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Abstract 

The period of European maritime expansion that started in the 15th century had a great 

impact on trading, on human migrations and consequently in the dispersion of infectious 

diseases. Portugal was at the core of this expansion, however studies about parasitic 

infections, especially helminths, are lacking. This study aims to help reduce this gap 

presenting the results of microscopic analysis of soil sediments collected from the São 

Jorge churchyard of Sarilhos Grandes (Montijo). Consecrated in the 14th century AD, it 

remained as a burial ground until the 19th century. Soil samples collected from the pelvic 

girdle of five adult individuals and samples taken as control were analysed under the 

microscope after current conventional methodological procedures were undertaken. Eggs 

from Ascaris lumbricoides were identified. Also eggs of trichostrongyle type species were 

identified in two individuals and may represent the first report in archaeological European 

samples. Food remains include potato and rice starches, muscle fibres, bivalves, pollen 

grains and fungi spores. The stratigraphy interpretation together with potato findings put 

the oldest skeletons to a chronology around the 16th century AD. These results are 

consistent with historical sources that documented the prominence of Tagus River nearby 

villages in maritime expansion. 
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1. Introduction 

Portugal began the maritime expansion due to multiple factors, including its 

geographical position in Western Europe, which had its starting point with the conquest 

of Ceuta in 1415 (Ramos et al. 2009). New maritime routes considerably increased the 

previously existing trade of people and goods via land or river. Portugal, especially 

Lisbon, became a multicultural metropolis. For instance, in 1551 Christovam de Oliveira 

calculated that 10 % of the 100000 inhabitants of Lisbon were slaves (Veiga 1887). 

As people migrate, they carry with them food and disease so the European modern 

expansion had a great impact on parasite transmission (Reinhard et al. 2013). Even though 

this renders paleoparasitological studies in Portugal fundamental to understand parasite 

transmission between Europe and other continents during maritime expansion, so far no 

studies have been conducted. 

This paper presents the parasitological and dietary results of the analysis of soil 

samples recovered from five individuals exhumed from the funerary area associated with 

the Church of São Jorge, Sarilhos Grandes (Montijo). The objective of this analysis is to 

start inferring the impact of these voyages on the dispersion of parasites and food 

available to a Tagus River population.  

 

1.1 The historical background 

Sarilhos Grandes lies on the left bank of the Tagus River, distant 16 km in straight 

line from Lisbon. Its earliest historical references date from 1304 A.D. and mention the 

presence of water mills and salt evaporation ponds (Pimentel 1908; Graça 1989). The 

Setúbal Peninsula, where it is located, was occupied by peoples of different geographic 

origins and faiths, such as Muslims, Jews and Christians (Costa 2015). 

In 2008, during an archaeological survey previous to the building of wastewater 

infrastructures, a burial site associated to the Church of São Jorge was identified and later 

excavated (Pereira et al. 2008). The present building is the result of a reconstruction in 

1740 A.D. which was later renovated (Pimentel 1908). The original temple dates probably 

from the Middle Age and later integrated the 1500's chapel of Nossa Senhora da Piedade 

(Almeida 2004). In historic sources, the associated cemetery was first mentioned in 1390 

A.D., when the Bishop of Lisbon granted permission for its construction ensuring that the 

population could be buried in holy ground (Dias 2000). This burial area was used until 

the foundation of the municipal cemetery in 1864 (Pimentel 1908). A precise 

chronological of the burials was not obtained, however the associated artifacts, which 
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include a King John III ceitil coin (1502-1557 AD), suggest a period spanning from the 

Middle Age to the 19th century (Pereira et al. 2008). 

The archaeological survey covered 23 m2, the area affected by the construction 

works for wastewater piping. This area evidenced an intense funerary use that resulted in 

the loss of the precise location of some graves and in the disturbance of most skeletons 

leading to the commingling of the human remains. This precluded soil sampling for 

analysis in 17 of the 22 individuals in primary deposition. In addition to these very 

fragmented individuals, four ossuaries were also excavated. Individuals from both sexes 

and all age categories were identified, including newborns that were spatially 

concentrated (Pereira et al. 2008). 

The funerary characteristics of the burial site are consistent with other Christian 

necropolises (Pearson 2003), with most individuals inhumed in a supine position with 

their heads pointing to the West and feet pointing to the East. Invariably, their legs were 

extended but some variation in the positioning of the arms was found (Pereira et al. 2008). 

 

2. Materials and Methods 

2.1. Samples 

Soil samples were collected from five individuals (Figure 1) with preserved pelvic 

girdles (skeletons 8, 9, 13, 17 and 22). Because of the reutilization of the burial ground it 

was only possible to collect control samples from three individuals, taken from the 

anatomical regions further away from the pelvic girdle (e.g. cranium and humerus). One 

soil sample was taken also from an area unrelated to the burials.  

Each soil sample was collected using latex gloves and plastic spoons that were 

discarded after each individual sampling. The samples were later sent to the Laboratories 

of Paleoparasitology and Palynology of the Oswaldo Cruz Foundation, Brazil, for 

paleoparasitological and paleodietary analysis.  

 

2.2. Osteoarchaeological study 

The paleobiological and paleopathological profiles of the individuals were 

determined by macroscopic observation of bones and teeth, and used to cross with the 

results from the paleoparasitological and paleodietary analysis. Age-at-death estimation 

was obtained by using standard macroscopic methods (Albert and Maples 1995; Fazekas 

and Kósa 1978; MacLaughlin 1990; Scheuer et al. 2000; Webb and Suchey 1985; 

Ubelaker 1989). Whenever possible, sex diagnosis of adult individuals was based on 
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morphological traits of the innominate bone and the skull (Bruzek 2002; Buikstra and 

Ubelaker 1994). When these bones were absent, sex was diagnosed using osteometric 

cut-off points calculated on Coimbra identified skeletal collection (Wasterlain 2000). 

Identification of caries was based on Lukacs (1989). Degenerative joint diseases - such 

as osteoarthritis and Schmorl’s nodes - and differential diagnosis of the pathological 

lesions were based on Aufderheide and Rodríguez-Martín (1998), Ortner (2003) and 

Waldron (2009). 

 

2.3. Paleoparasitological and paleodietary analysis 

Approximately 10 to 30 ml of each soil sample was rehydrated using a 0.5% 

aqueous solution of trisodium phosphate (Na3Po4) with Lycopodium commercial spores 

(batch 124961). After 72 hours, the samples were homogenized and sieved through metal 

sieves of 250 µm. The sieved liquid was then manually shaken and rested for 30 seconds, 

after which the liquid in suspension was carefully poured into another recipient so that 

the biological remains could be separated from the sand in the sample. This process was 

performed three times, as proposed by Reinhard et al. (2008). The liquid containing the 

biological remains was centrifuged for 1 minute at 2000 rpm. Twenty microscope slides 

containing one drop of the concentrated sediment were prepared and observed for 

identification of parasites at 100 and 400 magnifications using a Nikon E200 microscope 

with polarized light. A Lumenera® camera and the software Image Pro Express® were 

used for image collection and measurement of microfossils. 

The parasite eggs were quantified per millimeter (epml) of dry sediment by 

counting all identified eggs and the introduced Lycopodium spores based on Maher’s 

(1981) formula for pollen grains quantification (parasite eggs/ml dry sediment = ((eggs 

counted/Lycopodium counted) x spores added)/sediment weight). The paleodietary 

analysis was qualitative and based on identification of dietary remains present in the 

microscope slides prepared for paleoparasitological study. 

 

3. Results 

Skeleton 17 had no associated parasites. Helminths were found in the samples 

collected from the pelves of the remaining four individuals (Figure 2). All control samples 

tested were negative for intestinal parasites. Individuals 9 and 13 had translucid thin 

shelled Nematoda eggs, morphologically and morphometrically (length: 103-114,3; 

width: 46,2-54,9 µm (n=8)) consistent with trichostrongyle probably to genus 
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Trichostrongylus or strongyle, with completely formed larvae. Yellowish structures with 

ornamented shell and a possible operculum at one end measuring 157.7 - 165.6 X 95.7 - 

95.9 µm (n=3) were classified as unidentified helminth eggs associated to individual 22. 

Ascaris lumbricoides eggs, measuring 66-77 x 37-54.5 µm (n=5), were identified in 

individuals 22 and 8. The latter had a Nematoda larva that could not be identified at a 

species level. It could be either from an A. lumbricoides or from the other Nematoda 

found.  

Dietary remains were found in all five pelvic samples, which included potato 

starches (Solanum tuberosum), rice (Oryza sp.), bivalves, Perenospora cf. pisi oospore, 

muscle fibers, insects, Asteraceae pollen grains, Gramineae phytoliths and Morchella sp. 

ascospore (see Table 1 for details). 

Paleopathological analysis of the skeletal remains was hampered by the poor 

preservation of the individuals (Figure 1). Despite this, pathological lesions were 

observed in skeletons 8, 9 and 22. Individual 8 was an adult male, with dental caries, 

significant wear of the anterior dentition and degenerative joint disease in the axial 

skeleton. Individual 9 was an adult female with Schmorl’s nodes in the lower thoracic 

vertebrae, along with laminar spur. Lastly, individual 22 was an adult male with 

osteoarthritis in most of the present joints, with eburnation of the first metatarsal - 

phalangeal joint of the right foot. Unfortunately, no bone lesions specifically associated 

with parasites and/or diet were identified, besides dental caries. 

 

4. Discussion  

The Montijo region was characterized by low population density and high 

circulation of people and goods (Pimentel 1908; Costa 2015). In the study of Costa 

(2015), about the neighbor village of Aldeia Galega, documents referred to a well with 

drinking water, with an attached tank for animals and the existence of a dump out of the 

village. Agricultural production focused on cereal, vegetables and fruits (e.g. melon, 

chestnut, plum, almond, pine nut, hazelnut, acorn, lentil, flax, onion, garlic, mustard and 

grape). In addition there was also production of cheese and honey (Costa 2015). These 

products were consumed by local populations, which had a diet that relied on wine, olive 

oil, bread and especially cereal. The latter were also produced in the area and were 

consumed by sailors during maritime expansion (Costa 2015). The pine woods from the 

region were essentials on shipbuilding (Leitura Nova 1502). 
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Considering the strategic location of Sarilhos Grandes, the presence of 

trichostrongyle eggs is particularly relevant because this parasite is unreported in 

paleoparasitological studies of European populations. Species of the family 

Trichostrongylidae are often present in the intestine of all classes of vertebrates, 

especially ruminants, causing significant losses in the husbandry of species affected by 

that parasite. Humans may also become infected by several species of Trichostrongylus 

(eggs 81-104 x 40-48 µm) and other genera by consuming water and foods that are 

contaminated by larvae which, once ingested, complete their development in the small 

intestine of the host (Roberts and Janovy Jr 2008). The presence of adult parasites is 

usually asymptomatic to the human host, but it may cause digestive disorders and anemia. 

Individuals in direct contact with farm animals in poor sanitary conditions are usually the 

most susceptible (Acha and Szyfres 2003). Eggs of Trichostrongylus spp are seldom 

found in archaeological remains and they have only been reported in American countries, 

such as Brazil (Araújo et al. 1984), Chile, Argentina (Gonçalves et al. 2003), México 

(Reinhard et al. 1989) and the USA (Reinhard et al. 1985; Reinhard et al. 1987). In the 

USA, the first finding was interpreted as false parasitism associated with the consumption 

of rabbit offal because only one egg was found in 100 studied coprolites; the second one 

was considered to be a true infection related to the riverside diet of the Antelope House 

populations settled in the Chelly Canyon, which presents a moist soil that favours parasite 

multiplication. In Montijo, both possibilities were plausible because on the one had the 

area was – and still is - a waterside region, which promotes spreading of the parasite; on 

the other hand hunting of rabbits, wolves and deer (ruminant) is historically documented, 

as is animal husbandry focused on cattle, sheep, goats and pigs (Costa 2015). Although 

most strongyle eggs has smaller sizes than those found in this study, morphological 

similarities between these two groups support this alternative diagnosis which is an 

interesting possibility since there are only two records in human material from the Old 

World, one in Egypt dated 1000 cal BC and in Netherlands between 1370 – 1425 AD 

(Gonçalves et al. 2003). Symptoms for the human host can be very similar to those of 

Trichostrongylidae while natural hosts include ruminants and other husbandry animals 

(Roberts and Janovy Jr 2008). 

A. lumbricoides is a human parasite, commonly known as roundworm, that is 

transmitted by contact with faeces of a contaminated person or via consumption of water 

or food that are contaminated by eggs of the parasite. The eggs, which are extremely 

resistant and may remain infective for up to 10 years (Roberts and Janovy Jr 2008), have 
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been found in European archaeological remains dating from the late Neolithic and 

especially the Middle Ages (Anastasiou 2015; Bouchet et al. 2003). Eggs of A. 

lumbricoides were identified in the samples collected from the skeletons of individuals 8 

and 22 with very different concentrations: 17,7 and 1,6 eggs per ml. Skeleton 22 was well 

preserved despite being one of the ancient individuals, inhumed wearing shoes with metal 

buckles. Until recent times shoe materials were quite hierarchical thus a metal buckles 

can presumably be related to some economic status of this male individual. Perhaps a 

high economic status has facilitated his access to deworming medication, reflected in a 

lower number of eggs found, as suggested by Fisher et al. (2007). Another factor that may 

had contributed to the small concentration of A. lumbricoides is the low population 

density in Sarilhos Grandes, which in 1527 had approximately 184 inhabitants (Dias 

2000), and about 819 in 1879 (Pimentel 1908). Likewise, individual 8 could be using 

some natural treatment to eliminate any possible discomfort caused by the presence of 

roundworms, since his diet revealed the presence of grains of pollen of the family 

Asteraceae with several species with medicinal properties (Rai et al. 2012) and that may 

have been the reason for its consumption. It is interesting that individual 22 was the only 

one that presented unidentified eggs. Some helminthes have ornamentations on the 

eggshell such as Ascaridida and Acanthocephala. Although we could not correlate the 

structure found with any specific taxon, it is most probably that this finding reflects the 

consumption of an animal infected by this parasite as reported by Sianto et al. (2012). As 

such, the presence of this parasite in individual 22 may be related to the consuption of 

some exotic meat only accessible to wealthy people. 

Other paleodietary results are also consistent with what is available from the 

literature about diet in this region. It is known that, due to the proximity of the Tagus river 

estuary, the local population has historically relied on fishing (fish and shellfish, including 

oysters), exploration of salt ponds and the production of wine (Câmara Municipal de 

Montijo 2015). As such, the evidence of consumption of bivalves in the Sarilhos Grandes 

individuals is not surprising. Bivalves are also an important source of calcium, iodine, 

zinc and potassium, among other nutrients (Pathou-Mathis 1997). Surprisingly, no fish 

parasites were found in the sample although it is likely that this population was exposed 

to this type of infection. Fish is an important source of protein in waterside settled 

populations and multiple paleoparasitological studies have reported infection of human 

population with fish parasites in Europe (Le Bailly et al. 2005, 2007), America (Araújo 

et al. 2011) and Asia (Han et al. 2003; Matsui and Kanehara 2003; Seo et al. 2008). The 
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absence of fish parasites may be related to food habits of this population since cooking of 

fish and seafood kills parasites that may be present.  

The presence of the Morchella sp. ascospores is probably the result of 

consumption of the Morchella spp. mushroom, which has been reported as eatable by 

Petithory and Ardoin-Guidon (1995) and may have been an important source of protein. 

On the other hand, Perenospora cf. pisi is a species of the group known as downy mildew 

that grows on several crucifers, which are widely consumed by human populations (Gupta 

2004), and the presence of its oospores is probably related to the consumption of a 

vegetable in which it grew. The insect remains could not be identified at lower taxon 

either because they were very fragmented. Their presence should, however, not be related 

to diet but probably to post-burial intrusion which is consistent with their presence in one 

negative control sample.  

Lastly, several species of the Gramineae family are widely consumed by human 

populations. One example is rice, of which starches were identified in the dietary analysis 

of the individuals sampled. Rice (Oryza sativa) was first introduced in the Iberian 

Peninsula in the 8th century A.D. by Muslim populations and it has been farmed at least 

since the 13th century. Since then it has, along with the potato (Solanum tuberosum), 

traditionally been used in the Portuguese gastronomy (Salaman et al. 1985; Sharma 2010). 

However, the latter was only introduced in Europe during the second half of the 16th 

century (Bracht et al. 2011). According to the stratigraphic interpretation, Sk. numbers 

13, 17 and 22 were dated at or below the 16th century. The presence of potato in four 

skeletons (9, 13, 17 and 22) not only helps to narrow the chronology of the studied 

individuals but also indicates that Sarilhos Grandes population soon had access to this 

product from the New World.  

 

5. Conclusions 

This is one of the first paleoparasitological studies performed in Portuguese 

samples. Unfortunately the number of sampled individuals is small, which might explain 

the low diversity of identified parasites. Nonetheless, the results suggest that the 

geographic location of Sarilhos Grandes impacted decisively on the nutritional intake of 

its past populations. Carbohydrates were probably acquired via rice and potato starches. 

Animal protein was possibly a substantial part of the diet, as suggested by the presence 

of bivalves and eggs of parasites  whose natural hosts are animals. The absence of 

parasites from fish in the samples analysed it is probably related to fish cooking prior to 
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consumption. Similar systematic studies targeting a wider chronological, geographical 

and cultural span are necessary to provide a more complete scenario of the Portuguese 

parasitological past and the impact of the maritime expansion.  

 

Acknowledgements 

To João Costa from the Instituto de Estudos Medievais. The research is funded by 

CNPq post-doctoral fellowship process 201416/2014-0, and the Research Centre for 

Anthropology and Health - UID/ANT/00283/2013 - FCT. 

 

6. References 

Acha PN, Szyfres B (2003) Zoonoses and communicable diseases common to man and 

animals: Parasitoses, 3rd edn. Pan American Health Organization, Washington, D.C. 

Albert AM, Maples WR (1995) Stages of epiphyseal union for thoracic and lumbar 

vertebral centra as a method of age determination for teenage and young adult skeletons. 

J Forensic Sci 40:623-633 

Almeida FA (2004) Montijo: roteiro do concelho- história, património, percursos. 

Câmara Municipal do Montijo, Montijo 

Anastasiou E (2015) Parasites in european populations from Prehistory to the Industrial 

Revolution. In: Mitchell PD (ed) Sanitation, latrines and intestinal parasites in past 

populations. Ashgate, Farnham, pp 203-218 

Araújo A, Confalonieri U, Ferreira LF (1984) Encontro de ovos de Trichostrongylidae e 

Trichuris trichiura em corpo mumificado do período colonial brasileiro. Rev Cent Ciênc 

Biol Saúde 1:11-16 

Araújo A, Reinhard K, Leles D, Sianto L, Iñiguez A, Fugassa M, Arriaza BT, Orellana 

NC, Ferreira LF (2011) Paleoepidemiology of Intestinal Parasites and Lice in Pre-

Colombian South America. Chungara 43:303-313 

Aufderheide A, Rodríguez-Martín C (1998) The Cambridge encyclopedia of human 

paleopathology. Cambridge University Press, Cambridge 

Bouchet F, Harter S, Le Bailly M (2003) The state of the art of paleoparasitological 

research in the Old World. Mem Inst Oswaldo Cruz 98(suppl 1):95-101 

Bracht F, Conceição GC, Santos CFM (2011) A América conquista o mundo: uma 

história da disseminação das especiarias americanas a partir das viagens marítimas do 

século XVI. Rev Bras Pesq Alimentos, Campo Mourão (PR) 2(1):11-16 



11 
 

Bruzek J (2002) A method for visual determination of sex, using the human hip bone. Am 

J Phys 117(2):157-168 

Buikstra JE, Ubelaker DH (1994) Standards for data collection from human skeletal 

remains: proceedings of a seminar at the Field Museum of Natural History, organized by 

Jonathan Haas. Arkansas Archeological Survey 44 

Câmara Municipal de Montijo (2015) Resenha histórica do Concelho. http://www.mun-

montijo.pt/pages/753. Acessed 20 June 2015 

Costa J (2015) Montijo Medieval: a vida quotidiana há 500 anos. Câmara Municipal de 

Montijo, Montijo [Unpublished] 

Dias MB (2000) Documentos Medievais de Aldeia Galega do Ribatejo (1235-1470). 

Montijo 

Fazekas IG, Kósa F (1978) Forensic Fetal Osteology. Akadémiai Kiadó, Budapest 

Fisher CL, Reinhard KJ, Kirk M, DiVirgilio J (2007) Privies and parasites: the 

archaeology of health conditions in Albany, New York. Hist Archaeol 41(4):172-197 

Gonçalves M, Araújo AJG, Ferreira LF (2003) Human intestinal parasites in the past: 

new findings and review. Mem Inst Oswaldo Cruz 98(suppl 1):103-118 

Graça L (1989) Edifícios e monumentos notáveis do Concelho de Montijo. Caixa de 

Crédito Agrícola Mútuo, Montijo 

Gupta R (2004) A Textbook of Fungi. APH Publishing Corporation, New Delhi 

Han ET, Guk SM, Kim JL, Jeong HJ, Kim SN, Chai JY (2003) Detection of parasite eggs 

from archaeological excavations in the Republic of Korea. Mem Inst Oswaldo Cruz 

98:123-126 

Le Bailly M, Leuzinger U, Schlichtherle H, Bouchet F (2005) Diphyllobothrium: 

Neolithic parasite? J Parasitol 91:957-959 

Le Bailly M, Leuzinger U, Schlichtherle H, Bouchet F (2007) Crise économique au 

Néolithique à la transition Pfÿn-Horgen (3400 BC): contribution de la paléoparasitologie. 

Anthropozoologica 42:175-185 

Leitura Nova (1502) Extras, fóls. 185-186v.º, 1502/08/02. Lisboa [Manuscript] 

Lukacs JR (1989) Dental Paleopathology: methods for reconstructing dietary patterns. In: 

Iscan MY, Kennedy KA (eds) Reconstruction of life from the skeleton. Alan R Liss Inc. 

New York, pp 261-286 

MacLaughlin SM (1990) Epiphyseal fusion at the sternal end of the clavicle in a modern 

Portuguese skeletal sample. Antrop Port 8:59-68 

http://www.mun-montijo.pt/pages/753
http://www.mun-montijo.pt/pages/753


12 
 

Maher LJ (1981) Statistics for microfossil concentration measurements employing 

samples spiked with marker grains. Rev Palaeobot Palynol 32:153-191 

Matsui A, Kanehara M (2003) Palaeoparasitology in Japan: discovery of toilet features. 

Mem Inst Oswaldo Cruz 98(suppl 1):127-136 

Ortner DJ (2003) Identification of pathological conditions in human skeletal remains, 2nd 

edn. Academic Press, San Diego 

Pathou-Mathis M (1997) L'Alimentation des hommes du Paléolithique: approche 

pluridisciplinaire. ERAUL 83, Liége 

Pearson MP (2003) The Archaeology of Death and Burial. Sutton Publishing Ltd., Stroud 

Pereira PA, Godinho R, Gonçalves D (2008) A escavação de emergência da necrópole do 

Largo da Igreja (Sarilhos Grandes)- dados preliminares da intervenção. V Seminario de 

Paleontologia e Arqueologia do Estuário do Tejo, Moita [Unpublished] 

Pimentel A (1908) Portugal pittoresco e illustrado. A extremadura portugueza Vol. 1. 

Empreza da Historia de Portugal, Lisboa 

Petithory JC, Ardoin-Guidon F (1995) Parasitologie: vrais et faux parasites en coprologie 

microscopique. Cahier de Formation Biologie Médicale 3 

Rai K, Cordell GA, Martinez JL, Marinoff M, Rastrelli L (2012) Medicinal Plants: 

Biodiversity and Drugs. CRC Press, Boca Raton 

Ramos R, Vasconcelos B, Monteiro NG (2009) História de Portugal. A esfera dos livros, 

Lisboa 

Reinhard KJ, Ambler JR, McGuffie M (1985) Diet and parasitism at  

Dust Devil cave. Am Antiq 50(4):819-824 

Reinhard KJ, Araújo A, Sianto L, Costello JG, Swope K (2008) Chinese liver flukes in 

latrine sediments from Wong Nim's property, San Bernardino, California: 

archaeoparasitology of the caltrans district headquarters. J Parasitol 94:300-303 

Reinhard KJ, Brooks RH, Brooks S, Largent Jr FB (1989) Diet and environment 

determined from analysis of prehistoric coprolites from an archaeological site near Zape 

Chico, Durango, Mexico. J Paleopathol Monograph 1:151-157 

Reinhard KJ, Ferreira LF, Bouchet F, Sianto L, Dutra JMF, Iniguez A, Leles D, Le Bailly 

M, Fugassa M, Pucu E, Araújo A (2013) Food, parasites, and epidemiological transitions: 

a broad perspective. Inter J Paleopathol 3(3):150-157 

Reinhard KJ, Hevly RH, Anderson GA (1987) Helminth remains from prehistoric Indian 

coprolites on the Colorado Plateau. J Parasitol 73:630-639 



13 
 

Roberts LS, Janovy Jr J (2008) Foundations of Parasitology, 8 ed. McGraw-Hill 

Professional Publishing, Boston 

Salaman RN, Burton WG, Hawkes JG (1985) The History and Social Influence of the 

Potato. Cambridge University Press, Cambridge 

Scheuer L, Black S, Cunningham C, Christie A (2000) Developmental Juvenile 

Osteology. Academic Press, London 

Seo M, Shin DH, Guk SM, Oh CS, Lee EJ, Shin MH, Kim MJ, Lee SD, Kim YS, Yi YS, 

Spigelman M, Chai JY (2008) Gymnophalloides seoi eggs from the stool of a 17th century 

female mummy found in Hadong, Republic of Korea. J Parasitology 94:467-472 

Sharma SD (2010) Rice: Origin, Antiquity and History. Science Publishers, British 

Channel Islands 

Sianto L, Teixeira-Santos I, Chame M, Chaves SM, Souza SM, Ferreira LF, Reinhard K, 

Araújo A (2012) Eating lizards: a millenary habit evidenced by Paleoparasitology. BMC 

Res Notes 5 :586 

Ubelaker DH (1989) Human skeletal remains: excavation, analysis, interpretation. 

Washington, Taraxacum Washington 

Veiga SPME (1887) Antiguidades Monumentaes do Algarve: tempos prehistoricos. 

Imprensa Nacional, Lisboa 

Waldron T (2009) Palaeopathology. Cambridge University Press, Cambridge 

Wasterlain R (2000) Morphé - análise das proporções entre os membros, dimorfismo 

sexual e estatura de uma amostra da colecção de esqueletos identificados do museu 

antropológico da Universidade de Coimbra. Dissertation, Universidade de Coimbra 

Webb PA, Suchey JM (1985) Epiphyseal union of the anterior iliac crest and medial 

clavicle in a modern multiracial sample of American males and females. Am J Phys 

Anthropol 68:457-466 

  



14 
 

Captions 

 

Fig. 1 Skeletons (Sk.) sampled for this study: A correspond to Sk. 8, B to Sk. 9, C to Sk. 

13, D to Sk. 17 and E to Sk. 22 

Fig. 2 Helminths found in pelvic girdle soil samples from skeletons exhumed from 

Church of São Jorge burial ground. (A) A. lumbricoides, (B) Unidentified egg, (C) 

Probably trychostrongyle or strongyle egg, (D) Nematoda larva. Scales equal 50 µm 

Fig. 3 Dietary remains identified in pelvic girdle soil samples from skeletons exhumed 

from São Jorge churchyard. (A) Rice starches, (B) Potato starch, (C) remains of the 

mouthparts of bivalve radula or insect mandibula.  

Table 1 Paleoparasitological and paleodietary results obtained from soil samples 

collected from the pelvic girdle of 5 individuals and 2 control samples, Church of São 

Jorge 
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