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ABSTRACT 

 The bioarchaeological sub-discipline of archaeoparasitology explores the impacts 

of ancient parasites on their human hosts. This thesis research examines the parasite loads 

of individuals excavated from the 18th century Rochefort Point cemetery at the Fortress of 

Louisbourg National Historic Site of Canada in Cape Breton, Nova Scotia. Soil samples 

were collected from within the pelvic region of seven excavated burials, with long-

surviving intestinal parasite eggs (Ascaris spp. and Diphyllobothrium spp.) identified, 

quantified, and examined. Results indicate that four of the seven individuals likely died 

with a true parasite infection. Overcrowded living conditions, association with various 

animals (terrestrial and aquatic), differential access to foodstuffs, and poor sanitation 

practices at the Fortress likely all contributed to the increased spread of intestinal 

parasites across this community. As the first parasite study of its kind in Canada, this 

research not only provides a strong methodological foundation for future 

archaeoparasitological research using pelvic soil samples, but also contributes to our 

understanding of parasite-host interactions in 18th century Atlantic Canada.   
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CHAPTER 1: INTRODUCTION 

1.1 Introduction  

Bioarchaeology is an interdisciplinary field of research that combines the 

theoretical and methodological foundations of biological anthropology, archaeology, and 

social theory to examine past individuals within a variety of cultural and biological 

contexts (Agarwal and Glencross, 2011; Baker and Agarwal, 2017; Larsen, 2002). 

Skeletal remains are a compilation of an individual’s life history and collectively tell the 

story of the population in which the individuals belonged (Buikstra and Beck, 2017; 

Larsen and Walker, 2005). This thesis research, while focused on skeletal remains, is 

situated in archaeoparasitology, a niche subfield of bioarchaeology. Archaeoparasitology 

examines the presence of human-host parasites within archaeological contexts (Reinhard 

and Araújo, 2012) and can be useful to understand past human behaviour, as parasitism is 

dependent on the environment and their host organism activities. Therefore, 

archaeoparasitological research demonstrates how cultural development and environment 

stressors interact between past populations and the parasites they hosted (Bouchet et al., 

2003a; Reinhard, 1990).  

Previous research suggests that parasite eggs remain well preserved over hundreds 

of years due to their highly resistant chitin shells (Fry and Hall, 1975; Bouchet, 1995; 

Bathurst, 2005; Cengiz et al., 2010; Oh et al., 2010b; Williams et al., 2017), and that the 

“sacrum of individual skeletons acts as a structural container for the contents of the lower 

digestive tract upon decomposition of the body” (Reinhard et al., 1992: 697). By 

collecting soil samples from individual burials, it is hypothesized that parasite eggs that 
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have withstood taphonomic influences will be present and quantifiable within the pelvic 

region.  Due to the limited number of bioarchaeological excavations globally, let alone in 

Canada, there has been little opportunity to test and develop skeletal-specific 

quantification methods. While archaeoparasitology is a relatively new sub-discipline, 

standards have been established by the University of Cambridge and the Chartered 

Institute for Archaeologists on the best practices for obtaining parasite eggs from soil 

samples (Williams et al., 2017; Mitchell and Brickley, 2017) and have been further 

developed and tested to suit the parameters of this thesis research. Previously, parasite 

egg recovery has been performed using coprolite, latrine, or mummified tissue samples, 

with little focus on parasite recovery from excavated soil within individual burials (Fry 

and Hall, 1975; Bathurst, 2005). A benefit to analyzing parasites that are directly 

connected to skeletal assemblages is that direct morphological or demographic studies of 

the human remains may also be conducted.  This unique, individual data is important as it 

allows for the direct connection between a human host and their parasite loads. 

 This project is significant in that it unites a novel and innovative method with a 

well-documented historic population, with the results of this thesis providing an 

important foundation for the continuation of parasite research at a National Historic Site 

of Canada. The ongoing cemetery excavation at the Fortress of Louisbourg in Cape 

Breton, Nova Scotia provides an ideal opportunity to spearhead this type of 

archaeoparasitology analysis and is currently the first study of its kind in Canada. This 

research assists with the expansion and standardization of the current methods for 

recovering and analyzing parasite eggs from human pelvic soil samples and contributes to 
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our understanding of the impact of human intestinal parasites on the lived experience in 

18th century Atlantic Canada. 

1.2 The Fortress of Louisbourg 

The Fortress of Louisbourg had a short, but significant history between 1713 and 

1758. Louisbourg was an expansive settlement on Ile Royal (Cape Breton Island), known 

for its extensive cod-fish industry which contributed to the French administrative, 

economic, and military activities in Atlantic Canada (Johnston, 2001, 2013). In 1745, the 

Fortress was besieged and resulted in New Englander occupation for a period of four 

years (Boscawen, 2012). After France was returned ownership of Louisbourg in 1748 

through the Treaty of Aix-la-Chapelle, they attempted to reinforce their armies and 

strength. However, despite these attempts, the British laid siege again in 1758 and 

occupied the Fortress until its final abandonment and destruction in 1763 (McLennan, 

1918; Hitsman and Bond, 1954; Johnston, 2004, 2007).  

The historic record suggests that 18th century Louisbourg was riddled with disease 

and exposure to parasites would have been quite common, making it an ideal location to 

test this intestinal parasite egg methodology (DeForest, 1932; Thomson, 1996; Greer, 

1979; MacInnes, 2018a). By exploring the biological spread of specific parasitic species, 

general interpretations regarding daily life at Louisbourg can be drawn. Certain living 

conditions in the community such as poor sanitation, crowded households, increased 

animal husbandry, and medicinal practices would have likely increased the spread of 

intestinal parasites within the community (Kucik et al., 2004). Additionally, an increase 
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in the consumption of certain foods such as pork and fish may have also contributed to 

the flourishment of certain parasites across the population.  

1.3 Research Questions   

The main goal of this thesis research is to expand and improve upon 

archaeoparasitology methods and determine how the data generated will contribute to our 

understanding of the lived experience at the Fortress of Louisbourg.  

This thesis will focus on two main research questions: 

 Will the soil sample methodology used in this study allow for the capture and 

identification of parasite eggs?  

 If identified, how did sanitation, dietary, and medicinal practices influence the 

abundance of parasites at Louisbourg, and how do these factors inform our 

understanding of health in the 18th century? 

1.4 Thesis Overview  

The Introduction chapter discussed the definitions of bioarchaeology and 

archaeoparasitology and how they guide the objectives of this thesis. A brief history of 

the 18th century Fortress of Louisbourg was provided as well as an overview of living 

conditions and their connection to the spread of intestinal parasites within this 

community. Additionally, the significance, scope, objectives and research questions of 

this thesis were outlined.  

Chapter 2 provides a literature review beginning with the definition of a parasite 

and how this term will be used throughout the thesis. Further details are provided on the 

most commonly studied phylum and classes of parasites that are likely to survive in the 
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archaeological record, particularly within Canada. Additionally, the general lifecycles 

and modes of transmission for each parasite class are discussed. The second half of this 

chapter provides an overview of the theoretical and methodological underpinnings of the 

discipline of archaeoparasitology and how this historic background provides a foundation 

for the methodology in this study.  

Chapter 3 is a detailed description of the methods used in this research. The first 

section of the chapter reviews the preliminary experiments completed to confirm the 

reliability of the proposed micro-sieving method. The next section of the chapter focuses 

on the extraction, identification and quantification of parasite eggs collected from each 

soil sample.  

Chapter 4 outlines the results of this thesis beginning with a macroscopic 

examination of each of the skeletons studied. The next section outlines the results from 

the morphological analysis and the statistical methods used to assess any patterns related 

to the quantity of parasites across individuals and different sampling sites. Additionally, 

the attempts made to recover and analyze parasite DNA are outlined.  

Chapter 5 is the discussion of this thesis research and the results. This chapter 

begins with an exploration of true versus false infections followed by an overview of 

each parasite type recovered in this study. Parasite lifecycles and how they likely spread 

throughout the Louisbourg community are discussed along with the potential health risks, 

specifically focusing on diet and animal husbandry, sanitation practices, and crowded 

living conditions. Finally, this chapter concludes with an examination of all of the 

limitations and challenges of this thesis research. 
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Chapter 6, the Conclusion chapter of this thesis, provides a summary of this 

research by revisiting the two primary research questions. Additionally, this chapter 

reiterates the importance of archaeoparasitology and how the results of this study may 

contribute to future bioarchaeological research.  
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction 

This chapter will take a biocultural approach to the study of archaeoparasitology 

and how it can be used to better understand 18th century life at the Fortress of Louisbourg 

in Nova Scotia. The goal of this chapter is to highlight past and current methods of 

archaeoparasitology and the conditions at the Fortress of Louisbourg that allowed these 

parasites to survive and thrive. The first section of this chapter provides an introduction 

to parasitology including a discussion of terms and concepts and the various modes of 

transmission. The next two sections focus more specifically on the theoretical and 

methodological aspects of archaeoparasitology, and how these unique methods of 

analysis can contribute to archaeological interpretations of the past. The final section of 

this chapter will provide a discussion of the history and living conditions at the Fortress 

of Louisbourg that may have influenced the spread and maintenance of human intestinal 

parasites across the population.  

2.2 Parasite Overview 

 2.2.1 What is a parasite?  

A parasite is an organism that is directly dependent on its host organism (Satoskar 

et al., 2009; Schmidt et al., 1977). A host organism is considered an animal or plant, on 

or in which a parasite or commensal organism lives (Garcia, 2009). This relationship is 

beneficial for the parasite, as it can consume nutrients that its host provides and flourish 

in a secure environment (Gunn and Pitt, 2012). However, parasitism can be detrimental to 
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the host organism through losses of nutrients, protein, fats, and sugars that are consumed 

by the parasite. This relationship can result in many health complications for the host, 

such as anemia, rickets or osteomalacia, scurvy, epilepsy, or pneumonia (Crompton, 

1985; Crompton and Nesheim, 2002; Cengiz et al., 2010). Although the parasite depletes 

the health of its host, the ultimate goal is to keep the host alive, otherwise the parasite 

will die within its host. This results in the parasite being able to fulfill its evolutionary 

duty of reproduction (Gunn and Pitt, 2012).  

 There are many different examples of parasites, including commonly recognized 

species such as mosquitoes or leeches (Gunn and Pitt, 2012). However, for this research a 

“parasite” will refer to those that use humans as definitive hosts and reside within the 

intestines, specifically helminths (Soulsby, 1968). The definitive classification of 

helminths is based on the external and internal morphology of egg, larval, and adult 

stages. The most common phyla of parasites stemming from helminths that have been 

recovered from archeological samples are platyhelminthes and nematodes (Figure 1) 

(Bouchet et al., 2003b).  

Platyhelminthes are a phylum of relatively simple unsegmented, soft-bodied 

invertebrates (Bouchet et al., 2003b; Littlewood et al., 1999). Within the phylum of 

platyhelminthes, the main classes considered in this research are cestodes and trematodes 

(Bouchet et al., 2003b). Cestodes (tapeworms) and trematodes (flukes) have complex 

life-cycles and live as mature parasites in the digestive systems of vertebrates, and spend 

their intermediate stages of development in secondary hosts such as snails or mussels 

(Garcia, 2009).   
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 Parasitic nematodes differ from platyhelminthes as they have less complex life 

cycles, generally maturing within only one host species (Weischer and Brown, 2000; 

Garcia, 2009). Nematodes have adapted to a variety of different ecosystems including salt 

and fresh water, diverse soil types, polar and tropical regions and various levels of 

elevations (Weischer and Brown, 2000). Figure 1 depicts a simplified version of the 

relationships between these phyla and classes of parasites with examples of various 

species within each category.  

  

  

Helminthes 

Nematodes Platyhelminthes 

A. lumbricoides 

(Human 

Roundworm) 

T. trichiura 

(Human 

Whipworm) 

Cestodes Trematodes 

D. latum 

(Fish 

Tapeworm) 

T. solium 

(Pork 

Tapeworm) 

D. dendriticum 

(Lancet Liver 

Fluke) 

Figure 1: Chart depicting the relationship between different parasite helminthes. 
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 2.2.2 Infection versus Infestation 

 For the purposes of this research, the word infection will be used to refer to a 

human host impacted by intestinal parasites. Generally, the word infestation refers to a 

host impacted by an ectoparasite, a parasite that intermittently, temporarily or 

permanently resides on the outside of a host organism, like a tick (Sawyer, 2007). 

However, an endoparasite refers to a parasite that permanently resides within their host. 

There is debate regarding whether the parasites residing in the gastrointestinal tract are 

ectoparasites since the GI tract is contiguous with the external environment and the 

parasite has not penetrated host tissues (Duffy, 2019; Shapiro, 2009). This would mean 

that the intestinal parasite is trapped within the host by sphincters, but is not actually 

within the host’s body. However, for this research the GI tract will be considered within 

the body of the host specimen and therefore the intestinal parasites are residing within the 

host as endoparasites (Shapiro, 2009).   

 2.2.3 Modes of Transmission 

There are four main modes of transmission by which parasite eggs or larvae infect 

new hosts. These four modes of transmission are: transdermal, vector-borne, fecal-oral, 

and predator-prey transmission (Garcia, 2009). Both transdermal and vector-borne modes 

apply less to the intestinal parasite-host interactions that will be explored within this 

research. Transdermal transmission is the systemic distribution across the skin of a host 

species, whereas vector-borne parasites are transmitted by a bite of an infected arthropod 

species, such as mosquitoes, ticks, bugs, sandflies, and blackflies (Miller, 1998). In 

contrast, the fecal-oral and predator-prey modes of transmission are the primary route of 
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transmission for gastrointestinal parasites and will be the focus of this research. Fecal-

oral transmission of eggs or larvae refers to the passing of eggs from the feces of one host 

to the ingested food or water of another and is extremely common in areas of poor 

sanitation (Garcia, 2009; Gunn and Pitt, 2012). Predator-prey transmission occurs when 

parasite eggs or larvae residing within prey animals (vertebrate or invertebrate) are eaten 

by predators within whom adult worms develop and produce eggs, these prey animals are 

referred to as intermediate hosts (Lafferty, 1999). This mode of transmission is common 

in populations that consume large quantities of meat or fish that are not cooked properly 

(Garcia, 2009; Gunn and Pitt, 2012).  

 2.2.4 Morbidity vs. Mortality  

For the purpose of this thesis, morbidity will refer to the conditions an individual 

may have that causes illness or disease (Say et al., 2004). This will also refer to parasite 

infections when they have a negative impact on their host species, causing symptoms of 

illness. Additionally, mortality refers to the death of an individual (Mannino, 2002; 

Sullivan, 1971). When referring to intestinal parasites, it is important to note that 

morbidity does not necessarily lead to mortality, as many hosts can survive despite health 

complications from the interaction with parasites and may die of causes unrelated to 

parasitic infection.   

2.3 Theoretical Approaches to Archaeoparasitology 

Archaeoparasitological studies can be useful to understand past human behaviour, 

as parasitism is dependent on the environment and host organism activities. Therefore, 

this type of analysis can highlight how cultural development and environment stressors 
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impact the presence and spread of parasites within past populations (Bisht et al., 2011; 

Bouchet et al., 2003a; Schia, 1979). Some of these stressors may include: “lower social 

class, lack of sanitation, poor nutrition, lack of health infrastructure, social conflict, or 

lack of effective medicine” (Gunn and Pitt, 2012:22). Prior to the 1960s, interdisciplinary 

collaborations were limited between archaeologists and parasitologists, and 

archeoparasitological studies were only conducted occasionally when material was 

available (Reinhard, 1992). However, with the beginning of “New Archaeology” 

(processual archaeology) in the 1960s, research perspectives began to shift leading 

archaeologists to explore other scientific avenues which resulted in a plethora of new 

ideas emerging from varying disciplines (Bouchet et al., 2003a). Since this time, two 

distinct branches have emerged in the study of ancient parasitism: 1) the study of ancient 

nonhuman parasites (paleoparasitology) using micro-fossils and 2) the archaeological 

study of humans and domesticated animal parasites (archaeoparasitology) (Reinhard, 

1992).  

Multidisciplinary research projects focusing on paleoparasitology or 

archaeoparasitology began in the late 1970s and early 1980s throughout the Americas and 

Europe with primary laboratories established in Brazil, Germany, Britain and the United 

States (Reinhard, 1992). These specialized laboratories and their associated research 

formed the foundation of paleoparasitological and archaeoparasitological research with 

each contributing distinct theoretical orientations, applications, and techniques.  

First, the Brazilian laboratory was home to various parasitologists who 

collaborated with archaeologists developing their research objectives within the 

theoretical framework of biogeography (Araújo et al., 1981; Ferreira et al., 1988). 
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Specifically, this lab used parasitological data to examine the distribution of ancient 

parasites throughout South America. This research group also focused on the refinement 

of analytical techniques to produce differential diagnoses of parasite species (Allison et 

al., 1974; Araújo, 1988; Araújo et al., 2000; Confalonieri et al., 1981; Ferreira et al., 

1988; Reinhard, 1992).  

In contrast, the German laboratory and research group focused their efforts at this 

time on archaeological sediments and the discovered parasites within them (Herrmann 

1986; Herrmann and Schultz 1987; Reinhard, 1992). They suggest that parasite eggs are 

valuable indicators of differences between layers of soil, particularly in relation to human 

site-use.  Specifically, they examined medieval helminth epidemiology in northern 

Europe and site-formation processes that lead to the accumulation of parasite eggs in 

latrine deposits (Herrmann, 1986).  

Similarly, the theoretical focus of the British laboratory at this time was also 

strongly influenced by environmental archaeology and stratigraphic deposits. They 

theorized that parasite remains provide clues to the depositional processes that create 

archaeological sites (Gooch, 1983; Moore, 1981; Pike, 1967; Reinhard, 2000; Taylor, 

1955). Therefore, this environmental approach saw parasite eggs within the soil as a 

means by which to study soil composition and stratigraphic patterning of unique features 

such as latrine deposits, shell-middens, and living spaces/surfaces.  

Finally, the American laboratory approached their research on ancient parasites 

by focusing on the intersection of parasite and human ecology, specifically how human 

behaviour shaped parasitism in the past (Faulkner et al., 1989; Hevly et al., 1979; 

Reinhard, 1992, 2000). Simply, these archaeologists studied not only the impact of the 
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environment on parasite diversity, but the influence of parasitism on prehistoric health, 

diet, ecology, and cultural complexity (Fry and Hall, 1975; Reinhard, 1992; Bouchet et 

al., 2003a).   

Since these early pioneers in the field, archaeoparasitology has evolved and 

expanded to become a theoretically, goal-oriented discipline reliant on new technologies 

and methods of parasite identification, extraction, and amplification (Reinhard, 1992). In 

addition to theoretical advancements, recovery potential for both paleoparasitological and 

archeoparasitological data is also expanding and secondarily influencing theoretical 

perspectives as the number and type of potential sample sites increases. Moving forward, 

this thesis research will focus strictly on archaeoparasitology and the direct impacts of 

parasites on human archaeological populations. Previously, parasite recovery was limited 

to specific archaeological materials such as mummies or coprolites; however, soil 

samples are becoming increasingly important as extraction and analytic tools continue to 

improve (Reinhard, 1992, 2000).  

2.4 Methodological Approaches to Archaeoparasitology 

Microenvironments and the organic remains preserved within them are considered 

an essential component of archaeoparasitological research. For parasitic studies, these 

microenvironments consist mainly of coprolites, latrine soil samples, mummified tissue 

and pelvic soil samples (Bouchet et al., 2003b; Warnock, 1992). Coprolites (preserved 

feces) can be found in many archaeological settings (Bouchet et al., 2003b) and even if 

they are mineralized, or dehydrated in moist or dry environments, can still yield eggs, 

larvae, or parasite DNA (Dunn and Watkins, 1970). Latrine sediments tend to be 
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composed of large amounts of coprolites that have begun to disintegrate, allowing for the 

analysis of multiple coprolite samples from one location (Mitchell, 2015; Reinhard and 

Clary, 1986) These methods are limited as they can only provide information about 

parasites present at a specific location, but cannot be connected to a specific host. In 

addition, without the use of molecular analysis and the preservation of parasite egg DNA, 

it is difficult to differentiate between a human-host specific parasite and a non-human-

host specific parasite. This adds an additional limitation because the host species may not 

be able to be identified.  

Mummified bodies can also provide significant data for archaeoparasitological 

research (Cockburn et al., 1998). In contrast to coprolites or latrine soils, when analyzing 

mummified tissues or human skeletal data, the individual host can be identified. 

Additionally, mummified remains allow for the analysis of the entire gastrointestinal tract 

incorporating the movement of parasites throughout their host. However, parasitological 

studies on mummified remains are quite rare and can only occur when a properly 

preserved body is available for study.   

Soil samples from the pelvic region of skeletons can also be analyzed providing 

an intermediary method between the individualization of mummified remains and the 

convenience of latrine sampling; however, only parasitic eggs are preserved in this type 

of environment providing limited data about one specific period of the parasite life cycle 

(Hounzangbe-Adote et al., 2005). This particular method requires the collection of soil 

samples directly from individual skeletons and can be used to provide demographic 

information about individuals and populations. Methods for collecting soil from burials 



 

16 

 

were developed by Reinhard (1992) and expanded by Mitchell and Brickley (2017); 

however, few reports have been published due to a lack of available samples.  

The primary limitations with soil collected parasite eggs are representativeness 

and contamination. Representativeness is specifically impacted by poor sample 

preservation and small sample sizes (Agarwal, 2016; Jackes, 2011). Poor preservation is 

a constant issue in bioarchaeology and archaeoparasitology. Simply, if the entire sample 

(in this case the human skeleton) is not present there will be some interpretable elements 

lost (Walker, 1995). Although parasitic eggs preserve extremely well under a variety of 

environmental conditions, they are not immune to all taphonomic processes. Natural 

taphonomy can include any environmental changes that impact the preservation of the 

organism such as weathering or animal scavenging (Nielsen-Marsh et al., 2007; Sorg and 

Haglund, 1996). For example, taphonomic changes can physically move and disrupt the 

soil sounding a body, inadvertently affecting the location and density of any eggs that 

may have been present in the pelvic region at the time of burial (Weiss, 2017). 

Additionally, poor egg preservation has been noted in regions prone to fungal organisms 

and soil environments with physical instability as a result of freeze-thaw seasonal 

changes (Reinhard et al., 1986).  

In bioarchaeological research, it is recognized that a once living population is 

never completely represented by a skeletal assemblage (Stodder, 2008). The individuals 

that can be studied represent a small portion of the population. For example, the 

Rochefort Point cemetery at the Fortress of Louisbourg represents individuals of various 

backgrounds who died between the years of 1738-1759. Although this cemetery has been 

estimated to contain approximately 1,100 interments, it is still limited to those who died 
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within a specific time frame and of a specific ancestry.  Unfortunately, small sample sizes 

contribute to the issue of representation and the type of interpretations that can be made 

about these individuals and the society in which they lived (Orton, 2000). Additionally, 

while pelvic soil samples allow for an examination of the individual and their specific 

parasite load, this method of analysis does not provide information about the entire 

spread of parasites in the once living population.  Furthermore, contamination may occur 

during the soil collection stage of the methodology, between burials, and between 

samples of the same burials. Movement of soil during excavation may cause parasite eggs 

to shift, similar to the impacts of taphonomy. As well, the use of same trowels or tools by 

various excavators may cause parasite eggs to travel across the site, contaminating the 

samples.  Meticulous and consistent sampling must take place at the time of skeletal 

excavation to maximize potential egg recovery.  

Finally, unlike coprolite or mummified tissue analysis, the pelvic soil is an 

indirect source of parasite information where only partial data will remain intact (i.e., 

eggs and not adult parasites) after decomposition of the body.  A critical interpretive 

challenge is distinguishing true parasitic infections from false parasitic infections (i.e., 

accidental ingestion of a few eggs). Therefore, egg abundance is a key indicator of true 

infection (Mosala and Appleton, 2003); however, if taphonomic processes reduce the 

amount of eggs in a sample, a true infection is difficult to determine (Reinhard, 1992; 

Mitchell, 2015).  
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 2.4.1 Parasite Egg Recovery Methods 

There have been a variety of different methods used to recover parasite eggs from 

their microenvironments, including floatation and micro-sieving. Floatation techniques 

have been useful in analyzing latrine deposits that contain both soil samples and 

coprolites (Dryden et al., 2005). The floatation methods work using the difference in 

density between a liquid solution and the parasite eggs, meaning the density of the 

solution must be higher than the density of the eggs, causing the eggs to float (Reinhard 

et al., 1986). Unfortunately, this technique requires the use of chemicals, such as zinc 

sulphate, zinc chloride, sodium chloride, or zinc phosphate (Reinhard et al., 1986). This 

use of these particular chemical compounds can be cost prohibitive and increases the 

possibility of damage to the parasite eggs, particularly when relying on osmotic pressure 

which can burst the parasite eggs if not performed correctly. In contrast, the micro-

sieving technique does not require harsh chemicals, which helps increase the longevity of 

the parasite eggs recovered (Mitchell et al., 2011; Williams et al., 2017). This method 

consists of disaggregating soil solutions (which separates the soil into its various 

components) and pushing the liquid suspension through micro-sieves of varying mesh 

sizes (Williams et al., 2017). The final mesh catches the parasite eggs, which are 

collected and centrifuged to concentrate them into a quantifiable solution. This method 

can be performed relatively easily and at a minimal cost in most laboratories that have 

access to a centrifuge.  
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 2.4.2 Morphological Analysis Methods  

The first morphological identification of parasite eggs occurred in the early 20th 

century, by Sir Mark A. Ruffer who was able to detect Schistosoma haematobium 

(urinary blood fluke) in Egyptian mummies (Ruffer, 1910). After this discovery, the 

microscopic approach to diagnosing helminths was the most popular method in 

archaeological research. Based on previous archaeoparasitology research in Canada, the 

most common parasites that have been recovered consist of: two nematodes, Ascaris 

lumbricoides (human roundworm) and Trichuris trichiura (human whipworm), two 

cestodes, Diphyllobothrium latum (fish tapeworm) and Taenia solium (pork tapeworm), 

and one trematode, Dicrocoelium dendriticum (Lancet Liver Fluke) (Bathurst, 2005; 

Horne and Tuck, 1996). These five species have distinguishable eggs which allow for 

their specific identification. We would expect to see all of these parasites at the Fortress 

of Louisbourg based on similar geographic and temporal similarities to the previously 

analyzed sites.    

Ascaris lumbricoides are the most common species found worldwide and females 

lay up to 200,000 eggs per day (Crompton and Nesheim, 2002). Their eggs are 

oval/round in shape with a thick outer shell made of chitin and are approximately 55–

75μm long and 35–50μm wide (Roberts et al., 1996). Trichuris trichiura are found 

almost as often as A. lumbricoides and females can lay 3,000–20,000 eggs per day 

(Crompton and Nesheim, 2002). The eggs of T. trichiura are lemon (or barrel) shaped 

with a characteristic plug at either end and typically measure from 50-55μm long and 22-

24μm wide (Public Health Agency of Canada, 2010). Diphyllobothrium latum females 

lay the most eggs of the five species, approximately 1 million per day (Bowman, 2014). 
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The eggs are oval and possesses a distinct operculum (a lid-looking feature) at one pole 

of the shell and are rounded on the opposite end. They measure approximately 60-81µm 

long and 40-58µm wide (Bowman, 2014). Taenia solium females can lay approximately 

50,000 eggs per day. The eggs are generally round and radially-striated with a diameter 

of 30-35µm (CDC, 2017). Finally, D. dendriticum females lay approximately 1000 eggs 

per day (Beck et al., 2015). Their eggs are oval, thick-shelled, and measure 35-45µm long 

and 20-30µm wide (CDC, 2017).  

Different morphological features of the parasite eggs allow for the relatively 

accurate determination of the family or genus of the parasites, these features include: egg 

shapes, egg sizes, presence of an operculum (a lid-shaped feature on many helminth 

eggs), and further ornamental or functional features of the egg shells (Côté and Le Bailly, 

2018). Identification at the species level is possible in specific unique types such as 

Enterobius vermicularis (pinworm), Clonorchis sinensis (Chinese liver fluke), or 

Schistosoma mansoni (a type of blood-fluke); however, there are many other species 

from the same genus that can present similar morphological characteristics (for example, 

the eggs from the family Taeniidae or tapeworms) (Côté and Le Bailly, 2018).  

Morphological identification is relatively straightforward and cost efficient. It 

requires little in the way of equipment or chemicals and can be completed in almost any 

setting, including a field lab. Additionally, morphological identification can provide 

information on the developmental stage of parasites. However, the resolution and 

precision of the taxonomic identification of parasites based on morphology is dependent 

on 1) the presence of distinguishable traits between similar species, and 2) the level of 

preservation of the parasite eggs. Poor preservation may render the eggs 
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indistinguishable. Although morphological analysis is extremely useful, the limitations of 

this method may prevent a full, accurate assessment of parasite frequency and prevalence 

within an archaeological population. Therefore, molecular methods have become 

increasingly important for the specific identification of these parasite species.  

 2.4.3 Molecular Analysis Methods 

Parasite eggs have been known to survive for thousands of years in coprolites and 

soil samples (Reinhard et al., 1987; Evans et al., 1996; Seo et al., 2007; Shin et al., 2009; 

Yeh et al., 2016; Williams et al., 2017), making these eggs almost as resistant to 

degradation as pollen grains (Reinhard, 1992). Traditionally, morphological identification 

as discussed in section 2.4.3 have been used as the main method of parasite identification. 

However, more recently molecular identification has increased in the field of 

archaeoparasitology. The durability of the parasite eggs allows for not only viable egg 

collection, but also data to conduct molecular testing, even from only one parasite egg 

(Cleeland et al., 2013; Côté et al., 2016; Guhl et al., 1999). This is beneficial when 

certain species have similar or indistinguishable morphological features but differing 

molecular features (Jaeger and Iñiguez, 2014; Loreille et al., 2001). Determining the 

exact species and its host can provide more details about the parasite-host interaction 

such as the impact that a parasite may have had on the host, its origins, and life cycle 

within a specific population.  

The most common methods of molecular ancient DNA analysis of parasite eggs 

consist of three basic steps: DNA extraction, amplification and sequencing. There are 

multiple methods of extraction including pre-made kits such as the DNEasy Blood and 
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Tissue Kit that are specifically designed to provide quick and efficient DNA extraction 

(Mahalanabis et al., 2009). Amplification, required due to the degradation of DNA over 

time, is generally done with Polymerase Chain Reaction (PCR) which uses a thermal 

cycler to change the solutions containing the required amplification tools to differing 

temperatures for specific periods of time. The different temperatures start by denaturing 

the template DNA strand (i.e., separating the double stranded DNA into single stranded 

DNA) and primers are added to help copy a specific section of the DNA. The primers are 

then annealed to the single stranded DNA and Taq polymerase elongates the strands 

using free-flowing deoxynucleoside triphosphates (dNTPs) (Figure 2) (Steinau et al., 

2011). Generally, this is repeated for about 30 cycles to amplify a large amount of DNA.  

Finally, the amplified DNA is sequenced. DNA sequencing is the process of 

determining the order of nucleotide bases within the DNA strand, thus identifying which 

species the DNA is most similar to. Websites such as the Basic Local Alignment Search 

Tool (BLAST) are used to compare DNA sequences to determine the ones of closest 

similarities (Altschul et al., 1990).  
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It has been suggested that the use of molecular methods can be applied directly to 

the collected sample and prevents the need for morphological analysis (Dittmar et al., 

2012; Reinhard, 2017). However, molecular analysis has its own limitations as it requires 

a specific laboratory, specialized acquisition and processing of samples and is more time 

consuming and costly (Gasser et al., 2008). Even with unlimited time and resources, 

poorly preserved ancient DNA will render this method useless. Thus, both the 

morphological and molecular approaches have their benefits and limitations within this 

research. Moving forward, the focus of this thesis is on the morphological identification 

of parasite eggs while the molecular analysis will act as a supplementary tool for 

identification.  

Figure 2: Polymerase Chain Reaction Diagram. 
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2.5 The Fortress of Louisbourg 

 2.5.1 History of Louisbourg 

The Fortress of Louisbourg was the largest and most populous settlement on Cape 

Breton Island during four and a half decades of the 18th century (1713-1758) (Johnston, 

2001; 2013). Although constructed on the desolate North Atlantic shore, Louisbourg 

emerged as a center for French administrative, economic, and military activities in New 

France (McLennan, 1918). By 1720, there were over 600 permanent residents and 

hundreds more who fished or did business at Louisbourg on a seasonal basis (Johnston, 

2002b; 2013). However, Louisbourg was not only a community of fishermen, merchants, 

tradespeople, and servants, it also had a sizable military population. As the settlement 

was established in 1713 (Johnston 2001, McLennan, 1918) the population continued to 

increase, and by mid-century Louisbourg was home to over 2,500 civilians and almost 

4,000 military personnel (Boscawen, 2012). In 1745, Louisbourg was besieged over a 

forty-nine day period where New Englander soldiers, under the command of 

Massachusetts Governor William Shirley, took control of the Fortress (Boscawen, 2012). 

The New Englander forces occupied the Fortress of Louisbourg for four years until it was 

returned to France through the Treaty of Aix-la-Chapelle in 1748 (Hitsman and Bond, 

1954; Johnston, 2007). Although Louisbourg attempted to increase their strength through 

military force, the French lost the Fortress during a second siege in 1758 at the hands of 

the British (McLennan, 1918). The British occupied Louisbourg from 1758 until its final 

abandonment and destruction in 1763 (Johnston, 2004).  
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 2.5.2 People of Louisbourg 

Not only did the French and British reside at the Fortress throughout its history, 

but Louisbourg also hosted many different populations including Swiss mercenaries, the 

Mi’kmaw peoples, local merchants, transient seamen, fishermen and traders, the Basque 

originating from Spain and France, and slaves from the Caribbean, Africa and across 

North America. Although there were over 4,000 members of the community occupying 

the Fortress by the mid-18th century, the presence of women at Louisbourg was out-

shadowed by the number of men by a ratio of ten to one (Johnston, 2001). Additionally, 

there was a relatively high number of children living within the Fortress walls, with 

numbers growing from 239 to 776 over a 30-year period (Donovan, 1979). Although 

Louisbourg was primarily a French stronghold, an eclectic population differing in sex, 

age, ethnicity, religion, and language spent time at this expansive French colonial site 

(Johnston, 1984).  

 2.5.3 Daily Life at Louisbourg 

The Louisbourg community was exposed to poor living conditions by 

contemporary standards. Crowded living conditions and poor sanitation practices 

increased the number of pathogens (and parasites) that were able to spread across the 

population. Like most cities and towns of the 18th century, the health of the citizens at 

Louisbourg was dire at best. Louisbourg was plagued by sickness, from deadly diseases 

such as smallpox, yellow fever, and influenza, to that of consistent dysentery (Marble, 

1993). The large population boom at the Fortress forced individuals to remain in close 

quarters, both within and outside of their own households. This increased urbanization of 
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the community required intensified farming, animal husbandry and fishing, resulting in 

increased and, in most cases, daily contact with zoonotic diseases (spread by contact with 

animals or the consumption of undercooked meat). The likelihood of individuals living at 

the Fortress of Louisbourg contracting parasites would have been extremely high, 

particularly because the living conditions were ideal for the spread of parasites within 

fecal matter or raw animal meat.  

2.6 Conclusion 

This chapter has focused on the use of parasites as an interpretative tool in 

bioarchaeology through a discussion of archaeoparasitology theory and methods. 

Archaeoparasitology can provide information that relates to many elements of a 

population and what daily life was like, from diet to sanitation practices. The specific 

parasites discussed have unique characteristics that make them ideal for study as their 

different symptoms speak to a variety of health conditions, helping us to better 

understand life in 18th century Atlantic Canada. Multiple factors at Louisbourg could 

have impacted the general health status of the population, but could have also supported 

secondary parasitic infections. 
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CHAPTER 3: MATERIALS AND METHODS 

3.1 Introduction 

This chapter focuses on the methods used in this research to examine the Fortress 

of Louisbourg, Rochefort Point skeletal collection, specifically method validation, soil 

sample selection, parasite egg collection techniques, morphological identification, and 

molecular analysis. Prior to the analysis of these specific interred individuals, two 

experiments were completed to validate the selected method, test the reliability of liquid 

versus soil extraction techniques, and the calculation of total egg collection rates. This 

chapter will first review the results of these primary validation experiments. A brief 

discussion of the Louisbourg samples used for this analysis and soil sample collection 

methods will then be provided, followed by a review of the morphological egg 

identification protocol.  

3.2 Preliminary Test of Parasite Egg Extraction Methods 

 3.2.1 Soil vs Liquid Suspension  

This preliminary research focused on harvesting methods to test whether parasite 

egg counts are similar between different suspension mediums (i.e., soil versus liquid). A 

female Baylisascaris procyonis (raccoon roundworm) was obtained and autoclaved to 

render all eggs non-viable. Approximately 50,000 eggs were obtained through 

microdissection and two samples of 775µl of egg stock were stained with either Safranin, 

or Crystal Violet, and incubated for 30 minutes to increase the visibility of the eggs 

during this validation test (Figure 3) (Karkashan et al., 2015). Both Safranin and Crystal 
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Violet have been used in past parasitological research and were used to determine which 

held the stain better for visibility which led to improved recovery when examining under 

a microscope (Karkashan et al., 2015). The stained eggs were centrifuged, and the 

supernatant was removed. The excess stain was washed off the sample, and distilled 

water was added for a total 1mL of solution. Samples were microscopically examined, 

and the Crystal Violet stained eggs were used for the remainder of the experiment as 

neither stain adhered better to the organic matter, though the Crystal Violet stain was a 

more prominent colour.  

 

 

200µL of Crystal Violet stained egg solution (approximately 10,000 eggs) was 

added to 0.2g of soil (Burial 20/2017, FOLNHS) to create the combined liquid/soil 

sample. This soil sample was collected from the bottom of a grave shaft. An additional 

200µL of stained egg solution was added to a 5mL beaker to represent the liquid only 

sample. Each sample was suspended in a 5mL 0.5% aqueous solution of sodium 

phosphate buffer until disaggregated (approximately 1hr), to remove any adhering soil 

and to rehydrate the parasite eggs to increase visibility and identification of the eggs (Oh 

A B C 

Figure 3: Parasite eggs at 100x Magnification (A) Safranin stained (B) Crystal Violet 

Stained (C) Not stained. 
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et al., 2010a; Mitchell et al., 2011; Williams et al., 2017). These suspensions were then 

passed through stacked micro-sieves using high water pressure. The micro-sieves had 

varying standard mesh sizes of 300μm, 160μm, and 20μm. As the majority of parasite 

eggs are between 30-90μm in length and width, it was expected they would be captured 

in final sieve (Gavin et al., 2005; Williams et al., 2017). Three sieves are used to help 

remove non-parasite debris which can impede the identification of collected eggs. In 

between each sample, the micro-sieves were washed with high water pressure and 

Contrad 70 liquid detergent, at a dilution of 5% in distilled water. Contrad 70 is 

phosphate-free, chlorine-free, and biodegradable. It is used in laboratories to clean 

glassware, plastic, ceramic, and ferrous metals that have been exposed to organic 

contaminants by soaking, manual scrubbing, or ultrasonic cleaning (Decon Labratories 

Inc., 2015). This prevents contamination between each sample but does not linger on the 

sieves, ensuring no damage to future sieved eggs. Each sample was centrifuged at 

2500rpm for 5min using a Sorvall Rc 6 Plus centrifuge.  Post-centrifuging, the 

supernatant was removed and all particulates were collected and stored in a refrigerator. 

Each particulate sample was 5mL. 

Based on the original addition of 10,000 eggs to each solution, the ideal collection 

would mean 10,000 eggs in each 5mL particulate sample at a concentration of 2 eggs/μL. 

50μL of solution was examined per slide on 10 microscope slides at 100x magnification 

optimization. Based on a concentration of 2 eggs/µL, 100 eggs were expected on each 

50µL slide. The egg counts retrieved from liquid/soil versus liquid only suspensions were 

compared in a two-tailed t-test using the statistical software R at an alpha of 0.05 (Table 

1).  
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Table 1: t-test values comparing Crystal Violet stained eggs in soil and liquid solutions. 

 

 

There was no significant difference in the average egg counts between these two 

solution types (Table 1), suggesting that the addition of soil does not hinder the ability to 

retrieve eggs using this micro-sieve method. There was a loss of eggs using this method, 

as the ideal test would result in 100 eggs per slide. This egg loss is likely associated with 

the washing and/or sieving steps, but could also be attributed to the misestimation of the 

original egg count (64.3 eggs/μL). This estimation may have been inaccurate if the 

solution was not vortexed sufficiently to achieve a homogeneous suspension prior to 

estimating egg concentration or the original staining of the eggs. These issues are 

addressed in the next experiment that outlines the reliability of the method.  

 3.2.2 Parasite Egg Collection Method Reliability  

A second experiment was completed to determine the average egg recovery rate 

from a soil sample. As the previous experiment determined that the addition of soil to the 

parasite eggs does not hinder the methods reliability, the next step was to determine the 

overall consistency of the method. To complete this, the micro-sieving method outlined 

Sample  Average Egg Count per Slide 

Liquid 64.6 ± 8.7 

Soil 63.6 ± 7.9 

  t-value  0.5352 

  p-value 0.59906 

Not significant at p < 0.05 



 

31 

 

in 3.4.1 was tested with 10 soil samples to determine the average recovery rate of parasite 

eggs in each sample. Approximately 150,000 eggs were recovered from a female 

Baylisascaris procyonis (raccoon roundworm) and stained purple with Crystal Violet as 

previously outlined. 10,000 eggs were added to 10 samples of 0.2g of soil. The remainder 

of the methodology from section 3.2.1 was performed beginning at the addition of 5mL 

0.5% aqueous solution of sodium phosphate buffer. After identification and count, it was 

determined that the method recovers approximately 69.1% of the original eggs from the 

soil samples. Figure 4 provides the egg counts for each of the ten samples. It can be noted 

that sample six was identified as an outlier and not included in the final average.  This 

high sample was likely the result of an accidental double titration of eggs into the soil or 

a result of not mixing the original egg mix enough to create a homogenous solution. As 

the remainder of the nine samples demonstrate similar results with limited outliers, 

sample six was chosen to be removed from the final average. These preliminary tests are 

important as they demonstrate a consistency in egg recovery and loss throughout the 

methodology that can then be used to calculate the loss of eggs during the testing of 

individual burials from the Rochefort Point cemetery collection.  
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3.3 Source of Data, Permissions and Access 

 3.3.1 Rochefort Point Cemetery 

The soil samples and skeletal remains that were analyzed for this study are 

currently being excavated from the Rochefort Point cemetery at the Fortress of 

Louisbourg, Nova Scotia as part of the ongoing rescue excavation at the site facilitated by 

UNB and Parks Canada. Currently, Rochefort Point sits approximately 4 meters above 

sea level and is being increasingly affected by coastal erosion, which has prompted the 

need for salvage excavation (Brown, 1996; Cook, 2010; Forbes et al., 2008; MacInnes, 

2018b; Scott et al., 2018a). Between the years of 1759 and 1998, approximately 32 

Figure 4: Preliminary examination of parasite egg recovery methods demonstrating 

69.1% egg recovery and 30.9% egg loss (Fonzo, 2018).   
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meters of shoreline have been lost, putting the Rochefort Point burials at risk of 

destruction (Forbes et al., 2008).  

During the 45-year history at Louisbourg, there were no fewer than four burials 

sites (Johnston 1984). Rochefort Point was the final cemetery established at the Fortress 

in 1738 and was in use until the site was abandoned after 1758 (Johnston, 1984) (Figure 

5). Historic records suggest that Rochefort Point contains no fewer than 1,100 individuals 

(Johnston, 1984; MacInnes, 2018b; Scott et al., 2018b). The New Englanders used 

Rochefort Point as their primary burial ground throughout their four-year occupation of 

the Fortress, however, once the French returned in 1748, they continued to use the 

Rochefort Point cemetery for their soldiers (Johnston, 1984; MacInnes, 2018b). 

Figure 5: Image of the Fortress of Louisbourg with Rochefort Point (circled in red) 

(Google Maps). 
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  3.3.2 Permissions and Access  

Permissions for excavation and sampling have been granted by Dr. Amy Scott 

and Parks Canada. All skeletal analysis was completed in the UNB Bioarchaeology 

Research and Teaching Laboratory and all soil and parasite analysis was completed in the 

Department of Biology necropsy laboratory under the supervision of Dr. Michael Duffy. 

All necessary cultural permissions for analysis of the Louisbourg skeletal remains and 

associated burial soil were obtained from the Roman Catholic Diocese of Antigonish and 

the Anglican Diocese of Nova Scotia and Prince Edward Island as mandated in the Parks 

Canada Management Directive for Human Remains, Cemeteries and Burial Grounds.  

 3.3.3 Burial Samples 

Sampling was completed on skeletons that had a minimum preservation of 50% of 

the cranium, thorax, pelvic girdle, lower legs, and foot bones present at the time of 

excavation. These criteria were established to ensure that all burials sampled had 

relatively undisturbed remains at the primary sampling locations and that these locations 

could be easily identified. Seven burials were selected for this analysis: Burial 28/2018, 

Burial 29/2018, Burial 30/2018, Burial 33/2018, Burial 39A/2018, Burial 53/2018, and 

Burial 58/2018 (Figure 6). Age estimation for each individual was determined using 

pelvic and femoral standards (Brooks and Suchey, 1990; Lovejoy et al., 1985; Meindl 

and Lovejoy, 1989; Milner and Boldsen, 2012; Todd 1921). Sex was determined using 

pelvic and cranial standards (Bruzek, 2002; Buikstra and Ubelaker, 1994; Genovés, 1959; 

Milner, 1992; Phenice, 1969; St. Hoyme and İşcan, 1989; Walker, 2005; White and 

Folkens, 2005).  
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Figure 6: Rochefort Point Site map 2017-2018. Sampled burials highlighted in 

red (courtesy of Mallory Moran). 
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3.4 Soil Collection Methods  

General standards for soil sample collection have been previously outlined by the 

Chartered Institute for Archaeologists (Mitchell and Brickley, 2017). Sampling took 

place once the excavation had reached Stage 1 (i.e., skeletal elements were exposed and 

identifiable, but not yet pedestaled) and all soil samples were collected in sealable plastic 

bags with individualized labels. Samples were collected from the pelvic region and inside 

of the cranium of each burial (Figure 7).  

Figure 7: An example burial (Burial 3/2017) demonstrating the sampling locations 

(inside the cranium and inside the pelvic bowl). 

 

The ideal location for sampling a supine (lying face upward) burial for intestinal 

parasites is to take soil from the anterior aspect of the sacrum and from inside the sacral 

foramina, as the majority of parasites present at the time of host death are located within 

the lower digestive tract and remain in this location after burial (Mitchell and Brickley, 

2017). Control samples were taken from each individual burial to ensure that the 

surrounding soil was not contaminated with parasite eggs from non-human hosts, 

specifically wildlife, domesticated animals and their fecal matter. These control samples 
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were taken from the inside of the cranium due to the physical distance between the 

cranium and the human digestive tract and the decreased likelihood of contamination 

occurring over time even with burial disturbance or ground movement.  

Samples were taken using a plastic spoon as any associated eggs are less likely to 

stick on the surface or damage the surrounding skeletal elements. New sampling spoons 

and gloves were used between each burial and between samples on the same burial as 

recommended by Mitchell and Brickley (2017). Approximately 50g of soil was taken at 

each sampling location and dried in their plastic bags to ensure a lack of mold growth or 

further damage to any preserved organic material.  All samples were transported back to 

the University of New Brunswick and stored in the UNB Bioarchaeology Research and 

Teaching Laboratory. Photographs of each sampling location once fully excavated were 

taken during excavation for future reference and to aid with interpretation post data 

analysis.  

3.5 Parasite Egg Recovery  

To begin parasite egg recovery, all 14 soil samples (pelvis and cranium from each 

of the 7 burials) were autoclaved at 120⁰C for 30min in glass beakers to ensure any live 

parasite eggs were rendered non-viable. This was a precaution taken due to the possibility 

of contemporary animals contaminating the soil with their feces. Next, 0.2g of each soil 

sample was measured into labelled beakers and the previously outlined method (Chapter 

3.2.1) was performed until each sample totaled 5mL of particulate.  
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3.6 Morphological Analysis  

 50μL of solution from each sample was mounted on 10 microscope slides and all 

parasite eggs were counted and identified using multiple visual and textual resources 

(Garcia, 2009; Gunn and Pitt, 2012; Williams et al., 2017). The slides were examined 

using a 169-BTW Series Microscope and connected to a PC laptop with Motic Images 

Plus software installed. This program allows for the real-time analysis of each parasite 

egg on the computer while the slides are examined under the microscope. Eggs were 

examined under both 100x and 400x magnification with each specimen photographed, 

measured and labelled for future analysis/reference. Morphological features, including 

the colour and size of each individual egg were documented in addition to the 

quantification of each egg type. After morphological examination of the samples was 

complete, all centrifuge tubes containing soil particulate were placed into a freezer at -

20⁰C until molecular analysis was completed.  

After egg type quantification was complete, all slide totals were summed to 

represent the total number of eggs per 500µL. To determine the total number of eggs per 

gram of soil, each sample was multiplied by 10 to determine the number of eggs per 5mL 

(the total amount of liquid collected for each sample after micro-sieving). This 5mL 

represents the 5mL sample that contained the eggs from the original 0.2g of soil that was 

micro-sieved. Then the number of eggs was multiplied by 5 to determine the number of 

eggs per gram of soil. Finally, the total number of eggs per gram of soil was divided by 

0.691 (69.1%) to account for the 30.9% egg loss that had been determined in the previous 

experiment (See section 3.2.2). These calculations are shown in Table 2. 
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Table 2: Calculations completed on parasite eggs for each of the 14 samples. 

 

Finally, a two-tailed t-test was performed comparing the total number of eggs 

found within the cranium and the total number of eggs found in the pelvic samples. This 

test was completed for the total number of eggs in all samples as well as between each 

individual sample. This test was performed to determine whether there was a significant 

difference in egg counts between the two sampling sites, confirming whether the control 

sample being used was reliable.  

3.7 Intra-observer Error Methodology 

To account for intra-observer error within this research, images of each potential 

egg were taken throughout the morphological methodology and re-analyzed at a later 

time. A blind test of each image was completed to ensure that egg identification remained 

consistent throughout the analysis. It was determined that the same morphological 

parasite identifications were made when accounting for intra-observer error, concluding 

that the identification procedures are precise between samples. Based on the parameters 

Total Number of 

Counted Eggs 
Summed from the number of eggs counted  

from each slide 

Multiplied by 10  Each slide contained 50µL of sample, so in total 500µL of 

each sample was examined. To determine how many eggs 

were in 5mL (5000µL) the number was multiplied by 10.  

Multiplied by 5 The previous number demonstrates how many eggs were in 

0.2g of soil. To calculate eggs/gram of soil, the egg count 

was multiplied by 5.  

Divided 0.691 Finally, the previous step demonstrates the total number of 

eggs in 1g of soil. To calculate for the 30.9% egg loss, the 

egg count was divided by 0.691 
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of the methods, slides cannot be saved making intra-observer error of the same slides 

over time impossible.  

3.8 Conclusion  

This chapter reviewed the methods used for this research and the seven burials 

sampled from Rochefort Point at the Fortress of Louisbourg. Prior to the analysis of the 

skeletal collection, method validation tests were completed to practice and test the 

techniques used throughout this research. Soil collection methods and parasite egg 

collection and identification methods were also outlined with a brief discussion of intra-

observer error. 
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CHAPTER 4: RESULTS 

4.1 Introduction 

This chapter will review the results of this research beginning with a differential 

identification of both parasite species recovered and the total egg abundance for all seven 

tested burials. Next, an overview of each of the seven individuals studied will be 

provided, specifically their macroscopic biological profile, including age, sex, and the 

type and number of parasites eggs recovered from each cranial and pelvic soil sample. 

These individual summaries will be followed by the results of the statistical analyses 

comparing parasite abundance between and within each of these individual burials. 

Finally, this chapter concludes with a discussion of the multiple molecular analyses 

attempted to identify parasite species from the identified eggs.   

4.2 Differential identification of Parasite Egg types 

 There were two types of parasites eggs identified in this study (Table 3). The first 

parasite egg type identified in this research was an Ascaris spp., likely Ascaris 

lumbricoides or Ascaris suum, also known as the human roundworm and pig round 

worm, respective. Generally, the abbreviation "sp." is used when the actual specific name 

of the species cannot or need not be specified, whereas the abbreviation "spp." is the 

plural version indicating several species (Winston, 1999). For the purpose of this thesis, 

the two species were indistinguishable and will be referred to as Ascaris spp. 
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 These Ascaris spp. eggs were identified by their oval/round shape and their thick 

outer shell with an external layer that is often stained brown (Figure 8). The discovered 

eggs measured approximately 70.15µm by 51.86µm in length and width, which is within 

the range of fertile Ascaris spp. eggs (55-75µm in length and 35-50µm in width) (Ash 

and Orihel, 1984). 

 Unlike the Ascaris spp., the second egg type was less distinguishable from the 

microscope photos, therefore, multiple parasite genera and species were examined to 

determine the closest identification for this parasite (Figure 9).  

Egg Type: Ascaris spp.  

Size: 70.15µm x 51.86µm 

Shape: Oval/Round 

Characteristics:  Thick outer shell, stained brown  

10µm 

100x 

10µm 

100x 

Figure 8: Summarized characteristics of discovered Ascaris spp. eggs (recovered from 

Burial 29/2018. 
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 Originally, the egg type was suspected to be that of Enterobius vermicularis, 

human pinworm, as the general size (50-60µm by 20-30µm) and shape was similar (Fry 

and Moore, 1969; Shin et al., 2011). However, it had been noted that E. vermicularis 

eggs do not show evidence of a clear operculum and are slightly smaller than the eggs 

recovered from Burial 58/2018. Additionally, the discovered eggs did not have the 

flattening on one side that is characteristic of E. vermicularis (Cook, 1994; Mitchell and 

Ledger, 2019).   

Other options that were examined were Dicrocoelium dendriticum, the lancet 

liver fluke, which has been discovered in Canadian archaeological sites before and does 

Egg Type: Diphyllobothrium spp. 

Size: 67.61µm x 38.34µm 

Shape: Oval 

Characteristics: Distinct operculum (see red arrow), moderately thick shell, 

yellow/brown in colour  

Figure 9: Summarized characteristics of discovered Diphyllobothrium spp. eggs 

(recovered from Burial 58/2018). 

10µm 

100x 

10µm 

100x 
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have an operculum, however, these eggs measure between 35-50µm by 20-30µm, 

proving to be too small to match the eggs discovered at Louisbourg (Horne and Tuck, 

1996; Schuster, 1993). Similarly, Paragonimus kellicotti the North American lung fluke, 

is much bigger (80-100µm by 55-65µm) than the eggs recovered in this study (Procop, 

2009).  

Another examined species was that of Spirometra mansonoides, a type of 

tapeworm, which has a very similar egg size and shape to the ones located in the Burial 

58/2018 pelvic soil, measuring approximately 57-61µm by 33-36µm (Berntzen and 

Mueller, 1964; Mitchell and Ledger, 2019). However, this particular species of tapeworm 

forms soft tissue nodules underneath the skin of their host and remains sexually immature 

as a larval stage (Mitchell and Ledger, 2019). The parasite does not complete its lifecycle 

in humans and so eggs cannot be produced within a human. It seems highly unlikely that 

contamination by domesticated or other wild mammals could explain the large 

concentration (over 1,800 eggs per gram of soil) of eggs within the pelvis.  

The two most likely options that match the morphological traits and 

measurements of the discovered eggs are Diphyllobothrium latum and Diphyllobothrium 

stemmacephalum, tapeworms acquired by ingesting larval parasites from fishes. Both of 

these species have operculated eggs with the same symmetrical characteristics of the 

unknown parasite eggs found. Diphyllobothrium latum eggs measure approximately 60-

81µm by 40-58 µm, whereas Diphyllobothrium stemmacephalum eggs are slightly 

smaller at 53-70µm by 41-50µm (Mitchell and Ledger, 2019; Scholz et al., 2009). 

However, both egg sizes are within the range of the discovered eggs which had an 

average measurement of 67.61µm in length by 38.34µm in width. Moving forward, this 
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species will be referred to as Diphyllobothrium spp., similar to the terminology used for 

Ascaris spp. 

4.3 Morphological Analysis of Parasite Eggs  

Overall, a total of 15 eggs were collected from all of the cranial samples and 160 

eggs were collected from all seven pelvic samples. Using R Statistical software, a two-

tailed t-test was completed and it was determined that there was a statistically significant 

difference between the number of eggs in the cranium versus the pelvis (t=-3.27745; 

df=6; p=0.016876), where the pelvis had an increased number of eggs. This result 

confirms that soil collected from the cranium is a reliable control for this study, despite 

the presence of some parasite eggs (see Appendix A).  With the correction calculations, it 

is possible to determine approximately how many eggs are in the entire soil sample, 

rather than just the 0.2 grams tested. With these calculations it was determined that the 

cranial samples contained an average of 155 eggs per gram of soil whereas the pelvic 

samples averaged 1,645 eggs per gram of soil (Table 3).  

Table 3: Total number of eggs collected from pelvic and cranial soil samples from all 

seven burials. 

 
Average 

Number of 

Eggs 

Collected 

per burial 

Total 

Number  

of Eggs 

Collected 

Average Number 

of Eggs Collected 

per burial  

(with correction 

calculations) 

Total Number  

of Eggs Collected  

(with correction 

calculations) 

Cranium 2.14 15 155/g of soil  1,085 

Pelvis 22 160 1,654/g of soil 11,578 
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4.4 Burial summaries 

 Table 4 summarizes the age, sex and eggs counts from the cranium and pelvic 

samples from all seven tested burials. All burial images can be examined in Appendix B.   

Table 4: Biological profile summaries of the seven tested burials with raw egg counts 

 

4.5 Comparison of Parasite Egg Numbers 

Burial 29/2018 showed the highest number of Ascaris spp. eggs in the pelvis with 

3,401 eggs/g of soil (with correction calculation). Burial 28/2018 also showed a high 

number of Ascaris spp. eggs in the pelvis, with 2,605 eggs/g of soil. Additionally, both 

Burial 28/2018 and Burial 29/2018 did not have any evidence of parasite eggs in the 

cranium. Burial 39A/2018 showed a slightly lower number of eggs in the pelvis at 

1,375eggs/g of soil but also had a large number of eggs in the cranium (434 eggs/g). All 

seven burials had Ascaris spp. eggs in the pelvis soil samples; however, four of the seven 

Burial # Age 

(yrs) 

Sex Pelvic 

Egg # 

Cranial 

Egg # 

Potential Species 

28 23-28 Probable Male 36  0 Ascaris spp. 

29 16-18 Probable Male 47 0 Ascaris spp. 

30 18-30 Probable Female 11 0 Ascaris spp. 

33 18-22 Probable Female 3 3 Ascaris spp. 

0 1 Diphyllobothrium spp. 

39A 18+ Probable Male 19 6 Ascaris spp. 

53 30-34 Probable Male 9 2 Ascaris spp. 

58 3.5-4.5 Undetermined  6 1 Ascaris spp. 

25 2 Diphyllobothrium spp. 
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burials also had these eggs in their cranial soil sample (Burial 33/2018, Burial 39A/2018, 

Burial 53/2018 and Burial 58/2018) (Table 5).  

Table 5: Number of Ascaris spp. eggs present in all burials per gram of soil with 

correction calculation. 

 

To explore whether or not the number of parasites recovered represent a true 

infection, a two-tailed t-test was used as it compares the means of two sets of data to 

determine whether they are significantly similar or different. As shown in Table 6, Burial 

28/2018, Burial 29/2018, and Burial 39A/2018 all show a significant difference between 

the numbers of Ascaris spp. eggs collected from each location where the pelvic egg 

counts are much greater than the cranial samples.  

 

 

 

 

 

Cranium Pelvis 

B28/2018 0/g 2605/g 

B29/2018 0/g 3401/g 

B30/2018 0/g 796/g 

B33/2018 217/g 217/g 

B39A/2018 434/g 1375/g 

B53/2018 145/g 651/g 

B58/2018 72/g 434/g 
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Table 6: Ascaris spp. eggs present in all burials per 500µL of sieved soil solution (10 

slides). 

  

 

 

 

 

 

 

 

 

  

 Only two burials had evidence of Diphyllobothrium spp. eggs, Burial 33/2018 and 

Burial 58/2018. A two-tailed t-test was also completed on these individuals to test 

whether the egg numbers collected from the cranium and pelvis were significantly 

different. There was no significant difference in egg count between the cranial and pelvic 

samples for Burial 33/2018; however, Burial 58/2018 did show a significant difference 

with an increased number of eggs present in the pelvis (Table 7). With the correction 

calculations, Burial 33/2018 had 72 eggs/g of soil in their cranial sample and no eggs 

present in their pelvic sample. Comparatively, Burial 58/2018 had the highest number of 

Diphyllobothrium spp. eggs with 1,809 eggs/g of soil in the pelvic sample, while only 

having 145 eggs/g of soil in their cranial sample. 

 

 Cranium Pelvis t-value df p-value 

B28/2018 0 36 -5.3732 9 0.0004485* 

B29/2018 0 47 -5.4843 9 0.000388* 

B30/2018 0 11 -2.0913 9 0.06605 

B33/2018 3 3 0 18 1 

B39A/2018 6 19 -2.1372 18 0.04656* 

B53/2018 2 9 -0.9955 9.6704 0.3438 

B58/2018 1 6 -0.98268 9.722 0.3496 

* Significant difference between the pelvis and cranium egg counts. 
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Table 7: Diphyllobothrium spp. eggs present in burials per 500µL of sieved soil solution 

(10 slides). 

 

 

 

4.6 Preliminary Molecular Analysis 

 In addition, to morphological analysis, all samples (pelvic and cranial) were also 

examined using molecular tools. The goal of the DNA analysis was to test the DNA 

extraction methodology and confirm the Ascaris spp. that had been identified 

morphologically.  

 4.6.1 Primer Selection  

As the Ascaris spp. eggs were the most abundant, multiple primers were designed 

by Dr. Michael Duffy to test the best region for molecular analysis from this species 

discovered during morphological analysis.  The first primer set was designed to target the 

ITS-2 region of ribosomal RNA for the Ascaris species. Ribosomal RNA (rRNA) has 

been well studied in molecular biology. rRNA in eukaryotes contains various segments 

such as the 18S, 5.8S, and 28S sequences which are separated by internal transcribed 

spacer sequences, ITS-1 and ITS-2 (Baldwin et al., 1995) (Figure 10). ITS regions are 

routinely amplified due to their small size and easy detection from small quantities of 

DNA due to the high copy number of the rRNA clusters (Subbotin et al., 2004). These 

 Cranium Pelvis t-value df p-value 

B33/2018 1 0 1 9 0.3634 

B58/2018 2 25 -4.6414 12.375 0.0005248* 

* Significant difference between the pelvis and cranium egg counts. 
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sequences have a high degree of variation even between closely related species, which is 

ideal for distinguishing between differing host parasites (Baldwin et al., 1995).   

Figure 10: Ribosomal RNA Gene Organization. The three eukaryotic rRNA sequences 

are denoted in black, and the internal transcribed spacer sequences are denoted in red.  

 

Primers were also designed using the 18S, and COX1 DNA sequences as 

previously used in the archaeoparasitology literature (Loreille et al., 2001; Peng et al., 

2005; Iñiguez et al., 2003a). Table 8 demonstrates the regions selected and the number of 

base pairs for each.  

 

 

Table 8: Primer sequences used to amplify Ascaris spp. DNA. 

Primer Forward Primer 

Sequence 
Reverse Primer 

Sequence 
Product 

Size 
Reference 

ITS-2 TCGATAAGCTATG

ATRGTRGACRAA 
CAATAWACGCTGG

AATCGWCTTT 
200bp  Designed 

for this 

thesis 

18S ATACATGCACCA

AAGCTCCG 
GCTATAGTTATTCA

GAGTCACC 
99bp Loreille et 

al., (2001) 

COX1  TTTTTTGGTCATC

CTGAGGTTTAT 
ACATAATGAAAAT

GACTAACAAC 
450bp Peng et al., 

(2005) 

18S 5.8S 26S 

ITS-1 ITS-2 
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 4.6.2 DNA Extraction  

DNA extraction was performed in three major steps: (1) lysis - to free the DNA 

and degrade cellular proteins, (2) precipitation - to separate the DNA from any remaining 

debris in the sample, and (3) purification - to rinse the DNA with alcohol to remove any 

adhering debris and to resolubulize the DNA sample in nuclease-free water to make 

future handling easier. To extract parasite DNA from the each of the burial samples, 0.1g 

of soil was measured and added to a micro-centrifuge tube. Extraction was performed 

using the steps required for a DNeasy Blood and Tissue kit (Qiagen, Maryland, USA). 

Buffer ATL and Proteinase K were added to each sample, mixed thoroughly, and 

incubated for 45min at 56⁰C. This step ensured that all protective structures of the 

parasite eggs and histone proteins were disintegrated, allowing for the release of the 

DNA. Next, both Buffer Al and ethanol were added into the mixture and vortexed. 

Finally, 500µL of Buffer AW2 was added. Between each buffer addition, the mixture 

was centrifuged through a silica gel spin column to allow for binding/washing of the 

DNA. This addition of buffers and ethanol promote the precipitation, aggregation and 

washing of the DNA. Nuclease-free water was added to the surface of the column silica 

membrane and incubated to solubilize the DNA. This step was repeated to collect 

remaining DNA from the column. The final micro-centrifuge tube containing eluted 

DNA was labelled and placed on ice until Polymerase Chain Reaction (PCR) was 

completed.  



 

52 

 

 4.6.3 Polymerase Chain Reaction (PCR) 

Polymerase Chain Reaction (PCR) is a method widely used in molecular biology 

to make many copies of a specific DNA segment. Using PCR, a single copy (or more) of 

a DNA sequence is exponentially amplified to generate thousands of copies of that 

particular DNA segment (Mullis et al., 1986; Weber and May, 1989). This amplification 

allows for easier sequencing of DNA. Polymerase Chain Reaction is a particularly useful 

step in archaeoparasitological research, because the DNA that is being examined occurs 

in small amounts or has degraded over time due to taphonomic conditions. To perform 

PCR, first a PCR master mix is prepared and mixed using a vortex, see Table 9 for all 

components added to the master mix. A master mix refers to the combination of all 

required components. A large mix is prepared based on these proportions and then 

aliquots are pipetted into each sample so all samples receive the same homogenous 

mixture. 48µL of master mix was transferred into each PCR tube, and 2µL of DNA from 

the previously extracted material was added (each sample was added in a new PCR tube 

and labelled accordingly).  
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Table 9: Components of the PCR master mix (per one sample) 

 

 

 

 

 

 

 

 

A negative control was created by transferring 24µL of master mix into a new 

PCR tube but with 1µL of nuclease-free water added instead of DNA. A negative control 

serves to ensure there is no contamination between the samples. The negative control will 

not show any DNA results unless there is contamination. A positive control was created 

by adding 1µL of extracted Baylisascaris procyonis DNA to a new PCR tube containing 

master mix. The positive control was used to test whether all PCR reagents were present 

for the reaction to work. If the positive control yields no amplicon, then the amplification 

process is considered unsuccessful and the result uninterpretable. Each sample was then 

cycled simultaneously in a thermal cycler (BioRad C1000) to control thermal cycling and 

cycle numbers (Table 10). 

 

 

Amount Component  

6.9µL Nuclease-free water 

3µL 10X PCR reaction buffer 

1.5µl Forward primer at 3µM concentration  

1.5µL Reverse primer at 3µM concentration  

0.75µL dNTP mixture (at 10mM) 

0.375µL Taq polymerase 
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Table 10: PCR Cycling Formula 

 

Samples were held at 4⁰C until removed from the thermal cycler. A sample of 

each PCR reaction was run on a 1% agarose gel for 1hr at 100V alongside a 100bp DNA 

ladder (New England BioLabs) to allow for the estimation of amplicon size and DNA 

quantity produced from the PCR. Gel electrophoresis is a laboratory method used to 

separate mixtures of DNA according to molecular size. In gel electrophoresis, the 

molecules are separated in a gel that contains small pores using electrical field. The DNA 

samples are added to “wells” at one end of the gel. DNA is negatively charged, so it will 

move towards the positive end of the gel opposite the wells. Small molecules will move 

further than large ones, allowing for the size determination each DNA amplicon. A DNA 

ladder is included in each gel run so DNA amplicon sizes can be accurately determined 

(Figure 11). When a gel is prepared with a DNA-binding dye (SYBR Safe, Invitrogen), 

DNA is visualized at different locations along the length of the gel following UV 

1 cycle 94⁰C for 5 minutes 

30 cycles 94⁰C for 30 seconds, 50⁰C or 45⁰C* for 30 seconds and 68⁰C for 1 

minute 

1 cycle 68⁰C for 5 minutes 

* Annealing temperatures are selected based upon the melting temperature for each 

forward and reverse primer. At their melting temperature, 50% of primers anneal to 

their target sequence so the ideal PCR annealing temperature is kept slightly under the 

melting temperature. This ensures that a minimum of 50% of the primers anneal, but it 

is not too low or too high that primers do not bind efficiently to their target sequence.  

50⁰C was chosen for ITS-2 and 18S primer sets, 45⁰C was chosen for the COX-1 

primer set.  
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excitation. Visualized DNA amplicons in a gel are called bands and DNA amplicons of 

the same size will travel to the same gel position and in positions that reflect their size 

relative to the DNA ladder. PCR amplifies target amplicons such that sufficient 

molecules are generated for visualization and sequencing.  

4.6.4 Results for PCR: Test #1 

The first attempt at extracting and amplifying DNA from the parasite eggs was 

unsuccessful. As shown in Figures 12-14, representing the three different primers used, 

the only sample visualized on the gel was the DNA ladder (which was added post-PCR 

for amplicon size determination). When examining the gel image, it should be noted that 

none of the samples showed a positive PCR result, including the positive control (the 

Baylisascaris procyonis sample, noted by a + on each image). A positive result would 

show up as a distinctive white band on the black background, at a specific amplicon size. 

Instead, all of the bands represent primers that were not incorporated into DNA 

amplicons. As the positive control is used to confirm that the PCR worked regardless of 

500bp 

1500bp 

 
1000bp 

 

100bp 

Figure 11: Example of a DNA ladder with base pair (bp) heights. 
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whether the tested samples appeared on the gel, these results confirm that Test #1 for all 

three of the primer sets failed. 

 

+  - 

+  - 

 - + 

Figure 12: Gel Image of COX1 primer with all burial samples with + indicating the 

positive control and – indicating the negative control (Dec 11th 2018). 

Figure 13: Gel Image of 18S primer with all burial samples with + indicating the 

positive control and – indicating the negative control (Dec 11th 2018). 

Figure 14: Gel Image of ITS-2 primer with all burial samples with + indicating the 

positive control and – indicating the negative control (Dec 11th 2018). 
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 4.6.5 Results for PCR: Test #2 

As the first PCR attempt was unsuccessful, a secondary test was completed by Dr. 

Michael Duffy with only the positive and negative controls for each primer. This was 

done to test whether the first attempt failed due to incorrect primer combinations or an 

inconsistency in the PCR thermal cycling. Test #2 of PCR amplification only tested the 

primers, to ensure they were functional using control samples. This test resulted in the 

positive control showing a band of the expected size and the negative control not showing 

a band on the gel (Figure 15). This suggests that the PCR amplification was successful 

for all three primer sets. Using the DNA ladder, the appropriate amplicon size was 

determined for the positive control for each primer set. It was determined that the COX1 

primer set amplifies 430bp, the 18S primer set amplifies approximately 99bp and the 

ITS-2 primer set amplifies approximately 210bp. This is visible in Figure 15, as the 

COX1 primer set is much higher than the 18S and ITS-2 and the 18S primer set is only 

slightly higher than the where the negative controls sit. Bands in the negative controls 

represent primers that were not unincorporated into amplicons.  
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 4.6.6 Results for PCR: Test #3 

After the results of the second PCR test, a third attempt was made using the pelvic 

and cranial samples of Burial 29/2018 that had the highest Ascaris spp. egg count. Slight 

adjustments were made to the PCR master mix from the original attempt (Table 11). A 

PCR was run for each Ascaris spp. primer set with a positive control (Baylisascaris 

procyonis), a negative control (water), and 1µL of sample DNA, 5µL of sample DNA 

and 10µL of sample DNA. The various amounts of DNA were chosen to determine at 

which volume the DNA amplification would be most successful. The thermal cycler used 

the same cycling temperatures and times as noted in Table 10.   

Samples were then held at 4⁰C until removed from the thermal cycler. A sample 

of each PCR reaction was run on a 1% agarose gel for 1hr at 100V alongside a DNA 

ladder to allow for estimation of amplicon size and quantity produced from the PCR.  

 

18S COX1 

 

ITS-2 

 

 -  -  - + + 

Figure 15: Gel Image of all three primer sets, with positive and negative 

samples only, test completed by Dr. Michael Duffy (Dec 14th 2018). 

+ 
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Table 11:  Components of the PCR master mix attempt number 2 (per one sample) 

 

 

 

 

 

 

 

  

As demonstrated in Test #2, the positive and negative controls were successful, proving 

that the PCR amplification works consistently with the chosen primers (Figures 16-17). 

However, in Test #3, the samples containing Ascaris DNA came back negative for 

parasite DNA. Essentially, while morphological identification clearly shows the presence 

of multiple parasite eggs in the soil, this particular method of DNA amplification and 

extraction did not work for these samples. A further exploration of this method and future 

steps will be addressed in Chapter 5.  

 

Amount Component  

4.7µL Nuclease-free water 

5µL 10X PCR reaction buffer 

1.25µl Forward primer at 3µM concentration  

1.25µL Reverse primer at 3µM concentration  

2.5µL dNTP mixture (at 10mM) 

0.31µL Taq Polymerase at 5units/µL 
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18S ITS-2 

 

 - + +  - 

+ - 

Figure 16: Gel Image of COX1 primer with Burial 29 pelvic and 

cranium samples in various DNA amounts (Dec 18th 2018). 

Figure 17: Gel Image showing 18S and ITS-2 primers with Burial 29 pelvic and 

cranium samples in various DNA amounts. The + indicates the positive control 

and the – indicates the negative control (Dec 18th 2018). 
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4.7 Conclusion  

 This chapter explored the results of the methods outlined in Chapter 3. 

Macroscopic data for each of the seven burials was provided in addition to parasite egg 

counts from pelvic and cranial soil samples. Overall, this sample consisted of seven 

individuals, five adults and two sub-adults. The age range for the five adults fell between 

18 and 34 years, and the two sub-adults were aged between 16 and 18 years and 3.5 to 

4.5 years at death. Both Ascaris spp. and Diphyllobothrium spp. eggs were identified in 

these soil samples. Ascaris spp. eggs were present in all pelvic soil samples across these 

seven individuals and in four of the seven cranial samples. Burial 28/2018 and Burial 

29/2018 had the highest number of Ascaris spp. eggs in their pelvic sample. 

Diphyllobothrium spp. eggs were only found in Burial 33/2018 and Burial 58/2018; 

however, Burial 58/2018 showed a significantly increased number of these eggs, 

particularly in their pelvic sample. Finally, this chapter outlined the steps taken to 

perform molecular analysis of each sample to determine which specific parasite species 

were present. DNA amplification and extraction of these parasite eggs was unsuccessful; 

however, the primers and the PCR reaction were effective in amplifying target DNA from 

a positive control sample.  
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CHAPTER 5: DISCUSSION 

5.1 Introduction 

 This chapter analyzes the results outlined in Chapter 4 and provides further details 

regarding the parasites that were present at the Fortress of Louisbourg and their impact on 

this 18th century population. First, the determination of true versus false parasitic 

infections will be explored, specifically regarding the parasite species found in this study. 

The next section will examine the specific characteristics of both the Ascaris and 

Diphyllobothrium parasite species including their general lifecycle, mode of 

transmission, and what specific health impacts these parasites would have had on those 

living in the 18th century. The living conditions at Louisbourg are particularly 

emphasized and highlight why these specific species were found in abundance within this 

particular community. The limitations and challenges of this thesis research are also 

outlined as they relate to each stage of the methodology used (soil collection, parasite 

collection, morphological analysis of the parasite eggs, and molecular DNA analysis).  

5.2 True versus False Parasite Infections 

 A true parasitic infection is characterized by having both parasite eggs and the 

live adult parasite surviving within the intestine at the time of death. In archaeological 

remains, a true infection can be determined by extremely high numbers of parasite eggs 

located within the pelvic region of the individual (Reinhard, 1992). False parasitism 

occurs when parasite eggs are simply passed through the digestive tract of the individual, 

but no adult parasites are present. This can occur by consuming non-viable eggs or being 

exposed to eggs that continued to pass through the gastrointestinal tract without 
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developing into larvae or full adult parasites. Diagnosing a true infection in the 

archeological record is only possible when the physical skeletal remains analyzed are of 

human origin and when the dietary practices of the human population are known 

(Reinhard et al., 1987; Reinhard, 1988a; b). Coprolite studies identifying over 8,000 eggs 

per gram of sample represents a true infection (Sianto et al., 2005). However, these 

numbers are likely different when compared to soil samples, as the concentration of eggs 

in coprolite samples will be much higher than in soil samples where over time any eggs 

present at the time of death may settle or be lost within the pelvic region of the deceased 

individual. Although none of the seven burials analyzed showed egg counts as high as 

reported coprolite samples, comparing the pelvic samples to the cranial control samples 

helps to better understand how true versus false infection can be approached in 

archaeological soil samples. Not only do both Burial 28/2018 and Burial 29/2018 have a 

high number of Ascaris spp. eggs in their pelvic soil (2,605 and 3,401 eggs per gram of 

soil, respectfully), there are no eggs present in their cranial control samples. The lack of 

eggs in these cranial samples suggests that the surrounding soil was not contaminated by 

parasites from other sources (e.g., animal parasites) and that the thousands of eggs 

recovered in the pelvis is a true reflection of the parasite load this individual carried. 

Similarly, Burial 39A/2018 had a significantly smaller number of Ascaris spp. eggs 

within their cranium samples when compared to their pelvic samples, also suggesting a 

true infection of this species at death. Finally, Burial 58/2018, is also characterized as 

having a true infection of Diphyllobothrium spp. based on 1,809 eggs/g of soil recovered 

from the pelvis as compared to only 145 eggs/g of soil recovered from the cranial sample.  
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5.3 Discussion of Methodological Challenges 

 Although four of the seven individuals tested were determined to have true 

parasite infections, there was still evidence of parasite eggs within multiple cranial 

samples which may be the result of numerous factors such as: contamination between 

tested regions, contamination between burials, burial depth, or various taphonomic 

processes. Correct identification was another challenge encountered throughout this 

thesis using both morphological and molecular tools. 

 5.3.1 Cross-Region Contamination 

 The cranial soil sample collected for each burial was intended to act as a control 

for the experiment, as ideally only intestinal parasites eggs should have been found 

within the pelvic region. However, parasite eggs were found in multiple cranial samples, 

likely reflecting the amount of contamination occurring at various parts of this research. 

Although the presence of parasite eggs in some cranial samples may be due to 

contamination during excavation, it is also possible that some eggs entered the nose or 

mouth of the individual around the time of death and remained within the area until 

discovered during egg collection. Many parasite eggs such as the Ascaris spp. are 

identified as being extremely sticky and often adhere to material which assists with the 

spread of this parasite (Robertson and Gjerde, 2000). As most individuals empty their 

bowels at the time of death (Saukko and Knight, 2015), it is not unfathomable that eggs 

within the feces may have been spread to the oral or nasal cavities if the body was 

prepared or “cleaned” before final burial. Additionally, some eggs can be spread by air, 

providing another mode of transmission through the nasal or oral cavities around or at the 
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time of death (Paknazhad, 2016). As discussed in section 5.3 regarding true and false 

infections, although eggs may be present within some of the cranial samples, their 

numbers do not reflect a true infection. However, their mode of transfer does warrant 

consideration.   

 5.3.2 Cross-Burial Contamination  

Although precautions were taken (including the use of personal protective 

equipment and consistent research sampling), it must be noted that the unpredictable 

nature of bioarchaeological excavation could impact the amount of soil collected and the 

possibility of contamination between burials or samples. This contamination risk during 

sampling may also be responsible for the eggs found within the cranial samples. 

Additionally, throughout the excavation season, tarps are used to cover the grave outlines 

and any exposed skeletal remains when the bioarchaeologists are not on site. These tarps 

provide an excellent source of coverage for small animals such as mice during periods of 

poor weather. This increased animal activity during the field season may have also 

caused additional soil movement between burials as well as escalated the amount of 

contemporary animal feces incorporated within the soil. This type of contamination 

would likely not occur within skeletons that had complete, intact, articulated crania, but 

unfortunately all seven of the tested skeletons had incomplete crania, which likely 

influenced the amount of soil contamination present.   

 5.3.3 Post-Depositional Disturbance 

 Post-depositional disturbances may have also influenced the number of eggs 

present within these cranial samples. One specific example is Burial 39A/2018, who 
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shared a grave shaft with a poorly preserved 1.5 - 2.5 year old sub-adult (Burial 

39B/2018). It is possible that Ascaris spp. eggs were transferred between these two 

burials during excavation, particularly because previous archaeological work on 

Rochefort Point partially disturbed the grave shaft of these two individuals (Figure 18). A 

trench was dug north to south across the same area, disturbing the remains of Burial 

39B/2018 (Dunham, 2017), however Burial 39A/2018 was slightly deeper and not 

directly disturbed. Regardless, the soil movement caused when digging the trench may 

have caused the soil above the remains to shift and move any parasite eggs.  

Figure 18: Burial drawing of B39A and B39B with estimated area of previous 

trench disturbance (shown in red) (Scott, 2018). 
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 5.3.4 Taphonomic Conditions  

 It is obvious that parasite egg collection and quantification is intrinsically tied 

with skeletal preservation. It is necessary to know where certain skeletal elements are 

located to definitively identify where parasite eggs are likely to be recovered. Limited 

preservation diminished the accuracy of soil collection from the various skeletal regions. 

There are a number of environmental factors that influence the recovery of parasite eggs 

within soil. First, burial depth can impact the differing taphonomic processes acting upon 

the interred individual. Shallow burials are more likely to be affected by carnivore 

scavenging; however, none of the sampled burials showed evidence of drastic animal 

disturbance (Grauer, 1995). There is the possibility that over time these burials may have 

been disturbed by ground burrowing rodents such as the muskrat or star-nosed mole, both 

of which are present in Nova Scotia in low, wet soils near water (Gilpin, 1870; Hickman, 

1983). Evidence of rodent scratch or bite marks were not present on any of the remains 

suggesting that if rodents disturbed the burials it had minimal impact, thus likely not 

having a huge influence on cranial sample contamination. Additionally, soil pH and 

moisture can have drastic impacts on the preservation of skeletal remains and secondarily 

parasite eggs. Variation in soil acidity has been consistently linked to skeletal 

preservation in bioarchaeological research, suggesting that more acidic soils reduce the 

preservation of the skeletal remains (Berna et al., 2004; Gordon and Buikstra, 1981; 

Kendall et al., 2018; Nielsen-Marsh et al., 2007; Stone et al., 1990). An examination of 

the Rochefort Point cemetery soil shows a range of pH variation between 5.0 – 7.0 

(acidic to neutral). Of the seven tested burials, the majority were determined to have a pH 

of 6 (slightly acidic), with the total range falling between 6.5 – 7.0 (Scott and Fonzo, 
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2019). The relatively neutral pH of these burials is not surprising as the skeletal remains 

were well preserved; however, the slight acidity of the soil would have assisted with the 

degradation of delicate skeletal elements (i.e., the pelvis and cranium) and thus 

influencing the accurate collection of parasite eggs from specific regions.  

 It has been noted that the subsoil at Louisbourg is permanently waterlogged with 

many of the building foundations in bogs (Fry, 1969). Further, stratigraphy on Rochefort 

Point shows increased clay in the soil of deeper burials which increases the moisture 

retention and allows for burial shafts to also become waterlogged. Similar to soil pH, 

increased moisture within the grave shafts reduces overall skeletal preservation while 

also influencing fluvial activity in and around the burial. This activity could cause burial 

soils to shift and move over time, influencing the position and preservation of any 

parasite eggs (Hedges et al., 1995; Henderson, 1987; Manifold, 2012). Moreover, the 

climate in Cape Breton is cold, wet, and foggy leading to frost penetration during the 

winter months of approximately 2-3 feet in certain areas of the Fortress, with inconsistent 

temperatures fluctuating between -12⁰C and 2⁰C within a matter of hours across the site 

(Fry, 1969). These freeze-thaw cycles cause a considerable amount of movement within 

the soil, often causing major destruction of building foundations at the Fortress, let alone 

burials and their surrounding soils (Fry, 1969; Grauer, 1995). While parasite eggs were 

fairly easily recovered and the cranial results were significantly less than the pelvic 

samples, these human, taphonomic, and environmental factors are an important 

consideration for understanding how the quantification of parasite eggs may change from 

burial to excavation.  



 

69 

 

 5.3.5 Laboratory Contamination  

 The use of Decon detergent to clean the sieves between samples helped prevent 

contamination during the parasite egg collection process. However, due to the sticky 

nature of these eggs, it is possible that some eggs may have remained adhered to the 

sieves until the next sample went through. This may have been the case for the 

Diphyllobothrium spp. eggs found in the cranial sample of Burial 33/2018 which was the 

next sample passed through the sieves. An extremely small number (72eggs/gram of soil) 

of Diphyllobothrium spp. eggs were detected in the cranial sample of this individual and 

none in the pelvic sample, likely a result of either soil collection contamination or 

parasite egg collection contamination.  

 5.3.6 Parasite Egg Morphological Analysis 

 The use of multiple sieves helped to prevent the collection of extra debris on the 

final 20µm sieve. However, when examining the slides for each sample, some dirt and 

other debris was still present. This extra debris may have impacted the number of eggs 

identified on each slide, as some of the debris may have covered or looked similar to 

these eggs. For example, other organic materials were identified on the slides such as 

pollen (Figure 19). These are easily confused as they have a similar circular shape, 

colour, and size as many of the intestinal parasite eggs that have been documented. While 

experience helps to reduce these morphological identification errors, misidentification is 

still possible, thus there is a need to re-test samples (i.e., intraobserver error) and confirm 

identification.  
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5.3.7 Molecular Analysis  

 As noted in Chapter 4, the second PCR test was successful and proves that the 

chosen primers are capable of binding to the DNA of multiple Ascaris species (as 

confirmed by the successful amplification of the positive control). Burial 29/2018 was 

chosen to perform DNA testing for the Ascaris spp. eggs that were morphologically 

identified, however the results were negative. Thus, the problem with the DNA analysis 

is not with the lack of parasite eggs in the soil or the amplification procedure, but rather 

the DNA extraction protocol or DNA integrity. The current extraction protocol relies on 

the tested soil to be taken directly from the original soil sample and uses a column 

membrane to separate the parasite DNA from any additional debris. However, due to the 

size of the column membrane it is possible that there is either too much debris from the 

soil preventing proper DNA extraction or too much contaminating materials being co-

purified. This protocol was chosen due to its ease and accuracy with extracting DNA 

from organic tissue, however, it had not been attempted with soil heavy samples which 

likely contributed to the failure of the extraction.  
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Figure 19: Example of Pollen spores found in Burial 28/2018 cranial 

sample (40x magnification). 
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5.4 Parasite Species at Louisbourg 

 5.4.1 Ascaris spp.  

 As it was not possible to distinguish between multiple Ascaris species using 

morphological or molecular tools, the two most likely types to have been at the Fortress 

of Louisbourg were Ascaris lumbricoides and Ascaris suum. Ascaris lumbricoides 

(human roundworm) is widespread as one of the most common pathogenic parasite 

species, causing approximately 1.472 million infections; disease in 335 million cases and 

60,000 deaths annually (Bouchet, 1995; Bouchet et al., 2003a; Crompton 1985). Females 

of this parasite can lay up to 200,000 eggs per day (Crompton and Nesheim, 2002). While 

common in contemporary populations, evidence of this parasite has also been found at 

archaeological sites dating to 30,000BC (Bouchet, 1995). In contrast, Ascaris suum, 

known as the pig roundworm, is a parasitic nematode that causes ascariasis, an infection 

of the small intestine caused by Ascaris suum, in pigs (and humans). There are multiple 

theories that speak to the relationship between A. lumbricoides and A. suum, including: 

(1) a common ancestor prior to pig domestication, (2) a mutation where A. lumbricoides 

was derived from the A. suum species allowing for infection in humans as well as pigs, 

(3) the opposite where A. suum was derived from A. lumbricoides, and (4) that both A. 

lumbricoides and A. suum represent the same species (Leles et al., 2012; Liu et al., 2012). 

The fourth theory of one species has been supported by multiple studies demonstrating 

low morphological and genetic divergence across several different genes (Anderson et 

al., 1993; Leles et al., 2010a; Peng et al., 2003; Zhu et al., 1999). For the purpose of this 

thesis, the two species were indistinguishable and will be referred to as Ascaris spp., 



 

72 

 

denoting that both possible species may be represented in the parasitic eggs collected in 

this study. 

The Ascaris spp. travel through their host’s body during different stages of their 

lifecycle (Figure 20). Depending on the stage of parasite development and where it is 

located along the digestive tract, it can have differing impacts on host health.  

 

 

Ascaris spp. 
eggs are 

ingested by 
host

Egg hatch 
within the 

small intestine

Larvae pass 
through the liver 

via portal 
circulation 

Larvae migrate to the 
heart, and accumulate 

in the lungs

Larvae develop, and 
travel through the lung 

bronchi to the 
trachea/pharynx

Larvae are ingested and 
travel through the GI tract 

to the small intestine

Larvae mature 
into adult worms 

and lay eggs

Eggs are 
excreted 

Figure 20: Ascaris spp. travel through host (adapted from O’Lorcain and Holland, 

2000). 
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As the Ascaris spp. parasite burden increases, morbidity and mortality rates 

increase as well (Crompton, 1985). Although those who are fortunate enough to have a 

reduced number of adult parasites may be asymptomatic (Anderson et al., 1993). When 

infected by A. lumbricoides or A. suum, a host can experience detrimental chronic or 

acute health side effects (Crompton, 1985). Ascariasis can result in acute symptoms 

including lung inflammation, difficulty in breathing, and fever as larva migrate through 

the lungs to reach the intestines (Dold and Holland, 2011). Chronic ascariasis may 

include pneumonia, abdominal pain, nausea, diarrhea, and malnutrition through the loss 

of iron. Additionally, entangled adult A. lumbricoides have been responsible for intestinal 

obstruction in a number of infected hosts, which can lead to infection or death depending 

on the severity of the obstruction (Dold and Holland, 2011).   

 5.4.2 Diphyllobothrium spp. 

 Similar to the Ascaris spp., it was not possible to fully distinguish between 

multiple parasite species for the second parasite found. Based on general morphology, the 

eggs found in the pelvis of Burial 58/2018 were determined to be Diphyllobothrium spp. 

which is also known as fish tapeworm. As discussed in the Chapter 4, the two most likely 

species of fish tapeworm to have been present at Louisbourg were Diphyllobothrium 

latum and Diphyllobothrium stemmacephalum  

  Currently, it is estimated that over 20 million people around the world are affected 

by diphyllobothriosis, an infection of D. latum (Scholz et al., 2009).  Diphyllobothrium 

latum is known as the largest tapeworm infecting humans around the world. It averages 5 

– 10m in length and can survive in the intestines for up to 30 years. The growth rate of 
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this tapeworm may be as much as 22 cm/day, or almost 1 cm/hr (Scholz et al., 2009). 

Infections of D. latum have been well documented in the sub-arctic region, but are also 

relatively common in North America (Bylund, 1982; Curtis and Bylund, 1991). Eating 

salmon in the Pacific region has been known to cause frequent D. latum infections, 

however, other host species can include trout, perch, mullet, walleyed pike and many 

other freshwater fish. It is commonly believed that this parasite was introduced to the 

Great Lakes of Canada and North America from settlers travelling from regions of 

northeastern Europe where infection rates of D. latum were high (Ward, 1930; von 

Bonsdorff, 1977); however, the exact history of the spread of this parasite across the 

world is still unknown (Dick et al., 2001; Lantis, 1981; Peuzzi and Boucher-Rodoni, 

2001).  

 The definitive hosts for D. stemmacephalum are the harbor porpoise, bottlenose 

dolphin or the white-sided dolphin, all of which are common in coastal regions around 

the world (Leštinová et al., 2016; Scholz et al., 2009). Although this species does not 

commonly infect humans, it can occur when humans consume the intermediate hosts (i.e., 

marine fish) of D. stemmacephalum. For both of the Diphyllobothrium species, an 

infection will occur through the consumption of larvae that are embedded in raw, 

undercooked fish or hard roe. Lightly salted, smoked, or pickled fish also may contain 

infective larvae (CDC, 2012). Parasite life-cycles involving only one definitive host are 

deemed "direct" where the parasite reproduces sexually. Parasites that include at least one 

intermediate host are called "indirect", where the parasite may develop within various 

other species prior to reaching its definitive host (Garcia, 2009). The Diphyllobothrium 
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spp. lifecycle is complicated, as these parasites pass through two intermediate species 

before fully developing within the definitive host (Figure 21). 

 Diphyllobothrium latum competes with their host for vitamin B12 absorption, 

often interfering with iron absorption leading to anemic conditions for the host (von 

Bonsdorff, 1977; Stanciu et al., 2009). Other impacts that this parasite can have on their 

host include: abdominal pain, vomiting, diarrhea, fatigue, anorexia, fever, and noticeable 

discharge of tapeworm segments within their feces (Lee et al., 2007). 

Unembryonated
eggs pass in feces

Eggs embryonate in 
water

Egg hatch and 
are ingested by 

crustaceans

Larvae remains in 
body cavity of 

crustaceans 

Infected crustacean is 
consumed by small 

freshwater fish

Predator fish 
consumes small 
freshwater fish

Definitive host consumes 
raw or undercooked 

infected fish

Larvae grows to 
adult tapeworm in 

small intestine

Adult tapeworms release 
unembryonated eggs

Figure 21: Diphyllobothrium spp. life cycle (adapted from CDC, 2012). 
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  5.4.3 Comparative Studies  

 Not surprisingly, Ascaris spp. and Diphyllobothrium spp. eggs are found at other 

contemporaneous and geographically similar archaeological sites across Canada (Table 

12) (Bathurst, 2005; Horne and Tuck, 1996).  A study by Horne and Tuck (1996) 

examined 17th century latrine samples from a site in Newfoundland, Canada. Multiple 

parasite species were discovered, including the Ascaris spp.; however, as the latrine 

samples were potentially contaminated with animal fecal matter, it was not possible to 

determine whether these were parasites of human hosts (Horne and Tuck, 1996). 

Similarly, Bathurst (2005) also identified Ascaris spp. and Diphyllobothrium spp. across 

multiple shell midden sites in British Columbia, Canada, but again was unable to 

determine if these parasites had human hosts Additionally, the Bathurst (2005) study 

examined multiple temporal periods, showcasing the extent to which these parasites 

survive in Canadian archaeological contexts (Bathurst, 2005). Although, only two 

parasite genera were identified across the seven individuals examined at Louisbourg, it is 

likely that more species were present at that time as six other parasite species (see Table 

12) have been successfully identified by Horne and Tuck (1996) and Bathurst (2005) at 

similar Canadian archaeological sites.  
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Table 12: Comparative archaeoparasitological studies across Canada. 

 

 Other archaeological evidence of both the Ascaris spp. and Diphyllobothrium spp. 

parasites have been found across the world representing many temporal periods (Bouchet 

et al., 1996; Gonçalves et al., 2003) The earliest identified Ascaris spp. comes from a 

French site dating to 30,000 - 24,000 YBP (Bouchet et al., 1996) and the earliest 

evidence of Diphyllobothrium spp. comes from Peru dating between 10,000 and 4,000 

YBP (Reinhard & Barnum 1991). However, a number of sites have found evidence of 

both species around the 18th century (similar to Louisbourg), suggesting that it would not 

be unexpected to find these species around this temporal period. A non-exhaustive list of 

these two parasites and their archaeological and geographical context is provided in Table 

13 and Table 14. Although these sites may differ in geographic and temporal context 

Site 
Louisbourg,  

Nova Scotia 

Ferryland, 

Newfoundland 

(Horne and Tuck, 

1996) 

British Columbia 

(Bathurst, 2005) 

Time Period 1713-1758 17th century 
10,000YBP- 18th 

century 

Ascaris spp.  
   

Trichuris trichiura 
   

Dicrocoelium sp.  
   

Taenia sp.  
   

Diphyllobothrium 

spp.  

   

Nanophyetus 

salmincola 

   

Nanophyetus sp. 
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from the Fortress of Louisbourg, historic records suggest that many countries imported 

and exported goods to Louisbourg as will be further explored in section 5.6 of this 

chapter. Louisbourg was comprised of individuals from a multitude of various origins. 

Louisbourg thrived as an extension of France (particularly the Atlantic coast) as the most 

numerous groups of individuals were those originating from Brittany, Normandy, South-

west France, and Western France (Johnston, 2001). Additionally, there was a number of 

slaves at Louisbourg that originated from the Antilles or directly from Africa. Further, 

throughout the 1740s, there was a large population of Swiss and German individuals who 

acted as mercenaries at the Fortress. During the 1750s, there was also an increase of non-

French individuals at the Fortress, including a large population of those originating from 

Spain, including Basque individuals (Johnston, 2001). Although the Mi’kmaq Indigenous 

groups came to Louisbourg for various trading, religious or military reasons, few 

individuals remained within the town for more than a couple weeks (Johnston, 2001). 

Therefore, while many of these parasites were likely introduced through colonial 

expansion, specifically food imports, local transmission between these colonial groups 

and the Indigenous Mi’kmaq may have also occurred.   

Table 13: Archaeological evidence of Ascaris spp. eggs. 

Site Country Time Period  Sample 

Type 

Reference 

Kruger Cave, 

Rustenburg  

Africa 10,000 -7000 

YBP 

Coprolite Evans et al., 1996 

Arbon, Thurgau  Switzerland 3384-3370 BC Coprolite Dommelier-

Espejo,  2001 

British Columbia Canada 10,000YBP- 

18th century 

Coastal shell 

middens 

Bathurst, 2005 
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Seoul 

Metropolitan 

City 

Republic of 

Korea 

14th - 19th 

century 

Coprolite Shin et al., 2011 

Santa Cruz de 

Tenerife 

Spain 16th - 18th 

century 

Coprolite Botella et al., 

2010 

Newfoundland Canada 17th century Latrine Horne and Tuck, 

1996 

Marly-le-Roy, 

Yveline 

France 17th- 18th 

century 

Coprolite Bouchet et al., 

1998 

London England 17th - 18th 

century 

Coprolite Anastasiou et al., 

ND  

Williamsburg, 

Virginia 

USA 18th century Latrine Reinhard, 1990 

Namur Belgium 18th century Latrine Rocha et al., 2006  

Newport, Rhode 

Island 

USA 18th century Coprolite/ 

Latrine 

Reinhard et al., 

1986 

 

Table 14: Archaeological evidence of Diphyllobothrium spp. eggs.  

 

 

Site Country Time Period  Sample Type Reference 

Arbon-Bleiche 3 Switzerland  3384–3370 BC Coprolite Le Bailly et al., 

2005  

Freiburg Germany 13th - 17th 

century 

Unstated Herrmann, 1985 

British Columbia Canada 10,000YBP- 

18th century 

Coastal shell 

middens 

Bathurst, 2005 

Seoul 

Metropolitan 

City 

Republic of 

Korea 

14th- 19th 

century 

Coprolite Shin et al., 2011 

Buildir Island, 

Alaska 

USA 15th- 18th 

century 

Shell middens Bouchet et al., 

1999 

Montbeliard France 15th- 16th 

century 

Pelvic Soil  Bouchet et al., 

2001 

Namur Belgium 18th century Latrine Rocha et al., 

2006  
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5.5 Living Conditions in Louisbourg that Fostered Parasites 

 5.5.1 Diet and Animal Husbandry  

Parasites likely thrived at Louisbourg due to a variety of factors impacting daily 

life, least of which was diet and interactions with domesticates. The individuals who 

lived at the Fortress of Louisbourg had a diverse diet, despite the relatively infertile land. 

The French were confident that with enough workers and innovative solutions, they could 

transform the infertile land to one of high potential. Barely three years into settlement 

(1716), the French harvested a wide variety of produce from the land including: “wheat, 

beans, ... and peas, cabbages, dock, chicory, celery, artichokes, lettuce and other salads; 

in the woods, strawberries, raspberries, blueberries and small fruit called cranberries” 

(Donovan, 2006: 22). Although the cultivation of land would have been crucial to 

survival at Louisbourg, the consumption of this fresh produce likely contributed to the 

spread of Ascaris spp. as these parasites can be spread as a result of using animal 

(particularly pig) feces as a fertilizer (O’Lorcain and Holland, 2000). Almost every 

household at Louisbourg had gardens and records suggest that these domestic gardeners 

were using fertilizers yearly to replenish garden nutrients. The widespread use of fecal 

matter as a fertilizer would have helped spread parasites to the harvested produce, 

particularly if they were not properly handled and washed prior to consuming.   

Additionally, cattle, pigs, sheep, poultry, and horses were delivered to 

Louisbourg, providing a diverse diet of meat and dairy products when available (Moore, 

1975; 1977). Pigs and chickens were mainly kept to slaughter and eat, but sheep were 

used for their wool (Lachance, 2000). Cows were used for milk and occasionally 
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slaughtered for their meat, but generally they were used as draft—or working—animals 

along with horses (Lachance, 2000). Unfortunately, the occurrence of zoonotic diseases 

in the population (and parasite spread) would have escalated as the interactions with 

animals and consumption of meat increased (LaChance, 2000; Donovan, 2006). In this 

case, parasites, particularly Ascaris spp. would have been populous at Louisbourg as a 

result of eating undercooked pork or interacting with domesticated animals on a regular 

basis (Leles et al., 2010b; Assana et al., 2013). 

Fish was an extremely common food item for the individuals at Louisbourg. This 

is unsurprising as the Fortress was originally settled to serve as the seat of the cod fishing 

industry in New France (Corbin, 1996; Ellerbrok, 2014). Within a few years of 

establishment the Cape Breton fisheries were substantial, producing 150,000 quintals (7.5 

million kg) of dried cod a year (Donovan, 2006).  In addition to the large quantities of 

cod, other fish were also caught and consumed including: “dogfish, skates/rays, herring, 

salmon, trout…mackerel, swordfish, lamprey, sturgeon, eel, shad, smelt, gaspereaux, 

tomcod, haddock, chub, horned pout, “petits barbillons”, flounder and halibut” (Cumbaa, 

1976: 4). This suggests that although cod was the main source of fish for those living at 

Louisbourg, other species including freshwater fish were also consumed. However, 

freshwater fishing would have been on a much smaller scale compared to the cod fishery, 

where these fish were likely for personal use or for sale locally within the town 

(MacInnes, 2019). In general, fish needs to be properly cooked before any parasites 

contained within the meat are killed making it safe for consumption; however, certain 

modes of fish preparation such as smoking will not kill any existing parasites within the 

fish. Smoking and drying fish were common practices at the Fortress, likely maintaining 
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any parasites in the meat until it was eventually consumed. This reliance on fresh-water 

fishing and participation in smoking and drying preparation techniques at Louisbourg 

likely would have increased the spread of Diphyllobothrium spp., the fish tapeworm, 

throughout the community.    

 5.5.2 Crowded Living Conditions  

Ascaris spp. infections tend to cluster in households with more family members 

(O’Lorcain and Holland, 2000; Blanton 1957). Due to the invariably sticky nature of 

these eggs, they can adhere to utensils, furniture, money, fruit, vegetables, door handles, 

and fingers in endemic areas, resulting in easy spread between individuals within the 

same vicinity (O’Lorcain and Holland, 2000). In Louisbourg, the average household had 

six people residing in a small area using the same household items and spaces (Donovan, 

1982). One particular example was the home of Michel Rodrigue and his wife 

Marguerite, which was approximately 26ft by 54ft in size and housed thirteen family 

members (Donovan, 1982). Additionally, the harsh climate, with long humid winters, and 

limited wood for heating forced the population to live in closer contact with one another 

furthering the spread of parasites and other infectious disease agents (Donovan, 1982). 

During these cold winter months, many families stayed huddled indoors around a central 

hearth being exposed to parasites through physical contact, shared household items and 

shared food resources.  Another area of close living conditions was that of the soldier’s 

barracks. Almost all of the soldiers were housed in one large barracks building, with 

soldiers sleeping two to a mattress of hay and straw that was changed once a year 

(McLennan, 1918). Every man was in close contact with his comrades, particularly the 
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15-20 individuals who shared a room, called a “chambree” (Greer, 1979). In addition to 

sharing living and sleeping quarters, the men of a chambree also ate together and cooked 

shared meals in one large pot. The soldiers also spent most of their leisure time together 

drinking, conversing and lounging in the common barracks room (Greer, 1979). 

Annually, soldiers were to be provided with new clothing, however these deliveries did 

not always occur and the delivered items were often defective, forcing the men to remain 

in old clothing that was rarely washed (Greer, 1979). These areas were also very cold due 

to a lack of firewood, encouraging soldiers to huddle in close proximity to one another 

(Greer, 1979; Johnston, 2001). In addition to cramped household living conditions, many 

at Louisbourg also spent time in the local pubs and taverns (Donovan, 1982; Johnston, 

1984). Those at Louisbourg were known for their excessive drinking practices, 

particularly the soldiers, leading to the establishment of many cabarets (pubs/taverns). In 

1722, there were 21 cabarets at the Fortress and by 1734 there was 28 (Johnston, 2002a). 

These popular and busy cabarets were important gathering locations for people and the 

parasites they were hosting as unwashed hands, clothing, shared cups and bottles are a 

regular source of transmission for these parasites (Johnston, 2002a; Morgan ND). 

 5.5.3 Health, Disease, and Sanitation  

 It is well documented that sanitation practices at Louisbourg were poor, similar to 

other New France and New England colonial towns (Blake and Blake, 1959; Duffy, 

1992; Lachance, 2000; Gallagher, 2014). These practices stemmed from the common 

belief in miasma, or “bad air”, that suggested that disease spreads through the air rather 

than contaminated materials (Bloom, 1965; Karamanou, 2012). This meant that there was 
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little focus on cleanliness and sanitation throughout the 18th century (Cole, 2010). Raw 

sewage was generally deposited in the streets which directly impacted public wells. 

While well water was known to be unsafe for drinking, it was still used regularly for 

washing one's hands and face prior to handling food and drink (MacInnes, 2018a). As 

most parasite species are transmitted through materials contaminated with parasite eggs, 

it is unsurprising that these colonial food handling and consumption practices quickly 

exacerbated parasite spread within the Louisbourg community. Additionally, full bathing 

was not a regular occurrence, particularly among the lower class, as any form of adult 

nudity, even to bath, was considered socially taboo (Lachance, 2000). There was a 

general belief that “private” body parts should not be exposed, even in the comfort of 

one’s home (Lachance, 2000). While avoiding regularly bathing in contaminated water 

would have helped slow the spread of parasites, the inability to physically wash away 

parasite eggs from clothing and skin would have intensified their spread between 

individuals and items used regularly by multiple individuals.   

Within the home, there was a variety of sanitation issues related specifically to 

women and children. Often, mothers did not change their children's diapers regularly and 

children were forced to remain in their soiled clothing for hours at a time, or if only urine 

was present, the cloth diapers would be left to dry before being worn again (Lachance, 

2000). Similarly, sheets (if present) were not regularly changed, so if children wet the bed 

it was tolerated for longer, left to dry and remained unclean for a period of time 

(Lachance, 2000). Sheets or blankets were rare, instead, beds were made of feathered 

mattresses and pillows (Donovan, 1982). Often children slept on the floor, occasionally 

on animal pelts, which would have put them in close proximity with floors dirtied by 
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muddy shoes (Lachance, 2000). This dirt trekked into the household likely continued to 

spread animal feces and contaminated water into the household. Once children could 

walk, they were encouraged to remain naked around the home to avoid excess laundry. 

Children were also urged to excrete on the house floor as this was, theoretically, easier to 

clean up, by use of a broom or by placing hot cinders from the fire on the excrement 

(Lachance, 2000). This means that not only was contaminated material being brought into 

the households (through animal feces or contaminated water), but individuals were also 

contaminating their own homes with personal fecal matter, which severely compromised 

the cleanliness of the house and made parasite infection almost inevitable. 

Additionally, butchers were known to kill animals in front of their shops and leave 

intestines or unsuitable parts of the animals in the street to rot (Lachance, 2000). The 

Louisbourg journals often comment on the large quantities of decaying matter, dead 

bodies, filth, and stagnant waters throughout the city that impacted human health 

(DeForest, 1932:11). Those living in Louisbourg attempted to overcome the smell and 

waste in the streets and in their homes with the use of sanitary products such as chamber 

pots, perfume bottles, razors, combs, and nail brushes (MacInnes, 2018a). Despite these 

attempts at improved cleanliness, the main driving force behind the Louisbourg mutiny in 

1744 was that of the soldiers’ miserable living conditions, both in their own barracks and 

throughout the city (Greer, 1979).  

 5.5.4 Medication  

 During this period, there was a general acknowledgment that poor living 

conditions influenced health and those at Louisbourg turned to rudimentary medicine to 
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treat specific illnesses. Often times, the chaplain of the city would be responsible for 

aiding in the care for the sick, but occasionally a surgeon would participate as well (De 

Forest, 1932). Eighteenth century medicine was unpleasant and not particularly effective. 

Throughout this period in New England and New France, a number of approaches 

coexisted and were used by the community, including botanical or folk remedies and 

prayer (Gallagher, 2014). Two particularly unfortunate remedies were readily used to 

treat consumption (tuberculosis) and the common cough, specifically drinking a black 

cow’s urine and drinking urine or a beverage composed of maple syrup and sheep 

excrement (Lachance, 2000). Although it is not noted whether these remedies worked the 

way they were intended, it is likely that they contributed to the continued spread of 

intestinal parasites through the voluntary consumption of animal waste.  

Although some remedies may have encouraged parasite spread, there was some 

recognition of the relationship between living conditions and specific illnesses. Two New 

England authors, William Buchan and Eliza Smith, published books in the 18th century 

with medicinal advice (Gallagher, 2014). Buchan (1769) noted that the tainted air and 

dirty streets were likely the cause of many illnesses, specifically dysentery and chronic 

diarrhea, and proceeded to recommend hand washing before touching people who were 

sick. Interestingly, both recognized the presence of intestinal parasites and worked to help 

“cure” individuals who were plagued by them. Buchan recommended jalap and calomel, 

violent and mercury-based laxatives as a cure, whereas Smith’s recipes included herbs 

such as centaury and chamomile, as well as beech-nut oil (Smith, 1758). It is unlikely that 

these remedies were particularly useful, but it is important to note that medicinal 
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practitioners were becoming aware of parasite infections and potential cures were being 

identified.  

5.6 Conclusion 

 This chapter explored the relationship between different species of parasites and 

their hosts at the Fortress of Louisbourg. It was determined that Burial 28/2018, Burial 

29/2018, Burial 39A/2018, and Burial 58/2018 showed evidence of true parasitic 

infections. The methodological challenges and limitations of this thesis were also 

addressed, including issues of contamination throughout the various stages of parasite 

recovery and identification as well as the unsuccessful PCR amplification of parasite 

DNA. Both the Ascaris spp. and Diphyllobothrium spp. species were further examined 

with consideration of the impacts they have on their human hosts. Sanitation, diet, and 

animal husbandry are all factors that influence the abundance of parasites in a population 

and would have been particularly relevant in the 18th century. The Fortress of Louisbourg 

likely had a high parasite load due to poor sanitation practices leading to direct contact 

with contaminated water or consuming/being in contact with meat (terrestrial or marine) 

that has not been properly cooked. This chapter helps to better understand how the two 

parasite species identified in this research could have spread throughout the Louisbourg 

community and what impacts they likely had on the everyday lived experience of these 

seven individuals.   
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CHAPTER 6: CONCLUSION 

6.1 Revisiting the Research Questions 

The main objectives of this research were to expand the current 

archaeoparasitology sampling and identification methods used in bioarchaeological 

research and to use this parasite data to extract information about the lived experience at 

the 18th century Fortress of Louisbourg. The primary research question of this thesis was 

whether or not the soil sample methodology used in this study would allow for the 

capture and identification of parasite eggs.  

It was demonstrated that the methodology for this thesis proved effective in 

collecting and morphologically analyzing parasite eggs from soil samples. The cranial 

samples acted as excellent controls for the experiment, allowing for the comparison of 

eggs counts between various sampling locations across individual burials. This egg 

quantification also allowed for an exploration of true versus false infections. Although 

the DNA molecular analysis was unsuccessful, the likely methodological issues were 

identified and can be avoided in future analyses. The integration of both morphological 

and molecular data is the natural progression for this research, as it provides an 

opportunity to confirm which species of parasites were most prevalent at Louisbourg.  

 As stated, four of the seven sampled burials had a parasite infection at death. 

Although this was a small sample size, it demonstrates the likelihood of seeing parasites 

in the majority of individuals (currently 57%). This is not surprising based on the poor 

and crowded living conditions at the 18th century Fortress of Louisbourg. Each parasite, 

Ascaris spp. and Diphyllobothrium spp. has specific impacts on their hosts. Those who 
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were infected with Ascaris spp. parasites likely suffered from various nutritional 

deficiencies, and may have been more susceptible to other, more detrimental illnesses 

(Hadidjaja et al., 1998). Similarly, those who were hosts to Diphyllobothrium spp. would 

have been particularly vulnerable to metabolic disruptions such as vitamin B12 loss and 

the resulting anemia (Nyberg et al., 1961). The daily life of these parasitized hosts would 

have likely included abdominal pain/discomfort, nausea, and diarrhea (Loría-Cortés and 

Lobo-Sanahuja, 1980). Understanding the detrimental effects of these two parasites 

provided an opportunity to explore individual life histories and to build on the rich 

historical literature about living conditions and the daily experience during this early 

French colonial period.  

The second research question of this thesis focused on how sanitation, dietary, 

and medicinal practices influenced the abundance of parasites at Louisbourg.  Sanitation 

is one of the main factors that influence transmission of parasites, as many spread 

through contaminated material such as water, clothing, and skin to skin contact (Bethony 

et al., 2006). Sanitation practices such as hand washing, bathing, and maintaining clean 

households and clothing can minimize parasite spread, however, these practices were not 

carried out with great frequency at Louisbourg. Contact with domesticated animals such 

as the pigs raised and butchered at Louisbourg also increased the amount of time spent 

with fecal matter and contaminated materials, such as undercooked meat, thus increasing 

exposure to specific parasites such as Ascaris spp. (Donovan, 2006; LaChance, 2000). 

Additionally, historical records suggest that fresh-water fish were an important element 

of the colonial diet, despite the economical reliance on cod, introducing those at 

Louisbourg to fish infected with Diphyllobothrium spp.  This consistent contact with 
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fecal matter, animal carcasses, infected fish, and contaminated water promoted spread 

across the community, likely infecting much of the population (Donovan, 2006; 

LaChance, 2000). While parasites may have been recognized by the emerging 18th 

century medical community, proposed remedies likely further their spread throughout the 

population.   

6.2 Future Research  

 6.2.1 Molecular Analysis 

As previously discussed, the extraction of parasite DNA directly from the soil was 

unsuccessful.  This means that the next step will be to perform the DNA extraction 

directly on the sieved soil. After the micro-sieving (described in section 3.2.1), ideally 

only the parasite eggs and minor debris will be present within the centrifuge tubes which 

will prevent the contamination of other organic materials. This process requires an extra 

step of concentrating the parasite eggs down from their original 5mL liquid solutions so 

that a large number of eggs can be collected for DNA analysis. Ideally, the extra steps of 

sieving the soil and concentrating the eggs will prevent the membrane (within the 

column) from becoming “clogged” with debris and other soil contaminants and will allow 

parasite egg DNA to be more efficiently collected so it can be amplified with PCR.  

Additionally, the process of meta-barcoding will improve the molecular 

identification in future research. Meta-barcoding is the process of testing for a wide 

variety of different parasites at one time (Søe et al., 2015). Although less specific than 

directly testing for one parasite species, it will provide information about species that 

may not be able to be identified morphologically due to poor preservation or low egg 
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availability (Søe et al., 2018). Meta-barcoding can allow for the reconstruction of entire 

parasite communities, which could be extremely beneficial for determining all species 

present in collected soil samples (Wood, 2018).  

 6.2.2 Skeletal Indicators of Stress  

A benefit to analyzing parasites that are directly connected to skeletal 

assemblages is that the macroscopic study of the human remains may incorporated with 

the parasite data (Stuart‐Macadam, 2005; Keenleyside and Panayotova, 2006; Temple 

and Goodman, 2014). It has been suggested that there may be a direct link between 

pathogen or parasitic infections and two specific indicators of nutritional stress; cribra 

orbitalia and porotic hyperostosis. While traditionally associated with various types of 

anemia (dietary or acquired), pathogen loads may also play a role in lesion development 

due to their metabolic influence (Holland 1997; Reinhard 1988; Stuart-Macadam, 2005). 

Therefore, exploring the relationship between macroscopic indicators of stress and 

parasite data may provide further insight into the causative factors behind these skeletal 

lesions and what role parasites may play. 

 6.2.3 Contamination and Sample Testing  

Contamination was a constant consideration throughout this research and 

influenced the data that could be captured. Moving forward, it may be beneficial to 

collect soil samples from additional locations in and around the skeleton. Certain mature 

parasites travel throughout the large and small intestine, allowing for a variety of possible 

location sites to find parasite eggs (Gunn and Pitt, 2012). As some intestinal parasites can 

lay up to a million eggs a day, sampling at locations where the mature parasite would 
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have been may provide differing results than just sampling inside the pelvic bowl 

(Garcia, 2009; Gunn and Pitt, 2012; CDC, 2017). Multiple sampling sites would allow 

for a comparison of egg abundance from different pelvic and abdomen locations and 

arguably maximize egg recovery.  

Further, collecting soil samples from the grave outline (prior to reaching the 

skeletal remains) and from the sterile soil (after the skeleton has been fully excavated) 

will help identify how many eggs, if any, are present in the surrounding soil. This would 

clarify whether or not the surrounding soil is contaminated with eggs (animal feces) and 

potentially skewing the individual burial results. While the cranial soil samples in this 

study acted as controls, understanding the broad distribution of eggs across an excavation 

provides an additional level of data that better informs the analysis of individual burial 

egg counts. 

 6.2.4 Floatation Methodology 

As discussed in chapter 5, one of the challenges with morphological egg 

identification was the amount of debris that remained after sieving was complete, 

obscuring some of the eggs. A potential solution to this challenge in future research 

would be to test the floatation method, as soil debris is less likely to become collected 

after the eggs are floated in a saline solution. However, as discussed in chapter 2, this 

method allows for the determination of presence or absence of parasite eggs, but not their 

quantification which is necessary in determining a true infection. 
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 6.2.5 Demographic Information  

Another step for future research would be to increase the number of sampled 

individuals from the Fortress of Louisbourg. This small sample of seven individuals 

provides an excellent reference sample for method testing and preliminary comparison of 

demographic characteristics (such as sex and age); however, a larger sample size would 

allow for a more in-depth analysis of population trends and the overall prevalence of 

intestinal parasites present at the Fortress.  

6.3 Research Contributions 

This thesis directly contributes to the field of archaeoparasitology through 

methodology development and testing and by providing comparative parasite data for 

other similar temporal and geographic populations. As one of only three 

archaeoparasitological studies in Canada, this work provides significant data to help 

identify archaeological parasite prevalence across North America. Additionally, this 

research encourages bioarchaeologists to collect soil samples at the time of excavation, to 

prevent the loss of parasite data which can provide a rich context for individual and 

population studies. Further, the results of this thesis are not only valuable to those within 

academia but can be understood and appreciated by the general public. Through the 

partnership established between UNB and Parks Canada we have a unique opportunity to 

share the results of this work with the general public to better illustrate the stories of what 

daily life would have been like within the Louisbourg community. Thus, those who visit 

this reconstructed Fortress can learn, connect and understand more about life in the 18th 

century. Finally, this research offers a noteworthy perspective of colonial life. While 
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complex economic and political interactions dictated much of the colonial experience, the 

invisible, yet substantial parasite-host interactions were arguably just as a significant in 

the daily experiences of those who lived and died at the 18th century Fortress of 

Louisbourg. 
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APPENDIX A: Egg Collection Raw Data 

Total Number of Eggs Discovered 

  

Ascaris Diphyllobothrium All Parasite Eggs 

 Cranium Pelvis   Cranium Pelvis   Cranium Pelvis  

B28 0 36 B28 0 0 B28 0 36 

B29 0 47 B29 0 0 B29 0 47 

B30 0 11 B30 0 0 B30 0 11 

B33 3 3 B33 1 0 B33 4 3 

B39 6 19 B39 0 0 B39 6 19 

B53 2 9 B53 0 0 B53 2 9 

B58 1 6 B58 2 25 B58 3 35 

 

Multiplied to equal egg/g (x10x5) 

  

Ascaris Diphyllobothrium All Parasite Eggs 

 Cranium Pelvis   Cranium Pelvis   Cranium Pelvis  

B28 0 1800 B28 0 0 B28 0 1800 

B29 0 2350 B29 0 0 B29 0 2350 

B30 0 550 B30 0 0 B30 0 550 

B33 150 150 B33 50 0 B33 200 150 

B39 300 950 B39 0 0 B39 300 950 

B53 100 450 B53 0 0 B53 100 450 

B58 50 300 B58 100 1250 B58 150 1750 

         
Multiplied to account for 30.9 percent loss 

 

Ascaris Diphyllobothrium All Parasite Eggs 

 Cranium Pelvis   Cranium Pelvis   Cranium Pelvis  

B28 0 2605 B28 0 0 B28 0 2605 

B29 0 3401 B29 0 0 B29 0 3401 

B30 0 796 B30 0 0 B30 0 796 

B33 217 217 B33 72 0 B33 289 217 

B39 434 1375 B39 0 0 B39 434 1375 

B53 145 651 B53 0 0 B53 145 651 

B58 72 434 B58 145 1809 B58 217 2533 
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APPENDIX B: Burial Images 

 

Figure B-1: Burial 28/2018 prior to removal.  
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Figure B-2: Burial 29/2018 prior to removal. 
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Figure B-3: Burial 30/2018 prior to removal. 
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Figure B-4: Burial 33/2018 prior to removal. 
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Figure B-5: Burial 39A/2018 prior to removal. 

 

Figure B-5: Burial 39A/2019 prior to removal. 
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Figure B-6: Burial 53/2018 prior to removal. 
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Figure B-7: Burial 58/2018 prior to removal. 
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