = middle adult (35-49yrs)
OL = old adult (50+yrs)
A = adult (>~18yrs)

Sex
%Col. = Percentage yield of “collagen”
M = male
C/N: atomic carbon/nitrogen ratio
M = probably male
* = previously studied using osteological techniques
? = unknown
(references in Chapter 4)
†
F = female
= buried with scallop shells, possible pilgrim (Jaca)
?F = probably female
UR = Unable to be recorded
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Location
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín

Site
Almacabra
Almacabra
Almacabra
Almacabra
Almacabra
Almacabra

Period (centuries)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)

Burial
no./context
6
7
8
12
14
16

Sample No.
ABM06
ABM07
ABM08
ABM12
ABM14
ABM16

Element
Rib
Rib
Rib
Rib
Rib
Rib

Sex
?F
?M
M
F
?F
?M

Age
A
A
MA
A
MA
A

%Col.
10.3
15.8
19.0
15.8
16.0
16.5

%C
41.0
46.7
45.6
47.1
44.1
43.1

%N
15.5
17.3
16.9
15.9
17.0
16.1

C/N
3.1
3.2
3.2
3.5
3.0
3.1

δ 13C
‐19.3
‐18.7
‐18.9
‐19.1
‐19.1
‐18.9

δ 15N
9.4
10.8
11.9
11.5
11.2
11.3

Albarracín
Albarracín
Albarracín
Albarracín
Albarracín

Almacabra
Almacabra
Almacabra
Almacabra
Almacabra

Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)

17
24
25
54
59

ABM17
ABM24
ABM25
ABM54
ABM59

Rib
Rib
Rib
Rib
Rib

F
F
?M
F
M

A
A
YA
A
A

18.1
16.7
9.6
13.5
17.4

49.8
42.4
51.0
43.7
47.0

18.9
16.1
18.1
16.7
17.3

3.1
3.1
3.3
3.1
3.2

‐19.0
‐19.0
‐18.9
‐18.8
‐18.8

11.1
12.1
10.9
11.1
10.0

Albarracín
Albarracín

Almacabra
Almacabra

Islamic (10th‐12th)
Islamic (10th‐12th)

62
63

ABM62
ABM63

Rib
Rib

M
M

A
OA

17.0
17.1

41.6
36.0

15.4
13.8

3.2
3.0

‐18.9
‐18.9

11.2
10.7

255

Location
Albarracín

Site
Almacabra

Period (centuries)
Islamic (10th‐12th)

Burial
no./context
70

Sample No.
ABM70

Element
Rib

Sex
F

Age
A

%Col.
16.7

%C
43.8

%N
16.6

C/N
3.1

δ 13C
‐19.2

δ 15N
10.6

Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín

Almacabra
Almacabra
Almacabra
Almacabra
Almacabra
Almacabra
Almacabra
Almacabra
Almacabra
Almacabra

Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)

75
78
80
81
82
83
89
90
96
100

ABM75
ABM78
ABM80
ABM81
ABM82
ABM83
ABM89
ABM90
ABM96
ABM100

Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib

F
?M
F
?M
?M
M
M
F
F
?F

A
A
A
YA
YA
YA
MA
YA
A
A

16.2
14.8
12.5
11.0
10.3
14.3
15.5
16.9
16.5
16.6

43.8
54.0
45.2
44.3
42.9
44.7
48.3
41.6
43.5
44.1

16.3
18.6
16.6
16.6
16.0
16.8
17.9
15.7
16.1
16.7

3.1
3.4
3.2
3.1
3.1
3.1
3.2
3.1
3.2
3.1

‐19.0
‐18.9
‐19.0
‐19.3
‐18.5
‐19.1
‐18.8
‐18.9
‐19.1
‐19.0

11.3
10.4
10.8
11.8
11.0
10.4
10.9
10.4
10.5
10.7

Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía

Almacabra
Almacabra
Almacabra
Almacabra
Almacabra
Almacabra
Almacabra
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata

Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Islamic (10th‐12th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)

106
107
110
111
113
114
118
48
303
305
324
346
357
369
377
398
401
445

ABM106
ABM107
ABM110
ABM111
ABM113
ABM114
ABM118
GSMC481*
GSMC303*
GSMC305*
GSMC324*
GSMC346*
GSMC357*
GSMC369*
GSMC377*
GSMC398*
GSMC401*
GSMC445*

Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib

M
?F
F
?F
F
F
F
M
M
M
F
M
M
M
F
M
F
F

YA
A
YA
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

16.2
16.7
17.7
15.9
16.2
12.2
17.3
2.8
4.4
3.4
3.5
5.9
7.7
4.4
2.4
5.2
2.7
7.7

47.6
44.2
53.5
46.5
41.4
50.7
49.7
35.6
47.6
37.2
46.6
48.9
45.2
36.5
43.6
46.8
48.0
47.3

17.2
16.8
19.9
18.0
15.6
18.8
18.4
12.4
16.6
13.1
16.3
16.9
15.8
12.8
15.1
16.1
16.7
16.7

3.2
3.1
3.1
3.0
3.1
3.1
3.2
3.3
3.3
3.3
3.3
3.4
3.3
3.3
3.4
3.4
3.3
3.3

‐19.4
‐18.9
‐19.0
‐19.1
‐18.9
‐18.9
‐19.3
‐15.7
‐15.5
‐15.0
‐16.0
‐18.1
‐16.8
‐17.2
‐18.7
‐17.5
‐17.6
‐18.6

10.1
9.8
11.3
11.0
10.8
9.6
9.9
10.9
9.7
12.0
9.8
10.4
9.4
10.0
9.9
10.4
10.3
9.7
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Location
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía

Site
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Colegiata
Benipeixcar
Benipeixcar

Period (centuries)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Christian (13th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)

Burial
no./context
455
457
463
483
501
504
506
531
543
547
549
550
571
804
1504

Sample No.
GSMC455*
GSMC457*
GSMC463*
GSMC483*
GSMC501*
GSMC504*
GSMC506*
GSMC531*
GSMC543*
GSMC547*
GSMC549*
GSMC550*
GSMC571*
GBM804*
GBM1504*

Element
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib

Sex
M
M
F
M
F
F
M
F
F
M
F
F
F
F
M

Age
A
A
A
A
A
A
A
A
A
A
A
A
A
MA
YA

%Col.
1.4
2.2
5.2
2.9
3.8
3.2
1.8
5.5
8.6
2.3
2.7
2.9
4.1
7.3
4.5

%C
44.1
41.5
47.6
32.6
40.7
45.7
47.7
47.3
46.7
47.6
46.4
52.9
45.8
46.4
54.2

%N
15.1
14.4
16.6
11.3
14.4
16.3
16.5
16.6
15.9
16.5
16.4
18.9
16.3
16.4
19.4

C/N
3.4
3.4
3.3
3.4
3.3
3.3
3.4
3.3
3.4
3.4
3.3
3.3
3.3
3.3
3.3

δ 13C
‐16.4
‐18.7
‐17.3
‐17.4
‐16.9
‐16.9
‐18.0
‐18.1
‐17.0
‐18.5
‐16.9
‐17.2
‐17.8
‐17.2
‐16.8

δ 15N
10.1
8.8
9.6
11.1
9.9
9.2
10.5
9.7
10.8
10.1
10.5
11.7
11.4
10.0
11.0

Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía

Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar

Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)

1603
1904
2003
2304
2404
2602
2703
2803
2902
9203
9303
9503
9902
14403

GBM1603*
GBM1904*
GBM2003*
GBM2304 *
GBM2404*
GBM2602*
GBM2703*
GBM2803*
GBM2902*
GBM9203*
GBM9303*
GBM9503*
GBM9902*
GBM14403*

Femur
Femur
Femur
Rib
Rib
Rib
Humerus
Rib
Rib
Rib
Rib
Rib
Rib
Rib

F
?F
F
F
F
F
?
?F
M
M
F
M
F
M

OA
A
A
YA
A
A
A
A
YA
A
YA
YA
YA
A

9.5
2.6
4.9
5.1
10.0
9.4
3.3
7.3
4.6
2.7
5.2
4.3
2.5
8.7

48.5
45.5
37.4
45.1
45.1
44.4
33.0
42.2
29.1
39.3
45.2
43.1
33.7
43.0

17.6
16.0
12.9
15.8
16.5
15.9
11.5
15.0
10.2
14.2
16.1
15.4
11.3
15.5

3.2
3.3
3.4
3.3
3.2
3.3
3.3
3.3
3.3
3.2
3.3
3.3
3.5
3.2

‐14.7
‐15.9
‐18.0
‐16.3
‐16.4
‐16.5
‐16.8
‐15.6
‐17.2
‐16.8
‐16.5
‐17.1
‐16.0
‐17.5

11.2
9.2
10.6
11.1
11.0
10.8
11.0
10.7
10.7
10.0
10.7
10.4
11.3
10.9
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Location
Gandía
Gandía
Gandía
Gandía
Jaca
Jaca
Jaca
Jaca
Jaca
Jaca
Jaca
Jaca
Jaca
Jaca
Jaca
Jaca
Jaca
Jaca
Jaca

Site
Benipeixcar
Benipeixcar
Benipeixcar
Benipeixcar
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós

Period (centuries)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Mudéjar (15th‐16th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)

Burial
no./context
14603
14703
15103
15403
5
16
23
27
28
30
43
51
72
97
110
115
117
118
152

Sample No.
GBM14603*
GBM 14703 *
GBM15103*
GBM15403*
JAC05*
JAC16
JAC23
JAC27
JAC28
JAC30
JAC43*
JAC551
JAC572
JAC97*
JAC110
JAC115
JAC117*
JAC118*
JAC152

Element
Femur
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib

Sex
F
F
F
F
F
?
F
?F
?F
F
F
?F
?M
F
?F
M
F
M
F

Age
A
A
YA
A
YA
A
A
A
A
A
MA
YA
A
MA
A
A
YA
YA
A

%Col.
2.5
4.8
7.9
1.8
5.5
3.3
9.7
2.7
5.9
4.1
9.6
2.9
6.1
9.0
4.0
7.7
7.5
3.9
7.7

%C
29.5
44.3
45.0
47.3
52.6
44.8
52.0
55.6
58.1
54.3
49.2
42.5
51.4
47.4
51.5
48.9
47.2
50.0
46.4

%N
10.2
15.8
16.4
16.8
19.0
15.7
19.0
19.9
20.8
19.6
17.7
14.7
18.8
17.5
18.3
17.1
17.0
17.8
16.3

C/N
3.4
3.3
3.2
3.3
3.2
3.3
3.2
3.2
3.3
3.2
3.2
3.4
3.2
3.2
3.3
3.3
3.2
3.3
3.3

δ 13C
‐16.9
‐15.2
‐14.2
‐15.6
‐18.6
‐17.6
‐18.6
‐19.0
‐18.8
‐19.1
‐15.3
‐19.5
‐16.9
‐15.4
‐18.7
‐17.0
‐18.7
‐19.1
‐19.5

δ 15N
10.6
10.1
11.9
10.3
10.4
10.5
10.6
9.3
9.6
9.3
9.6
8.8
10.2
9.9
9.9
9.9
9.3
9.9
9.1

Jaca
Jaca
Jaca

Plaza Biscós
Plaza Biscós
Plaza Biscós

Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)

179
188
189

JAC179
JAC188†
JAC189

Rib
Rib
Rib

?
?F
F

A
YA
A

11.9
3.7
6.5

46.6
48.2
48.1

17.0
16.6
17.4

3.2
3.4
3.2

‐19.1
‐19.2
‐18.8

8.6
9.7
10.7

Jaca
Jaca
Jaca
Jaca
Jaca
Jaca
Jaca

Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós
Plaza Biscós

Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)
Christian (11th‐15th)

200
209
213
225
613
652
749

JAC200†*
JAC209
JAC213
JAC225*
JAC613
JAC652
JAC749

Rib
Rib
Rib
Rib
Rib
Rib
Rib

M
?M
?M
M
?M
M
?M

YA
A
A
OA
A
A
A

6.1
1.9
6.6
2.4
1.7
4.1
2.9

46.4
52.5
47.4
58.6
41.7
47.2
52.3

18.4
18.6
17.4
21.2
14.8
16.9
18.4

3.0
3.3
3.2
3.2
3.3
3.3
3.3

‐19.6
‐17.9
‐18.9
‐18.9
‐18.5
‐18.9
‐18.8

10.2
10.3
10.4
9.9
11.8
12.2
9.6
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Location
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia

Site
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Alta 48‐58
Calle Sagunto
Calle Sagunto
Calle Sagunto
Calle Sagunto
Calle Sagunto
Calle Sagunto
Calle Sagunto
Almoina 1

Period (centuries)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)

Burial
no./context
1330
1354
1366
1419
1434
1565
1568
1632
1941
1945
2011
2036
2094
2132
2193
2292
2369
2375
2536
2544
2549
1117
1192
1217
1290
1331
1399
1586
1095

Sample No.
VCAM1330
VCAM1354
VCAM1366
VCAM1419
VCAM1434
VCAM1565
VCAM1568
VCAM1632
VCAM1941
VCAM1945
VCAM2011
VCAM2036
VCAM2094
VCAM2132
VCAM2193
VCAM2292
VCAM2369
VCAM2375
VCAM2536
VCAM2544
VCAM2549
VCSM1117
VCSM1192
VCSM1217
VCSM1290
VCSM1331
VCSM1399
VCSM1586
VRM1095

Element
Femur
Rib
Femur
Femur
Femur
Femur
Femur
Rib
Femur
Femur
Femur
Rib
Rib
Rib
Femur
Rib
Femur
Femur
Rib
Rib
Rib
Rib
Rib
Rib
Humerus
Rib
Rib
Rib
Rib

Sex
?M
?F
M
F
?
?M
?F
F
F
M
M
F
F
M
M
?M
?M
?F
M
F
F
F
F
?M
M
M
F
?M
M

Age
A
A
YA
MA
MA
MA
MA
A
A
A
A
A
A
A
A
A
MA
YA
OA
YA
A
YA
A
YA
MA
MA
YA
A
YA

%Col.
2.2
3.9
1.3
2.1
1.1
1.5
1.0
3.5
2.2
2.3
2.0
2.0
1.9
2.9
2.8
9.5
3.2
4.3
8.5
1.6
8.0
12.3
4.7
6.4
9.1
2.9
14.5
3.6
2.0

%C
42.1
49.7
45.5
48.4
42.8
40.7
36.7
45.6
47.4
45.4
47.0
48.3
46.7
49.1
44.0
46.0
43.7
45.4
48.6
49.4
49.4
41.7
44.4
42.4
41.5
48.2
48.0
44.4
51.2

%N
14.8
17.8
15.8
16.8
15.2
14.8
13.1
16.3
15.3
16.2
17.8
17.1
17.3
16.6
16.4
17.3
16.5
16.4
18.3
17.4
18.8
14.9
15.7
15.3
14.3
17.1
17.4
15.4
18.3

C/N
3.3
3.3
3.3
3.4
3.3
3.2
3.3
3.3
3.6
3.3
3.1
3.3
3.2
3.5
3.1
3.1
3.1
3.2
3.1
3.3
3.1
3.3
3.3
3.2
3.4
3.3
3.2
3.4
3.3

δ 13C
‐18.8
‐17.7
‐19.0
‐19.2
‐19.8
‐17.3
‐18.1
‐18.8
‐19.2
‐19.1
‐18.5
‐18.8
‐19.3
‐18.9
‐18.3
‐18.6
‐17.6
‐16.6
‐18.8
‐15.8
‐18.4
‐15.8
‐17.6
‐16.7
‐17.9
‐14.2
‐17.1
‐16.9
‐15.8

δ 15N
10.5
10.3
11.2
10.8
9.7
12.2
11.5
10.1
10.8
10.3
11.0
10.3
11.0
10.7
9.3
9.9
10.6
12.1
11.4
11.5
10.5
11.7
14.5
12.0
12.2
11.0
13.4
12.0
12.2

Location
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
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Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia
Valencia

Site
Almoina 1
Almoina 1
Almoina 1
Almoina 1
Almoina 1
Almoina 1
Calle Pintor
Sorolla
Calle Pintor
Sorolla
Calle Pintor
Sorolla
San Andrés
San Andrés
San Andrés
San Andrés
San Vicente 134
San Vicente 134
San Vicente 134
San Vicente 134
San Vicente 134
San Vicente 134
San Vicente 134
San Vicente 134
San Vicente 134
San Vicente 134
San Vicente 134
San Vicente 134
San Vicente 134
San Vicente 134

Period (centuries)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)
Islamic (11th‐13th)

Burial
no./context
1281
1295
1344
1356
1363
1428

Sample No.
VRM1281
VRM1295
VRM1344
VRM1356
VRM1363
VRM1428

Element
Rib
Rib
Femur
Rib
Rib
Rib

Sex
?
F
M
?
F
?

Age
A
A
A
A
A
A

%Col.
6.5
6.7
2.1
9.6
4.7
8.3

%C
45.5
46.8
46.0
45.8
46.1
46.0

%N
15.8
16.6
16.6
17.2
16.9
16.9

C/N
3.4
3.3
3.2
3.1
3.2
3.2

δ 13C
‐18.1
‐18.9
‐17.3
‐16.3
‐17.0
‐17.8

δ 15N
10.7
11.4
14.2
16.6
13.8
11.6

Islamic (13th)

1805

VPSM1805

Rib

M

A

3.3

46.9

16.7

3.3

‐16.6

12.0

Islamic (13th)

1807

VPSM1807

Rib

F

YA

4.2

44.0

15.9

3.2

‐15.2

12.3

Islamic (13th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)
Christian (14th‐15th)

1809
1466
1549
1585
1649
3048
3051
3054
3070
3220
3244
3274
3277
3280
3283
3289
3325
3334
3622

VPSM1809
VSAC1466
VSAC1549
VSAC1585
VSAC1649
VSVC3048
VSVC3051
VSVC3054
VSVC3070
VSVC3220
VSVC3244
VSVC3274
VSVC3277
VSVC3280
VSVC3283
VSVC3289
VSVC3325
VSVC3334
VSVC3622

Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib

?F
F
F
F
F
?
M
F
M
M
M
?F
?F
F
?M
?M
?M
M
M

A
YA
A
A
A
A
MA
MA
A
A
A
MA
A
A
A
A
A
A
A

2.8
8.1
4.6
2.6
2.3
11.1
7.7
12.7
3.7
10.1
2.8
10.9
4.3
6.0
3.0
4.0
5.0
9.1
5.9

39.7
44.7
48.1
34.6
49.3
46.4
40.7
49.0
38.1
48.3
44.3
49.1
40.5
49.5
45.4
46.5
45.7
45.1
41.6

14.0
16.4
17.4
11.6
17.1
16.9
14.2
17.9
13.1
17.9
15.5
17.8
14.4
17.1
16.0
16.7
16.2
16.4
13.8

3.3
3.2
3.2
3.5
3.4
3.2
3.3
3.2
3.4
3.2
3.3
3.2
3.3
3.4
3.3
3.3
3.3
3.2
3.5

‐16.3
‐18.1
‐18.1
‐18.2
‐18.4
‐18.5
‐18.8
‐18.3
‐18.5
‐18.5
‐16.8
‐17.3
‐19.3
‐18.7
‐18.8
‐18.9
‐18.4
‐18.1
‐18.7

11.8
11.7
11.3
11.2
10.5
11.3
11.1
10.3
11.3
10.9
10.6
11.6
9.3
8.4
8.0
10.1
11.6
11.3
17.1
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Location
Valencia
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza

Site
San Vicente 134
Roman Theatre
Roman Theatre
Roman Theatre
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Bab al‐Qibla
Predicadores 26
Predicadores 26

Period (centuries)
Christian (14th‐15th)
Mozarab (8th‐9th)
Mozarab (8th‐9th)
Mozarab (8th‐9th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (10th‐e.12th)
Islamic (9th‐e.12th)
Islamic (9th‐e.12th)

Burial
no./context
3677
1
2
4
1
6
12
57
68
70
74
84
90
92
108
113
126
167
174
199
225
231
238
247
290
291
292
1
7

Sample No.
VSVC3677
ZTRV1*
ZTRV2*
ZTRV4*
ZQM01
ZQM06
ZQM12
ZQM57
ZQM68
ZQM70
ZQM74
ZQM84
ZQM90
ZQM92
ZQM108
ZQM113
ZQM126
ZQM167
ZQM174
ZQM199
ZQM225
ZQM231
ZQM238
ZQM247
ZQM290
ZQM291
ZQM292
ZPM01*
ZPM07*

Element
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Rib
Mandible
Rib
Humerus
Femur

Sex
M
?F
M
M
F
M
?M
?
F
F
M
F
?M
?M
?M
F
?F
F
F
F
M
M
M
M
F
F
F
UR
UR

Age
A
OA
OA
YA
A
YA
MA
A
OA
A
A
A
A
A
A
A
A
A
MA
A
A
A
A
A
A
A
A
A
A

%Col.
5.0
17.0
10.8
10.4
10.9
9.5
4.5
9.7
12.0
11.8
10.6
10.2
2.6
13.9
8.7
8.9
10.2
10.1
6.2
11.0
8.2
5.2
3.6
4.5
3.4
3.7
3.6
4.5
5.0

%C
47.9
43.8
39.3
43.4
48.6
43.0
44.3
49.6
44.6
47.5
40.9
39.1
45.5
43.2
43.7
45.6
44.7
42.9
43.9
43.4
46.6
44.6
46.8
46.9
33.7
47.0
48.5
45.6
45.3

%N
17.2
15.9
14.6
15.9
17.6
15.6
15.9
17.9
16.2
17.3
15.2
14.1
16.0
15.9
16.1
16.6
16.3
15.7
16.0
15.6
16.8
16.3
16.6
16.8
11.5
16.9
17.7
16.6
16.7

C/N
3.2
3.2
3.1
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.1
3.2
3.3
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.3
3.3
3.4
3.2
3.2
3.2
3.2

δ 13C
‐19.1
‐18.5
‐18.4
‐17.7
‐19.2
‐18.7
‐19.1
‐19.2
‐18.7
‐18.9
‐18.8
‐18.2
‐18.5
‐18.8
‐19.1
‐18.3
‐18.6
‐19.1
‐19.1
‐19.2
‐18.9
‐19.4
‐18.7
‐18.8
‐19.2
‐19.6
‐19.0
‐19.2
‐19.5

δ 15N
9.1
12.1
9.9
10.2
10.9
9.5
10.8
11.10
9.0
10.3
11.3
11.0
9.9
9.1
11.4
9.9
12.8
11.9
9.9
11.6
10.7
9.0
9.5
9.3
9.0
10.5
12.9
10.6
12.1
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Location
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza
Zaragoza

Site
Predicadores 26
Predicadores 26
Predicadores 26
Predicadores 26
Predicadores 26
Predicadores 26
Predicadores 26
Predicadores 26
Predicadores 26
Predicadores 26
Predicadores 26

Zaragoza

La Seo

Zaragoza

La Seo

Period (centuries)
Islamic (9th‐e.12th)
Islamic (9th‐e.12th)
Islamic (9th‐e.12th)
Islamic (9th‐e.12th)
Islamic (9th‐e.12th)
Islamic (9th‐e.12th)
Islamic (9th‐e.12th)
Islamic (9th‐e.12th)
Islamic (9th‐e.12th)
Islamic (9th‐e.12th)
Islamic (9th‐e.12th)
Christian
(12th onwards)
Christian
(12th onwards)

Burial
no./context
12
15
48
50
70
80
84
88
98
119
127

Sample No.
ZPM12*
ZPM15*
ZPM48*
ZPM50*
ZPM70*
ZPM80*
ZPM84*
ZPM88*
ZPM98*
ZPM119*
ZPM127*

Element
Femur
Rib
Rib
Rib
Femur
Rib
Humerus
Rib
Rib
Humerus
Rib

Sex
UR
UR
F
UR
M
?F
M
?M
?F
UR
F

Age
A
A
A
A
A
A
A
A
MA
A
A

%Col.
2.4
7.0
18.5
6.9
17.4
3.6
6.3
8.4
9.8
7.7
8.2

%C
48.5
50.0
49.4
49.8
51.8
46.3
40.5
44.3
47.0
48.3
42.3

%N
16.7
18.5
18.3
18.4
19.2
16.2
14.4
14.8
17.2
16.9
15.0

C/N
3.4
3.2
3.1
3.2
3.2
3.3
3.3
3.5
3.2
3.3
3.3

δ 13C
‐19.3
‐19.0
‐18.8
‐19.3
‐18.7
‐19.3
‐19.3
‐18.8
‐18.9
‐18.9
‐19.6

δ 15N
9.7
13.2
12.7
14.1
9.8
12.6
9.0
11.8
10.2
11.9
12.2

92.81.4964

ZLSC1

Mandible

?M

MA

4.9

39.4

13.8

3.3

‐19.1

8.0

92.81.4915

ZLSC2

Mandible

?M

A

7.5

45.0

16.2

3.2

‐18.6

12.4

B.2: Samples rejected from the dataset.
Location

Site

Period

Sample
No.
VSAC1560
GBM1104

%coll.

%C

%N

C:N

δ 13C

δ 15N

Reason

Christian
Mudéjar

Context/
Burial no.
1560
1104

Valencia
Gandía

San Andres
Benipeixcar

0.6
7.5

41.9
‐

12.7
‐

3.8
‐

‐19.2
‐

10.6
‐

Almoina 1

Muslim

1205

VRM1205

6.5

‐

‐

‐

‐

‐

La Seo

Christian

92.81.4876

ZLSC3

2.4

36.3

3.7

11.5

‐20.6

23.4

C:N ratio
Replication Error– large differences in C:N ratio
between repeat analyses
Replication Error– large differences (>5‰) in δ15N
between repeat analyses
C:N ratio, abnormal δ15N

Valencia
Zaragoza
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APPENDIX C
C.1: Animal sample catalogue
All animal samples were run in the Department of Human Evolution, Leipzig. Most were also processed in Leipzig – an asterisk (*) after a sample
number denotes a sample that was processed in Durham but weighed out and analysed at the facilities in Leipzig.
Catalogue Codes:
%Col. = percentage yield of collagen

C/N: atomic carbon/nitrogen ratio

NR: Not recorded, some collagen weights were not noted after freeze‐drying, however yields are more than likely over 0.5%
Elements:
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Max=Maxilla

Man=Mandible

Sca = Scapula

Hum=Humerus

Rad=Radius

Uln=Ulna

Ver=Vertebrae

Pel=Pelvis

Fem=Femur

Tib=Tibia

Mec=Metacarple

Met=Metatarsal

Tar=Tarsometatarsus

LB=unidentified long bone
%Col.

%C

%N

C/N

δ 13C

δ 15N

Tib

NR

42.4

15.5

3.2

-19.9

6.1

Cow

Hum

3.3

40.0

14.5

3.2

-19.9

7.2

ABC3

Cow

Fem

0.7

32.8

11.7

3.3

-19.7

2.6

II9 (734)

ABC4

Cow

Max

4.8

42.6

15.4

3.2

-19.9

6.1

II9 (162)

ABC5

Cow

Met

5.7

42.9

15.8

3.2

-19.6

8.9

Location

Site

Period (centuries)

Context

Sample

Albarracín

Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín

Islamic (10th-11th)

II9 (139)

ABC1

Cow

Islamic (10th-11th)

II7 (742)

ABC2

Islamic (10th-11th)

II9 (162)

Islamic (10th-11th)
Islamic (10th-11th)

Albarracín
Albarracín
Albarracín
Albarracín

Species

Element

%C

%N

C/N

δ 13C

δ 15N

Tib

NR

43.2

15.7

3.2

-19.9

7.4

Cow

Met

NR

41.1

14.7

3.3

-20.3

5.4

ABDe1

Deer

Rad

NR

43.1

15.7

3.2

-20.1

3.7

II9 (160)

ABDe2

Deer

Tib

NR

42.9

15.5

3.2

-20.3

5.1

Islamic (10th-11th)

II9 (162)

ABF1

Ver

3.9

44.1

16.2

3.2

-10.1

8.1

Islamic (10th-11th)

II9 (162)

ABF3

Ver

16.2

42.7

16.3

3.0

-10.8

10.4

Islamic (10th-11th)

II9 (162)

ABF4

Ver

4.1

42.7

16.1

3.1

-11.2

12.6

Islamic (10th-11th)

II9 139-151

ABF5

Ver

3.8

45.9

16.6

3.2

-9.4

9.5

Islamic (10th-11th)

II9 (162)

ABF6

Ver

6.2

44.8

16.6

3.2

-11.4

12.5

Islamic (10th-11th)

II9 (149)

ABG1

Fish (MulletMugilidae Sp.)
Fish (MeagreArgyrosomus
regius)
Fish (Sea Bass
Dicentrarchus Sp.)
Fish (MulletMugilidae Sp.)
Fish (Sea Bass
Dicentrarchus Sp.)
Goat

Hum

NR

43.6

15.6

3.3

-19.3

5.5

Islamic (10th-11th)

II9 (151)

ABG2

Goat

Hum

3.6

42.5

15.5

3.2

-19.0

3.9

Islamic (10th-11th)

II9 (162)

ABGa1

Chicken

Tar

13.1

44.2

16.0

3.2

-19.2

8.7

Islamic (10th-11th)

II9 (162)

ABGa2

Chicken

Tar

10.6

44.2

15.8

3.3

-19.2

10.2

Islamic (10th-11th)

II9 (162)

ABGa3

Chicken

Tar

11.1

41.8

15.1

3.2

-19.4

9.0

Islamic (10th-11th)

II9 (162)

ABGa4

Chicken

Tar

11.9

43.2

15.5

3.2

-19.1

13.1

Islamic (10th-11th)

II9 (162)

ABH1

Hare

Pel

12.2

42.7

15.7

3.2

-20.4

5.5

Site

Period (centuries)

Context

Sample

Albarracín

Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín

Islamic (10th-11th)

II9 (130)

ABC6

Cow

Islamic (10th-11th)

II9 (139)

ABC7

Islamic (10th-11th)

139-151

Islamic (10th-11th)

Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín

Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
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%Col.

Location

Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín

Species

Element

Location
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
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Albarracín
Albarracín
Albarracín
Albarracín
Albarracín
Gandía
Gandía
Gandía
Gandía

Site
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Castillo de
Albarracín
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar

%Col.

%C

%N

C/N

δ 13C

δ 15N

Man

3.5

42.4

15.5

3.2

-20.2

4.9

Ovicaprid

Man

3.2

40.8

15.0

3.2

-19.7

6.5

ABO3

Ovicaprid

Man

3.2

42.5

15.6

3.2

-20.0

6.5

II9 (105)

ABO4

Ovicaprid

Man

5.3

43.2

15.7

3.2

-20.0

4.6

Islamic (10th-11th)

II9 (151)

ABO5

Ovicaprid

Man

5.7

43.8

16.0

3.2

-20.2

4.7

Islamic (10th-11th)

II9 (105)

ABP1

Pig

Man

2.8

43.4

15.9

3.2

-20.6

9.0

Islamic (10th-11th)

II9 (139)

ABP2

Pig

Hum

4.1

42.7

14.6

3.4

-20.5

11.7

Islamic (10th-11th)

II9 (130)

ABP3

Pig

Man

NR

42.4

15.4

3.2

-20.3

9.0

Islamic (10th-11th)

II9 (162)

ABPa1

Tar

8.9

44.1

15.9

3.2

-18.9

4.8

Islamic (10th-11th)

II9 (169)

ABR1

Red Legged
Partridge
Rabbit

Man

9.3

43.2

15.8

3.2

-20.9

4.4

Islamic (10th-11th)

II9 (151)

ABS1

Sheep

Hum

NR

43.2

15.2

3.3

-20.3

4.1

Islamic (10th-11th)

II9 (163)

ABS2

Sheep

Hum

NR

43.8

15.7

3.3

-19.5

6.8

Islamic (10th-11th)

II9 (162)

ABS3

Sheep

Man

3.6

42.3

15.3

3.2

-20.0

6.8

Mudéjar (15th-16th)

13051

GBC1

Cow

Met

1.5

37.8

13.4

3.3

-15.2

7.7

Mudéjar (15th-16th)

11035

GBC2

Cow

Hum

8.2

43.3

16.2

3.1

-20.1

5.8

Mudéjar (15th-16th)

13051

GBC3

Cow

Hum

4.1

43.1

15.6

3.2

-19.7

8.5

Mudéjar (15th-16th)

13051

GBC4

Cow

Met

6.5

43.1

15.8

3.2

-14.3

7.4

Period (centuries)

Context

Sample

Species

Islamic (10th-11th)

II9 (162)

ABO1

Ovicaprid

Islamic (10th-11th)

II9 (169)

ABO2

Islamic (10th-11th)

II9 (162)

Islamic (10th-11th)

Element

Location
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
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Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía
Gandía

Site

%Col.

%C

%N

C/N

δ 13C

δ 15N

Met

11.1

42.3

15.7

3.1

-19.8

5.7

Cat

Fem

6.2

38.9

14.2

3.2

-15.5

8.1

GBCa2

Cat

Hum

2.7

42.7

15.3

3.2

-16.3

9.1

1134-8

GBCa3

Cat

Uln

2.8

42.1

15.3

3.2

-16.3

8.9

Mudéjar (15th-16th)

13043

GBF1

Ver

4.6

42.9

15.3

3.3

-12.4

9.9

Mudéjar (15th-16th)

13043

GBGa1

Fish (Tope Shark
Galeorhinus
galeus)
Chicken

Tib

2.0

40.5

14.2

3.3

-14.9

10.2

Mudéjar (15th-16th)

13043

GBGa2

Chicken

Tar

2.8

43.5

15.4

3.3

-17.4

8.4

Mudéjar (15th-16th)

13043

GBGa3

Chicken

Fem

3.2

43.7

15.4

3.3

-17.5

8.8

Mudéjar (15th-16th)

13043

GBGa5

Chicken

Hum

4.1

43.5

15.5

3.3

-13.3

9.7

Mudéjar (15th-16th)

13051

GBO1

Ovicaprid

Met

1.1

35.2

12.4

3.3

-19.3

2.9

Mudéjar (15th-16th)

11035

GBO2

Ovicaprid

Man

1.6

39.6

14.1

3.3

-19.2

4.0

Mudéjar (15th-16th)

13051

GBO3

Ovicaprid

Met

6.5

43.5

15.9

3.2

-19.5

4.3

Mudéjar (15th-16th)

11035

GBO4

Ovicaprid

Met

3.4

42.4

15.2

3.3

-19.4

3.3

Mudéjar (15th-16th)

13051

GBO5

Ovicaprid

Man

5.1

44.1

15.6

3.3

-19.5

4.4

Mudéjar (15th-16th)

11035

GBO9

Ovicaprid

Met

3.0

42.6

15.1

3.3

-19.3

3.3

Mudéjar (15th-16th)

13051

GBO6

Ovicaprid

Man

1.2

37.9

13.6

3.2

-19.1

3.8

Period (centuries)

Context

Sample

Species

Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar

Mudéjar (15th-16th)

11035

GBC5

Cow

Mudéjar (15th-16th)

11017

GBCa1

Mudéjar (15th-16th)

11034-8

Mudéjar (15th-16th)

Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar

Element

Location
Gandía
Gandía
Gandía
Barbastro
Barbastro
Barbastro
Barbastro
Huesca
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Huesca
Huesca
Huesca
Huesca
Huesca
Huesca
Huesca
Huesca
Huesca

Site
Alquería de
Benipeixcar
Alquería de
Benipeixcar
Alquería de
Benipeixcar
San Jan
Barbastro
San Jan
Barbastro
San Jan
Barbastro
San Jan
Barbastro
Joaquin
Costa/Pedro IV
Joaquin
Costa/Pedro IV
Hacienda. C/
Abellanas
Joaquin
Costa/Pedro IV
Joaquin
Costa/Pedro IV
Joaquin
Costa/Pedro IV
Joaquin
Costa/Pedro IV
Joaquin
Costa/Pedro IV
Joaquin
Costa/Pedro IV
Joaquin
Costa/Pedro IV

%Col.

%C

%N

C/N

δ 13C

δ 15N

Man

6.7

42.2

14.6

3.4

-19.1

4.2

Ovicaprid

Man

7.8

35.1

12.3

3.3

-19.5

5.6

GBP1

Pig

Man

4.5

41.8

15.0

3.3

-17.8

6.6

1102

JBO1

Ovicaprid

Man

1.7

41.1

15.1

3.2

-18.5

7.9

Islamic (11th)

2100

JBO2

Ovicaprid

Man

3.4

42.0

15.5

3.2

-18.0

8.4

Islamic (11th)

2100

JBO3

Ovicaprid

Man

1.9

36.0

13.3

3.2

-17.9

8.2

Islamic (11th)

1102

JBP1

Pig

Man

4.5

45.5

16.5

3.2

-18.4

7.4

Christian (12th)

3019.1

JHC1

Cow

Met

NR

41.7

14.9

3.3

-20.0

8.5

Christian (12th)

3019.1

JHC2

Cow

Met

NR

38.4

13.8

3.2

-18.7

7.2

Christian (12th)

8c

JHGa1

Chicken

Tib

2.2

43.7

15.4

3.3

-18.7

9.1

Christian (12th)

3019.1

JHO1

Ovicaprid

Tib

5.6

44.0

15.9

3.2

-20.1

8.8

Christian (12th)

3019.1

JHO2

Ovicaprid

Met

4.5

42.2

15.5

3.2

-19.9

3.5

Christian (12th)

3019.1

JHO3

Ovicaprid

Met

1.5

42.4

15.4

3.2

-19.9

8.4

Christian (12th)

3019.1

JHO4

Ovicaprid

Man

1.0

34.9

12.4

3.3

-19.0

5.1

Christian (12th)

3019.1

JHO5

Ovicaprid

Fem

4.3

44.3

16.1

3.2

-19.2

5.5

Christian (12th)

3019.1

JHO6

Ovicaprid

Met

2.5

42.2

15.4

3.2

-19.1

7.0

Christian (12th)

3019.1

JHP1

Pig

Hum

NR

42.5

14.7

3.4

-19.0

9.1

Period (centuries)

Context

Sample

Species

Mudéjar (15th-16th)

13051

GBO7

Ovicaprid

Mudéjar (15th-16th)

13051

GBO8

Mudéjar (15th-16th)

11035

Islamic (11th)

Element

Location
Huesca

Site

%Col.

%C

%N

C/N

δ 13C

δ 15N

Man

NR

43.8

15.2

3.4

-19.1

10.9

Pig

Man

1.3

28.3

10.2

3.2

-19.0

10.0

Period (centuries)

Context

Sample

Species

Christian (12th)

8c

JHP2

Pig

Christian (12th)

8c

JHP4

Element

Christian (12th)

3019.1

JHS1

Sheep

Hum

5.4

44.2

16.0

3.2

-19.9

3.8

Valencia

Hacienda. C/
Abellanas 1995
Hacienda. C/
Abellanas 1995
Hacienda. C/
Abellanas 1995
Almoina 9-10

Christian (13th-16th)

7254

VCC1

Cow

Met

2.2

43.1

15.8

3.2

-20.6

6.0

Valencia

Almoina 8

Christian (13th-16th)

7087

VCC2

Cow

Met

3.5

44.5

16.4

3.2

-19.9

9.0

Valencia

Almoina 9-10

Christian (13th-16th)

7254

VCO1

Ovicaprid

Tib

NR

44.6

16.4

3.2

-20.4

4.3

Valencia

Almoina 9-10

Christian (13th-16th)

7254

VCO4

Ovicaprid

Tib

6.2

42.0

15.3

3.2

-19.3

5.2

Valencia

Almoina 8

Christian (13th-16th)

7087

VCO2

Ovicaprid

Met

NR

41.6

15.4

3.2

-20.6

8.0

Valencia

Almoina 9-10

Christian (13th-16th)

7254

VCO3

Ovicaprid

Hum

NR

42.2

15.4

3.2

-19.5

3.0

Valencia

Almoina 9-10

Christian (13th-16th)

7254

VCP1

Pig

Man

3.0

41.4

15.1

3.2

-19.6

9.6

Valencia

Almoina 8

Christian (13th-16th)

7087

VCP2

Pig

Max

0.4

26.2

9.5

3.2

-18.3

8.8

Valencia

Almoina 9-10

Christian (13th-16th)

7254

VCP3

Pig

Hum

1.0

40.1

14.6

3.2

-19.6

8.0

Valencia

Almoina 9-10

Christian (13th-16th)

7254

VCP4

Pig

Man

1.8

39.7

14.7

3.2

-17.0

8.8

Valencia

Almoina 8

Christian (13th-16th)

7085

VCR1

Rabbit

LB

1.6

25.1

8.9

3.3

-21.8

4.6

Valencia

Almoina 8

Christian (13th-16th)

7087

VCS1

Sheep

Hum

2.1

39.3

14.5

3.2

-19.3

4.9

Valencia

Almoina 8

Christian (13th-16th)

7085

VCS2

Sheep

Hum

1.5

39.6

14.4

3.2

-20.0

7.7

Valencia

Almoina 9-10

Christian (13th-16th)

7254

VCS3

Sheep

Hum

1.8

35.1

12.8

3.2

-20.7

5.7

Huesca
Huesca
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%Col.

%C

%N

C/N

δ 13C

δ 15N

Sca

1.0

36.9

13.5

3.2

-18.8

7.0

Cow

Met

4.2

40.5

15.0

3.2

-16.8

7.0

VMC3

Cow

Hum

1.4

34.2

12.6

3.2

-18.4

8.5

20164

VMC4

Cow

Hum

NR

42.0

15.0

3.3

-20.1

2.5

Islamic (10th-13th)

60245

VMC5

Cow

Tib

5.6

43.8

16.3

3.1

-15.8

5.9

Almoina 10

Islamic (10th-13th)

20239

VMGa1

Chicken

LB

12.3

43.2

15.5

3.2

-17.9

11.4

Valencia

Almoina 10

Islamic (10th-13th)

20239

VMGa2

Galliform

Hum

7.8

43.4

15.6

3.3

-10.0

11.5

Valencia

Almoina 10

Islamic (10th-13th)

20164

VMO1

Ovicaprid

Tib

1.0

38.3

13.9

3.2

-19.3

2.8

Valencia

Almoina 8

Islamic (10th-13th)

60245

VMO2

Ovicaprid

Tib

3.9

42.2

15.6

3.2

-20.3

8.0

Valencia

Almoina 10

Islamic (10th-13th)

20239

VMO3

Ovicaprid

Met

1.3

37.7

13.8

3.2

-19.0

9.6

Valencia

Almoina 8

Islamic (10th-13th)

60245

VMO4

Ovicaprid

Tib

1.7

42.2

15.3

3.2

-20.4

9.7

Valencia

Almoina 8

Islamic (10th-13th)

60245

VMO5

Ovicaprid

Tib

2.0

43.8

16.0

3.2

-19.7

5.5

Valencia

Almoina 10

Islamic (10th-13th)

20239

VMO6

Ovicaprid

Met

3.5

40.1

14.9

3.1

-19.4

3.8

Valencia

Almoina 8

Islamic (10th-13th)

60245

VMP1

Pig

Man

1.6

41.4

15.0

3.2

-19.5

7.7

Valencia

Almoina 8

Islamic (10th-13th)

60245

VMS1

Sheep

Hum

1.0

43.9

16.1

3.2

-18.9

7.1

Valencia

Almoina 10

Islamic (10th-13th)

20164

VMS2

Sheep

Hum

NR

42.6

15.5

3.2

-18.6

5.3

Zaragoza

Roman Theatre

Christian (15th-16th)

Pozo 89

ZCD1

Dog

Mand

7.1

43.5

16.2

3.1

-18.3

10.7

Location

Site

Period (centuries)

Context

Sample

Species

Valencia

Almoina 8

Islamic (10th-13th)

60245

VMC1

Cow

Valencia

Almoina 10

Islamic (10th-13th)

20164

VMC2

Valencia

Almoina 10

Islamic (10th-13th)

20239

Valencia

Almoina 10

Islamic (10th-13th)

Valencia

Almoina 8

Valencia

Element

Location

Site

Period (centuries)

Context

Sample

Species

Element

%Col.

%C

%N

C/N

δ 13C

δ 15N

270

Zaragoza

Roman Theatre

Christian (13th)

Pozo 31

ZCO2

Ovicaprid

Man

4.6

44.4

16.1

3.2

-19.6

9.1

Zaragoza

Roman Theatre

Christian (13th)

Pozo 292

ZCS2

Sheep

Man

5.2

42.7

15.6

3.2

-19.5

10.1

Zaragoza

Roman Theatre

Christian (13th)

Pozo 292

ZCS3

Sheep

Man

8.1

42.3

15.3

3.2

-20.2

8.3

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 17

ZMC1

Cow

Tib

5.6

44.0

16.3

3.2

-18.9

9.8

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 181

ZMC3

Cow

Tib

4.1

44.1

16.2

3.2

-18.3

9.8

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 184

ZMC4

Cow

Hum

2.3

33.4

12.1

3.2

-19.5

3.2

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 184

ZMC5

Cow

Sca

NR

42.7

15.6

3.2

-19.0

4.5

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 89

ZMD1

Dog

Man

5.1

45.6

16.7

3.2

-18.2

11.3

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 28

ZMGa1

Chicken

Tar

8.0

43.4

16.0

3.2

-18.5

11.8

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 88

ZMO1

Ovicaprid

Man

6.1

43.3

16.0

3.2

-15.8

10.8

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 21

ZMO2

Ovicaprid

Met

5.0

42.5

15.7

3.1

-19.8

4.8

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 30

ZMO3

Ovicaprid

Met

5.8

45.1

16.7

3.2

-19.8

7.8

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 86

ZMO4

Ovicaprid

Man

5.3

43.3

16.1

3.1

-18.0

8.3

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 184

ZMO5

Ovicaprid

Man

NR

42.9

15.3

3.3

-19.8

6.6

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 28

ZMO6

Ovicaprid

Man

NR

41.7

15.1

3.2

-17.9

7.9

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 184

ZMO7

Ovicaprid

Man

7.9

45.6

16.7

3.2

-18.9

6.4

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 184

ZMR1

Rabbit

Fem

6.8

45.7

16.8

3.2

-20.5

6.2

Location

Site

Period (centuries)

Context

Sample

Species

Element

%Col.

%C

%N

C/N

δ 13C

δ 15N

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 30

ZMS1

Sheep

Tib

NR

43.2

15.7

3.2

-19.5

5.6

Zaragoza

Roman Theatre

Islamic (11th)

Pozo 37

ZMS2

Sheep

Tib

NR

42.7

15.1

3.3

-18.9

7.3
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C.2: Table of δ13C and δ15N values of ovicaprids and pigs by age across all sites and time
periods. Age categories follow Payne (1973) for ovicaprids and follow O’Connor
(1988) for pigs.
Site
Zaragoza
Albarracín
Zaragoza
Albarracín
Albarracín
Albarracín
Gandía
Zaragoza
Albarracín
Gandía
Barbastro
Barbastro
Barbastro
Zaragoza
Barbastro
Huesca
Huesca
Albarracín
Albarracín

Period
(centuries)
Muslim
(11th)
Muslim
(10th‐12th)
Christian
(13th)
Muslim
(10th‐12th)
Muslim
(10th‐12th)
Muslim
(10th‐12th)
Mudéjar
(15th‐16th)
Muslim
(11th)
Muslim
(10th‐12th)
Mudéjar
(15th‐16th)
Muslim
(11th)
Muslim
(11th)
Muslim
(11th)
Muslim
(11th)
Muslim
(11th)
Christian
(12th)
Christian
(12th)
Muslim
(10th‐12th)
Muslim
(10th‐12th)

δ 15N

Species

ZMO7

Ovicaprid

>2 months

‐18.9

6.4

ABO2

Ovicaprid

1‐6 months Juvenile

‐19.7

6.5

ZCS2

Sheep

2‐6 months Juvenile

‐19.5

10.1

ABO4

Ovicaprid

2‐6 months Juvenile

‐20.0

4.6

ABO5

Ovicaprid

2‐6 months Juvenile

‐20.2

4.7

ABO1

Ovicaprid

1‐2 yrs Sub Adult

‐20.2

4.9

GBO6

Ovicaprid

1‐2 yrs Sub Adult

‐19.1

3.8

ZMO5

Ovicaprid

1‐2yrs Sub Adult

‐19.8

6.6

ABO3

Ovicaprid

2‐3yrs Adult

‐20.0

6.5

GBO2

Ovicaprid

3‐4yrs Adult

‐19.2

4.0

JBO2

Ovicaprid

6‐8yrs Adult

‐18.0

8.4

JBO3

Ovicaprid

6‐8yrs Adult

‐17.9

8.2

JBO1

Ovicaprid

Adult

‐18.5

7.9

ZMO4

Ovicaprid

Adult

‐18.0

8.3

JBP1

Pig

Juvenile

‐18.4

7.4

JHP4

Pig

Juvenile/Immature

‐19.0

10.0

JHP2

Pig

Sub‐Adult

‐19.1

10.9

ABP1

Pig

Sub‐Adult/Adult

‐20.6

9.0

ABP3

Pig

Adult

‐20.3

6.3
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Age

δ 13C

Sample

APPENDIX D
Statistical tables
Note:
•

Results of carbon comparisons are provided in the top right of each table and nitrogen
in the bottom left.

•

‘U’ values are indicative of the results of the Mann‐Whitney test, whereas ‘Z’ values
indicate the results of the two‐sample Kolmogorov‐Smirnov test, where applicable
(Chapter 5).

•

‘n’ refers to the number of samples in each dataset.

•

Dates of all periods given in centuries AD.

D.1: Statistical comparison of herbivore data across all sites.
Huesca
11th
(n=9)
Huesca
11th
(n=9)
Zaragoza†
11th-13th
(n=15)
Albarracín
10th-12th
(n=17)
Valencia
10th-13th
(n=13)
Valencia
13th-16th
(n=9)
Benipeixcar
15th-16th
(n=14)

†The

Zaragoza†
11th-13th
(n=15)

Albarracín
10th-12th
(n=17)

U=41.5
p=0.120
U=53
p=0.387

Valencia
10th-13th
(n=13)
δ 13C

Valencia
13th-16th
(n=9)

Benipeixcar
15th-16thC
(n=14)

U=51
p=0.164

U=42
p=0.270

U=20
p=0.068

U=49
p=0.736

U=43.5
p=0.001***

U=89
p=0.695

U=24.5
p=0.01*

U=105
p=1.0

U=55
p=0.02*

U=60
p=0.371

U=39.5
p=0.002***

U=21.5
p=0.011*

U=80.5
p=0.610

U=61
p=0.403

U=69
p=0.027*

U=57.5
p=0.947

U=73
p=0.259

U=89.5
p=0.379

U=36
p=6.91

U=42
p=0.128

U=72.5
p=0.829

U=51.5
p=0.64

U=41
p=0.165

U=43.5
p=0.007**

U=86.5
p=0.197

U=64
p=0.190
δ 15N

outlier from Zaragoza, ZMO1, is omitted.
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U=22.5
p=0.01*
U=42.5
p=0.196

D.2: Statistical comparison of human data across all sites†
JAC
13th‐15th
(n=25)
JAC
13th‐15th
(n=25)
ZAR
8th‐12th
(n=36)
ABM
10th‐12th
(n=31)
VAM
11th‐13th
(n=38)
VAC
14th‐15th
(n=19)
GAN
15th‐16th
(n=24)
BENI
15th‐16th
(n=20)

ZAR
8th‐12th
(n=36)

ABM
10th‐12th
(n=31)

U=306.5
p=0.035*

U=254
p=0.026*

U=286.5
p=0.016*

U=551
p=0.929

U=148.5
p=<0.001
***
U=129.5
p=<0.001
***
U=138.5
p=0.019*

U=555.5
p=0.975

VAM
11th‐13th
(n=38)
δ 13C
U=305
p=0.017*

VAC
14th‐15th
(n=19)

GAN
15th‐16th
(n=24)

BENI
15th‐16th
(n=20)

U=169.5
p=0.106

U=237.5
p=<0.001
***
U=189.5
p=<0.001
***

U=112.5
p=<0.001
***
U=72
p=<0.001
***
Z=1.451
p=0.030*

U=103
p=<0.001
***
U=18
p=<0.001
***
U=4.5
p=<0.001
***
U=338.5
p=0.089

U=46.5
p=<0.001
***
U=0.0
p=<0.001
***
U=0.0
p=<0.001
***
U=158
p=<0.001
***
U=9.5
p=<0.001
***
U=118
p=0.004
***

U=511.5
p=0.062

U=393.5
p=0.018*

U=288
p=0.509

U=278.5
p=0.992

U=216
p=0.027*

U=238
p=0.214

U=325
p=0.106

Z=1.572
p=0.014*

U=97
p=<0.001
***

U=349
p=0.851

U=272.5
p=0.468

U=172
p=<0.001
***
U=225
p=0.011*

U=72.5
p=<0.001
***
U=157
p=0.133
U=160.5
p=0.568

U=143.5
p=0.023*

δ 15N

Site codes: JAC=Jaca, ZAR: Zaragoza, ABM: Albarracín, VAM: Islamic Valencia, VAC: Christian
Valencia, GAN: Gandía, BENI: Benipeixcar.
†

D.3: Statistics for Jaca Omitting Outliers JAC572, JAC115, JAC97, JAC43.

δ13C
δ15N

Zaragoza
8th‐12th
(n=36)
U=306.5
p=0.0235
U=242
p=0.024*

Albarracín
10th‐12th
(n=31)
U=254
p=0.177
U=134

p=<0.001***

Valencia
11th‐13th
(n=38)
U=179
p=<0.001***

U=119.5

p=<0.001***

Valencia
14th‐15th
(n=19)
U=89.5
p=0.005**
U=121.5
p=0.057
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Gandía
15th‐16th
(n=24)
U=26

Benipeixcar
15th‐16th
(n=20)
U=2

p=<0.001***

p=<0.001***

U=203.5
p=0.269

U=90
p=0.002**

