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The discovery of specific parasites in archaeological contexts provides unique insights into the hygiene, sani-
tation, and socioeconomic dynamics of ancient populations, as well as their patterns of mobility. Paleopar-
asitological evidence offers a window into the spread of infections across different regions and time periods. This
investigation leveraged paleoparasitology to explore the utilization of archaeological structures, specifically the
water drainage system of a 12th-13th century funduq in the ancient Islamic city of Murcia, Spain. Through a
systematic analysis, parasitic findings were compared with archaeological evidence, revealing a strong corre-

lation between the presence of roundworm and whipworm eggs in wastewater channels and their functional role.
In contrast, the absence of parasitic eggs in the clean water system further confirmed the distinct purposes of the
pipes. This approach confirms paleoparasitology as a powerful tool for interpreting the use of ancient

infrastructure.

1. Introduction

The study of parasites in archaeological contexts offers important
insights to the life conditions of past populations (Le Bailly et al., 2021;
Mitchell, 2024). Data on their presence can shed light on
hygienic-sanitary (Le Bailly et al., 2014; Rabinow et al., 2024) and so-
cioeconomic (Trigg et al., 2017) conditions and yield evidence of pop-
ulation movements (Aratijo et al., 2013; Slepchenko, 2020).

The number of paleoparasitological studies has increased over recent
years (Gaeta and Fornaciari, 2022; Mitchell, 2023a) due to technological
improvements and the development of paleoparasitology as a scientific

discipline (Ferreira et al., 2014). Such studies include analyses of ma-
terials from individuals (Roche et al., 2021; Lopez-Gijon, 2023) and
archaeological structures (Mitchell, 2015a; Graff et al., 2020). Sedi-
ments that accumulate fecal remains have provided valuable evidence
on specific parasites associated with archaeological structures
(Lopez-Gijon et al., 2024). Research to date has focused on latrines and
cesspits in historical periods (e.g., Florenzano et al., 2012; Chessa et al.,
2020; Ledger et al., 2021). However, fecal remains that accumulate in
sanitary pipework can also be an important source of paleoparasito-
logical information (Slepchenko et al., 2023), complementing system-
atic studies on the functionality of archaeological structures (Langgut
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et al., 2016; Langgut, 2022; Markovi¢ et al., 2024).

Limited paleoparasitological research has been published from the
historic period of Al-Andalus (Cunha et al., 2017; Lopez-Gijon et al.,
2023a), in particular in the case of archaeological structures (Knorr
et al., 2019), on which extensive archaeological information is available
for the contextualization of findings.

This study compares paleoparasitological findings in sediments from
drainpipes found in a 12th-13th century funduq in Murcia with
archaeological and documentary evidence of their function. By doing so,
this research aims to confirm the potential of paleoparasitology as a
valuable and wunderutilized tool in archaeological investigation
(Reinhard, 1992). Our aim is to explore the usefulness of this type of
study and the value of its systematic application in a multidisciplinary
approach to archaeological research.

2. Material and methods
2.1. Archaeological site

The San Esteban archaeological site covers a large area (around
10,000 m?2) of Arrixaca, the main extramural neighborhood of Medieval
Murcia (Spain) (Fig. 1). Excavations and documentary sources reveal
that Arrixaca was urbanized between the 11th and 13th c., growing to a
size of around 30 ha, during a northern and western expansion of
Murcia, which was established earlier, in the 9th century (Eiroa Rodri-
guez et al., 2021).

The site was first explored in 2009 during a rescue excavation in San
Esteban Garden before the planned construction of an underground
parking lot (Robles Fernandez et al., 2011). This excavation revealed
one of the most important archaeological discoveries of Islamic Murcia
for its size and the number of spaces identified, including houses, a
cemetery, commercial buildings, religious constructions, and a network
of main and secondary streets (Firoa Rodriguez et al., 2019; 2021; Ro-
bles Fernandez et al., 2011). Consequently, the construction plan was
rejected, and the area was classified in 2011 as a Bien de Interés Cultural
(BIC in Spanish initials). Archaeological excavations resumed in 2018
for an interdisciplinary investigation of the structures at the site. Three
excavation campaigns were carried out between 2018 and 2023, fol-
lowed by months of laboratory work.

Besides the remains identified in the San Esteban archaeological site,
the neighborhood had a surrounding wall and contains a minor palace
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(Dar as-Sugra) as a residential and power-projection space, the Aljufia
acequia (uncovered water channel), and housing for foreigners, who
may have been Italians, according to references in the poem Qasida
Magsura by Hazim al-Qartayanni (1211-1285) and in the Cantigas of
Alfonso X (Eiroa Rodriguez et al., 2021). Arrixaca can be described so-
cioeconomically as a central urban space, with all the usual contempo-
rary urban elements.

Samples examined in this paleoparasitological study derive from the
building designated “Building I’ (Fig. 2). This is the largest documented
construction in the San Esteban archaeological site (surface area of 410
m?) and has been identified as a fundug, providing lodging for travelers
and traders and space for their goods in the city of Murcia between the
12th and 13th c. (Hernandez Robles, 2022; Eiroa Rodriguez et al.,
2021). Fanadiq (plural of funduq) are typically large buildings of one or
two floors arranged around a central patio (Torres Balbas, 1946;
Constable, 2003). They have an entrance, patio, latrines, and rooms for
lodging, storage, or office use, and they habitually possess structures for
water supply and drainage. Other possible but not inevitable elements
include kitchens, stables, and religious spaces (Hernandez Robles,
2022). According to written sources, fanadiq were a common feature of
Islamic cities between the 8th and 13th c. (Constable, 2003). As in the
case of Arrixaca, they offered lodging and warehouse space to traders
and travelers of any origin (Constable, 2003).

The fundugq has a rectangular ground plan, with a central patio sur-
rounded by four walkways and porticoed in the northeast area, where
three perimetral corridors are found: a double corridor to the north, a
single corridor to the east and another to the west. Excavations have
revealed that the building was constructed in three phases between the
12th and 13th c. Residential areas have been identified in eastern and
northern parts of the building and service areas (latrines and kitchen) in
western and northwestern areas, which were more compartmentalized
and had smaller rooms.

The water system observed in Building I is more complex than
typically found in dwellings in Al-Andalus. It includes a well in the west
corridor, a set of water drainage pipes for ground floor rooms and
drainpipes within the walls of the building. In total, the western/
northwestern part of the building contained a total of ten brick, and two
ceramic, drainpipes (Fig. 3) (Hernandez Robles, 2022).

Fig. 1. Map of the San Esteban archaeological site and aerial photo of the area explored in this study. Author: San Esteban Project-UM ©
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Fig. 3. At the top, photograph of Building I from the northwest, showing the drainpipes emerging from the building. At the bottom, detail photographs of the
drainpipes (correspondence with D-9, D-8 and CP-1 in Fig. 5). Author: San Esteban Project-UM ©

2.2. Historical context

The political, socioeconomic, and demographic growth of Murcia
during the 12th c. positioned it as one of the main capitals of Al-Andalus
until its conquest by Castilian troops in 1243 (Jiménez Castillo, 2013).
This conquest was followed by a reduction in the population of Murcia
and the depopulation of some neighborhoods, including Arrixaca
(Jiménez Castillo, 2013). There was a major boost to the urbanization of
Arrixaca in the 12th c, when the city was controlled by the Almoravid
dynasty, and later under the government of Ibn Mardanis, when it
became the capital of eastern Al-Andalus (Sarq Al-Andalus) (Firoa
Rodriguez and Gomez Rodenas, 2019). Ibn Mardanis granted a funduq to
Valencia in his 1149 treaty with Genoa and to Denia in his 1150 treaty
with Pisa, underlining the connection of eastern Al-Andalus with

Mediterranean commerce and Italian traders (Constable, 1997). Hence,
Arrixaca was an urban space that was far from being peripheral or
secondary and occupied a central commercial and economic position.

There is fragmentary documentary evidence on the presence of
fanadiq in Al-Andalus (Constable, 2003; Hernandez Robles, 2022).
However, archaeological investigation of this type of building only
started in the 1990s in the Iberian Peninsula. Researchers who studied
the al-fundugq al-yadid of Granada (Fig. 4.) from the Nasrid period (14th
and 15th c.), known as the Corral del Carbon, described it as the sole
preserved Andalusi funduq (Hernandez Robles, 2021; Torres Balbas,
1946).

Written sources refer to hundreds of fanadiq in the cities of Al-
Andalus, which were commonly described as featuring “markets,
baths, and a funduq” (Constable, 2003; Hernandez Robles, 2022). The
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Fig. 4. Example of funduq. Funduq al-yadid, known as the Corral del Carbon
(Granada, Spain). Author: Alicia Hernandez Robles.

funduq was always in a strategic location on main streets or intersections
and near the main market area, the Aljama mosque, baths, shops, or city
gates (Constable, 2003; VV.AA, 2000; Hillenbrand, 1994). Four of the
six buildings proposed as possible fanadiq in the city of Murcia, dated
between the 11th and 13th c., were found near baths that may have been
used by the travelers or traders from the funduq (Hernandez Robles,
2021). At the San Esteban archaeological site, Building I is documented
as being on the main street (street N) at an intersection with a secondary
street (street N).

Some excavated buildings interpreted as possible fanadiq in the
Iberian Peninsula possess complex water supply and drainage systems,
providing numerous points of access to water (e.g., wells, fountains, or
basins) and multiple pipes/gutters for its drainage from latrines, patios
and rooms, among other spaces (Reklaityte, 2012). The finding of
downpipes that connected with ground floor drainpipes, as in the funduq
of Corretgeria Street in Valencia (Marti Oltra and Burriel Alberich,
2008), suggests the possible presence of latrines on the top floor that had
left no archaeological traces (Hernandez Robles, 2021).

2.3. Method

During the archaeological campaigns of 2019 and 2020, sediment
samples were systematically gathered from all structures (pipes, gutters)
that comprised the water supply and drainage system in Building 1 (the
funduq), totalizing 39 samples. Control samples of sediment (n = 4) were
also taken from archaeological units outside the water system (Le Bailly
et al., 2021). The sampling scheme was determined by the preserved
archaeological deposits within the structures and their dimensions. In
those structures where little archaeological deposit was preserved, only
one sample per structure could be taken (contexts: D-2, D-3, CP-1).
However, in other contexts, more samples could be taken due to the
significant archaeological deposits found (contexts: D-6 and D-9) and
the dimensions of the pipe, which had a long extension (context: D-1).

Each sample, weighing 2-5 g, was collected using a fresh pair of
nitrile-free gloves (Lopez-Gijon et al., 2024) and a disposable plastic
spoon (Sianto et al., 2018) to avoid cross contamination. Samples were
individually wrapped in aluminum foil, placed in a labeled zip seal
plastic bag (Lopez-Gijon, 2023), and stored in a Styrofoam box for
insulation from the light and major changes in temperature
(Haber-Uriarte et al., 2020). Samples were analyzed in the Physical
Anthropology laboratory of the University of Granada (Spain) and a
second analysis was conducted in the Chrono-environment laboratory of
the University of Franche-Comté (France). Samples were treated using
the standard rehydration, homogenization and micro-sieving (RHM)
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protocol used in Besancon laboratory (Dufour et al., 2013). Briefly,
samples were rehydrated for seven days in aqueous solution of 50 % 0.5
% trisodium phosphate (NagPO4) and 50 % 5 % glycerol (C3HgOs3), with
drops of 10 % formaldehyde (CH20). The material was then ground in a
porcelain mortar, immersed for 1 min in an ultrasound bath, and passed
through 315 pm, 160 pm, 50 pm, and 25 pm micro-sieves under a
constant stream of tap water. Material trapped on the 50 pm and 25 pm
micro-sieves was collected and studied under light microscopy
(Olympus CX43 and Leica DM, 2000 at 100, 400, and 600 M coupled to
Olympus SC-50 camera and Leica ICC50HD camera), using Olympus
CellSens software to process the images. Twelve slides were analyzed
per sample, following the standard for this type of study. In total, 516
slides were used. Parasite eggs were identified by size and morpholog-
ical characteristics, following reference manuals (Thienpont et al., 1986;
Roberts and Janovy, 2008).

3. Results

Eggs of roundworm (n = 48) and whipworm (n = 20) were detected
in this study. Roundworm eggs were identified by their characteristic
mamillated shell (see Fig. 6a), ovoid/elliptic shape, and size (50.2-70.1
pm long, 42.3-50.2 wide), although decorticated Ascaris were also
found (see Fig. 6b). Whipworm eggs were identified by their lemon
shape, bipolar protuberances (polar plugs), smooth surface, thick shell,
and size (49.8-57.6 pm long, 21.9-27.2 wide) (see Fig. 7). Due to the
polymorphism of the shell, non-parasitic elements (artefacts) can be
sometimes misidentified - and identification of artefacts (e.g. pollen,
plant cells, psocid insects, etc.) is an integral part of the diagnostic
process to avoid common misdiagnosis in the laboratory (see Reinhard,
2017).

Out of the total of 43 samples gathered for study, geohelminth eggs
were observed in 12 samples (27.9 % of the total) (Table 1); specifically,
roundworm eggs were found in 12 samples (27.9 %), whipworm eggs in
5 (11.6 %), and the eggs of both parasites in 5 (11.6 %) (Table 1).

Out of the 10 drainage pipes studied (Fig. 5), (50 %) were positive for
parasites; specifically, roundworm eggs were found in 5 drainpipes (50
%) and whipworm eggs in 2 (20 %). In addition, a sample (UE40074)
associated with to a latrine and the drainage pipe UE 3194 D-7 was
positive. No control samples were positive for parasites, as well as the
ceramic pipe sample.

These results have made it possible to distinguish the use of different
hydraulic structures for the evacuation of dark water or clean water. By
dark water it is understood wastewater containing urine and fecal re-
mains, for example, collected from latrines to the public street sewer.
Clear water means water free from contamination, for example, rain-
water drained from roofs, terraces, or patios to the public street sewer
(Reklaityte, 2012).

The drainage pipes hypothesized to contain wastewater have been
confirmed with at least one positive result for parasites, except for D-5.
However, in the case of D-5, its use for wastewater evacuation has been
maintained based on the functional interpretation of spaces and phases
in the building. The functional hypothesis of the structures studied was
proposed based on the structures documented in the archaeological
excavation, its location in the building and its relationship with other
elements inside the spaces.

Of relevance are the results from the samples taken from drainpipes
D-8 and D-9. The positive parasite results in these two drainpipes are
significant because they were not connected to any interior space on the
ground floor, and they indicate fecal contamination, therefore from an
unpreserved upper floor in the three different phases of the building.
This provides rare evidence for the existence of a latrine, or a wastewater
evacuation point on the unpreserved upper floor, something previously
proposed for a funduq but unconfirmed through archaeology alone
(Marti Oltra and Burriel Alberich, 2008). Without this analysis, such an
interpretation would remain purely hypothetical, as the absence of
preserved upper-floor structures limits architectural interpretation
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Table 1 Table 1 (continued)
Parfasite egg findings and hypothetical functionality for each structure in the Context Phase of  Hypothetical Sample parasite Type of
drainage system of the fundug. use functionality findings drainpipe
Context Phase of Hypothetical Sample Parasite Type of and
use functionality findings drainpipe number of
and eggs
number of found
€88s Street N Ascaris sp.
found 40099  (7)/
D-1 1/ Clean water E2 - Clean 2 Trichuris
Drainage second drainage from 7045a water sp. (3)
UE 7045  half of upper floor (€5 StreetN -
the 12th E2 - 40099b
c. 7045b D-7 111/ first Wastewater Street N Ascaris sp.  Dark
%)) Drainage half of drainage 3194 2 water
E2 _ UE 3194 the 13th (latrine) (@) (latrine)
7045¢ c. Street N Ascaris sp.
3) 3194 (5)/
E2 _ 2) Trichuris
7045d sp. (3)
@ Street N -
E7 _ 3194
7045 3
5) D-8 III/first Wastewater Street N Ascaris sp. Dark
E7 _ Drainage half of drainage 3204 5) water
7045 UE 3204  the 13th 6))
6) c. Street N -
E7 _ 3204a
4045 D-9 Iand II/ Wastewater Street N — Dark
@ Drainage 12th c. drainage 40088 water
E7 - UE 1)
7045 H- 40088 Street N -
5 40088
D-2 II1/first Clean water Street N — Clean 2
Drainage  half of drainage 3174 water Street N Ascaris sp.
UE 3174  the 13th m 40088 (6)
c. 3)
D-3 111/ first Clean water Street N — Clean StreetN -
Drainage half of drainage 3172 water 40088d
UE 3172 the 13th @ D-10 I, II, and Clean water Street N - Clean
c. Drainage 11/12th drainage 3195 water
D-4 ITandII/  Wastewater El - Dark UE 3195 c.and @
Drainage  12thc. drainage 3179 water first half Street N -
UE 3179 @ of the 3195
El Ascaris sp. 13thc. 2
3179 @) Street N -
@ 3195
D-5 Iand II/ Wastewater Street N — Dark 3
Drainage 12th c. drainage 3184 water CP-1 I11/first Clean water El6 - Clean
UE 3184 @ Ceramic half of ceramic pipe 40022 water
Street N — pipe the 13th
3184 UE c.
) 40022
D-6 I11/first Wastewater Street N Ascaris sp.  Dark S-1 III/first Wastewater El - Dark
Drainage half of drainage 3193 3)/ water Structure  half of drainage 40074a water
UE3193  the13th  (latrine) () Trichuris (latrine) UE the 13th  (latrine UE ® (latrine)
c. sp. (4) 40074 c. 3194) El Ascaris sp.
Street N Ascaris sp. 40074b 3
3193 4)/ (2)
2 Trichuris UE 40128 Street level Street N — Control
sp. (6) (street N) 40128 sample
Street N - cs
3193 UE 40020 Organic soil El - Control
3) with numerous 40020 sample
Street N Ascaris sp. charcoals (E1) cs
3193 2 UE 40142 Soil beneath El - Control
Street N Ascaris sp. brick structure 40142 sample
3193a 3)/ of latrine UE CS
Trichuris 3194
sp. (4) UE 40094 Clayey soil in E3 - Control
Street N — E-3 40094 sample
3193c cs
D-6 II1/first Deposit inside Street N Ascaris sp.  Dark UE 40332 Soil from E16 - Other
Soil half of the wastewater 40099 6) water ground 40332 structure
UE the 13th  drainage m (latrine) associated with
40099 c. (latrine UE combustion
3193) structures E16
(phase II)
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relying on stratigraphy.
4. Discussion

In this analysis of a 12th-13th c. funduq in Murcia, only structures
archaeologically designated as wastewater systems contained the eggs
of intestinal parasites, namely roundworm and whipworm. In contrast,
clean water systems were always free of these parasites (Table 1).

There is documentary and archaeological evidence of the wastewater
and clean-water pipework in the building (see Table 1). The drainpipes
in the northwest and in the corridor in the west suggest that this part of
the building was used for supplies and services, including sanitation,
with a room that served as latrine (Hernandez Robles, 2022). The supply
and drainage of water would be a major concern in the fundugq, given the
crucial importance of body hygiene in Islam (Reklaityte, 2012). Fanadiq
frequently had at least one latrine, and some may have had collective
latrines. Clean water would be available to travelers from a well or water
tank for cleaning and washing as well as for drinking and cooking
(Constable, 2003; Reklaityte, 2012). Funduq rental contracts underlined
the obligation to clear human and animal waste (Hernandez Robles,
2022), and rubbish disposal and pipe cleaning costs appear in the ac-
counts of some Fanadiq (Constable, 2003; Goitein, 1983). Leo Africanus
reported in his Description of Africa published in 1530 (translation by S.
Fanjul, 1995) that the 200 inns of Fez had fountains, latrines, and
drainpipes for waste removal and that the owners were responsible for
their cleaning.

It has been verified trough the excavations that two structures in the
same room on the ground floor were latrines. There is also evidence of a
clean water system to drain and gather rainwater falling on the roof,
patio, and perhaps terrace.

Until now, archaeological work had not been able to confirm the
presence of latrines on upper floors in Andalusi buildings. Reklaityte
(2012), who described the general characteristics of latrines in
Al-Andalus (entrance, ventilation, location, paving, and decoration),
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could not confirm their presence. Drainpipes documented in houses
from the Andalusi period (e.g., in Murcia [Guillermo, 1998; Navarro
Palazon and Jiménez Castillo, 2010] and Cérdoba [Aparicio Sanchez,
2008]), have been interpreted as serving to drain rainwater from roofs.
In a study of the funduq in Corretgeria Street, Valencia, one drainpipe
was documented in the patio and another within a room. The archae-
ologists suggested that it might have taken water from a sink or latrine
on the upper floor, although they could not rule out that its function was
to drain water from the roof (Marti Oltra and Burriel Alberich, 2008).
The present work is an additional proof that paleoparasitological studies
can help to settle these questions (Reinhard, 1992; Langgut et al., 2016).
In our case study, samples were taken from three structures (two brick
drainpipes and one ceramic pipe) that would allow water to be drained
from the upper floor. Sediment samples from the drainpipes D-8 and D-9
(3204 [1] and 40088 [3]) contained several roundworm eggs, indicating
the presence of fecal remains and suggesting a possible unpreserved
upper floor latrine or wastewater drainage point. The fact that no par-
asites were detected in the sample from the ceramic pipe supports its
role in the clean water system of the building.

Sample 40074b (2) was taken from a quadrangular brick structure
(S-1 in Fig. 5) attached to a latrine and connected to its drainpipe
(Fig. 8). The possible use of this structure could be a sewage disposal
point.

Shortcomings of this type of study include the loss of parasitic evi-
dence through taphonomic processes (Morrow et al., 2016), limiting the
findings of parasitic dispersion phases to those with more resistant shells
such as geohelminths (Wharton, 1980). Other parasitic species with
lesser resistance capacity and fewer eggs have not been detected at
archaeological sites in the southern Iberian Peninsula (Lopez-Gijon
et al., 2024). The preservation of parasitic evidence is less favorable
under the conditions and temperatures that characterize semiarid areas
(Rodrigo et al.,, 1999; Bouchet et al., 2003; Mitchell et al., 2022)
compared with more humid climates, e.g., in the Northern Iberian
Peninsula (Maicher et al., 2017; Lopez-Gijon et al., 2023b; Revelles

D (drai S( ) CP( ic pipe)

ARCHAEOLOGICAL PHASES

—— Pl: Late Almoravid —— P3: Late Amohad

P2: Initial Aimohad

RECINTO |
2020

A

Fig. 5. Detail plan of the contexts sampled in Building 1. Author: San Esteban Project-UM ©



R. Lopez-Gijon et al.

Journal of Archaeological Science 180 (2025) 106266

Fig. 6. A) Egg of Ascaris sp. with mamillated coat (70,1 x 49,07 pm); B) Decorticated egg of Ascaris sp. (66.35 x 48.03 pm).

Fig. 8. Photograph of the latrines of Building I. On the left, the latrine that
connects with the D-7 drainage pipe and the quadrangular structure S-1. On the
right, the latrine that connects with the D-6 drainage pipe. Author: San Esteban
Project-UM ©

et al., 2017; Tejedor-Rodriguez et al., 2021). This effect is reflected in
the small number of parasitic eggs found to date in the southern Iberian
Peninsula (Knorr et al., 2019; Lopez-Gijon et al., 2022, 2023c, 2024).
Given the consequent possibility of false negative results, it is therefore
important to take multiple sediment samples from each structure under
study (Lopez-Gijon, 2023).

It is almost impossible to distinguish morphologically between the
species of roundworm (A. lumbricoides vs. A. suum) (Liu et al., 2012;
Leles et al., 2012) and whipworm (T. trichiura vs. T. suis) (Betson et al.,
2015) that infect humans versus pigs. Given that the infection of humans
by pig parasites cannot be completely ruled out (Nejsum et al., 2012;
Silva et al., 2021), the parasites are classified as either Ascaris sp. or
Trichuris sp. in the present study. Although the archaeozoological study
of the San Esteban archaeological site shows no evidence of pigs or wild
boar (Garcia-Garcia, 2020, unpublished), contact with these animals
may have occurred in other places, due to the mobility of travellers. It is
possible that funduq users from Christian areas have been in contact with
pigs (Banegas Lopez, 2010), which also feature in the zooarchaeological
record of Al-Andalus, although in small numbers (Garcia-Garcia, 2017;
Grau-Sologestoa, 2023).

The health effects of these intestinal parasites on the host depend on
their number and can include diarrhea, stomach cramps, anemia,
malnutrition, stunted childhood growth, and cognitive impairment,
while severe intestinal obstruction has been reported in severe cases of
ascariasis (Jourdan et al., 2018).

Paleoparasitological research in Al-Andalus has been limited (Cunha
et al., 2017; Knorr et al., 2019; Lopez-Gijon et al., 2023a). Sediment
samples evidenced the presence of roundworm eggs in Cérdoba and
Mértola (Knorr et al., 2019) and of roundworm and whipworm eggs in
Silves (Cunha et al., 2017). These parasites have been associated with
poor sanitation and water supply conditions, with the absence of
handwashing, and with the intake of feces-contaminated food or water
(Jourdan et al., 2018). Despite the religion-based focus on bodily hy-
giene in Al-Andalus (Knorr et al., 2019), the risk of parasitosis might
have been increased by the utilization of human fecal remains to fertilize
crops, as reported by Ibn Bassal (11th-12th c.), together with that of
other fecal material of animal origin (Varisco, 2016; Watson, 2001;
Knorr et al., 2019). These geohelminths have been the most frequently
detected parasites in ancient European material (Gaeta and Fornaciari,
2022), due to the high resistance of their eggshells and their strong
fecundity. Thus, up to 200,000 eggs/day are produced by a female of
Ascaris lumbricoides and between 3000 and 20,000 eggs/day by a female
of Trichuris trichiura (Roberts and Janovy, 2008).

The intestinal parasites observed in Al-Andalus are similar to those
found in other medieval Islamic populations (Cunha et al., 2017; Knorr
et al., 2019) and in contemporary Christian populations in the Iberian
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Peninsula (Hidalgo-Argiiello et al., 2003), as well as in the rest of Europe
(Mitchell, 2015b, 2023b), including the Italian Peninsula (Chessa et al.,
2020; Florenzano et al., 2012; Heirbaut et al., 2011; Ledger et al., 2021;
Roche et al., 2019, 2021). Specifically, ascariasis is described in "Kitab al
Qanun fi-1 Tibb" by Avicenna (Canon Medicinae) (Hoeppli, 1956; Cor-
dero del Campillo, 1980) and in other medieval medical texts from the
Islamic world (Cox, 1990, 2002). Ascariasis is also mentioned by
important physicians (Casal and Casal, 2004) such as Abulcasis in his
Altasrrif, later known as Metodus medendi (Cordero del Campillo, 1980).
However, there are no references to trichuriasis in the medical writings
of Al-Andalus.

A key study limitation is the inability to associate the parasitic eggs
with individuals, given that skeletal remains were not considered
(Lopez-Gijon et al, 2024). Paleoparasitological studies on in-
frastructures will have to be completed with paleoparasitological studies
carried out on skeletal remains, which will allow us to approach the
levels of prevalence of intestinal geohelminths in these populations.

It is therefore not possible to distinguish between Islamic and
Christian populations or between locals and foreigners using the fundug,
although the cultural material obtained and the sanitary conditions all
point to its utilization by Muslims (Casal and Casal, 2004; Cordero del
Campillo, 1980; Gutiérrez-Aroca, 2018; Savage-Smith, 2013). The fact
that intestinal helminths can persist within humans without causing
death (Goater et al., 2014) favors their geographic spread, and paleo-
parasitological research in human remains can yield evidence of popu-
lation movements (Aagaard-Hansen et al., 2010; Yeh et al., 2016;
Mitchell and Yeh, 2023). However, further research is required in ma-
terial from individuals and other types of spaces to evaluate the preva-
lence of parasitosis in Arrixaca and to reveal any possible evidence of
population movements, including the documented arrival of Italians in
the neighborhood from the 12th c. (Eiroa Rodriguez and Gomez
Roédenas, 2019; Constable, 1997).

5. Conclusion

This pioneering study of parasitic dispersal in the water drainage
system of a 12th-13th century Islamic funduq has confirmed archaeo-
logical hypotheses regarding the functionality of the pipes at the site.
Beyond providing insight into the prevalence of parasitic infections and
population movements in ancient societies, paleoparasitology proves
here again to be a valuable tool for interpreting the use of archaeological
structures. In this case, it offered critical evidence on the function of
water pipes and even provided clues about upper floors that left no
physical remains. By systematically integrating paleoparasitological
data into a multidisciplinary framework, this study underscores the
broader importance of this approach, contributing significantly to our
understanding of ancient infrastructure and sanitary practices. The re-
sults of this research demonstrate the potential of paleoparasitology to
set new standards in archaeological investigation, enriching in-
terpretations of both the social and structural aspects of past
civilizations.
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