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Abstract

During the Islamic period (8th—15th centuries cE), the Iberian Peninsula emerged as a vibrant cultural crossroads, where
Islamic influence reshaped farming and the economy. Latrines, cesspits and sewers, often overlooked in archaeological
investigations, have proven to be rich repositories of organic remains, including seeds and fruits. These materials provide
archaeobotanists with valuable insights into the diet, farming practices and biodiversity of the period. This study investi-
gates the presence and diversity of plant remains preserved in Islamic latrines in Al-Andalus in the south of the Iberian
Peninsula, a type of context that has been little researched so far. Analysis of these remains offers a unique perspective
on daily life, farming and cultural interactions within these communities. This article discusses the plant remains from
five archaeological sites in the region dated between the 10th and the 12th centuries Ce. The samples yielded over 50,000
remains, including 25 cultivated taxa. Among these, previously unrecorded fruit trees such as Citrus sp. were identified,
along with garden plants and spices including carrots, coriander, fennel and cumin. In addition, several wild plant taxa
were found, and insect remains including Diptera (flies) and Curculionidae (weevils) were also recovered.
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Introduction

The study of ancient latrines, cesspits and drains provides a
valuable window into everyday life in the past. Beyond the
architectural analysis of the structures, which informs about
technology and the evolution of systems for waste disposal
(Reklaityte 2016), these contexts offer important insights
into the plant diversity, farming and food consumption pat-
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terns of the communities that used them. Latrines can be
exceptional archaeological deposits for the preservation of
organic remains (Greig 1981).

Analyses of latrines and such structures outside the Ibe-
rian Peninsula have often concentrated on aspects of health,
particularly through the study of parasite remains. Notable
examples include a 12th century CE latrine in Cyprus (Anas-
tasiou and Mitchell 2013), the public and private latrines
of Ephesus in Turkey (Ledger et al. 2018) and various
sites in central and northern Europe (Mitchell et al. 2011).
Broader surveys have considered latrines across northern
Europe and the Middle East, considering both chronologi-
cal and geographical perspectives (See et al. 2018). Beyond
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parasitological studies, archacobotanical analyses have pro-
vided valuable insights into the plant component of diets,
as seen in research on latrines in Pompeii and Herculaneum
(Rowan 2017; Pallecchi et al. 2025) and the analysis of a
public latrine in Sagalassos, Turkey (Baeten et al. 2012).
Studies into food plants and food processing have also
played a significant role (Hondelink and Schepers 2020;
Hondelink 2024).

Other studies have emphasised nutritional aspects,
including analyses of latrines in south-eastern Germany
(Mérkle 2005), investigations of organic waste in Danish
latrines covering the period from the Viking Age to the
Renaissance (Hald et al. 2020), and research on food con-
sumption from Roman times to the early 20th century in the
city of York (Hall 2000).

Research on plant remains in Iberia has been a rela-
tively recent development, including broad compilations
of Roman and medieval assemblages (Pefia-Chocarro et al.
2019) as well as studies of specific sites (Alonso Martinez
2005; Alonso et al. 2014; Kirchner et al. 2014; Rodriguez-
Ariza and Montes Moya 2015; Garcia-Rivero et al. 2019;
Pefia-Chocarro and Pérez-Jorda 2019; Ros et al. 2019, 2025,
2026; Treasure 2020; Seabra 2023). More recently, projects
such as Medieval Appetites: food plants in multicultural
Iberia 500-1100 ce (MEDAPP) have emphasised the medi-
eval period, and several sites in Al-Andalus are currently
under analysis, providing a rich source of information on
plant use there between the 6th and 12th centuries cE (Pefa-
Chocarro and Ordofniez 2024; Peralta-Gomez et al. 2024,
Pérez-Jorda et al. 2024; Pena-Chocarro and Pérez-Jorda
2026). Al-Andalus is the part of the Iberian Peninsula which
was under Islamic rule from approximately 711 cEg, with the
Umayyad conquest of Hispania, until 1492 when the last
Muslim kingdom fell.

Fig. 1 Location of the sites analysed in southern Iberia: 1-2, Calles
Martin Cansado and Joaquin Costa, Badajoz; 3, Mértola, Portugal; 4,
Coérdoba; 5, Barrio Andalusi, Almeria
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What is still lacking, however, is a systematic study of
plant remains specifically from latrines and similar struc-
tures. To date, the only sites in al-Andalus that have yielded
such information are Albalat in Extremadura, whose recent
publication represents one of the very few contributions in
this area (Ros et al. 2025), and two sites in Catalonia, the
city of Lleida (Alonso Martinez 2005) and Pla d’Almata
(Kirchner et al. 2014). Previous research on latrine material
from the Iberian Peninsula was almost exclusively on intes-
tinal parasites and related health issues (Knorr et al. 2019;
Lopez-Gijon et al. 2025), leaving the plant-based compo-
nent of medieval diets largely unexplored.

Given this scarcity of direct evidence, our understanding
of the plant-based diet in al-Andalus has until recently relied
almost entirely on written sources, including treatises and
calendars on farming, and texts on medicine and diet (Gar-
cia-Sanchez et al. 2021; Hernandez Bermejo et al. 2012).
The analysis of plant and animal remains from archaeologi-
cal contexts such as latrines, that provide direct evidence
of of plant consumption from the faecal remains there, is
essential to complement written sources.

Materials and methods
Archaeological contexts

For this study, five archaeological sites located in the south
of Iberia have been studied (Fig. 1). Two of them, Calle Mar-
tin Cansado and Calle Joaquin Costa, were investigated in a
rescue excavation carried out in several streets in Badajoz;
the third comprises two latrines at the archaeological site of
Meértola, in Portugal; the remaining two were in Andalucia,
one in the city of Cérdoba and the other at the site of Bar-
rio Andalusi in the city of Almeria. All sites have extensive
chronologies from the 10th to the late 12th century.

Badajoz: Calle Joaquin Costa 32 and Calle Martin
Cansado 41

In 2023, excavations at Calle Joaquin Costa 32 in the city
of Badajoz, Extremadura, Spain, provided important data
on the sewer network of what was the capital of the Taifa
kingdom in the 11th century. Various occupation phases
were recorded dating back to the Islamic period in the
10th—11th century. Associated with Phase 2 (11th century),
a main sewer or atarjea represented by stratigraphic units
SU336-SU320, was found which was cut as a trench into
the clay substrate which sloped gently down towards the
Rio Guadiana.

SU336.2: The sewer has several contrasting features
along its course. The upper (southern section) consisted
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of an open air trench filled with rubble and faecal deposits
within a dark greenish silty soil matrix containing pottery
fragments datable to the 11th century.

SU320.1: The northern section which was closer to the
river, was underground, built of limestone blocks and filled
with dark greenish-yellow silty sediment. Running beneath
the earthen surface of a street, it received secondary sewer
channels from houses along the western frontage of the
street and an alley on the eastern side. Pottery fragments
datable to the 11th century were also recovered there.

SU348.1: This unit was the fill of one of the secondary
sewer channels and consisted of dark, blackish silty-sandy
sediment.

SU357.1: This sewer channel belonged to a building
identified as a wudu, wash house for ritual personal cleans-
ing before prayer in the mosque. The structure contained
three parallel cubicles for washing, one of which also had a
latrine from which the sample was taken. The flow of rela-
tively clean water from the cubicles would have effectively
flushed the waste down the channel. The sampled fill, unlike
those of the other sewer channels, was less organic, consist-
ing of dark brown sediment with hardly any faecal remains.

In 2024, another archaeological excavation was carried
out on Calle Martin Cansadot, approximately 760 m from
the previous site, showing the large size of the city during
the Taifa period. Two phases from this period were exca-
vated and sampled:

Phase 1 (late 10th—11th century). No structures were
recorded, only scattered pits dug into the geological sub-
strate and filled with refuse. Among this material was pot-
tery datable to the end of the Caliphate and the beginning of
the Taifa period.

Phase 2 (11th century). Contemporary with Phase 2 at
Calle Joaquin Costa, with a building that included a cesspit
(SU11.3-SU11.6) and a waste system consisting of sewer
channels (SU12.3) that would have joined the main sewer
running along the street.

SU11.3—SU11.6: The cesspit had a dry stone lining at the
base. It was filled with faecal waste, dark greenish sediment
and refuse.

SU12.3: A sewer channel, with stone walls and roof,
filled with faecal remains and very dark greenish-yellowish
sediment.

Mértola, southern Portugal

Mértola, Alentejo, is a small town whose port on the Rio
Guardiana has long given it a strategic role in connecting
Mediterranean sea routes with the interior of the western
Iberian Peninsula. Continuously inhabited since at least
the 8th century BCE, the settlement rose to notable regional
prominence from the second half of the 10th century CE

onward. Its importance continued through the 11th century,
when Meértola served as the capital of a small but short-
lived Taifa kingdom, and into the 12th century when its port
traded with the western Mediterranean region.

The two latrines studied in Mértola correspond to differ-
ent chronological phases, as indicated by associated pottery
assemblages. The first, castelo, was in the castle area and
dates to the 10th century, while the second, biblioteca, which
was near the library, belongs to the 11th century. Both were
dug directly into the street, had an approximately oval plan,
and were lined with courses of stone bonded with earth.

The castelo latrine, situated within the seat of political
power, served the domestic buildings built at the end of the
9th century and was abandoned at the close of the 10th cen-
tury, as suggested by the accompanying pottery. The biblio-
teca latrine, located in the residential quarter of the town,
remained in use slightly longer and was abandoned roughly
half a century later, in the course of the 11th century, accord-
ing to the pottery recovered from its fill.

Cordoba, Andalusia

Recent archaeological work in the western part of the city
of Cordoba has resulted in the excavation of extensive areas
of the Islamic period suburb, providing a unique opportu-
nity to examine both its layout and life there at these times.
One of the excavated areas, which took shape after the
proclamation of the Caliphate of Cordoba in 929, displays a
clearly planned grid layout of streets composed of two par-
allel streets and three regular residential blocks. The streets
were surfaced with gravel and equipped with cesspits beside
central drainage channels that carried waste water from the
houses.

A total of 25 houses were found, each with a courtyard,
entrance hall, main hall and latrine, indicating the essential
role of waste disposal in Islamic domestic architecture. The
latrines were generally located in a corner of the entrance
bay although in some cases they were relocated to the east-
ern bay of the courtyard during later modifications. Most
provided direct access from the courtyard, necessitating a
door, while others incorporate angled entrances that blocked
direct views and made a door unnecessary.

Each latrine consisted of two raised slabs forming the
seating surface, with a central opening connected with a
steep drainage channel designed to prevent blockages. This
channel led to a cesspit located outside the house, usually
dug into the street.

Samples were obtained from the lowest deposits of four
cesspits (SUs 173, 463, 457 and 585) dated to the Caliphate
period (mid 10th to early 11th century).

@ Springer
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Barrio Andalusi, Almeria

The Barrio Andalusi site corresponds to one of the suburbs
of the city of al-Mariyya (modern Almeria), which was
occupied intermittently from the foundation of the city by
Caliph Abd al-Rahman in 955 cE until its final conquest by
the Christians in 1489. The excavated area was in a privi-
leged position within the earliest walled enclosure formed
by the medina (walled city) and extended to the foot of the
citadel, the centre of political authority.

Archaeological work has identified three main phases of
occupation. The first phase (10th—11th centuries) was pri-
marily dedicated to storage activities and contained 18 pits
interpreted as silos. Among these were pits 23, 24, 26 and
28, all of which were filled and sealed during the following
phase.

The second phase began at the end of the 11th cen-
tury in the Taifa or Almoravid period, coinciding with the
height of commercial prosperity of Almeria. At this time, a
residential neighbourhood was built, consisting of houses
with courtyards and a network of streets. The wells (1 and
102) and the cesspits (121 and 122) analysed in this study
belong to this phase. Based on associated material culture,
the abandonment of the neighbourhood has been dated to
1147, when the city was first conquered by the Christians,
a domination which lasted ten years until the arrival of the
Almohads (Salinas et al. 2024). From that moment onward,
and continuing until the end of the Middle Ages (phase 3),
most of the quarter remained uninhabited, as evidenced by
extensive collapse layers and the area probably served as a
rubbish dump. However, some dwellings in the eastern part
were reoccupied and refurbished, and pottery from both the
Almohad and Nasrid periods has been recovered from these
contexts.

The samples

A total of 33 samples from different latrines, cesspits and
sewers have been analysed. The samples came from the vari-
ous archaeological sites, with Barrio Andalusi providing the
most remains and greatest variety of taxa across the seven
contexts analysed. In total, 53,286 plant remains and 45 taxa
have been identified including 25 cultivated plants (S1). The
vast majority of the remains were preserved through min-
eralisation and a smaller proportion were charred. In some
cases, the formation of concretions or dense concentrations
of remains limited identification to the family or genus level.

The samples were processed at the archaeobiology lab-
oratory of the Institute of History, CSIC, using a flotation
machine equipped with a double 1 mm mesh inside the
drum and a 0.25 mm mesh on the outside. The use of a dou-
ble mesh was necessary due to the presence of mineralised
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together with some charred remains. After flotation, the flots
were washed through a column of sieves with meshes of
4, 2,1, 0.5 and 0.25 mm, with the aim of separating the
remains according to size, and thus facilitating sorting and
identification. The inner mesh of the drum after flotation of
the samples was also examined as many of the mineralised
remains did not float due to their size and weight.

Identifications were carried out with a stereomicroscope
at magnifications 7.5-60% and using the the reference col-
lection of the archaeobiology laboratory, and complemented
by consultation of specialised literature and seed atlases
(Hanf 1983; Cappers et al. 2006; Bojnansky and Fargasova
2007; Carruthers and Smith 2020; Sabato and Pefia-Cho-
carro 2021). Taxonomic nomenclature follows Flora
Iberica (Castroviejo et al. 1986-2015) for wild taxa, while
cultivated plants are named according to Domestication of
Plants in the Old World (Zohary et al. 2012).

The five samples from Mértola Castelo have been com-
bined into one, as they share the same chronology and no
differences were observed among them. The same approach
has been applied to the latrine from Mértola biblioteca,
where the seven samples have also been consolidated as
one. The remaining samples from the other sites have been
kept separate, as they came from distinct contexts within
each site.

Quantification of the remains was carried out consistently
across all contexts, with all plant remains in each sample
identified and counted. For fruits with particularly high
abundance of seeds, such as figs and strawberries, counts
were made on a 5 ml subsample and the total number of
remains in the full sample was estimated from this.

Results
Preservation

Almost all the seed and fruit (carpological) remains were
mineralised, as is most common in latrine material. The
high presence of phosphates and carbonates, probably
resulting from the decomposition of faecal, plant and ani-
mal matter, promotes preservation through mineralisation,
whereby these minerals replace the plant tissue of seeds and
fruits (Green 1979). A smaller proportion of the remains
were charred, mainly cereals, as in the case of some con-
texts from Barrio Andalusi, Mértola and Badajoz. This pat-
tern suggests that the latrines analysed in this study received
materials through two distinct depositional pathways. The
mineralised remains probably reflect faecal material depos-
ited during the routine use of the latrine, whereas charred
remains probably originate from cooking debris or burnt
waste that was intentionally discarded either during use
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or at a later stage. The very low quantity of charred mate-
rial, however, limits our ability to assess its precise origin
or representativeness. Additional evidence for the disposal
of material unrelated to normal latrine use comes from the
presence of potsherds and other debris.

Cultivated plants are mainly represented by fruits, with
cereals, legumes and garden plants occurring to a lesser
extent (Fig. 2). In addition to plant remains, a wide variety
of insect remains were found, including beetle remains of
Curculionidae (weevils) and pupae of Musci (cesspit flies),
as well as amorphous remains that may represent miner-
alised food scraps or faecal matter.

Fig. 2 Mineralised plant remains
found in the studied contexts; a,
Cicer arietinum (chickpea); b,
Cucumis melo/sativus (melon/
cucumber); ¢, Ficus carica (fig);
d, Vitis vinifera (grape); e, Malus
domestica (apple); f, Morus nigra
(black mulberry); g, Olea euro-
paea (olive); h, Prunus avium
(cherry); i, Punica granatum a
(pomegranate); j, Fragaria vesca
(strawberry); k, Citrus sp.; scale
bar =1 mm

Cereals

Three cereals have been identified, Hordeum vulgare ssp.
vulgare (six-row hulled barley), Triticum aestivum/durum
(free-threshing wheat) and 7. dicoccum (emmer, hulled
wheat). A total of 14 grains (caryopses) were recovered, of
which only one naked wheat grain was mineralised, while
the remainder were charred. The free-threshing wheat has
been identified as 7. aestivum/durum due to the absence
of rachis remains, which would have allowed differentia-
tion between tetraploid 7. durum and hexaploid 7. aestivum
(Jacomet 2006). Additional cereal fragments could not be
identified due to poor preservation.

@ Springer
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Cereals, together with legumes, constituted one of the
most limited categories in the assemblage. They appeared
in only six of the 33 samples analysed, and their presence in
the latrines does not necessarily reflect direct consumption.
Instead, their deposition may result from secondary pro-
cesses, either through the disposal of rubbish in the latrines
at the time of their use or during later phases of reuse.

Legumes

Legumes were relatively scarce in the assemblage, with
identified taxa including Cicer arietinum (chickpea), Pisum
sativum (pea) and Medicago sativa (alfalfa, lucerne). These
mineralised remains were most abundant in the latrines
from Badajoz and Almeria.

Fruit

This category is distinguished by the high diversity and the
abundance of remains, including ten taxa. Some were pres-
ent in very large numbers, due to the fact that the fruits con-
tain numerous seeds. This is particularly evident in Ficus
carica (fig). Similarly, Fragaria vesca (strawberry) and
Vitis vinifera (grape) were very abundant, with more than
10,000 remains recorded. Other identified fruits include
Olea europaea (olive), Malus domestica (apple), Punica
granatum (pomegranate), Morus nigra (black mulberry),
Prunus avium (cherry), Celtis australis (hackberry) and Cit-
rus spp. (citrus fruits).

Additional remains have been attributed only to the genus
Prunus due to their poor preservation. Their study is limited
by the condition of the remains, which were highly frag-
mented and attached to amorphous masses, probably due
to calcareous concretions, making their correct taxonomic
identification difficult. Many of these Prunus sp. remains
correspond to the fruitstones (endocarps) of the fruit and the
seeds within.

Garden plants

This category includes species such as Cucumis melo/sati-
vus (melon/cucumber) from Mértola and Barrio Andalusi
and Capparis spinosa (caper) only found from Barrio Anda-
lusi. Among the plants classified as flavourings or spices are
Foeniculum vulgare (fennel), Lepidium sativum (cress),
Coriandrum sativum (coriander) and Cuminum cyminum
(cumin). Daucus carota (carrot) was also recovered from
Barrio Andalusi and is further discussed below.
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Oil and fibre plants

Another noteworthy species, recorded from only one of the
pits in the Andalusi quarter, is Linum usitatissimum (flax).
While commonly cultivated in the Islamic world for its
fibres, it was also used for its edible seeds and the linseed
oil obtained from them.

Wild plants

Finally, 312 remains of wild plants representing a range of
plant families, including Malvaceae, Rosaceae, Fagaceae,
Verbenaceae and Solanaceae were identified, although their
overall presence was limited. At the species level, only
Verbena officinalis (common vervain), Celtis australis,
Ecballium elaterium (squirting cucumber) and Bupleurum
rotundifolium (hare’s ear) could be identified. The seeds of
C. australis were particularly abundant, recorded from one
of the pits in the Islamic area. The remaining specimens
were identified only to genus level.

Discussion

The archaeobotanical analysis of samples from these struc-
tures offers a clear overview of plant remains from Islamic
latrines in southern Iberia, with the exceptional abundance
and preservation of fruit remains consistent with most
latrine studies (Fig. 3).

However, the pronounced overrepresentation of Ficus
carica pips (endocarps), driven by their exceptional resis-
tance to degradation and strong propensity for mineralisa-
tion, constitutes a major taphonomic bias, exaggerating their
apparent importance in the diet relative to other plants. It
would exceed the scope of this work to make an exhaustive
study detailing the characteristics of each latrine. Neverthe-
less, the archaeological evidence indicates that the diets of
the populations studied were broadly similar and comple-
mented by similar waste disposal practices. Together, these
findings suggest a notable convergence in both food con-
sumption strategies and waste disposal patterns in Islamic
communities in southern Iberia.

Cereals

As mentioned earlier, in some of the contexts analysed (Mér-
tola, Barrio Andalusi, and one of the sewer channels of Calle
Joaquin Costa), a few charred cereal grains were recovered,
that most likely represent the remains of waste discarded in
the latrine. No chaff was observed. The three species identi-
fied are Hordeum vulgare ssp. vulgare, Triticum aestivum/
durum and T. dicoccum. Hordeum and T. aestivum/durum
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seeds/pips have been excluded to avoid distortions caused by their overrepresentation

are the most common cereals in the archaeobotanical record
of Islamic Iberia (Pefia-Chocarro et al. 2019). These cere-
als were staple foods for these communities as noted by the
Andalusian jurist and author of a work on market regulation
(hisba) Ton Abdun in the 12th century (Lévi-Provencal and
Garcia Gomez 1992), and their growing is widely recorded
in writings on farming in Al-Andalus (Garcia-Sanchez et
al. 2021). Their consumption in the Iberian Peninsula dates
back to the Neolithic period (Pefia-Chocarro et al. 2018),
and although the recipe collections currently known post-
date the chronologies presented here, these texts show the
wide variety of preparations and flours in which these cere-
als played a fundamental role (Waines 1991; Marin 2007).
The occurrence of 7. dicoccum from Calle Martin Cansado
represents the only find in the contexts analysed. Although
emmer wheat is not very common in the archaeobotanical
record of medieval sites in Iberia, it has been identified from
other contemporary, predominantly Christian, sites. Texts
about farming from the period frequently mention hulled
wheats, though distinguishing between the archaeobotani-
cal remains of 7. dicoccum and T. monococcum (einkorn) is
often difficult.

Legumes

Legumes are typically under-represented in the archaeo-
logical record and are also rarely preserved in mineralised
form. Remarkably, several seeds of Cicer arietinum were
identified from one of the latrines in Barrio Andalusi. This
is particularly significant, as chickpeas are among the least
frequently found legumes in the archaeobotanical record of
the Iberian Peninsula. In contrast, written sources identify
C. arietinum as the most frequently cited legume, often

described as a staple food in Al-Andalus (Carabaza Bravo
2025), showing that chickpea was widely consumed, with
several different varieties. They could be eaten boiled or
ground into flour for bread, and their medicinal properties
were also noted. Pisum sativum (pea) appears less often in
the written sources, but was also consumed, while Medi-
cago sativa (lucerne) was mainly grown for animal fodder,
though it also had medicinal uses (Carabaza Bravo 2025).
Other legumes, such as Vicia faba (broad bean), V. ervilia
(bitter vetch), Lens culinaris (lentil) and Lathyrus sativus
(grass pea) were also grown in Al-Andalus, although their
remains have not been preserved archaeologically in the
contexts analysed.

Fruit

The abundance of fruit remains in these contexts follows
patterns previously observed in latrines, both within the
Iberian Peninsula (Alonso et al. 2014; Ros et al. 2025) and
elsewhere in medieval Europe (Hellwig 1997; Bosi et al.
2011; Van Staével et al. 2016; De Cupere et al. 2022). A
total of ten taxa have been identified, including ones which
would have been grown or managed locally, or simply col-
lected from the wild due to their usefulness. Among the fruit
identified, some stand out quantitatively due to their large
seed numbers. This is the case of Ficus carica and Fragaria
vesca, whose abundance reflects their biological character-
istics with large numbers of seeds per fruit, their exceptional
resistance to degradation and ease of mineralisation. This
taphonomic bias, common in mineralised latrine depos-
its, serves as a reminder that the visibility of certain taxa
often reflects preservation dynamics rather than their actual
importance in past diet.
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Vitis vinifera is another taxon that is very well repre-
sented in the assemblages analysed. Both fresh grapes and
dried raisins were popular ingredients in medieval cooking
(Mérkle 2005) and were probably grown close to our sites.
The same is true of Olea europaea, which was widely used
for the olives and also for olive oil, an essential component
of medieval diets.

Large amounts of olive stones were recovered from a fea-
ture originally interpreted as a well. The presence of whole
fruitstones together with numerous fragments and other
fruit remains, particularly mineralised seeds or pips of figs,
pomegranates and grapes, suggests that this well was later
re-used as a latrine.

The consumption of figs, grapes and olives in al-Andalus
is well known not only from archaeological evidence, but
also from written sources, including Andalusian farming
treatises and legal texts (Marin 2003; Kirchner et al. 2014).
Their frequent mention in these sources reflects their impor-
tance, as they were valued not only for the variety of prod-
ucts and preparations derived from them but also for their
ecase of storage.

By this period, Malus domestica was already a well-
known fruit tree, so the remains found at Barrio Andalusi
probably represent domestic apples which would have been
grown in orchards. Ibn al-‘ Awwam, who wrote a most com-
prehensive work on farming at the end of the 12th century,
notes that it was not only a commonly consumed fruit, but
also available in several cultivated varieties (Garcia-San-
chez et al. 2021).

The pomegranate is a fruit that has been known in the
peninsula since the Iron Age, and Al-Tignari, author of an
influential work on farming in the early 12th century, is
among the authors who most frequently mentions this fruit.
He discusses not only its varieties and consumption, but
also methods of preservation and the different preparations
that could be made with it, including juices (Garcia-Sanchez
etal. 2021).

The case of Morus nigra is particularly interesting, as its
fruit was consumed but the plant itself also played an impor-
tant role in the textile silk industry. Although the mulberry
leaves used for feeding silkworms were preferably those
of M. alba (white mulberry), leaves from M. nigra were
also widely used. From the 10th century onwards, various
writers on farming mentioned the growing of mulberries in
Iberia and the importance of silk production in Al-Andalus
(Garcia-Séanchez et al. 2021). The presence of M. nigra in
the Barrio Andalusi latrines is a clear sign that mulberries
were eaten in addition to the use of the leaves in the silk
industry, a pattern that is also known from other latrines
analysed in Iberia (Ros et al. 2019, 2025).

Prunus avium was also cultivated by these communities.
This species, along with other fruits such as P. domestica
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(plum) and P. cerasus (sour cherry) which may be repre-
sented among the unidentified Prunus sp. remains, could
be consumed fresh, dry or processed into fruit pastes like
modern membrillo.

One of the most notable finds of fruit trees from sites in
al-Andalus is the identification of a rare taxon in the Ibe-
rian Peninsula: citrus. The two Citrus sp. seeds recovered
from one of the two latrines in Mértola represent an excep-
tional find, closely associated with the arrival of the Islamic
communities and the changes of the Agricultural Revolu-
tion (Watson 1974, 1983). Evidence suggests that Citrus
spp. were present in Europe earlier than often assumed. As
early as the 4th century BCE, Theophrastus wrote about this,
cited by Pagnoux (below) and described the fragrance and
medicinal properties of a Citrus sp. This literary evidence is
complemented by archaeobotanical finds from the Roman
period, which further support the evidence for the growing
and use of citrus fruits in parts of the Mediterranean world
(Pagnoux et al. 2013; Barone Lumaga et al. 2020; Rivera
et al. 2024). Writers in Al-Andalus since the 10th century
frequently mentioned citrus fruit (Garcia-Sanchez et al.
2021), yet their remains are rarely found in the archaeologi-
cal record. The example from Mértola is the first record of
Citrus for the Iberian Peninsula. Although its precise iden-
tification has not been possible due to its preservation state,
the written sources mention at least four different Citrus
species, Citrus limon (lemon), C. aurantifolia (lime), C.
aurantium (sour orange), C. medica (citron) and C. maxima
(shaddock).

Another fruit that features prominently in one sample
from Barrio Andalusi is Celtis australis. Its wood was often
mentioned by writers in Al-Andalusi for making many
types of agricultural tools such as pitchforks and other
implements, and also water wheels. One such writer, Abt
1-Jayr recalled that the leaves of this tree were used to pre-
serve grapes, while the ‘Umda, a botanical and agricultural
text that systematically describes plants, their properties,
growing and uses in Al-Andalus, mentions that its fruit has
aphrodisiac properties (Garcia-Sanchez et al. 2021). The
identification of hackberry therefore shows its presence in
the Barrio Andalusi, as well as the possible eating of its fruit.

Despite the diversity of fruits identified, several taxa
previously found from Islamic period latrines elsewhere
in the Iberian Peninsula are notably absent. These include
Corylus avellana (hazelnut) and Rubus fruticosus (black-
berry), which appeared in the latrines of Albalat (Ros et al.
2025) as well as Juglans regia (walnut), Amygdalus com-
munis (almond) and Prunus persica (peach) identified from
latrines from northeastern Iberia (Alonso et al. 2014). Other
fruits commonly mentioned in historical and archaeologi-
cal contexts, such as Phoenix dactylifera (date), Cydonia
oblonga (quince) and Mespilus germanica (medlar), were
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also absent from our material. The case of Prunus arme-
niaca (apricot) is noteworthy. Pefia-Chocarro et al. (2019)
reported its presence at Mértola, citing Pais (1996). How-
ever, a careful review of the original source shows that
apricot was not mentioned, but this error has been repeated
in subsequent publications. The absence of these species is
unlikely to represent a genuine absence, and may instead be
explained by factors such as regional availability, choices or
preservation biases.

Garden plants

Gardening was an important source of useful plant products
in Al-Andalus. Texts describe the growing of a wide range
of plants, including leafy and root vegetables, bulbs, fruits,
flowers, spices and herbs, which served many purposes. A
notable feature of food in Al-Andalus was the regular use
of spices and aromatic herbs for their flavour and also to
aid food preservation. Beyond their culinary role, these
plants were widely used in medicine and perfumery (Garcia
Sanchez 2004). Archaeobotanical data on garden plants in
medieval Iberia remain limited (Pefia-Chocarro and Pérez-
Jorda 2019). However, written sources provide abundant
information on vegetables, aromatic herbs and spices such
as cumin, Carum carvi (caraway), Nigella sativa (black
cumin), Trigonella foenum graecum (fenugreek), cori-
ander and Anethum graveolens (dill), which were used in
the preparation of meat, fish, vegetables and sweets. The
archaeobotanical evidence from the latrines confirms the
presence of several of these plants, indicating their local
consumption. Foeniculum vulgare was particularly com-
mon from the latrines at Barrio Andalusi and has also been
found from one of the latrines at Mértola. Cuminum cymi-
num and Coriandrum sativum were likewise identified from
Meértola, with cumin representing a previously unrecorded
species in the archaeobotanical record of Iberia. These three
species, cumin, coriander and fennel, were widely used as
flavourings, and it is also likely that their leaves were also
used as aromatic herbs. The analysis of the latrines revealed
the presence fragments of seeds from the Apiaceae family
suggesting their use in cooking. De Cupere et al. (2022)
suggested that fragments of Brassica nigra discovered in
14th—16th century latrines are indicative of the presence of
ground seeds used in making mustard.

Other aromatic plants have been identified from latrines
in northeastern and southwestern Iberia, including Apium
graveolens (celery), Rosmarinus officinalis (rosemary)
(Alonso et al. 2014) and Sinapis alba/nigra (mustard) (Ros
et al. 2025), but none of them were found from the latrines
in this study.

Of particular interest is Capparis spinosa, (caper)
which was identified from Barrio Andalusi. It grows wild

throughout the Mediterranean basin (Gorzalczany et al.
2026) and was grown in Al-Andalus, as indicated by numer-
ous references in texts that mention its cultivation, uses and
ecological preferences (Garcia Sanchez et al. 2021). Its
fruits and immature flower buds have a long history of being
eaten in the region. (Rivera et al. 2002). Although the pick-
led flower buds are mainly used now, there is evidence that
in antiquity that the fruit may also have been eaten ripe, as
they are rich in protein, oil and fibre, making them a valu-
able food source. According to the botanist Dodoens (1554),
both the flowers and fruits were consumed pickled and were
exported from the Iberian Peninsula to the Netherlands.
Archaeobotanical studies have also recorded caper remains
from medieval latrines in Morocco (Van Staével et al. 2016)
and later, in the late Middle Ages, in Belgium (De Cupere
et al. 2022).

A further notable plant is Cucumis melo/sativus, which is
well represented in Barrio Andalusi and one of the latrines
at Mértola. Although sweet melons appear to have been a
late introduction to Europe (Paris et al. 2012), writers in Al-
Andalus mention a type of sweet melon in Iberia as early
as the 11th—12th centuries. However, some identifications
from this period may correspond to vegetable melons, either
non-sweet cucumber-like elongated Chate melons or mem-
bers of the Flexuosus group (snake melons), which were
like cucumbers and widely grown around the Mediterranean
(Sabato et al. 2019). These varieties continue to be eaten in
Iberia and other Mediterranean regions today, showing the
continuity of certain food preferences.

Daucus carota mericarps (seeds) have been identified
from one of the pits at Barrio Andalusi. Similar finds have
been reported from other Islamic sites such as Madinat
al-Zahra in Cordoba (Pefia-Chocarro et al. 2019) and Casa
dos Bicos in Lisbon (Queiroz and Mateus 2011). The Anda-
lusian writer Ibn al-Awwam described several varieties,
providing information on their growing as well as their
medicinal properties and modes of consumption.

Despite the overall archaeobotanical richness of the
latrines under study, there are several species, including
Solanum melongena (aubergine), Spinacia oleracea (spin-
ach) and Beta vulgaris (chard), which are associated with
the Islamic communities, and explicitly cited by A. Watson
(1974, 1983) in his compendium of plants introduced by
the Arabs, that were not found in our material. As in other
cases, these absences should not be taken as evidence of
that they were not present, but rather as the result of other
factors such as differential preservation, their occurrence in
the region and food preferences. While these species do not
appear in the contexts analysed here, nor in other known
sites in the Iberian Peninsula, they have been found in other
parts of medieval Europe and the Near East (Hallavant and
Ruas 2014; Primavera 2018; Fuks et al. 2020).
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Oil and fibre plants

A single seed of Linum usitatissimum has been recorded
from one of the contexts of the Barrio Andalusi. Its presence
is most probably related to the use of seeds in food prepara-
tions as documented in various written sources. In contrast,
some taxa that are usually preserved in latrines are notably
absent, including Papaver somniferum (opium poppy), a
crop widespread in medieval Europe and frequently cited
in medicinal texts (De Cupere et al. 2022), Cannabis sativa
(hemp), also highly prized for its fibres, and Camelina sativa
(camelina, gold-of-pleasure), which has been recorded from
other latrines, including Albalat (Ros et al. 2025), Lleida
and Pla d’Almata (Alonso et al. 2014).

Wild plants

Due to space limitations, wild plants are not discussed in
detail here. We briefly note, however, some plants that may
have been grown in gardens, given their known therapeutic
properties. Written sources frequently refer to the growing of
medicinal plants in gardens in Al-Andalus (Hernandez Ber-
mejo and Garcia Sanchez 2000), suggesting that taxa with
recognised therapeutic value were also cultivated. However,
many were also collected from the wild, making it difficult
to distinguish between wild and cultivated specimens in the
archaeological record. A single seed of Verbena officinalis
(vervain) was identified, a plant which is widely distributed
and well known for its long-standing use in traditional med-
icine in many cultural contexts. Its medicinal properties are
well documented in ethnobotanical literature and have also
been the subject of pharmacological research (Kubica et al.
2020). Archaeobotanical evidence from the Iberian Penin-
sula is limited, although its presence has been known at least
since the Roman period, and also from Islamic contexts
between the 8th and 10th centuries (Pefa-Chocarro and
Pérez-Jorda 2019). The identification of V. officinalis in the
present assemblage could therefore tentatively reflect small-
scale growing for intentional use, potentially for medicine.
However, given the isolated nature of the find, alternative
explanations, such as the accidental incorporation of wild
plants into the latrine, cannot be excluded. Another example
is Bupleurum rotundifolium, valued for its medicinal uses.
Native to the Mediterranean, it could have been gathered
from the wild or grown in gardens.

Conclusions
The excavation of latrines, cesspits and sewers in south-

ern Iberia has provided a rare window into the daily lives
and dietary practices of medieval Islamic communities in
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Al-Andalus. Despite the fragmentary nature of the evidence,
the assemblages reveal a remarkable diversity of fruits,
including figs, grapes, olives, pomegranates, cherries and
strawberries, and more exotic taxa such as citrus, as well
as vegetables, aromatic herbs and oil plants that contributed
to the diversity of food characteristic of medieval Islamic
life. Although the assemblages reveal considerable diver-
sity, several taxa are notably absent. These gaps may result
from preservation biases, but other factors such as regional
availability or individual preferences probably also played
arole. A broader and more exhaustive study covering addi-
tional sites and periods could provide further indicators of
socioeconomic status through the consumption of particular
foods or the presence of less common plants.

These findings demonstrate that the remains preserved in
latrines were not merely incidental waste, but reflect broader
patterns of food consumption and farming practice. When
integrated with information from written sources, such as
works on farming in Al-Andalus, archaeobotanical evidence
illuminates how urban populations managed resources and
diversified their diet. Ultimately, latrines serve not simply as
repositories of faeces and refuse but as invaluable archives
for understanding the social, economic and environmental
dynamics of medieval cities in Al-Andalus.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s00334-0
26-01143-1.

Acknowledgements This work is part of the research Project ‘GLO-
BALM: Mapping the global economy of medieval Almeria from the
archaeological study of its Andalusi quarter’, funded by the Minis-
terio de Ciencias, Innovacioén y Universidades (Ministry of Science
and Innovation, Spain) PID2021-1243250A-100. We are grateful
to E. Lopez-Romero (IH-CSIC) and C. Pefia-Chocarro (MEDAPP,
IH-CSIC) for the processing of samples and to J. Suii¢ (MEDAPP,
IH-CSIC) for insightful discussions. We thank the two anonymous
reviewers whose comments have improved our manuscript.

Author contribution AP-G, LP-CH and GP-J; site’s data, all authors;
materials and methods, results, discussion, AP-G, LP-CH and GP-J;
original draft preparation, AP-G, LP-CH; writing, review and editing,
AP-G, LP-CH, GP-J; supervision LP-CH. All authors have read and
agreed to the published version of the manuscript.

Funding Open Access funding provided thanks to the CRUE-CSIC
agreement with Springer Nature. This research was funded by
the European Research Council (ERC), grant number ERC2021-
AdG101054883 through the project Medieval Appetites. Plant foods
in multicultural Iberia (MEDAPP) coordinated by LPCH. This pa-
per forms part of APG’s doctoral thesis at the University of Granada
(UGR) and the Institute of History at the CSIC (IH-CSIC).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate


https://doi.org/10.1007/s00334-026-01143-1
https://doi.org/10.1007/s00334-026-01143-1

Vegetation History and Archaeobotany

if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

Alonso N, Antolin F, Kirchner H (2014) Novelties and legacies in
crops of the Islamic period in the northeast Iberian Peninsula:
the archaeobotanical evidence in Madina Balagi, Madina Larida,
and Madina Turtisa. Quat Int 346:149-161. https://doi.org/10.10
16/j.quaint.2014.04.026

Alonso Martinez N (2005) Agriculture and food from the Roman to
the Islamic period in the North-East of the Iberian Peninsula:
archaeobotanical studies in the city of Lleida (Catalonia, Spain).
Veget Hist Archaecobot 14:341-361. https://doi.org/10.1007/s003
34-005-0089-4

Anastasiou E, Mitchell PD (2013) Human intestinal parasites from a
latrine in the 12th century Frankish castle of Saranda Kolones in
Cyprus. Int J Paleopathol 3:218-223. https://doi.org/10.1016/j.ij
pp-2013.04.003

Baeten J, Marinova E, De Laet V, Degryse P, De Vos D, Waelkens M
(2012) Faecal biomarker and archaeobotanical analyses of sedi-
ments from a public latrine shed new light on ruralisation in Saga-
lassos, Turkey. J Archaeol Sci 39:1143—-1159. https://doi.org/10.1
016/j.jas.2011.12.019

Barone Lumaga MR, Russo Ermolli E, Menale B, Vitale S (2020)
Exine morphometric analysis as a new tool for Citrus species
identification: a case study from Oplontis (Vesuvius area, Italy).
Veget Hist Archaeobot 29:671-680. https://doi.org/10.1007/s003
34-020-00771-5

Bojnansky V, Fargasova A (2007) Atlas of seeds and fruits of Cen-
tral and East-European flora: the Carpathian Mountains region.
Springer, Dordrecht

Bosi G, Mazzanti MB, Florenzano A, Massamba N’siala, Pederzoli I,
Rinaldi A, Torri R, Mercuri P AM (2011) Seeds/fruits, pollen and
parasite remains as evidence of site function: Piazza Garibaldi—
Parma (N Italy) in Roman and Mediaeval times. J Archaeol Sci
38:1621-1633. https://doi.org/10.1016/j.jas.2011.02.027

Cappers RTJ, Bekker RM, Jans JEA (2006) Digitale zadenatlas van
nederland (digital seed atlas of the Netherlands). Groningen
Archaeological Studies, vol 4. Barkhuis Publishing, Eelde

Carabaza Bravo JM (2025) Legumbres en la mesa: ventajas e inconve-
nientes. Al-Mulk. Anuario de Estudios Arabistas 23:39-59

Carruthers WJ, Smith DN (2020) Mineralised plant and invertebrate
remains; a guide to the identification of calcium phosphate
replaced remains. Historic England, London

Castroviejo S (coord. gen.) (ed) (1986)-2015) Flora Iberica. Real
Jardin Botanico, CSIC, Madrid

De Cupere B, Speleers L, Mitchell PD et al (2022) A multidisciplinary
analysis of cesspits from Late Medieval and Post-Medieval Brus-
sels, Belgium: diet and health in the fourteenth to seventeenth
centuries. Int J Hist Archaeol 26:531-572. https://doi.org/10.100
7/510761-021-00613-8

Dodoens R (1554) Cruijdeboeck. Jan van der Loe, Antwerpen

Fuks D, Amichai O, Weiss E (2020) Innovation or preservation? Abba-
sid aubergines, archaeobotany, and the Islamic Green Revolution.
Archaeol Anthropol Sci 12:50. https://doi.org/10.1007/s12520-0
19-00959-5

Garcia Sanchez E (2004) Especias y condimentos en la sociedad anda-
lusi: practicas culinarias y aplicaciones dietéticas. In: Garrido
Aranda A (ed) El sabor del sabor: hierbas aromaticas, condimen-
tos y especias. Servicio de Publicaciones de la Universidad, Cor-
doba, pp 71-96. http://hdl.handle.net/10261/25760

Garcia Sanchez E, Carabaza Bravo JM, Hernandez Bermejo JE (2021)
Flora agricola y forestal de al-Andalus, vol 2. especies lefiosas.
Ministerio de Agricultura, Pesca y Alimentacion, Madrid

Garcia-Rivero D, Taylor R, Pérez-Aguilar LG et al (2019) Andalusi
populations at La Dehesilla Cave (Sierra de Cadiz, southern Ibe-
ria): An interdisciplinary approach to their rural economic sys-
tems. J Isl Archaeol 5:119—151. https://doi.org/10.1558/jia.36443

Gorzalczany A, Rosen B, Tepper Y (2026) The disappearance of Cap-
paris spinosa (the cultivated caper) from the southern Levant.
Veget Hist Archaeobot 35:377-392. https://doi.org/10.1007/s00
334-025-01059-2

Green FJ (1979) Phosphatic mineralization of seeds from archaeologi-
cal sites. J Archaeol Sci 6:279-284. https://doi.org/10.1016/030
5-4403(79)90005-0

Greig J (1981) The investigation of a medieval barrel-latrine from
Worcester. J Archaeol Sci 8:265-282. https://doi.org/10.1016/03
05-4403(81)90003-0

Hald MM, Magnussen B, Appel L et al (2020) Fragments of meals in
eastern Denmark from the Viking Age to the Renaissance: new
evidence from organic remains in latrines. J Archaeol Sci Rep
31:102361. https://doi.org/10.1016/j.jasrep.2020.102361

Hall A (2000) A brief history of plant foods in the City of York: what
the cesspits tell us. In: White E (ed) Feeding a city: York. The
provision of food from Roman times to the beginning of the twen-
tieth century. Prospect Books, Totnes, pp 23-42

Hallavant C, Ruas M-P (2014) The first archaeobotanical evidence of
Spinacia oleracea L. (spinach) in late 12th-mid 13th century A.D.
France. Veget Hist Archaeobot 23:153-165. https://doi.org/10.10
07/s00334-013-0400-8

Hanf M (1983) The arable weeds of Europe: with their seedlings and
seeds. BASF United Kingdom Ltd., Suffolk

Hellwig M (1997) Plant remains from two cesspits (15th and 16th cen-
tury) and a pond (13th century) from Gottingen, southern Lower
Saxony, Germany. Veget Hist Archaeobot 6:105—116. https://doi.
org/10.1007/BF01261958

Hernandez Bermejo JE, Garcia Sanchez E (2000) Botanica economica
y etnobotanica en al-Andalus (Peninsula Ibérica:siglos X—XV):
un patrimonio desconocido de la humanidad. Arbor 166:311-331

Hernandez Bermejo JE, Garcia Sanchez E, Carabaza Bravo JM (2012)
Flora agricola y forestal de Al-Andalus, vol 1: Monocotiledoneas:
cereales, bulbosas y palmeras. Ministerio de Agricultura, Pesca 'y
Alimentacion, Madrid

Hondelink MMA (2024) A multidisciplinary analysis of Early Modern
plant food consumption based on vegetal ingredients in culinary
texts and subfossil plant remains from cesspits. Food Hist 22:89—
121. https://doi.org/10.1484/J.FOOD.5.137478

Hondelink MMA, Schepers M (2020) The common and the rare: a
review of Early Modern Dutch plant food consumption based
on archaeobotanical urban cesspit data. Veget Hist Archaeobot
29:553-565. https://doi.org/10.1007/s00334-019-00766-x

Jacomet S (2006) Identification of cereal remains from archaeological
sites. Archaeobotany Lab, IPAS, Basel University, Basel

Kirchner H, Virgili A, Antolin F (2014) Un espacio de cultivo urbano
en al-Andalus: Madina Turtisa (Tortosa) antes de 1148. Hist
Agrar 62:11-45. https://www.historiaagraria.com/FILE/articulos
/HA62__Kirchner.pdf

Knorr DA, Smith WPW, Ledger ML, Pefia-Chocarro L, Pérez-Jorda
G, Clapés R, de Fatima Palma M, Mitchell PD (2019) Intesti-
nal parasites in six Islamic medieval period latrines from 10th—
11th century Cordoba (Spain) and 12th—13th century Mértola

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.quaint.2014.04.026
https://doi.org/10.1016/j.quaint.2014.04.026
https://doi.org/10.1007/s00334-005-0089-4
https://doi.org/10.1007/s00334-005-0089-4
https://doi.org/10.1016/j.ijpp.2013.04.003
https://doi.org/10.1016/j.ijpp.2013.04.003
https://doi.org/10.1016/j.jas.2011.12.019
https://doi.org/10.1016/j.jas.2011.12.019
https://doi.org/10.1007/s00334-020-00771-5
https://doi.org/10.1007/s00334-020-00771-5
https://doi.org/10.1016/j.jas.2011.02.027
https://doi.org/10.1007/s10761-021-00613-8
https://doi.org/10.1007/s10761-021-00613-8
https://doi.org/10.1007/s12520-019-00959-5
https://doi.org/10.1007/s12520-019-00959-5
http://hdl.handle.net/10261/25760
https://doi.org/10.1558/jia.36443
https://doi.org/10.1007/s00334-025-01059-2
https://doi.org/10.1007/s00334-025-01059-2
https://doi.org/10.1016/0305-4403(79)90005-0
https://doi.org/10.1016/0305-4403(79)90005-0
https://doi.org/10.1016/0305-4403(81)90003-0
https://doi.org/10.1016/0305-4403(81)90003-0
https://doi.org/10.1016/j.jasrep.2020.102361
https://doi.org/10.1007/s00334-013-0400-8
https://doi.org/10.1007/s00334-013-0400-8
https://doi.org/10.1007/BF01261958
https://doi.org/10.1007/BF01261958
https://doi.org/10.1484/J.FOOD.5.137478
https://doi.org/10.1007/s00334-019-00766-x
https://www.historiaagraria.com/FILE/articulos/HA62__Kirchner.pdf
https://www.historiaagraria.com/FILE/articulos/HA62__Kirchner.pdf

Vegetation History and Archaeobotany

(Portugal). Int J Paleopathol 26:75-83. https://doi.org/10.1016/j
.ijpp.2019.06.004

Kubica P, Szopa A, Dominiak J, Luczkiewicz M, Ekiert H (2020)
Verbena officinalis (common vervain)-A review on the investi-
gations of this medicinally important plant species. Planta Med
86:1241-1257. https://doi.org/10.1055/a-1232-5758

Ledger ML, Stock F, Schwaiger H, Knipping M, Briickner H, Lad-
stitter S, Mitchell PD (2018) Intestinal parasites from public and
private latrines and the harbour canal in Roman Period Ephesus,
Turkey (1st c. BCE to 6th c. CE). J Archaeol Sci Rep 21:289-297.
https://doi.org/10.1016/j.jasrep.2018.07.013

Lévi-Provencal E, Garcia Gomez E (1992) Sevilla a comienzos del
siglo XII: El tratado de Ibn ‘Abdiin (3%. Servicio de Publicacio-
nes, Ayuntamiento de Sevilla, Sevilla

Lopez-Gijon R, Hernandez-Robles A, Duras S et al (2025) Using
intestinal parasites to identify the utilization of archaeological
structures: A 12th—13th century sewer systems from an Islamic
fundug (Murcia, Spain). J Archaeol Sci 180:106266. https://doi.o
1rg/10.1016/j.jas.2025.106266

Marin M (2003) En los margenes de la ley: El consumo de alcohol
en al-Andalus. In: de la Puente C (ed) Identidades Marginales.
EOBA 13. CSIC, Madrid, pp 271-328

Marin M (2007) Relieves de las mesas, acerca de las delicias de la
comida y los diferentes platos (Fudalat al-hiwan fi tayyibat
al-ta‘am wa-l-alwan). Ediciones TREA, Gijon

Mirkle T (2005) Nutrition, aspects of land use and environment in
medieval times in southern Germany: plant macro-remain anal-
ysis from latrines (late 11th—13th century A.D.) at the town of
Uberlingen, Lake Constance. Veget Hist Archaebot 14:427-441.
https://doi.org/10.1007/s00334-005-0087-6

Mitchell PD, Anastasiou E, Syon D (2011) Human intestinal parasites
in crusader Acre: evidence for migration with disease in the medi-
eval period. Int J Paleopathol 1:132—-137. https://doi.org/10.1016
/j.ijpp.2011.10.005

Pagnoux C, Celant A, Coubray S, Fiorentino G, Zech-Matterne V
(2013) The introduction of Citrus to Italy, with reference to the
identification problems of seed remains. Veget Hist Archaeobot
22:421-438. https://doi.org/10.1007/s00334-012-0389-4

Pais J (1996) Paleoetnoboténica(finais séc. XI a séc. XIII/XIV) do sul
de Portugal-Setubal, Mértola e Silves. Arqueologia Medieval
4:277-282

Pallecchi S, Castiglioni E, Rottoli M (2025) Pompeii: seeds and fruits
from workshop VII 14, 3. Quat Int 720:109671. https://doi.org/10
.1016/j.quaint.2025.109671

Paris HS, Amar Z, Lev E (2012) Medieval emergence of sweet melons,
Cucumis melo (Cucurbitaceae). Ann Bot 110:23-33. https://doi.o
rg/10.1093/a0b/mcs098

Penia-Chocarro L, Ordofiez Frias (2024) Los Castillejos de Quintana,
Pizarra (Malaga): analisis carpologico de un yacimiento tardo-
antiguo-emiral. In: Martinez Enamorado V, Rengel Castro F
(eds) En el corazon de la Algarbia. Un estudio arqueologico de la
Sierra de Gibralmora (Pizarra, Malaga). Excmo. Ayuntamiento de
Pizarra, Pizarra, pp 431448

Penia-Chocarro L, Perez-Jorda G (2019) Garden plants in medieval
Iberia: the archaeobotanical evidence. Early Mediev Eur 27:374—
393. https://doi.org/10.1111/emed.12348

Penia-Chocarro L, Pérez-Jorda G (2026) Plants from distant places: the
Ist millennium CE archacobotanical record from Iberia. Veget
Hist Archaeobot 35:85-89. https://doi.org/10.1007/s00334-023-0
0971-9

Pefia-Chocarro L, Pérez Jorda G, Morales J (2018) Crops of the first
farming communities in the Iberian Peninsula. Quat Int 470 Part
B 369-382. https://doi.org/10.1016/j.quaint.2017.06.002

Pena-Chocarro L, Pérez-Jorda G, Alonso N, Antolin F, Teira-Brion A,
Tereso JP, Montes Moya EM, Lépez Reyes D (2019) Roman and
medieval crops in the Iberian Peninsula: a first overview of seeds

@ Springer

and fruits from archaeological sites. Quat Int 499 Part A 49-66.
https://doi.org/10.1016/j.quaint.2017.09.037

Peralta-Gomez A, Pefia-Chocarro L, Lorenzo Jiménez J (2024) New
advances in Iberian medieval agriculture: plant remains from the
Islamic site of Castillo de Valtierra (Navarre, Northern Spain).
Plants 13:3047. https://doi.org/10.3390/plants13213047

Pérez-Jorda G, Pefia-Chocarro L, Sabato D, Peralta-Gomez A, Ribera
A, Garcia Borja P, Negre J, Civantos JMM (2024) The path of Afri-
can millets (Pennisetum glaucum and Sorghum bicolor) to Iberia.
Agronomy 14:2375. https://doi.org/10.3390/agronomy 14102375

Primavera M (2018) Introduzione di nuove piante e innovazioni agro-
nomiche nella Sicilia medievale: il contributo dell’archeobotanica
alla rivoluzione agricola araba di Andrew Watson. Archaeol
Mediev 45:439-444

Queiroz PF, Mateus JE (2011) Estudo paleoecoldgico do depodsito
organico medieval conservado na estratigrafia arqueologica da
Casa dos Bicos, Lisboa. Terra Scenica Territorio Antigo Relatorios
25:1-30. https://doi.org/10.13140/RG.2.2.19017.75367

Reklaityte I (2016) Les latrines en al-Andalus: leurs principales car-
acteristiques et les conditions sanitaires urbaines. Médiévales
70:59-75. https://doi.org/10.4000/medievales.7778

Rivera D, Inocencio C, Obon C, Carrefio E, Reales A, Alcaraz F (2002)
Archaeobotany of capers (Capparis) (Capparaceae). Veget Hist
Archaebot 11:295-314. https://doi.org/10.1007/s003340200042

Rivera D, Navarro J, Camarero I, Valera J, Rivera-Obon D-J, Obon
C (2024) Citrus: from symbolism to sensuality—exploring lux-
ury and extravagance in Western Muslim Bustan and European
Renaissance gardens. Arts 13:176. https://doi.org/10.3390/arts13
060176

Rodriguez-Ariza MO, Montes Moya EM (2015) Archédobotanik. In:
Arnold F, Canto Garcia A, Vallejo Triano A (eds) Munyat ar-
Rummaniya: Ein islamischer Landsitz bei Cordoba, Teil 1: Palas-
tanlagen. Madrider Beitrdge, vol 34. Reichert, Wiesbaden, pp
344-365

Ros J, Gilotte S, Sénac P, Gasc S, Gibert J (2019) Alimentacion veg-
etal y agricultura en los margenes de al-Andalus: Nuevos datos
arqueobotanicos. In: Delgado Pérez MM, Pérez-Aguilar L-G
(eds) Economia y trabajo: las bases materiales de la vida en al-
Andalus. Ediciones Alfar, Sevilla, pp 43—80

Ros J, Gilotte S, Losilla N, Pastor T (2025) Dieta vegetal en al-
Andalus: el aporte del estudio de dos pozos negros en Albalat
(Extremadura). In: Gémez S, Hervas MA, Melero M (eds) VII
Congreso de Arqueologia Medieval (Espafia-Portugal). Aso-
ciacion Espafiola de Arqueologia Medieval, Madrid, pp 215-222

Ros J, Losilla N, Pastor T, Hervy C (2026) Towards a narrative
change? New archaeobotanical research on the ‘Green Revolu-
tion’ at the heartlands and frontiers of al-Andalus. In: Pluskowski
A, Garcia-Contreras G, Alexander M (eds) Landscapes of (Re)
Conquest: Frontier dynamics in medieval Iberia and Occitania.
Oxbow Books, Oxford, pp 120-136

Rowan E (2017) Bioarchaeological preservation and non-elite diet in
the Bay of Naples: an analysis of the food remains from the Cardo
V sewer at the Roman site of Herculaneum. Enviro Archaeol
22:318-336. https://doi.org/10.1080/14614103.2016.1235077

Sabato D, Pefia-Chocarro L (2021) Maris Nostri Novus Atlas: seeds
and fruits from the Mediterranean Basin. Ediciones Doce Calles,
Aranjuez, Spain

Sabato D, Esteras C, Grillo O et al (2019) Molecular and morphologi-
cal characterisation of the oldest Cucumis melo L. seeds found
in the Western Mediterranean basin. Archaeol Anthropol Sci
11:789-810. https://doi.org/10.1007/s12520-017-0560-z

Salinas E, Aleman B, Pérez 1 (2024) Arquitectura doméstica y cultura
material en la Almeria islamica del siglo XII. In: Goémez-Mar-
tinez S, Hervas MA, Melero M (eds) Actas del VII Congreso de
Arqueologia Medieval (Espaia-Portugal) Sigiienza, marzo 2023.


https://doi.org/10.1016/j.ijpp.2019.06.004
https://doi.org/10.1016/j.ijpp.2019.06.004
https://doi.org/10.1055/a-1232-5758
https://doi.org/10.1016/j.jasrep.2018.07.013
https://doi.org/10.1016/j.jas.2025.106266
https://doi.org/10.1016/j.jas.2025.106266
https://doi.org/10.1007/s00334-005-0087-6
https://doi.org/10.1016/j.ijpp.2011.10.005
https://doi.org/10.1016/j.ijpp.2011.10.005
https://doi.org/10.1007/s00334-012-0389-4
https://doi.org/10.1016/j.quaint.2025.109671
https://doi.org/10.1016/j.quaint.2025.109671
https://doi.org/10.1093/aob/mcs098
https://doi.org/10.1093/aob/mcs098
https://doi.org/10.1111/emed.12348
https://doi.org/10.1007/s00334-023-00971-9
https://doi.org/10.1007/s00334-023-00971-9
https://doi.org/10.1016/j.quaint.2017.06.002
https://doi.org/10.1016/j.quaint.2017.09.037
https://doi.org/10.3390/plants13213047
https://doi.org/10.3390/agronomy14102375
https://doi.org/10.13140/RG.2.2.19017.75367
https://doi.org/10.4000/medievales.7778
https://doi.org/10.1007/s003340200042
https://doi.org/10.3390/arts13060176
https://doi.org/10.3390/arts13060176
https://doi.org/10.1080/14614103.2016.1235077
https://doi.org/10.1007/s12520-017-0560-z

Vegetation History and Archaeobotany

Asociacion Espafiola de Arqueologia Medieval, Ciudad Real, pp
31-37

Seabra L (2023) Agricultural and storage choices, environmental
conditions and human dynamics from the Iron Age to the Early
Medieval period in Northern Portugal. Doctoral Thesis, Faculty
of Sciences, University of Porto, Porto

See MJ, Nejsum P, Seersholm FV et al (2018) Ancient DNA from
latrines in Northern Europe and the Middle East (500 BC-1700
AD) reveals past parasites and diet. PLoS ONE 13:e0195481.
https://doi.org/10.1371/journal.pone.0195481

Treasure ER (2020) The frontier of Islam: an archaeobotanical study
of agriculture in the Iberian Peninsula (c. 700-1500 CE). Durham
University, Durham. Doctoral Thesis

Van Staével J-P, Ruas M-P, Ettahiri AS, Fili A (2016) Lieux d’aisance
et de toilette en milieu rural dans le Maroc médiéval. L’exemple
des latrines du site d’Igiliz et les déchets des plantes consommées
(Toilet and Bathroom in Rural Areas of Medieval Morocco: the
Example of the Latrines of the Site of Igiliz and the Food Plant

Waste). M—di—vales70:189-213. https://doi.org/10.4000/medieva
les.7848

Waines D (1991) Murri: The tale of a condiment. Al-Qantara: Rev
Estud Arabes 12:371-388

Watson AM (1974) The Arab agricultural revolution and its diffusion.
J Econ Hist 34:700—1100. https://doi.org/10.1017/S0022050700
079602

Watson AM (1983) Agricultural innovation in the Early Islamic world:
the diffusion of crops and farming techniques. Cambridge Uni-
versity Press, Cambridge, pp 700-1100

Zohary D, Hopf M, Weiss E (2012) Domestication of plants in the Old
World: the origin and spread of domesticated plants in Southwest
Asia, Europe, and the Mediterranean Basin, 4th edn. Oxford Uni-
versity Press, Oxford

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1371/journal.pone.0195481
https://doi.org/10.4000/medievales.7848
https://doi.org/10.4000/medievales.7848
https://doi.org/10.1017/S0022050700079602
https://doi.org/10.1017/S0022050700079602

	﻿Plant diversity from latrines in Al-Andalus, Iberia: archaeobotanical evidence of diet in the 10th–12th centuries ﻿ce﻿
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Archaeological contexts
	﻿Badajoz: Calle Joaquín Costa 32 and Calle Martín Cansado 41
	﻿Mértola, southern Portugal
	﻿Córdoba, Andalusia
	﻿Barrio Andalusí, Almería
	﻿The samples

	﻿Results
	﻿Preservation
	﻿Cereals
	﻿Legumes
	﻿Fruit
	﻿Garden plants
	﻿Oil and fibre plants
	﻿Wild plants

	﻿Discussion


