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ABSTRACT

This study examines the use of geometric morphometrics in assessing cranial
morphology of 18" to 19" century populations from Montréal and Sainte-Marie; where
three-dimensional coordinates of 18 landmarks were obtained. Additionally dental
metrics were also used to complement the cranial analyses. This study attempted to
determine whether high resolution measurements improve the ability to detect patterning
and variation. Using principal component analysis (PCA), facilitated by Paleontological
Statistics (PAST) software, this research determined that there were no significant
differences between Montréal and Sainte-Marie cranial morphology. There were cranial
length differences within the populations, likely caused by the diverse immigration and
admixture of individuals in the St. Lawrence region, confirmed using comparative
European populations. However, it was difficult to determine any definitive potential
causative factors of the observed cranial similarities or differences due to small sample
sizes. Dental analysis using SPSS was in agreement with cranial analyses, where overall
there were minimal differences between the dentition of Montréal and Sainte-Marie

individuals.
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CHAPTER ONE: INTRODUCTION

1.1 Purpose and Objectives

In this study, two St. Lawrence region populations were used as examples to
assess the impact of improved methods in geometric morphometrics for examining
cranial variation. By assessing differences and similarities in cranial size within and
between these populations, potential causative factors of variation were considered. In
addition to the investigation of cranial variation, dental metrics, and comparative cranial
and dental studies were also explored as supplementary data.

Craniometrics have been a major part of osteological analyses since the 1860s.
However, in the early years of biological anthropology, craniometrics was often used to
undertake an analysis of racial differences, and it came under attack in the early 1900s.
In recent years, new technologies have emerged to record three dimensional data, and in
biological studies, including craniometrics, these have led to the increasing application
of geometric morphometric (GM) methods, which allows for the analysis of overall
morphology using Cartesian geometric coordinate measurements. These new methods
are supplementing, and in some cases, challenging and replacing traditional linear and
shape-based techniques and allowing for more sophisticated geometric approaches,
which enables the capturing of more variability in shape. These new techniques are
significantly refining biological anthropological approaches to traditional studies,
including comparison of populations and the determination of biological distance by

analysing cranial variation among groups. The research presented in this thesis extends
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this analysis, exploring these new methods for capturing geometric data in an attempt to
evaluate both these new methods, and geometric morphometrics generally.

While the identification of variation may provide a great deal of such
information about a population, it is equally important to assess the factors that influence
these size and shape differences. Despite the mechanisms that regulate growth within the
body and the cranium, this process can be disrupted by external stress factors, such as
malnutrition and disease (Bogin and Smith 2000; Larsen 2015). Additionally, underlying
genetic components that influence growth and development can introduce further
variation within and between populations based on individual heterogeneity (Larsen
2015). Understanding cranial growth and development aids in interpreting adult skeletal
variation and potential causal factors that were present during the maturation period.

Cranial analyses have been undertaken on multiple archaeological populations
with the goal of understanding biological distance studies (see Relethford and
Harpending 1994; Relethford 2004a; Roseman and Weaver 2004; McKeown and Jantz
2005; Harvati and Weaver 2006; Halgrimsson et al. 2008). These studies of biological
distance in archaeological populations have generally employed cranial morphology to
assess the degree of dissimilarity among populations separated by time and/or
geography, and more recently using geometric morphometrics (Hennessy and Stringer
2002; Pietrusewsky and Chang 2003; McKeown and Jantz 2005; Pietrusewsky 2014).
Geographical distance is commonly used as a proxy for biological distance

(Pietrusewsky and Chang 2003; Smith 2011; Pietrusewsky 2014). However, in the case
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of multiple colonisation events of a region by different groups, such as in the early St.
Lawrence region (Cooper 1969; Prévost 1993; Dickinson and Young 2008; Linteau
2013), additional epigenetic factors can also result in cranial variation within a
population. It is these genetic and epigenetic factors that might be expected as
significant drivers of cranial variation within and between populations and sub-
populations, including in the case discussed in this thesis, as examined in cemetery
assemblages from the Montréal and Sainte-Marie.

Dental measurements are often used to support cranial analyses in biodistance
studies, as teeth are the hardest tissue in the body and are thus more likely to survive in
an archaeological context (Hanihara 1992; Matsumura et al. 2011; Bulbeck 2013).
Additionally, teeth are strongly influenced by genetics (Morita et al. 2012; Pilloud et al.
2014), and less so by environmental factors (Harris et al. 2001; Deepak et al. 2015;
Larsen 2015; Luna 2015). Therefore, dental measurements analysed in conjunction with
craniometrics allows exploration of both internal and external factors leading to
variations between populations.

To date, no studies have focused on cranial morphology of the lower St.
Lawrence region to investigate how intrinsic and extrinsic factors may have affected the
cranial morphology within these populations; furthermore, most of the conventional
bioarchaeological analysis in this region has used traditional linear approaches, making
this region an excellent place to examine the application of geometric morphometrics to

explore cranial morphology. As the primary goal of this research was to evaluate
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craniometrics and the impact of digital technologies on the acquisition of geometric data,
the following questions were explored:
1) What is the nature of cranial differences within and between Montréal and Sainte-
Marie populations?
2) Is geometric morphometrics an effective method in analysing cranial variation?
3) If differences are present, then are the possible causative factors of this variation
the result of colonisation and admixture between different groups?
1.2 Research and Methodology
This research is focused on three 18™ to 19" century cemetery populations
representing groups of the lower St. Lawrence region. Due to the vast and heterogeneous
nature of immigration from Europe to these locations, it can be expected that the
immigrant population may share some cranial similarities, but may exhibit considerable
variability. In order to explore this, a geometric morphometric approach was undertaken
involving the attainment of three-dimensional cranial landmark coordinates and their
statistical analyses. Discriminant function analysis was used to assess the boundaries of
the Montréal and Sainte-Marie populations in terms of size, with principal component
analysis (PCA) used as the main analytical method to measure the total variability
between the populations and to suggest which specific cranial landmarks might have
been the source of variation. Dental metrics were used as secondary line of analysis, to

evaluate the cranial results using independent samples t-tests. In addition to these main



cranial and dental studies, comparative studies were also used to provide further context
for any observed variation.

This chapter has provided an outline of the research, objectives, and methods.
Chapter Two discusses the cemetery populations used in this study and explores the
ethics involved in using skeletal assemblages. A history of craniometrics is also
provided, followed by a methodological discussion of geometric morphometrics, a
description of cranial growth and development, and the potential causative factors that
can disrupt this mechanism, thereby altering cranial morphology. Additionally, Chapter
Two also discusses dental growth and development, and how dental metrics are used in
bioarchaeology. Chapter Two also explores the limitations and considerations of this
research project. Chapter Three provides more details on the methodologies and
analyses employed in this research, and the way in which they enable exploration of
cranial and dental morphology. Chapter Four presents the results of this research in
detail, and in Chapter Five there is a discussion of the patterns observed in both
populations and in the comparative studies, with an explanation of what these trends
mean in identifying the causative factors responsible for any observed variation. The use
of geometric morphometrics in analysing any observed cranial variation is also

reviewed. Finally, Chapter Six provides the conclusion for this thesis.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

The purpose of this chapter is to provide context for this thesis in terms of the
skeletal assemblages studied and the bioarchaeological methods used in their recovery.
Firstly, a review of the cemetery populations used to examine the application of
geometric morphometrics and 3D coordinate landmark analysis to craniometrics is
provided. The methods and ethics involved in the excavation of these skeletal
assemblages are also discussed. This is followed by a summary of the history of
craniometrics and a methodological discussion of cranial geometric morphometrics, as
well as the dental metrics that were used as a methodological comparison for
understanding and contextualising skeletal variation. The limitations and analytical
considerations for this thesis are also examined at the conclusion of this chapter.
2.2 Cemeteries

To explore the application of new techniques to skeletal samples, three
previously excavated cemetery samples from the St. Lawrence region in Canada were
used (Figure 2.1). All of these samples were recovered as a part of salvage
bioarchaeological projects where cemeteries were excavated to avoid them being
impacted on by developments, and all date from the early 18" century to the late 19"

century.



2.2.1 Saint Antoine

The Saint Antoine urban cemetery (Figures 2.2 and 2.3) was the source of one of
two samples from the modern city of Montréal, and has a Borden site number BiFj-37,
assigned by provincial regulatory authorities as a part of a Canada-wide archaeological
site designation system, (Borden and Duff 1952). The cemetery belonging to the Notre
Dame Catholic parish, was in use between AD 1799 and 1854 (Arkéos 2014; Ethnoscop
2012, 2014). It was excavated by Ethnoscop in 2008 and Arkéos in 2012 as a part of
development and renewal in the Montréal urban core.

Over the period of its use, Saint Antoine cemetery is estimated to have contained
54,000 individuals in total and was expanded in 1812 and again in 1824 (Ethnoscop
2012, 2014). In 1821, remains from the first two Catholic cemeteries constructed in
Montreal (Pointe-a-Calliéres and Notre Dame, AD 1642 to 1654), were relocated to
Saint Antoine cemetery (Rosenberg 1962; Ethnoscop 2012). Many of the cholera and
typhus victims from the mid-19" century were also buried in the Saint Antoine cemetery
(Rosenberg 1962; Rutty and Sullivan 2010; Ethnoscop 2012). Due to rapid urbanisation
in the mid-1800s, a lack of cemetery space became an increasing problem; digging of
new graves caused destruction of older burials. Therefore, Saint Antoine was forcibly
closed in 1854, and the larger Notre Dame des Neiges cemetery was established
(Ethnoscop 2012). In 1856, a road was constructed through the Saint Antoine cemetery;
this resulted in the excavation of human remains which were transferred to the Notre

Dame des Neiges cemetery. However, this transfer ceased in 1857, as authorities and

7



citizens feared the spread of disease from those exhumed from Saint Antoine (Ethnoscop
2012; Memoire du Québec 2015). To preserve the remaining burials, Dominion Square
Park was constructed between AD 1872 and 1876 at the location of Saint Antoine
cemetery (Ethnoscop 2012). In 2008, the City of Montréal put forward an urban
development plan to restore public works and redevelop Dominion Square Park (now
called Dorchester Square) and Place du Canada, which were high places of
commemoration. During the burial of electric network services the Montréal Electrical
Services Commission (CSEM) was required to have archaeological monitoring as they
excavated trenches for cables. This monitoring encountered human remains, and
triggered bioarchaeological recovery, involving appropriate archaeological methods
(Ethnoscop 2012). The City of Montréal aimed to protect human remains by managing
the project through the Division of Public Art and the Department of Culture and
Heritage, along with the Ministry of Culture, Communications, and the Status of Women
of Québec under the Cultural Development Agreement that connects them (Ethnoscop
2012). Through this management framework, the project was able to ensure compliance
with professional bioarchaeological and regulatory standards.

Each unit was mechanically excavated to approximately 1m to 2.20m in depth,
and then excavated with small tools thereafter (Arkéos 2014). The public profile of this
project was high, and involved considerable community engagement with presumed

descendant communities (Ethnoscop 2012).



2.2.2 Pointe-aux-Trembles

Pointe-aux-Trembles is also an urban cemetery in Montréal, and has been
assigned the Borden site number BiFj-17. Portions of this cemetery were also excavated
by private-sector bioarchaeological recovery firms, to mitigate impacts from urban
development and renewal. The cemetery belongs to the Saint-Enfant-Jésus parish,
founded in 1674, and St.-Enfant-Jésus Catholic Church.

Like Sainte Antoine, the Pointe-aux-Trembles cemetery had a long history of
development, including four distinct phases of interment (Figures 2.2 and 2.3). The
earliest phase of the cemetery dates from AD 1677 to 1709. It was expanded during the
second phase (AD 1709 - 1843), due to lack of space and overcrowding in the original
plot. It was then expanded into the third cemetery, which was in use from AD 1843 to
1912. All three of these interment phases were located east of Rue Notre Dame and west
of the St. Lawrence River in close proximity to one another. The fourth phase of this
cemetery began in 1912 and it continues to be in use to the present day; this final phase
is located between St-Jean Baptist Boulevard and 12" Avenue (Leslabelle nd).

Human remains dating to the second phase of the Pointe-aux-Trembles cemetery
(AD 1709 - 1843) were recovered by the private-sector firm Ethnoscop during
development-related activites, and are the focus of this research (Ethnoscop 2015).
During this project, 63 individuals were excavated from this cemetery in 2014 by the
excavation company Ethnoscop Ltd. (Ethnoscop 2015). The report for this recovery

project is primarily related to the ensuing bioarchaeological analysis and contains
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relatively little information regarding the excavation processes. However, given that the
city of Montréal manages its own permitting and is compliant with regulatory and
professional standards, as mentioned above, it is likely that the Pointe-aux-Trembles
cemetery excavation was handled in the same way as the Saint Antoine cemetery.

2.2.3 Sainte-Marie

The third cemetery population examined in this study is from the Sainte-Marie
rural Catholic cemetery in the Beauce area of the St. Lawrence region, south of Quebec
City (Borden site number CcEs-1). This cemetery was excavated by Ethnoscop in 2003
and 2004, like the two Montréal cemeteries discussed above, as a result of impacts
caused by development in the area. Unlike the bioarchaeological projects undertaken at
the two Montréal cemeteries, however, this project took place under a provincial
regulatory framework; nonetheless, the larger bioarchaeological standards and methods
used during the recovery are the same.

This cemetery is associated with the Ste-Marie-de-Beauce parish, and is located
at the corner of Rue Notre-Dame North, Sainte-Marie (see Figure 2.4) (Leslabelle nd).
The first settlers of Sainte-Marie arrived in 1738. In 1748 land was donated for the
cemetery and the first burials were interred at that time (Ethnoscop 2006). By 1840 more
than 4,500 individuals had been buried at this site, with the parish priest complaining
about overcrowding and how it was difficult to dig new graves without disturbing old
ones (Ethnoscop 2006). In 1832, and again in 1873, an extra six feet of soil was placed

on top of the cemetery as expansion outwards was not possible. The cemetery was
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eventually closed in 1879 upon the opening of a new, larger cemetery in the area
(Ethnoscop 2006). As soon as the old cemetery was closed an exhumation permit
allowed for the removal and burial of 88 individuals into the new burial ground
(Ethnoscop 2006). Since this period, there has been considerable development of the old
burial site through erection of buildings such as hangars and a garage, creation of a
parking lot, and street construction, and these activities have likely had a great impact on
the remaining burials (Ethnoscop 2006).

Due to bridge construction over the Chaudiére River, salvage excavations took
place in the old cemetery in 2003 and 2004, resulting in the removal of with 62
individuals (Ethnoscop 2006). The Québec Department of Transport, in consultation
with the Regional Directorate of the Ministry of Culture and Communications, mandated
a historical study, and an archaeologist from the Direction of Capitale—Nationale of the
MCCQ joined the team to monitor potential impacts on archaeological resources. As a
result of this, it was discovered that remains of the former Sainte-Marie cemetery were
endangered by redevelopment of the overlying church parking lot, and therefore some
burials had to be salvaged. The Department of Transport granted tender to Ethnoscop for
archaeological salvage, following which the Ethnoscop team obtained a provincial
permit (03-ETHN-02) from the Ministry of Culture and Communications (Ethnoscop
2006).

During this project nine 2m x 2m units were excavated in total; five of these

were within the known cemetery boundaries, while four were outside of them. These
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units extended to depths between 1.5m and 3m below the surface. A tracked excavator
was used for initial mechanical excavation to bring the units down to the level of the
burials, then small tools and manual excavation protocols were used once the burials

were encountered (Ethnoscop 2006).
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Figure 2.2
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2.3 Recovery Methods

As discussed above, the samples were recovered from three different cemeteries
as a result of mandated bioarchaeological salvage projects resulting from development
impacting on these sites. This work was undertaken by two private-sector archaeological
firms, Ethnoscop and Arkéos; Ethnoscop was involved in all three excavation projects,
while Arkéos also worked on the Saint Antoine cemetery project. As per provincial and
municipal regulations and guidelines, each of the projects involved the use of standard
historical archaeological and bioarchaeological excavation methods. All three projects
had as their primary goal the recovery of materials and human remains before
destruction. This context is important in terms of the discussion of ethics, both in terms
of the goals of the project, and in terms of considerations that may arise from descendant
communities. All of the development plans for these projects searched for ways to
minimize excavation and disturbance of the remains, and when excavation was
unavoidable, the main aim was preservation, careful recovery, and respectful handling of
human remains. The overseeing municipal and provincial bodies guided the work using
a regulatory framework for heritage and cultural assessment in the Province of Québec.
However, there appears to be differences in how the regulations were enforced, as the
excavations in the City of Montréal were handled by municipal agencies, whereas the
excavations in Sainte-Marie were dealt with directly through a provincial permitting
system; despite these differences all cemetery excavations and handling of remains were

done according to shared and overlapping regulations and standards set forward by the
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governing bodies. The remains from these cemeteries will be returned to the parishes
and reburied once analysis is complete.

From a bioarchaeological perspective, early European settlers in the St.
Lawrence region have not been well documented. Ribot and Lettre’s (2009) preliminary
study examined three Canadian Amerindian groups, from Nunavut, Manitoba, and
British Columbia; the results showed cranial breadth and facial variation between the
groups. The history of Québec was investigated by Morland and Ribot (2010) from a
health and nutritional perspective using paleopathology and paleochemistry with the
goal of quantifying the health status of the population and assessing their nutritional
habits. They found that there were considerable differences in the demographical data
(i.e. age, sex, mortality) likely caused by differential access to food within the
population. Colonisation and admixture between populations in Québec was assessed by
Vigeant and colleagues (2017) using stable isotopes and by B-Hardy and associates
(2015) using dental morphology. The results of these studies reflect the colonisation of
the area by Europeans and the admixture between them and the Indigenous people of
Queébec. Despite these studies, there has been no skeletal analysis pertaining to cranial
variation carried out on the populations of the St. Lawrence region, and these samples
have considerable potential to contribute to this understanding. However, they also
provide an excellent test sample for evaluating techniques, work that will be undertaken

in this thesis.

15



2.4 Craniometrics

2.4.1 History of Craniometrics

Osteometry, or the methodical study of human bones by means of measurement,
emerged through interdisciplinary collaboration as techniques and ideas were shared and
compared (Hoyme 1953; Pietrusewsky 2008). Physical measurement of the skeleton has
been a major part of the methodology employed in bioarchaeology since the beginning
of osteological analyses, and has been used to describe individuals and compare groups
by analysing phenotypic variation (Morton 1839; Buikstra and Ubelaker 1994;
Halgrimsson et al. 2008). Craniometrics is a subset of these broader approaches, and is
the use of measurements to determine cranial morphology (i.e. size and shape).
However, in the early years, craniometrics was underpinned by concepts of the
importance of cranial shape for determining both individual characteristics and abilities
and broad patterns of racial classification and presumed capacities. More recently,
craniometrics has been subsumed under general skeletal studies of variation, but the
early association of this racial and racist analysis has remained a problem. In this
research, attempts have been made to examine modern approaches to craniometrics by
applying new methods in an effort to assess modern approaches to overall skeletal
variation, while being mindful of the implications of new technologies for old concerns
within the discipline.

The formal study of craniometrics began in the 19" century, but was preceded by

analysis of cranial shape focused on artistic depictions, such as the work of Camper
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(1791), who was interested in the issue of facial angle as a means to accurately depict
race. In particular, Camper compared modern facial prognathism with that in Greco-
Roman sculptures, identifying differences and means to measure projection of the face
in Europeans, Asians and Africans, thus implicitly using prognathism to classify
individuals into racial groups (Meijer 1997).

In the 19" century, the idea that cranial shape and race were linked to each other
and to other “racial” characteristics was developed into a more formal analysis by
Blumenbach and colleagues (1865). Blumenbach distinguished between five racial types
based on geography and physical characteristics; he furthermore associated them with a
hierarchy of characteristics and abilities, placing Europeans at the top, and suggesting
that other races were degenerate forms of a Caucasian ideal. This work was foundational
to early studies of craniometry, and led to Blumenbach to be known as the founder of
racial classification (Orbe and Harris 2015).

These preliminary studies were followed by works of Morton (1839), Broca’s
extensive inventions and modifications of craniometric instruments (1861, 1864, 1865,
1868, 1869, 1872, 1873a, 1873b, 1873c, 1874a, 1874b, 1875, 1879, 1881), and Anders
Retzius’ works on the cephalic index in 1842 (Larsell 1924), but also include later
revisions and refinements by Hrdlicka (1934, 1939) and Boas (1899, 1912). Building on
the initial studies of Camper (1791), Blumenbach and colleagues (1865), as well as most
other 19™ and early 20™ century studies were focused on racial typology and

classification (Hooton 1923; Pietrusewsky 2008; Walker 2008). These craniometric
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studies generated considerable interest due to the way in which universal explanation of
racial characteristics fed into a colonial context where cultural conflict and imperial
administration were being integrated into early scientific frameworks. While much of
the interpretative and methodological component of this work has been profoundly
rejected, they did lay the foundation for later biological distance studies (Hrdlicka 1934;
Hoyme 1953; Howells 1969; Teter 2000; Walker 2008).

Boas sharply criticized the sweeping generalisations of 19" century
anthropologists, and contributed significantly to the movement away from racial
classification in craniometrics that occurred in the early 1900s. It was not until his work
in (1912) that craniometrics studies became more focused on biological and cultural
aspects affecting human variation rather than confirming predetermined racial
classifications (Gravlee et al. 2003b; Relethford 2004b; Walker 2008). Boas (1912)
compared cranial measurements between children in the US from different ethnic groups
and children born in other countries. He found that cranial morphology can be affected
by different environments during growth and development; however, it does not affect
the underlying genetic component of cranial morphology (Sparks and Jantz 2002,
Gravlee and colleagues 2003a, Relethford 2004b). His work revealed that craniometrics
can be used to investigate environmental and genetic components of a population.

More recently, Howells (1973) obtained cranial measurements from many parts
of the world in an attempt to demonstrate cranial variability on a global scale. His aim

was to sample the total cranial variation of a wide range of humans, and in doing so,
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have a valid basis of comparison for any single skull or population. He stated that his
study was intended to compare methods that describe a skull or population by particular
metric features, leaving the analyst to compare and interpret the results. By doing this,
Howells was able to steer main concepts of cranial morphology away from racial
classifications and also provide accessible craniometric data to other researchers. Many
researchers have used this craniometric data to test hypotheses (e.g. Relethford and
Harpending 1994, Pontikos 2004; Relethford 2004b; Gibbon et al. 2016), and this broad
usefulness has encouraged others to add further information to craniometric databases
(see Ossenberg 2013). Despite the shift towards studying cranial variation within and
between populations, it’s utility for understanding biological distance, and the
acknowledgement that variability has complex sources, earlier craniometry associated
with race remains a problematic component of the history of these studies.

As craniometrics developed, it refined methods focused on the collection of
linear measurements from different populations; there is now a substantial collection of
these data in the literature (e.g., Boas 1912; Howells 1973; Pietrusewsky and Chang
2003; Relethford 2004b; Gibbon et al. 2016). More recently, these craniometric methods
have shifted to Cartesian coordinates, which are three-dimensional (3D) coordinates of
cranial landmarks that are used to better define size and shape variability. This approach
is referred to as geometric morphometrics (GM) (Hennessy and Stringer 2002;
McKeown and Jantz 2005; Slice 2007; Perez and Monteiro 2009; Green 2010). Given

that some of the tensions within craniometrics has related to methods (Gould 1981), and
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given that methodological refinements create opportunities for reevaluation, this
research examines the overall approach to cranial variability through the application of
GM to cranial data as a way of extending the analysis of cranial measurement and its
role in studies of human variability.

2.4.2 Geometric Morphometrics

Morphometrics, the study of complex shape and form, has a comparatively long
history in biological anthropology. As morphometric analysis generally, and geometric
morphometric analysis in particular, produces complex and powerful results but requires
complex mathematical modeling, they have been significantly advanced by computer-
aided analysis. In particular, the use of tools to capture and model three-dimensional
shape data has been particularly powerful, to the extent that some now consider
geometric morphometrics to be categories of virtual anthropology:

Virtual anthropology, or “virtual morphology” if we put it into a

wider context, offers the 21* century machinery that enables

working with virtual copies of specimens and analyzes of shape and

size based on a comprehensive guantitative basis that can capture the

complete geometry. This approach visualizes shape and form

changes that support understanding by their intuitive-nature,

supports reproducible and database-driven reconstructions of form,

and helps to increase sample size considerably by sharing data

(Weber 2015: 37).

Notwithstanding the transformation of the field by technological advances,
geometric morphometrics, the study of shape using Cartesian landmark coordinates to

capture morphological information, grew out of earlier studies of form and variation.

The foundation of geometric morphometrics was laid by Boas (1905), who described a
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method of GM to address the limitations of the Frankfurt orientation, the standard
anatomical position of the skull in a common frame of reference (Cole 1996; Slice
2005). This breakthrough in morphometrics by Boas has been overshadowed by other
research and there has been little acknowledgement of this early work in modern
literature (Cole 1996; Slice 2005). Boas paved the way for studies like Mosimann’s
(1970) research on allometry and size vectors. Mosimann’s work then informed
Bookstein’s (1978) research which was the central point of origin for modern geometric
morphometrics. By utilising geometry for biological applications, Bookstein redefined
the measurements of size and shape variability and therefore, the use of morphometrics
(Lele and Richtsmeier 2001). His follow up publication in 1986, presents the merging of
geometric and multivariate techniques; he suggested using these together helps with
interpreting shape change, shape stability, and the dependence of shape upon size
(Bookstein 1989; 1991).

2.4.2.1 Benefits and Limitations of Geometric Morphometrics

In GM studies, Cartesian coordinates are collected in three-dimensions (3D),
providing more information than linear measurements as these 3D coordinates are
capable of being assessed by more powerful statistical analyses to visualize and quantify
cranial shape differences (Rohlf and Slice 1990; Rohlf 1996; Hennessy and Stringer
2002; Slice 2007; Green 2010). Because this method provides a clear geometric
interpretation of statistical analyses, it combats the criticism that traditional linear

measurements do not correspond to what an experienced morphologist “sees” (Wolpoff
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and Caspari 1997; Hennessy and Stringer 2002). Additionally, advances in digitization
has significantly facilitated the acquisition of coordinate data, as digitising equipment
can directly download data into a formatted computer file, thus eliminating the need for
multiple tools and manual recording (Ousley and McKeown 2001; McKeown and Jantz
2005). Furthermore, by using GM, all landmark coordinates can be simultaneously
correlated to one another in 3D; the scanned data can be used to generate entirely new
comparisons, without collecting new data from the original cranium (Ousley and
McKeown 2001; Hennessy and Stringer 2002). For example, when using the 3D
landmark coordinates to measure distance between two points, any two points can be
selected, whereas, if traditional 2D measurements were taken a variety of dimensions
would not be possible, as only the initial linear measurement obtained is available. As
advancements in statistical tools for GM becomes increasingly available, the
applications for GM extend to studies of cranial variation and its association with
biological distances among populations. For example, Ross and colleagues (1999)
carried out a study investigating cranial variation between American black and white
populations using 3D coordinate data. The results were compared to traditional methods
of discriminant analysis and found similar outcomes; however, GM of the 3D
coordinates provided information regarding the specific location of the variation that
traditional discriminant analysis could not ascertain (Ross et al. 1999). Based on this
investigation, McKeown and Jantz (2005) carried out a study comparing linear

craniometric and 3D coordinate data for the use of biological distance studies, using
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samples from sites in South Dakota. This study showed that more powerful statistical
results were produced using the 3D coordinate data, as these data displayed higher
correlations and lower probabilities of spurious results. Additionally, within one of the
sites, coordinate data showed greater expression of bilateral asymmetry among the
crania. This was not obvious in previous craniometric studies as the traditional methods
are not capable of recording this type of variation (Howells 1973; Sokal and
Uytterschaut 1987; Sokal et al. 1987; Slice 2007; Green 2010). These examples
illustrate the greater flexibility in analyses of 3D coordinate data. For the purpose of
studies where identification and exploration of cranial morphological variation is key to
inferring associations among populations, 3D coordinate data offers advantages over
traditional methods (McKeown and Jantz 2005).

However, 3D landmark coordinate analysis is not without its limitations.
Changes in biological shape can affect size, conversely, changes in size can affect shape.
The extent of size and shape variations can prove difficult to measure separately. The
usual approach is to analyse principal component (PC) loadings to formulate shape
variables from linear combinations of measurements (Zelditch et al. 2004). PC1 is
usually interpreted as size; however, it will evidently include some information
regarding shape also, as do all other PC’s (Zelditch et al. 2004). Any approaches for
separation of size and shape have been disputed such that no such separation is

biologically reasonable (Lele and Richtsmeier 1991; Klingenberg 1998).
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Other limitations of using GM include the fact that cranial coordinates must be
recorded with respect to certain coordinate axes with their numerical values reflecting
their distinctive location and positioning of each cranium on those axes. As well, cranial
size must also be encoded in the coordinates (Slice 2007). According to Slice (2007), the
method used today to tackle these issues is the Procrustes method, which was laid out by
Boas (1905). However, the study that is most commonly cited as the earliest application
of the Procrustes method is Sneath’s (1967) comparison of human and great ape cranial
shapes (Cole 1996). Sneath (1967) scaled, rotated, and translated skulls until the
corresponding landmarks were in a common frame of reference. Procrustes methods are
described as methods “based on the least-squares estimation of translation, rotation, and
sometimes, scaling parameters that optimally, in the least-squares sense, align sets of
landmark coordinates for pairs of specimens” (Slice 2007: 263; Goodall 1991). In other
words, to reduce the sum of squared distances between landmarks, cranial shape
configurations are translated so that the coordinate landmark average for each dimension
is the same for each specimen. Simply, all cranial configurations are centered on the
same origin point. The exact coordinates for each landmark are irrelevant (Slice 2005).
Based on these successful applications of the Procrustes method to cranial studies, a
Procrustes transformation will be used when comparing any coordinate data in this
research in an attempt to limit this bias. This will be done without scaling to ensure

analysis is of cranial size and not just shape. Without ignoring these limitations, we can
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still obtain a great deal of information from the cranium using geometric morphometrics,
and address many of the issues that are inherent in traditional morphometric methods.

It is an aim of this study to build on the work of researchers such as Ross (et al.
1999) and McKeown and Jantz (2005) who have integrated 3D coordinate data as a way
of evaluating traditional approaches to craniometrics, and to be able to integrate new
technological refinements, and consider whether these refinements significantly change
our view of variation.

2.4.3 Cranial Growth and Development

In utero, skeletal development occurs with intramembranous ossification of
embryonic connective tissue, particularly of the frontal and parietal bones, and much of
the axial skeleton (Friede 1981; Tubbs et al. 2012; White et al. 2012; Jin et al. 2016).
Most other bones are made by endochrondal ossification, a process by which cartilage
becomes ossified into bone (Friede 1981; Lieberman et al. 2000; Mao and Nah 2004;
Tubbs et al. 2012; White et al. 2012). In a prenatal state, the skeleton is composed of
immature bone, containing coarsely bundled and woven bone. Immature bone is
temporary and is replaced with mature (lamellar) bone as growth and development of the
skeleton occur. Mature bone is made up of compact and trabecular bone (White et al.
2012; Jin et al. 2016). There are three primary cell types that are responsible for the
formation and maintenance of bone tissue: 1) osteoblasts, which are bone forming cells
that produce and deposit bone material; 2) osteocytes, which maintain bone; and 3)

osteoclasts, which are responsible for the removal of old bone tissue (Tubbs et al. 2012;
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White et al. 2012). The entire process of bone formation, maintenance and removal is
ongoing, allowing bone to change size and shape during life (White et al. 2012; Jin et al.
2016).

The cranium grows and develops in four stages before reaching maturity (in the
adult stage): infancy, childhood, juvenility (the juvenile stage), and adolescence. Infancy
extends from birth to approximately three years of age, during which the cranium
exhibits rapid growth and development (Bogin and Smith 2000; British Nutrition
Foundation 2013; Jin et al. 2016). Infancy is a period when an individual is at high risk
of malnutrition and infection, both of which can affect normal cranial growth and
development (Eveleth and Tanner 1990). When an individual is born they leave a
protected environment with limited physiological influences, entering an environment in
which they must develop with varying conditions (Lejarraga 2002). Critical periods
occur when an individual must grow and develop rapidly; due to this velocity and
restricted time frame during these critical periods, the skeletal system is highly
susceptible to environmental influences (Bogin and Smith 2012). At birth the skull is
made up of 41 bones (White et al. 2012). The frontal bone is in two separate halves, but
by eight months, the metopic suture between the two frontal bones fuse. During infancy,
this single frontal bone becomes more rounded, supporting a rapid increase in brain
growth (Tubbs et al. 2012; Jin et al. 2016). The second stage of growth is childhood,
which spans from three years of age until seven years (Bogin 1999; Bogin and Smith

2000, 2012). Bone deposition and resorption occur on the maxilla, inducing bone growth
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anteriorly, laterally, and inferiorly. The mandible, also subject to bone deposition and
resorption grows in a posterior and superior direction, mainly on the mandibular condyle
on the posterior part of the ramus, prompting movement of the whole mandible in an
anterior, inferior direction (Brodie 1941; Sarnat and Bradley 2010).

After approximately seven years, individuals typically experience a decrease in
skeletal growth; this period is known as the juvenile stage and extends to about 13 years
(Bogin 1999; Bogin and Smith 2000, 2012; Tubbs et al. 2012; Jin et al. 2016).
Notwithstanding, this general slowing, some individuals may experience an increase in
growth towards the end of this period (Hughes 1998). The adolescence stage is where
differences in male and female skeletal growth and development can be seen (Stuart
1946; Bogin 1999; Bogin and Smith 2000, 2012). Differences in the cranial morphology
between males and females are the result of a longer growth phase in males; as a result,
males tend to have larger skulls and display heightened features compared to females
(Bogin 1999; Tubbs et al. 2012; Jin et al. 2016). The end of cranial growth occurs at
approximately 20 years of age, denoted by the onset of the adult stage (Bogin and Smith
2000).

The influence genetics has on the process of cranial growth is widely known
(Bogin and Smith 2000; Tubbs et al. 2012; Zemel 2017). However, factors such as
malnutrition, disease, and unsanitary living conditions can disrupt this genetic
predisposition (Zemel 2017), affecting normal growth and development (Tubbs et al.

2012; Zemel 2017). Therefore, it is important to assess both genetic and non-genetic
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factors that may influence cranial variation (Eveleth and Tanner 1990; Bogin 1999;
Larsen 2015).

2.4.4 Potential Causative Factors of Cranial Variation

As discussed, cranial measurements have been a major part of osteological
analyses and have been used to compare populations and determine biological distance
by analysing cranial variation among groups (e.g., Morton 1839; Howells 1973; Buikstra
and Ubelaker 1994; McKeown and Jantz 2005; Halgrimsson et al. 2008). Cranial
variation is generally viewed as reflecting genetic dissimilarity, despite environmental
and non-genetic influences (Pietrusewsky 2014). Therefore, gene flow and genetic drift
have been considered the main causal factors for overall cranial variation (Relethford
and Harpending 1994; Relethford 2004a; Roseman and Weaver 2004; Harvati and
Weaver 2006; Martinez-Abadias et al. 2009). However, while cranial morphology has a
strong genetic foundation, cranial variation is also a result of multiple developmental
processes affected by various epigenetic factors (e.g., masticatory function, nutrition,
and indirectly, climate and technological changes) (see Hylander 1977a, 1977b; Little
and Baker 1988; Perez and Monteiro 2009; Smith 2011; Larsen 2015; Noback and
Harvati 2015; Paschetta et al. 2016). Certain cranial regions are believed to be more
responsive to external factors than other regions. For example, alterations in facial form
and the neurocranium have been linked with environmental influences (e.g., diet and
climate) (see Hylander 1977a, 1977b; Leonard 2000; Relethford 2004a; Roseman 2004;

Roseman and Weaver 2004; Larsen 2015; Noback and Harvati 2015), whereas the base
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of the cranium is under stronger genetic control with environmental factors producing
minimal variations to size or shape (see Olsen 1981; Harvati and Weaver 2006).

Cranial osseous tissue adapts to physical strain as there is a close relationship
between the working force of muscle and bone growth, especially during the growth and
development stages (Bogin and Smith 2012; Larsen 2015; Noback and Harvati 2015;
Paschetta et al. 2016). For example, with a diet comprised of tough foods, a higher bite
force is required and masticatory muscles will increase in size due to these mechanical
stresses. This increase in muscle size also affects the underlying bone tissues which
similarly respond by growing in size. In contrast, a diet of softer foods results in a
reduction in masticatory muscle strain and consequently, the resorption of bone, leading
to gracilization of the cranium over a long period of time (Hylander 1977b; Larsen 2015;
Noback and Harvati 2015; Paschetta et al. 2016). This change in masticatory apparatus
is pronounced and well documented in the subsistence shift from foragers to
agriculturalists (Larsen 2015; Noback and Harvati 2015; Paschetta et al. 2016).
Paschetta and colleagues (2016) investigated the effects subsistence shifts have on
cranial morphology. Some of the samples compared in their study consisted of foraging
groups and farming groups from Argentina, as well as, pre-contact farmers and an early
colonial group in Mexico Central Valley. This study confirmed that the transition to
softer foods caused a reduction in masticatory muscles, leading to cranial change. This
type of cranial plasticity is not one of the main driving factors that distinguish

geographically diverse groups; however, it can contribute to some of the variation
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observed between different regions (Relethford and Harpending 1994; Relethford
2004b).

Migration has been shown to impact cranial morphology based on genetic and/or
environmental factors (see Boas 1912; Relethford 2004b; Harvati and Weaver 2006;
Walker 2008; Perez and Monteiro 2009; Green 2010; Noback et al. 2011; Smith 2011;
Paschetta et al. 2016). Migration can affect the underlying genetics of a population,
resulting in adaptation by natural selection (Little and Baker 1988; Relethford 2004b).
Genetic similarities in populations are caused by the passing on of genes from non-
random mating (Weiss 2000). However, genetic expressions can be altered due to
mutations (e.g. environmental factors such as UV radiation, or a mistake in DNA
replication) and are reflected phenotypically (Weiss 2000; Pray 2008). These phenotypic
traits are passed down through generations, causing cranial variation within and among
populations. Genetic drift acts upon this mutation causing variation in small isolated
populations, as might occur in the event of a natural disaster that eliminates a significant
portion of the population, causing some traits (alleles) to be in the minority (Smith
2011). Alleles in the minority without an adaptive advantage will decrease from
generation to generation, as a result of natural selection (Slatkin 1977; Weiss 2000;
Harvati and Weaver 2006; Betti et al. 2010; Smith 2011). Smith (2011) carried out a
study investigating the role of genetic drift in human cranial evolution. By comparing
human craniometric variation to geographic distance using population genetic

frameworks, Smith found that crania from populations proximally located to one another
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share the most cranial morphological similarities. However, statistical significance was
low, suggesting not all of the correlations can be explained by micro-evolutionary
processes (Smith 2011), and that cranial morphology is affected by a number of extrinsic
influences, including strains and pressures of the masticatory apparatus, remodelling of
osseous tissue, and indirectly through climate (Boas 1912; Relethford 2004b; Harvati
and Weaver 2006; Walker 2008; Perez and Monteiro 2009; Green 2010; Noback et al.
2011; Smith 2011; Paschetta et al. 2016).

In addition to genetic drift, the migration patterns, as likely occurred within and
between European settler groups in the St. Lawrence region, likely contributed to gene
flow, causing among-group cranial variation to transfer between the populations, as
genetic material from one group was introduced into another group (Harris 1972; Slatkin
1977; Pietrusewsky and Chang 2003; Relethford 2004b; Dickinson and Young 2008;
Walker 2008; Perez and Monteiro 2009). Vigeant and colleagues (2017) investigated the
isotopic composition of dentition and bone from the individuals interred at Notre Dame
Cemetery in Montréal. The results show that oxygen isotopes native to Montréal were
found in some individuals; with some other individuals showing higher oxygen values
suggesting they spent their early life in Europe, confirming the colonisation of the
Québec province and the resultant gene flow between various groups. Gene flow is also
strongly influenced by social behaviours, such as marriage between different ethnic
groups and kinship systems (Hausman 1984; Larsen 2015). Belmessous (2005) and

Kalbach (2002), describe the degree of intermarriage between European settlers and
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Indigenous groups in the St. Lawrence region, suggesting that the once endogamous
groups of Indigenous people became exogamous when assimilation with European
settlers began (Belmessous 2005). A population practicing endogamy should display
cranial homogeneity based on the assumption that cranial morphology becomes
homogenous through time in ancestral lines. In contrast, an exogamous population
should display some degree of cranial variability, as genes derive from potentially
different populations through either matrilineal or patrilineal descent (Larsen 2015).

Developmental plasticity can also introduce size and shape variation as a result
of adaptations to various physiological stressors in a new environment (e.g. malnutrition
or disease) (Boas 1912; Shapiro 1939; Lasker 1969; Bogin and Smith 2000; Gravlee et
al 2003a, 2003b; Relethford 2004b). Periods of stress during skeletal development can
influence the osseous tissue that is able to adapt to maintain homeostasis, resulting in the
slowing of skeletal maturation which may alter overall cranial size and shape (Lasker
1969; Relethford 2004a; Ruff 2008; Gibbon and Buzon 2014; Larsen 2015). This lag in
cranial development can be subject to catch-up growth in later years if the individual
overcomes this stress period and the affected skeletal element has not yet reached
maturity (Larsen 2015). Catch-up growth is defined by Pando and associates (2010: 129)
as “height velocity above the normal statistical limits for age and/or maturity during a
defined period of time, following a transient period of growth inhibition”. However, if
during a stressful period an individual passes the crucial stage of complete cranial

development, some cranial morphological variation may result from the delayed
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development (Pando et al. 2010). Using indicators of stress (i.e. disease frequencies,
skeletal growth patterns, and socioeconomic shifts) to infer periods of duress during
growth and development, may explain some observed cranial variation (Larsen 2015).
Bogin and MacVean (1983) report that nutrition plays an important role in skeletal
maturation; their study of Guatemalan City school children shows that well-fed upper-
class children were taller than poorly nourished lower-class children. This
developmental phenotypic plasticity in individual crania can also introduce variation
within and between populations, albeit on a smaller scale (Larsen 2015).
2.5 Dentition

While the focus of this study is on measuring and evaluating variation in cranial
shape, many studies integrated the analysis of craniometrics into dental metrics, as, for
example, in many studies of biological distance (Falk and Corruccini 1982; Hanihara
1992; Matsumura et al. 1996, 2011; Herrera et al. 2014). Thus, in keeping with this
work, the study of dentition will be considered, and dental metrics will be integrated into
the analysis.

2.5.1 Dental Growth and Development

Enamel is formed by cells called ameloblasts, while odontoblasts are dentin
forming cells (White et al. 2012). Deciduous dental growth and development begins
before birth within crypts of the alveolar process; when each crown is complete and
some root has formed, the tooth erupts. Once erupted, the process of mastication begins

to wear away at the dentition. Before being replaced by permanent dentition, the roots of
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each deciduous tooth are resorbed by osteoclasts and shed; the process of deposition and
resorption occur approximately simultaneously (White et al. 2012). Deciduous teeth
consist of incisors, canines, and molars (White et al. 2012). The infancy stage sees
deciduous teeth begin to emerge; the last deciduous tooth emerges approximately at two
years of age (Hillson 2014). The first appearance of permanent teeth begins during the
childhood stage (Bogin and Smith 2000; White et al. 2012), beginning with the molars
at approximately age six (Hillson 2014). The juvenile stage is a mix of deciduous and
permanent dentition, the last deciduous tooth is not generally lost until after the age of
ten; by 12 years of age most individuals usually have a full set of permanent dentition
present (Hillson 2014).

2.5.2 Dental Metrics

Teeth, being the most resilient tissue in the body, are usually found in abundance
at archaeological sites, allowing researchers to use dental metrics along with
craniometrics to aid in biodistance studies (Falk and Corruccini 1982; Hanihara 1992;
Matsumura et al. 1996, 2011; Herrera et al. 2014), as mentioned above. Unlike the
skeleton, teeth do not remodel once enamel is complete; therefore, permanent teeth
provide a record of an individual’s growth process (Hillson 1996; Larsen 2015). Tooth
size is relatively free from environmental influence with research highlighting that
genetics play a major role in dental morphology (Morita et al. 2012; Pilloud et al. 2014;
Larsen 2015). The strong influence of heritability can explain most of the variation of

tooth size among and within populations (Matsumura 2001; Morita et al. 2012; Pilloud
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et al. 2014; Larsen 2015). This was demonstrated by Townsend and Brown’s (1978)
research on genetic and environmental influences on tooth size of Indigenous
Australians. Their results showed that 64 percent of dental variability could be attributed
to genetics; while seemingly low, these results do account for almost two-thirds of the
variation. This argues for the effectiveness of dental morphology in biological distance
studies. Matsumura (2001), in his study of immigration and population admixture in
Japan, used dental measurements to classify ancient Japanese (Indigenous) and modern
Japanese (immigrant) groups. The results indicated that there were correlations in dental
size suggesting admixture with the immigrants at that time. Similarly, B-Hardy and
colleagues (2015) used dental morphology as a paleogenetic tool to confirm the
admixture between European and Québec populations. However, polygenic traits can be
affected in many ways by environmental influences. Some researchers even suggest that
environmental influences do play a role in tooth size, albeit a small one (Potter et al.
1968; Hanihara 1992; Harris et al. 2001; Deepak et al. 2015; Larsen 2015; Luna 2015).
According to Larsen (2015: 26), “placental insufficiency, low birth weight, maternal
health status, nutritional status, and a variety of genetic and congenital defects are linked
with reduced tooth size”. Therefore, both genetic and environmental factors must be
considered in studies of dental metric variation within and among populations. Luna
(2015) states that environmental factors did not affect the dental metrics in her study of
biological distance in hunter-gatherers from Argentina, ascribing any variation in dental

morphology to genetic background. However, she did advise as a precautionary
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procedure an assessment of environmental influence for the population being studied as
it may affect the different environmental settings for growth and development of the
dentition (Luna 2015). Traditionally, tooth size refers to two measurements, maximum
crown length (mesiodistal), taken at the contact points between the two adjacent teeth,
and maximum crown width (buccolingual) of dental crowns (Scott and Turner 1988;
Hillson 1996). These measurements are recommended by many researchers in this field,
as they provide the overall morphological dimensions of the tooth (see Harris 2003;
Hanihara and Ishida 2005; Vodanovi¢ et al. 2007; Bernal et al. 2010; Deepak et al.
2015). Luna’s (2015) study also suggested the importance of including all available teeth
in dental metric studies to maximise any observed variation. According to Harris (2003),
the greatest variation in dental metrics is between different teeth and not between
multiple measurements of the same tooth. Therefore, it is useful to obtain measurements
of all permanent dentition, excluding third molars because of their occasional absence in
some individuals (Mays 2013, 2014).
2.6 Considerations and Limitations

2.6.1 Sample Representation

While the detailed analysis of skeletal samples represents a key way to assess
variation between and within past populations, as in any bioarchaeological study that
uses skeletal remains, there are considerations and limitations that must be
acknowledged. Under ideal conditions, skeletal remains would be representative of an

entire population during the time period under investigation (Alesan et al. 1999; Pinhasi
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and Bourbou 2008; Larsen 2015). However, this condition is almost never met as access
and examination of a whole population is never possible. Therefore, it is understood that
human skeletal remains from cemetery sites represent (potentially biased) samples of a
once-living group from any single time period (Larsen 2015). Preservation also plays a
role in sample representation as certain individuals may have been afforded differential
mortuary treatment that may or may not have contributed to the preservation of their
physical body (Zigarovich 2009). Additionally, due to time and budgetary constraints,
rarely is an entire cemetery excavated (Figure 2.4) (Pinhasi and Bourbou 2008).

The considerations are particularly relevant to this study, where the samples are
very small, and represent only portions of the larger cemeteries from which they were
derived. Initially, the aim of this study was to make a detailed regional comparison
between these cemeteries, but it was rapidly concluded that any comparison of cranial
morphology between Montréal and Sainte-Marie would be rendered highly problematic
for a range of reasons, including temporal resolution (as any variation could either
represent differences between contemporaneous individuals or temporal differences
between multiple generations), small sample size (as analysable crania represent a subset
of all preserved remains), and a range of external influences (including the impact on
sampling by excavation damage and taphonomic processes) (Pinhasi and Bourbou

2008).
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Figure 2.4
The Biases of Bioarchaeological Excavation and Analysis

— Total dead population

Proportion buried at site

Proportion whose remains were
preserved & survived

Proportion discovered

Proportion excavated

Proportion recovered/ lifted
successfully

[ O R

Proportion curated & available for
study

(Modified with permission from: Waldron 1994: 13)

2.6.2 Fragmentation

As mentioned, fragmentation is also a common issue when working with and
analysing human skeletal remains from archaeological populations, but it is especially
problematic in terms of craniometrics, as it is often difficult to obtain complete crania
which confounds our ability to capture enough accurate cranial landmark data
(Wilkinson and Neave 2003; Marinescu et al. 2014). Noback and colleagues (2011) had
difficulty finding skulls that were not fragmented, which severely hampered the size of
their sample. Additionally, Cardini and Elton (2008) also encountered difficulties with
fragmentary crania; they compensated for this by averaging the missing landmarks for
each group being analysed. As well as fragmentation, taphonomic changes to the
cranium may also impede the ability to accurately collect landmark data. Taphonomic

changes occur post-mortem, and can often be mistaken for ante- or peri-mortem injuries,
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including warping, cranial suture separation, pressure, construction damage, and natural
disruptions (Crist et al. 1997; Byers 2008; Stodder 2008). Cranial fragmentation and
deformation of individuals in an African cemetery were investigated by Crist and
colleagues (1997), who found that of the adult population 54 percent showed
deformation due to taphonomic influences. Taphonomic disturbances that cause
deformaties of the skull, such as pressure from soil or construction can affect the cranial
morphology of an individual, and can be mistaken for cranial variation in comparison to
other populations (Crist et al. 1997).

While modern interment may protect against these elements, historic interment
particularly for the lower and middle classes, would be less likely to mitigate against
such impacts, due to the transference to status to the way in which the dead are treated
(e.g. coffin or shroud, the type of coffin used). Overall, bone can be exposed to a wide
range of destructive elements, most of which have an impact on cranial analysis (Owsley
and Compton 1997).

In terms of this research, it is likely that taphonomic factors have played a
significant role in this study as it is known from historical research and excavation
reports that all three of the cemetery sites in this analysis (Saint Antoine, Pointe-aux-
Trembles, and Sainte-Marie), had been exposed to construction, development and
encroachment by more recent activities, all potentially introducing new taphonomic

considerations (Ethnoscop 2006, 2012, 2014, 2015; Arkéos 2014).
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2.6.3 Sexual Dimorphism

As previously mentioned, during the adolescent stage of growth and
development males and females begin to show differences, especially pertaining to rates
of growth and development of more pronounced features in males (Bogin and Smith
2000). This sexual dimorphism is an important source of variation within and between
populations; grouping males and females together in studies investigating cranial
variation may skew the data (Franklin et al. 2006; Goldstein et al. 2010; Bastir et al.
2011). Green and Curnoe (2009) investigated sexual dimorphism evident in crania using
geometric morphometrics and they found that cranial vault width showed significant
differences between males and females of Southeast Asians. As well as cranial biases,
sexual dimorphism also influences dental morphology as there are documented
differences in dental size between males and females, even within the same population
(Hillson 1996; Schwartz and Dean 2005; Vodanovi¢ et al. 2007). Schwartz and Dean
(2005) noted that the sexual dimorphism in teeth is likely due to added dentine in male
tooth crowns. There are evidently differences between males and females biologically,
and because of these size and shape variations, they must be studied separately in this
research.

2.6.4 Dental Wear and Calculus

Dental wear can result from attrition, caused by tooth-on-tooth contact, and
abrasion, mastication, grit inclusions within the food, and the teeth being used as tools

(Hillson 2008; Larsen 2015). Hillson (2008) states that in many archaeological

40



populations, wear can be extensive enough to expose the roots of the tooth. Teeth are
also subject to cracking and chipping of enamel and cracks and breaks exposing dental
pulp, resulting in infection, like that found in Ward’s (2005) study investigating dental
attrition at the Carlston Annis site, Kentucky. A common characteristic of dentition in
18" and 19" century European individuals is clay pipe facets, where holding the pipe
wore semi-circular notches in the canines and premolars (e.g. Kvaal and Derry 1996;
Hillson 2008). Archaeological investigations of Indigenous populations have also shown
distinctive tooth wear from the use of teeth as tools (Turner and Cadien 1969; Hylander
1977b; Hillson 2008; Larsen 2015). The commonality of dental wear in archaeological
populations creates a challenge when collecting dental metrics from samples, as the
measurement of a tooth with the wear present may not express the true size of the tooth,
giving false measurements and not allowing an accurate comparison to other
populations.

Dental calculus is another issue that must be considered when one works with
dentition in archaeological populations as dental hygiene was not a common practice
during the 18" and 19™ centuries. Calculus is mineralised plaque which is attached to the
surface of the tooth, making it difficult to obtain accurate measurements of the tooth.
According to Hillson (1996), it is not large amounts of plaque build-up that leads to
calculus but more the extent of time the plaque is present, stemming from poor oral
hygiene and/or carbohydrate consumption. The lack of oral hygiene and increased

consumption of carbohydrates during the 18™ to 19" centuries led to an increase in
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dental caries (Mays 2013). Dental caries are caused by destruction of the tooth due to
acid production in dental plaque (Hillson 2008). This build-up of plaque is closely
linked with inflammation of the gums and loss of collagen, called periodontal disease,
subsequently leading to tooth loss (Koritzer 1968; Larsen 2015). Van der Merwe and
colleagues (2010) carried out an investigation into the consumption of carbohydrates and
the presence of dental caries and periodontal disease. The results confirmed that with the
lack of a varied diet, and an increase of carbohydrates there was a prevalence of dental
caries and periodontal disease. The presence of caries and tooth loss in archaeological
populations makes it very difficult to use dental metrics for analysis as the availability of
enough teeth may hinder research. In Herrera and colleague’s (2014) investigation of
different methodologies used in biodistance studies, they eliminated the use of dental
metrics from their comparison, as the sample size became too small for analysis due to
dental pathologies.

2.6.5 Alveolar Bone Resorption

Another limitation present in the assessment of cranial morphology is alveolar
bone resorption which affects cranial morphology. Alveolar bone resorption occurs after
ante-mortem tooth loss and is a progressive resorption of the alveolar bone of the
maxilla and mandible (Mays 2014). Tooth loss can occur due to a number of influencing
factors including damage of the dentition from excessive mastication of hard foods,
using the teeth as tools, and periodontal disease (Koritzer 1968; Molnar 2008; Larsen

2015). The factors influencing tooth loss subsequently causing alveolar resorption can
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result in discrepancies in craniofacial measurements involving the maxilla and mandible.
This, in turn, may impact the presence of any observed cranial variation (Mays 2013).
2.7 Conclusion

Cranial variation has a long history of research, and new techniques offer us a
chance to both contribute to this approach to human skeletal variation, and to critically
evaluate the methods we use and the interpretations they afford. To establish the
parameters of this study, in this chapter, the historical context and method of excavation
of samples from the Pointe-aux-Trembles, Saint Antoine, and Sainte-Marie cemeteries
were reviewed. Subsequently, a history of craniometrics, and the evolution of
interpretative and methodological frameworks were considered. The use of geometric
morphometrics and how it can be used to examine skeletal variation was explored, and
an overview of cranial and dental morphological studies in bioarchaeological research
was provided. A discussion on how both the environment and genetics can affect how
the skull and dentition form was carried out, considering the role of cranial plasticity and
the ability of the human body to adapt. Methods to examine this human skeletal
variability are continually being developed, and the approach to geometric
morphometrics and craniometrics in this study is an explicit attempt to assess them.
Therefore, the aim of this research is to examine the use of geometric morphometrics in
assessing cranial variation between and among populations and how dental metrics are
also used to examine dental morphology as a means to study other methods to assess

human skeletal variation.
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CHAPTER 3: DATA COLLECTION

3.1 Introduction

As discussed in Chapter Two, for this research, three cemetery populations from
the St. Lawrence region were analysed; two from Montréal (Pointe-aux-Trembles and
Saint Antoine) and one from Beauce, south of Québec City (Sainte-Marie). When
referring to individuals from one of the three cemeteries, the term “population” will be
used with recognition that the individuals included in this study are only a portion of the
once living population (see Waldron 1994). When referring to the location of the
cemeteries, Pointe-aux-Trembles and Saint Antoine will be referred to as “Montréal”
collectively due to their proximity to one another and “Sainte-Marie” will be used when
referring to the cemetery from Beauce; “St. Lawrence” will be used when referring to
the three populations together. When discussing smaller divisions of the larger
populations based on sex and age, the term “sub-sample” will be used.
3.2 Skeletal Collections

3.2.1 Selection Criteria

Cranial preservation, age, and sex were used as criteria to select individuals for
this study. Individuals with vault, face, or base preservation were preferentially selected
to ensure identifiable landmarks were present. Only adult individuals were selected for
this study as cranial variation introduced through growth and development may mask
true variation within these populations. Finally, to ensure a more representative sample

of the original populations all attempts were made to include both males and females.
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Cranial landmark data in addition to dental metric data were collected for all individuals
in each cemetery population.

3.2.2 Pointe-aux-Trembles Population

The Pointe-aux-Trembles population is currently stored at the Université de
Montréal and was excavated in 2014 by Ethnoscop (Ethnoscop 2015). The Pointe-aux-
Trembles population is comprised of 63 individuals interred between 1709 and 1843.
Five individuals were used for this study as cranial preservation was extremely poor and
accurate landmark coordinates nearly impossible to collect (Appendix A, Al).

3.2.3 Saint Antoine Population

The Saint Antoine population is also stored at the Université de Montréal and
was excavated between 2009 and 2014 by Ethnoscop and Arkéos (Arkéos 2014;
Ethnoscop 2012, 2014). This cemetery was in use between 1799 and 1854 and
represents an urban Catholic population (Arkéos 2014; Ethnoscop 2012, 2014).
According to excavation reports, more females than males were excavated from Saint
Antoine cemetery; however, fragmentation of the remains did not allow for sex
determination in all adult individuals (Arkéos 2014). One hundred and sixty nine
individuals make up this skeletal population; 19 individuals with the best cranial
preservation were chosen for this study (Appendix A, A2).

3.2.4 Sainte-Marie Population

The Sainte-Marie population is retained at the Université de Montréal. This 18"

to 19" century rural Catholic cemetery was in use between 1748 and 1879 and was
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excavated by Ethnoscop between 2003 and 2004 (Ethnoscop 2006). The total sample
size was 62 and of those individuals, 20 were used for this study based on preservation

(Appendix A, A3).

Table 3.1

Skeletal Populations used in this Study
Cemetery Time Period | Total
Pointe-aux-Trembles 1709 — 1843 5
Saint Antoine 1799 — 1854 19
Sainte-Marie 1748 — 1879 20

3.2.5 Sex Determination

Although both pelvic and cranial traits were used for sex determination, pelvic
traits were recognised as the more accurate source of information (Buikstra and
Ubelaker 1994). The pelvic traits used were: ventral arc, sub-pubic concavity, and the
ischiopubic ramus ridge, which are part of the Phenice (1969) method. Two additional
pelvic traits were also used: the greater sciatic notch and the preauricular sulcus (see
Buikstra and Ubelaker 1994). Furthermore, the following cranial traits, nuchal crest,
mastoid process, supraorbital margin, glabella, and mental eminence, were also assessed
for the determination of sex (Acsadi and Nemeskeri 1970). Sex was previously
determined for some individuals from the Sainte-Marie population by researchers at
Université de Montréal. Blind rechecks were carried out on these individuals to ensure

accurate sex determination with all original and recheck data matching (Table 3.2).
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Table 3.2

Sex Determination for the Cemetery Populations

Cemetery Male Female Unknown Total
Pointe-aux-Trembles 1 3 1 5
Saint Antoine 5 9 5 19
Sainte-Marie 8 12 0 20
Total 14 24 6 44

Due to the nature of working with human remains, fragmentation is quite
common, which resulted in unknown sex designations for some individuals. In an
attempt to remedy this, the software program FORDISC, version 3.1 (Jantz and Ousley
2005), was used to assign sex for the six individuals from Montréal that were unable to
be assessed using the standard methods discussed. This method is based on two-
dimensional (2D) linear cranial measurements calculated from the 3D coordinate data to
determine Euclidean distance (Hammer et al. 2001).

The cranial measurements required to calculate this distance are maximum
cranial length (GOL) and maximum cranial breadth (XCB) (Buikstra and Ubelaker
1994). Once calculated, using a formula derived from Pythagorean’s theorem
(d = V(X2 — x2)* + (Y2 — y1)* + (22 — 21)), these two linear measurements were uploaded
to the FORDISC program and based on probabilities of being either male or female, sex
was assigned. Based on the FORDISC classifications, all six individuals were assigned a
sex; however, these must be interpreted cautiously as the FORDISC comparative
populations are best used on other contemporary groups and not historical populations

(Jantz and Ousley 2005) (Table 3.3).
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Table 3.3
Sex Determination of Unknown Individuals

Cemetery Male | Female | Total
Pointe-aux-Trembles 0 1 1
Saint Antoine 2 3 5
Total 2 4 6

3.2.6 Age Estimation

The pubic symphysis and auricular surface pelvic traits were used to estimate age
for all individuals. Two methods were used together to assess changes in the pubic
symphysis due to the limitations with sex differentiation in the Todd (1921) method and
the broad age ranges involved with the Suchey-Brooks (1990) method. The Lovejoy and
colleagues’ (1985) method was used for age estimation by examining changes of the
auricular surface and surrounding area. The method that satisfied the most conditions
was used in a case where the age estimates were not in agreement. In instances of poor
pelvic preservation, cranial suture closure was also used (Buikstra and Ubelaker 1994).
However, due to the variability of cranial suture fusion (Masset 1989), this method was
used cautiously and only when no other data was available. Age estimation was
previously carried out on some of the individuals from the Sainte-Marie population by
researchers at Université de Montréal. Rechecks were carried out on these individuals to
ensure accurate age estimation with all estimates matching between the original data

collection and these rechecks (Table 3.4).
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Table 3.4
Age Categories of Skeletal Populations

Cemetery 20-30 yrs | 31-40yrs | 41-50 yrs | 50+ yrs | Unknown | Total
Pointe-aux- 0 3 0 0 2 5
Trembles

Saint Antoine 7 1 0 0 11 19
Sainte-Marie 5 4 10 1 0 20
Total 12 8 10 1 13 44

3.3 Cranial Landmark 3D Coordinates

For this study, two instruments were used to collect cranial and dental metric
data; a MicroScribe G2X 3D Digitizer was used to collect 3D cranial landmark
coordinates and a Mitutoyo digital sliding caliper was used for the 2D linear dental
measurements. Practice measurements were collected using both the digitizer and the
calipers to ensure consistency between measurements. 3D landmarks were identified
and collected following standard osteological protocol (Buikstra and Ubelaker 1994).
Dental metric data was also collected using established osteological standards
(Vodanovi¢ et al. 2007) and under the supervision of Dr. Isabelle Ribot at the
Université de Montréal.

To analyze cranial morphological variation, 3D coordinates of 24 cranial
landmarks including the mandible were originally selected. These landmarks were
chosen as they define the morphological attributes of the cranium and mandible.
However, due to significant fragmentation, the number of landmarks that could be
accurately collected from all individuals was reduced to 12 (18, including landmarks
found on both the left and right sides) (Figure 3.1, Table 3.5 and 3.6). Despite this
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reduction in the number of landmark coordinates, those collected still provided adequate
information on overall size and shape variation in the cranium. There are three types of
osteological landmarks: Type I, which are based on specific structures that intersect or
are close together, they occur in the same anatomical position on each cranium and are
the easiest to identify and reproduce; Type Il, which are located at points of sharpest
curvature along tissue boundaries; and Type I1I, whose placement are dependent on
location of another landmark (McKeown and Schmidt 2013). For this study three Type |
landmarks were used, seven Type Il landmarks, and two Type I11 landmarks.

To collect the 3D coordinate data, the skull was placed on a foam base that was
fixed to a stable surface; marked points on this foam were used to calibrate the
MicroScribe each day, using the MicroScribe Utility software. Cranial and mandibular
3D landmark coordinates were collected separately, as they were not stable when placed
together in anatomical position. Once the MicroScribe was calibrated, the landmark
coordinates were obtained; the stylus is placed on the landmark and a hand held button is
pushed to capture the coordinate. This coordinate information is automatically uploaded
into a prepared and labelled Microsoft Excel spreadsheet for analysis. This process is

repeated for each landmark.
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Figure 3.1
Cranial Coordinate Landmarks

(Modified from: Wikimedia Commons 2007)

Table 3.5
Description of Cranial Vault Coordinate Landmarks (Buikstra and Ubelaker 1994)

Vault Landmarks Type Description

Glabella (g) ] Most anterior midline point on the frontal bone

Frontomalare I Most laterally positioned point on the

Temporale (fmt) frontozygomatic suture (left and right)

Euryon (eu) I Ectocranial points on the opposite sides of the
skull that together form the maximum cranial
breadth (left and right)

Lambda (1) I The ectocranial midline point where the sagittal
and lamboidal sutures intersect

Bregma (b) I The ectocranial midline point where the coronal
and sagittal sutures intersect

Opisthocranion Il Most posterior part of the skull, not on the

(op) occipital protuberance
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Table 3.6

Description of Mandibular Coordinate Landmarks (Buikstra and Ubelaker 1994)

Mandibular
Landmarks

Type

Description

Gnathion (gn)

The most inferior midline point on the mandible

Infradentale (in)

The midline point at the superior tip of the septum
between the mandibular central incisors

Condylion process
(cdl)

The most lateral point on the mandibular ramus
(left and right)

Coronoid process
(cp)

The most anterior point on the mandibular ramus
(left and right)

Mandibular notch
(mn)

Notch between the coronoid process and condylion
process of the upper mandibular ramus (left and
right)

Gonion (go)

A point along the rounded posteroinferior corner of
the mandible between the ramus and the body (left
and right)

3.4 Dental Metrics

Buccolingual (BL) and mesiodistal (MD) crown measurements (Figure 3.2) were

taken on all available teeth, both maxillary and mandibular, from Montréal individuals.

Dental metric data for Sainte-Marie were previously collected by the researchers at

Université de Montréal. All dentition displaying wear, pathologies, damage, or calculus

were excluded from the Montréal populations; therefore, there were limited

measurements for analyses (Table 3.7). Additionally, obtaining mesiodistal

measurements on in-situ teeth was difficult. All measurements were taken from the right

side, but substituted with the left side when absent, to increase the number of available

teeth per measurement (see Matsumura 2001; Morita et al. 2012). The teeth that were

most abundant in the Montréal populations were maxillary and mandibular molar 1,
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molar 2, premolar 1, premolar 2, and the canine. All dental measurements were recorded

on a dental inventory sheet (Appendix B, B2) and entered into a Microsoft Excel

spreadsheet for analysis.

Table 3.7
Teeth Analysed for Montréal and Sainte-Marie Individuals
Tooth Position | Measurement | No. of Montreal No. of Sainte-
Individuals Marie
Individuals
Molar 2 Mandibular | Buccolingual 4 3
Premolar 2 | Mandibular | Buccolingual 4 4
Premolar 1 | Mandibular | Buccolingual 4 5
Canine Mandibular | Buccolingual 3 3
Molar 2 Mandibular | Mesiodistal 4 3
Premolar 2 Mandibular | Mesiodistal 4 4
Premolar 1 | Mandibular | Mesiodistal 4 5
Canine Mandibular | Mesiodistal 3 3
Molar 2 Maxillary | Buccolingual 7 2
Premolar 2 | Maxillary | Buccolingual 5 2
Premolar 1 | Maxillary | Buccolingual 4 3
Canine Maxillary | Buccolingual 4 3
Molar 2 Maxillary | Mesiodistal 4 2
Premolar 2 | Maxillary | Mesiodistal 4 2
Premolar 1 | Maxillary | Mesiodistal 3 2
Canine Maxillary | Mesiodistal 4 3
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Figure 3.2
Landmarks used for Dental Measurements on the Mandibular First Molar

Buccal
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Mesial Distal
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3.5 Data Analyses

3.5.1 Cranial Vault and Mandibular Analyses

Due to the fragmentary nature of working on skeletal remains, missing
landmarks is a common occurrence. This poses a problem with the geometric
morphometric (GM) method used in this study, as GM requires all individuals to have
the same number of landmark coordinates. To account for this, analysis can be restricted
to a subset of landmarks that are available on all specimens or missing landmarks can be
estimated (see Cardini and Elton 2008; Gunz and Mitteroecker 2013). As discussed in
3.3, Cranial Landmark 3D Coordinates, above, analysis was restricted to a subset of
landmarks available on all individuals, for a total of 18 landmarks (including left and
right sides). However, despite this reduction within each population, there were still
some missing landmark coordinates that needed to be estimated within each population.

For those individuals, estimates were calculated based on sex averages within the larger
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population to ensure that sexual dimorphism did not influence the calculated landmark
estimations (see Cardini and Elton 2008).

For this study, initial comparisons were made between the Montréal and Sainte-
Marie crania to observe any similarities or variation within or between the populations.
These analyses were carried out using Paleontological Statistics (PAST) software
package, version 2.17 (Hammer et al. 2001). PAST was initially selected for this study
as it provides a user friendly platform that allows results to be easily interpreted. It
allows for colour coding of populations making interpretation of results clearer;
additionally, populations and individuals can be selected or deselected for different
analyses. Initially, for this study, bubbleplot graphs were created to assess any outliers
within the St. Lawrence populations (Appendix C).

Discriminant function analysis (DFA) is a multivariate technique that maximises
the difference between groups and defines which measurements have the most effect on
predicting group membership (McKeown and Jantz 2005; Pietrusewsky 2008).
Discriminant function analysis through the PAST program was used on Montréal males
and females and Sainte-Marie males and females to confirm that they classified
separately based on sex and the known differences between male and female cranial size
and shape (Bogin and Smith 2000; Green and Curnoe 2009). Discriminant function
analysis was then completed between the Montreal and Sainte-Marie individuals,
divided by sex, to ensure there were no major outliers, and to confirm that all individuals

classified into their designated Montréal and Sainte-Marie populations.
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Principal component analysis (PCA) was run using PAST to measure the total
variability between populations by taking all variables (i.e. landmarks) into account.
Principal component analysis reduces the data to a workable size by excluding the
dimensions that give no real significant information, and evaluating individual
distribution of each cranial landmark coordinate (Field 2013; UCLA 2015). Principal
component analysis returns a percentage of variance and an eigenvalue, which is a
number showing how much variance there is for each landmark coordinate. Component
loadings illustrate how much variation is explained by the cranial landmark coordinates,
the higher the component loadings the more important that cranial landmark coordinate
is to the component. Components one and two show the most variation, with the
remaining components accounting for very little of the variation between the samples
(Field 2013).

In addition to using PAST for exploring cranial landmark data, independent
samples t-tests were also run using IBM SPSS statistical package, version 21.0. T-tests
were used to assess any statistical significance between the means of individual cranial
coordinate landmark data between the Montréal and Sainte-Marie populations. A
Levene’s test for equality of variance was used in conjunction with the independent
samples t-tests to ensure equal variance and the suitability of the independent samples t-
test (Field 2013). Additionally, attention was paid to the small sample size of this study
and the potential for amplified noise when using an independent samples t-test. Because

small samples may show non-significance when compared, due to of the nature of this
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test (Field 2013), further exploration into general data trends were also considered to try
and eliminate any potential statistical bias.

Furthermore, two-dimensional linear measurements of the mandible (left and
right) were calculated using the Euclidean distance formula, discussed in section 3.2.5.
An independent samples t-test was performed on these measurements to specifically
identify what portion of the mandible showed the most variation. The sample for the
mandibular measurements included two Montréal males, six Sainte-Marie males, four
Montréal females and six Sainte-Marie females. Figure 3.3 and Table 3.8 provide the

mandibular linear measurements that were calculated and used for this study.
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Figure 3.3
Landmarks used for Mandibular Linear Measurements

cdl

Table 3.8

Mandibular Linear Measurements
1: Condylion process to mandibular notch (left and right)
2: Mandibular notch to coronoid process (left and right)
3: Condylion process to coronoid process (left and right)
4: Condylion process to infradentale (left and right)
5: Gnathion to infradentale
6: Left gonion angle to right gonion angle
7: Left condylion process to right condlyion process
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3.5.2 Dental Analyses

Due to dental wear, caries, calculus, and tooth loss there were not enough teeth
from male individuals to carry out the appropriate statistical analyses. Therefore, only
female dental metrics were analysed. Independent samples t-tests were also used on
these dental measurements to compare size variability between the Montréal and Sainte-
Marie populations.
3.6 Method of Comparative Analyses

3.6.1 Cranial Comparative Analyses

While the primary focus of this research was the use of 3D methodology to
investigate the variation between Montréal and Sainte-Marie cranial morphology, a
comparative analysis with another European population provided further context for this
study and interpretation of the data. Cranial data collected from the Howell’s two-
dimensional cranial dataset (Howells 1973) were used as a comparison to the St.
Lawrence region populations. Two populations were used from this dataset, the Zalavar
individuals from Hungary and the Berg individuals from Austria. The cranial sample
from Zalavar (9™ to 11™ centuries) is comprised of 54 males and 45 females and the
Berg cranial sample (17" to 19" centuries) is made up of 56 males and 53 females. The
Euclidean formula was used to convert the 3D St. Lawrence data into 2D linear
measurements of maximum cranial length and maximum cranial breadth to enable
comparison with the Howells data. Bubbleplot graphs were plotted of the 2D data of the

St. Lawrence, Zalavar, and Berg populations to locate any outliers. Principal component
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analysis was then completed to assess if there was any variation between the European
and St. Lawrence populations and where in the crania this derivation of this cranial
variation, if any, occurred.

3.6.2 Dental Comparative Analysis

Dental comparative analysis was performed between the St. Lawrence
populations and skeletal samples from Caen in France. The Caen dental metric data were
provided by Dr. Isabelle Ribot at the Université de Montréal and Dr. Anne-Marie
Grimoud at the Université Toulouse I11-Paul Sabatier. Sex was not determined for the
Caen individuals; therefore, an independent samples t-test was performed on the males
and females of the St. Lawrence populations to ensure sexual dimorphism was not a
factor contributing to variation within the St. Lawrence populations and that comparison
to the Caen material was appropriate. Despite the small sample size of males in the St.
Lawrence population, when grouped together with the females there was adequate
statistical power. A one-way ANOVA was then carried out on Montréal, Sainte-Marie,
and the Caen populations. A one-way ANOVA is similar to an independent samples t-
test in that it compares the means of samples; however, a one-way ANOVA is used
when there are more than two samples (Field 2013).
3.7 Intra- and Inter-observer error

In any research, validation of results is essential and it is determined through
reproducibility. Intra-observer error is a reliability test of an individual to produce

precise and repeatable results on different occasions (Rankin and Stokes 1998). Intra-
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observer error for cranial measurements was tested on 20 percent of the Pointe-aux-
Trembles, Saint Antoine, and Sainte-Marie cranial samples. Intra-observer error for
dental measurements was also tested at 20 percent of the Pointe-aux-Trembles and Saint
Antoine dental samples. First and second rounds of cranial landmark coordinates and
dental measurements were compared by performing a one-way random Intraclass
correlation coefficient (ICC) (Rankin and Stokes 1998) using SPSS. Intraclass
correlation coefficient was chosen for reliability testing in this study as it is easy to
interpret. The cranial landmark coordinates were analysed separately, comparing first
and second rounds of each coordinate (X1-X2, Y1-Y2, Z1-Z2). The range for calculated ICC
values is between 0.00 and 1.00, with 1.00 representing perfect reliability between
measurements and 0.00 representing no reliability (Rankin and Stokes 1998).

Inter-observer error is the reproducibility of precise and repeatable results by
separate individuals (Rankin and Stokes 1998). First and second rounds of the Sainte-
Marie dental measurements were compared with researchers at the Université de
Montréal, but this time using a two-way random ICC, with results ranging between 0.00
and 1.00 (Rankin and Stokes 1998).

Additionally, intra-observer error was tested on the linear cranial measurements,
maximum cranial length and maximum cranial breadth, that were calculated from the 3D
coordinates. This was carried out to ensure the accuracy of the 3D coordinates and of the
Euclidean calculations, as well as an overall comparison of linear measurements and

geometric morphometrics. Two-dimensional measurements were obtained from 20
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percent of the Montréal and Sainte-Marie samples using the measurement standards
described by Buikstra and Ubelaker (1994). These linear measurements, shown in Table
3.9, were compared to the 2D measurements that were calculated from the 3D

coordinates using the Euclidean formula.

Table 3.9
Two-Dimensional Linear Cranial Measurements
Measurement Description
Maximum Cranial Length (g-op) Distance between glabella and opisthocranion

Maximum Cranial Breadth (eu-eu) Maximum width of the skull perpendicular to
midsagittal plane
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CHAPTER 4: RESULTS

4.1 Introduction

This chapter will outline the results of this study beginning with intra- and inter-
observer error, followed by the results of the cranial and dental analyses, and finally
comparative analyses with other European data.

4.2 Intra- and Inter-Observer error

Intra-observer error was calculated for 20 percent of the Montréal and Sainte-
Marie cranial samples, comparing the first and second round of landmark coordinates
collected. For these cranial landmark coordinates a one-way random Intraclass
Correlation Coefficient (ICC) was performed, the ICC value range falls between 0.00
and 1.00, with 1.00 representing perfect reliability and 0.00 representing no reliability
(Rankin and Stokes 1998).

All cranial measurements fell within the accepted range of ICC values, showing
the repeatability of the measurements (see Tables 4.1, 4.2, and 4.3). The lowest ICC
values were for the Sainte-Marie population; this was the first population cranial
measurements were obtained from, showing the predicted learning curve associated with

obtaining cranial landmark coordinates.

Table 4.1
Intra-observer Results for Pointe-aux-Trembles Cranial Coordinates
Cranial Intraclass 95% Confidence Interval
Coordinates Correlation Lower Upper
X 0.974 0.936 0.990
Y 0.995 0.988 0.998
z 0.849 0.655 0.938
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Table 4.2

Intra-observer Results for Saint Antoine Cranial Coordinates

Cranial Intraclass 95% Confidence Interval
Coordinates Correlation Lower Upper
X 0.993 0.986 0.996
Y 0.980 0.963 0.990
Z 0.993 0.987 0.996
Table 4.3
Intra-observer Results for Sainte-Marie Cranial Coordinates
Cranial Intraclass 95% Confidence Interval
Coordinates Correlation Lower Upper
X 0.902 0.841 0.940
Y 0.907 0.849 0.944
Z 0.650 0.475 0.775

Dental measurements were also subjected to calculations of intra-observer error
for both the Pointe-aux-Trembles and Saint Antoine populations. The single
measurements were tested against one another with an ICC value of 0.997 (95%
confidence interval = 0.993 to 0.998). For the Sainte-Marie population, inter-observer
was calculated between the measurements collected for this study and the measurements
obtained by researchers at the Université de Montréal. The ICC range for inter-observer
error is also 0.00 to 1.00, again with 1.00 representing perfect reliability and 0.00
representing no reliability (Rankin and Stokes 1998). The single measurements were
tested against one another, with an ICC value of 0.926 (95% confidence interval = 0.879
to 0.955). Both intra- and inter-observer error values for dental measurements show

there is repeatability of the measurements. The inter-observer error shows a lower ICC
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value which is expected as it tests the reliability of measurements between two
researchers at different times and not of one researcher on two separate occasions.

Finally, the intra-observer results show reliability between the linear
measurements obtained and the three-dimensional coordinates, as well as, the Euclidean
calculations used to convert the coordinates to two-dimensions. Maximum cranial length
(glabella to opisthocranion) had an ICC value of 0.972 (95% confidence interval = 0.864
to 0.995), and maximum cranial breadth (euryon to euryon) had an ICC value of 0.974
(95% confidence interval = 0.875 to 0.995).
4.3 Cranial 3D Coordinate Landmark Data

4.3.1 PAST

The results of this study show no statistically significant differences in cranial
size between the Montréal and Sainte-Marie populations, however the results of PAST
do distinguish the parts of the crania that are most variable within the populations. As
discussed in Chapter Three, discriminant function analysis (DFA) was performed using
the PAST software package on Montréal and Sainte-Marie individuals to assess the
cranial size differences between groups. Initially DFA was performed on the Montreéal
males and females, and the Sainte-Marie males and females to confirm there are
measurable differences between the sexes in these specific groups (Appendix D, D1 —
D4). For the Montréal and Sainte-Marie populations all male and female vaults
classified into their correct sex categories; however, when assessing the mandible in the

Montreal population one female classified as male. To test this outlier, DFA was run

65



again with this female included in the male sub-sample. However, this resulted in the
mandible being classified back into the female sub-sample. This would suggest that this
individual did not have sex-specific mandibular morphology based on 3D coordinates
alone; therefore, taking into account cranial and pelvic characteristics used in the
original sex determination, this individual will remain in the female sub-sample for the
remainder of this analysis.

Discriminant function analysis was then performed to determine whether or not
all individuals classified into their designated population (Appendix D, D5-D8). The
cranial vaults for both male and female Montréal and Sainte-Marie populations
classified correctly into their designated population. For the mandibles, one male from
Sainte-Marie classified into Montréal, and two Sainte-Marie females classified into
Montreal. Similar to the overlap seen in the sex classifications of the mandible, there is
also overlap between the Montréal and Sainte-Marie mandibular morphology.

Principal component analysis (PCA) was performed to measure the total
variability between populations and which landmarks show the most variability.
Component one and two are plotted onto a scatterplot (see Appendix E), illustrating the
variation in terms of eigenvalues. Since each component loading represents a cranial
landmark coordinate, the graph produced displays the variability between Montréal and
Sainte-Marie for the cranial landmark coordinates with the most variability. For the male
cranial vaults, component one shows that most of the variation is of the opisthocranion z

coordinate representing cranial length with 45 percent variance. The main driving factor
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of variation in component two was the euryon z coordinate representing the width of the
crania at 22 percent variance. Female crania also displayed most of their variance in the
opisthocranion z coordinate representing 39 percent of variation, component two was
only 16 percent for the euryon y coordinate representing cranial width. Although the
variance between component one and two (i.e. cranial length and cranial width) do not
show much variance between the samples (Figure 4.1 and 4.2), the resulting pattern
illustrates that cranial length is the main driving factor behind differences within the
Montréal and Sainte-Marie populations (Figure 4.3 and 4.4). By looking at Figures 4.3
and 4.4 it is also evident that males show slightly more variance in cranial length than
females, however, individual 2B5 was identified as an outlier using the bubbleplot
technique, this individual was removed from the analysis, resulting in females showing

more within-group variance than males.
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Figure 4.1
Cranial Length of Montréal and Sainte-Marie Males and Females
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Figure 4.2
Cranial Width of Montréal and Sainte-Marie Males and Females
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Figure 4.3

Cranial Length Compared to Cranial Width in Montréal and Sainte-Marie Males
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Principal component analysis results for mandibular coordinates of Montréal and
Sainte-Marie show that the superior aspect of the mandibular ramus varied in width
within the two populations. For the mandible, males showed most of the variation in the
mandibular notch y coordinate with component one having 55 percent variance,
suggesting variance in the height of the notch, as y represents the inferior to superior
axis. Component two represented 21 percent variance of the gonion x coordinate,
suggesting variability in the lateral medial position of the gonion angle. The female
mandibles showed similar results where variation within the populations derives from
the superior aspect of the mandibular ramus with component one representing 39 percent
of the variance of the condylion process x coordinate. Component two represented 22
percent of the variance of the gonion z coordinate, this suggests the gonion angle in
females is more varied posteriorly. There is not as much variance between component
one and two of the female samples compared to males confirming that female features
are not as prominent in these populations, as expected.

4.3.2 SPSS

The statistical software package SPSS was used to assess the statistical
significance of variance between individual landmark coordinates using an independent
samples t-test. For all SPSS analyses Levene’s test confirmed equal variances for all
coordinates, meaning that the independent samples t-test was an appropriate test for the
data in this study. Both lambda and right euryon z coordinates were the most

significantly different coordinates between Montréal and Sainte-Marie male individuals;
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variation in these coordinates suggests cranial length differences, as the z coordinate
represents the anterior to posterior axis (Table 4.4). The female individuals demonstrated
more variation between the landmark coordinates compared to the males. Glabella y and
z coordinates, left euryon and right euryon y coordinates, lambda z coordinate, right
frontomalare temporale x coordinate, right and left frontomalare temporale y
coordinates, bregma y coordinate, and opisthocranion z coordinate were all significantly
different (Table 4.5). Thus, because the glabella, lambda, and opisthrocranion landmarks
represent the anterior to posterior axis of the crania, variation of their z coordinate
indicates variance of cranial length. Similarly, frontomalare temporale landmarks
represent the lateral to medial axis of the crania, their variation of the x coordinates,
suggests variance of cranial width. Glabella, frontomalare temporale, and bregma
landmarks showed significant variation of the y coordinate suggesting a variance in
cranial height, as it represents the superior to inferior axis of the crania. The landmarks
with the most statistically significant variation for females were lambda and
opisthocranion z coordinates; females also showed more variation within the Montréal
and Sainte-Marie populations compared to males. Females showed a significant
difference between landmark locations for six coordinates, whereas males only showed a
significant difference between two coordinates. Overall, this follows the same pattern as
the PCA results above where the main variance was in cranial length for both males and
females, in both the Montréal and Sainte-Marie populations (Figures 4.3 and 4.4, Tables

4.4 and 4.5).
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Table 4.4
Cranial Vault Independent Samples t-test Results between Montréal and Sainte-
Marie Males

Landmark Coordinates t df p
Glabella x -0.62 13 0.951
Glabellay -0.957 13 0.356
Glabella z 1.187 13 0.256
Left Frontomalare Temporale x 0.245 13 0.811
Left Frontomalare Temporale y 0.431 13 0.674
Left Frontomalare Temporale z 0.032 13 0.975
Left Euryon x -0.882 13 0.394
Left Euryony 0.904 13 0.383
Left Euryon z -1.023 13 0.325
Lambda x -0.76 13 0.941
Lambda y -0.908 13 0.380
Lambda z 2.325 13 0.037*
Right Euryon x 1.058 13 0.309
Right Euryon y 1.778 13 0.099
Right Euryon z -3.341 13 0.005*
Right Frontomalare Temporale x | 0.515 13 0.615
Right Frontomalare Temporaley | 0.186 13 0.855
Right Frontomalare Temporalez | 0.477 13 0.641
Bregma x 0.540 13 0.599
Bregmay -1.315 13 0.211
Bregma z 1.434 13 0.175
Opisthocranion x -.972 13 0.349
Opisthocranion y -0.890 13 0.389
Opithocranion z -1.388 13 0.188

*Landmark coordinates that are significantly different between the Montréal and Sainte-
Marie populations < 0.05.
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Table 4.5
Cranial Vault Independent Samples t-test Results between Montréal and Sainte-
Marie Females

Landmark Coordinates t df p
Glabella x 0.12 25 0.990
Glabellay -2.909 25 0.008*
Glabella z 2.912 25 0.007*
Left Frontomalare Temporale x 1.665 25 0.108
Left Frontomalare Temporale y -2.094 25 0.047*
Left Frontomalare Temporale z 0.145 25 0.886
Left Euryon x 1.153 25 0.260
Left Euryony 2.814 25 0.009*
Left Euryon z -1.663 25 0.109
Lambda x 0.599 25 0.555
Lambda y 0.515 25 0.611
Lambda z 4.168 25 0.001*
Right Euryon x -.100 25 0.921
Right Euryon y 3.443 25 0.002*
Right Euryon z -1.229 25 0.231
Right Frontomalare temporale x | -2.873 25 0.008*
Right Frontomalare temporaley | -2.788 25 0.010*
Right Frontomalare Temporale z | -0.006 25 0.996
Bregma x -0.816 25 0.422
Bregmay -3.262 25 0.003*
Bregma z 1.076 25 0.292
Opisthocranion x -0.36 25 0.972
Opisthocranion y 1.294 25 0.207
Opisthocranion z -3.585 25 0.001*

*Landmark coordinates that are significantly different between the Montréal and Sainte-
Marie populations < 0.05.

An independent samples t-test was also completed for the mandibular landmark
coordinates to assess the statistical significance of variance. Male individuals showed
significant differences for the left coronoid process y and z coordinates, the infradentale
x coordinate, the right coronoid process y and z coordinates, and the right condylion

process z coordinate (Table 4.6). For females, the left coronoid process x coordinate, and
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the right mandibular notch z coordinate were significantly different (Table 4.7). This
suggests that the superior aspect of the mandibular ramus for both males and females
display the most variance, with males displaying more mandibular variation than
females in contrast to the cranial vault results, were females showed more cranial
variation than males.

Table 4.6

Mandibular Independent Samples t-test Results between Montréal and Sainte-
Marie Males

Landmark Coordinates t df p
Gnathion x -5.111 3 0.14
Gnathion y -0.282 3 0.796
Gnathion z 2.406 3 0.095
Left Gonion x -0.771 3 0.497
Left Gonion y 0.447 3 0.685
Left Gonion z 0.476 3 0.667
Left Condylion Process x 1.750 3 0.178
Left Condylion Process y 0.206 3 0.850
Left Condylion Process z 0.222 3 0.838
Left Mandibular Notch x 2.016 3 0.137
Left Mandibular Notch y 0.087 3 0.936
Left Mandibular Notch z -0.134 3 0.902
Left Coronoid Process x -0.776 3 0.494
Left Coronoid Process y -6.320 3 0.008*
Left Coronoid Process z -13.350 3 0.001*
Infradentale x -3.447 3 0.041*
Infradentale y 0.557 3 0.616
Infradentale z 0.344 3 0.753
Right Coronoid Process x -0.270 3 0.804
Right Coronoid Process y -4.432 3 0.021*
Right Coronoid Process z -4.492 3 0.021*
Right Mandibular Notch x 0.211 3 0.847
Right Mandibular Notch y 0.595 3 0.594
Right Mandibular Notch z 1.113 3 0.347
Right Condylion Process x 1.026 3 0.380
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Table 4.6 continued

Landmark Coordinates t df p
Right Condylion Process y 2.426 3 0.094
Right Condylion Process z 3.241 3 0.048*
Right Gonion x 0.141 3 0.897
Right Gonion y 1.697 3 0.188
Right Gonion z 0.933 3 0.420

*Landmark coordinates that are significantly different between the Montréal and Sainte-
Marie populations < 0.05.

Tabled.7
Mandibular Independent Samples t-test Results between Montréal and Sainte-
Marie Females

Landmark Coordinates t df p
Gnathion x -0.211 8 0.838
Gnathion y -0.774 8 0.461
Gnathion z -0.563 8 0.589
Left Gonion x 0.142 3.070 0.896
Left Gonion y 0.460 8 0.658
Left Gonion z -1.039 8 0.329
Left Condylion Process X 1.575 8 0.154
Left Condylion Process y -0.585 8 0.574
Left Condylion Process z 1.191 8 0.268
Left Mandibular Notch x 1.769 8 0.115
Left Mandibular Notch y -0.446 8 0.668
Left Mandibular Notch z 1.069 8 0.316
Left Coronoid Process x 2.782 8 0.024*
Left Coronoid Process y 1.174 8 0.274
Left Coronoid Process z 1.165 8 0.278
Infradentale x -1.059 8 0.320
Infradentale y -1.125 8 0.293
Infradentale z -0.149 8 0.885
Right Coronoid Process x -1.304 8 0.229
Right Coronoid Process y 1.889 8 0.096
Right Coronoid Process z 1.066 8 0.318
Right Mandibular Notch x -1.351 8 0.214
Right Mandibular Notch y -0.053 8 0.959
Right Mandibular Notch z 2.395 8 0.044*
Right Condylion Process x -1.155 8 0.281
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Table 4.7 continued

Landmark Coordinates t df p
Right Condylion Process y -0.484 8 0.641
Right Condylion Process z -1.259 8 0.244
Right Gonion x -1.011 | 3.217 0.382
Right Gonion y -1.147 8 0.284
Right Gonion z -1.011 8 0.341

*Landmark coordinates that are significantly different between the Montréal and Sainte-

Marie populations < 0.05.

To confirm the mandibular landmark coordinate results, two-dimensional linear
measurements were also collected and tested using an independent samples t-test. For
males, the only significant variation was of the right condylion process to the coronoid
process measurement of the superior aspect of the mandibular ramus, confirming the
above results. For females, the right mandibular notch to coronoid process measurement
was the only significant difference. This confirms the earlier assumption based on the
coordinate landmark results, that the superior aspect of the mandibular ramus for both

males and females displays most of the variation within these St. Lawrence populations

(Tables 4.8 and 4.9, Figures 4.5, 4.6, 4.7, and 4.8).
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Table 4.8
Mandibular 2D Measurements Independent Samples t-test Results between
Montréal and Sainte-Marie Males

Measurement t df p
Left Condylion Process to Mandibular Notch 0.701 3 0.534
Left Mandibular Notch to Coronoid Process 0.850 3 0.458
Left Condylion Process to Coronoid Process 1.648 3 0.198
Left Condylion Process to Infradentale 1.596 3 0.209
Right Condylion Process to Mandibular Notch 1.292 3 0.287
Right Mandibular Notch to Coronoid Process 0.341 3 0.756
Right Condylion Process to Coronoid Process 2.755 3 0.070*
Rigth Condylion Process to Infradentale 0.909 3 0.430
Gnathion to Infradentale -1.045 3 0.373
Left Gonion to Right Gonion -0.516 3 0.642
Left Condylion Process to Right Condylion Process 1.418 3 0.251

*Measurements that are significantly different between the Montréal and Sainte-Marie
populations <0.05.

Table 4.9
Mandibular 2D Measurements Independent Samples t-test Results between
Montreéal and Sainte-Marie Females

Measurement t df p
Left Condylion Process to Mandibular Notch 0.102 8 0.921
Left Mandibular Notch to Coronoid Process -1.176 8 0.273
Left Condylion Process to Coronoid Process -1.586 8 0.151
Left Condylion Process to Infradentale 1.256 3.300 | 0.291
Right Condylion Process to Mandibular Notch -1.002 8 0.346
Right Mandibular Notch to Coronoid Process -2.590 8 0.032*
Right Condylion Process to Coronoid Process 1.000 3.000 | 0.391
Rigth Condylion Process to Infradentale 0.933 8 0.378
Gnathion to Infradentale 0.304 8 0.769
Left Gonion to Right Gonion 0.565 3.093 | 0.611
Left Condylion Process to Right Condylion Process 1.360 8 0.211

*Measurements that are significantly different between the Montréal and Sainte-Marie
populations <0.05.
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Figure 4.5
Average Measurements of Montréal and Sainte-Marie Left Condylion Process to

Left Coronoid Process
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Figure 4.6
Average Measurements of Montréal and Sainte-Marie Left to Right Condylion
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Figure 4.7

Average Measurements of Montréal and Sainte-Marie Left to Right Gonion
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Figure 4.8

Average Measurements of Montréal and Sainte-Marie Left Gnathion to Left
Infradentale
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4.4 Dental Data

SPSS was used to perform an independent samples t-test on the female dental

measurements only. There was a significant difference between the buccolingual

measurement of the first maxillary premolar, the buccolingual measurement of the

second maxillary premolar, and the mesiodistal measurement of the second maxillary
premolar with the data divided by Montréal and Sainte-Marie designations (see Table
4.10). These results show that most of the variation between the Montréal and Sainte-
Marie dentition was within the maxillary premolars, more specifically the mesiodistal

measurement of the second premolar.

Table 4.10

Dental Independent Samples t-test Results between Montréal and Sainte-Marie

Females

Teeth t df p

BL Molar 2 Right inferior 0.113 5 0.915
BL Premolar 2 Right inferior -0.751 6 0.481
BL Premolar 1 Right inferior 1.189 3.171 0.316
BL Canine Right inferior -0.466 2.015 0.687
MD Molar 2 Right inferior -0.008 5 0.994
MD Premolar 2 Right inferior -0.234 6 0.823
MD Premolar 1 Right inferior -0.122 7 0.906
MD Canine Right inferior -1.982 2.054 0.183
BL Molar 2 Right superior -1.462 7 0.187
BL Premolar 2 Right superior -2.739 5 0.041*
BL Premolar 1 Right superior -2.900 5 0.034*
BL Canine Right superior -0.745 5 0.490
MD Molar 2 Right superior -0.295 4 0.783
MD Premolar 2 Right superior -3.435 4 0.026*
MD Premolar 1 Right superior -0.703 3 0.533
MD Canine Right superior -0.049 5 0.963

*Teeth that are significantly different between the Montréal and Sainte-Marie

populations <0.05.

BL = Buccolingual MD = Mesiodistal
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4.5 Comparative Data

4.5.1 Howells’ Comparative Cranial Analysis

Figures 4.9 and 4.10 illustrate the overlap between the Montréal and Sainte-
Marie populations and the Howells data (i.e. Zalavar and Berg) for cranial length and
breadth. There is some separation between the Zalavar and Berg populations, with
Montreal and Sainte-Marie individuals spread between these comparative European
populations (Appendix F). Principal component analysis shows the driving factor of this
separation is due to differences in cranial length (glabella to opisthocranion) with a
variance of 63 percent for males in component one. Component two represents cranial
breadth (euryon to euryon) with 37 percent variance. Again, females show similar
results, with the PCA scatterplot displaying overlap between the three populations
(Appendix F). Component one accounts for 66 percent of the variation, which represents

cranial length, and component two represents cranial breadth with 34 percent variance.
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Figure 4.9
Comparison of Montréal, Sainte-Marie, Zalavar, and Berg Cranial Length and

Cranial Width Within-Group Variation for Males
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Figure 4.10
Comparison of Montréal, Sainte-Marie, Zalavar, and Berg Cranial Length and

Cranial Width Within-Group Variation for Females
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4.5.2 Dental Comparison

The comparative dental analysis between Caen and the St. Lawrence populations
was not separated by sex. An independent samples t-test was performed on the Montréal
and Sainte-Marie populations to ensure sexual dimorphism was not a factor contributing
to dental variation within these populations. There were no significant differences in
tooth dimension between the males and females; therefore, further analysis combining
the sexes was warranted. One-way ANOVA results showed that molars and premolars
were the most distinct teeth in terms of size between Caen and Sainte-Marie; with
Sainte-Marie showing a larger tooth size than Caen. There was a significant difference
between the Sainte-Marie and Caen mesiodistal measurements of the right mandibular
canine, first premolar, and the second premolar. There were also significant differences
in the buccolingual measurement of the right maxillary first premolar, and the
mesiodistal measurement of the right maxillary second molar, (see Table 4.11), again
with Sainte-Marie showing larger dental measurements. There were no significant

differences between the Montréal and Caen dental metrics.

83



Table4.11

Comparative Dental Results of One-way ANOVA

Landmark Location t df f p
Coordinate
BL Molar 2 Montréal vs Sainte-Marie 27282 | 2 | 3.209 | 0.963
right inferior Montréal vs Caen 21153 | 2 | 3.209 | 0.116
Sainte-Marie vs Caen 15962 | 2 | 3.209 | 0.287
BL Premolar 2 Montréal vs Sainte-Marie 0.3436 | 2 | 0.144 | 0.943
right inferior Montréal vs Caen 0.0752 | 2 | 0.144 | 0.997
Sainte-Marie vs Caen 0.5366 | 2 | 0.144 | 0.866
BL Premolar 1 Montréal vs Sainte-Marie 0.0232| 2 | 0.253 | 1.000
right inferior Montréal vs Caen 0.4496 | 2 | 0.253 | 0.904
Sainte-Marie vs Caen 05914 | 2 | 0.253 | 0.840
BL Canine Montréal vs Sainte-Marie 0.7703 | 2 | 0.496 | 0.744
right inferior Montréal vs Caen 09798 | 2 | 0496 | 0.621
Sainte-Marie vs Caen 0.1036 | 2 | 0.496 | 0.1036
MD Molar 2 Montréal vs Sainte-Marie 0.3546 | 2 | 3.267 | 0.939
right inferior Montréal vs Caen 21773 | 2 | 3.267 | 0.102
Sainte-Marie vs Caen 15477 | 2 | 3.267 | 0.309
MD Premolar 2 Montréal vs Sainte-Marie 1.0930| 2 | 5.937 | 0.553
right inferior Montréal vs Caen 15356 | 2 | 5.937 | 0.553
Sainte-Marie vs Caen 3.2093 | 2 | 5.937 | 0.008*
MD Premolar 1 Montréal vs Sainte-Marie 09816 | 2 | 3.289 | 0.620
Right inferior Montréal vs Caen 0.8140 | 2 | 3.289 | 0.719
Sainte-Marie vs Caen 24970 | 2 | 3.289 | 0.050*
MD Canine Montréal vs Sainte-Marie 16810 | 2 | 6.162 | 0.250
right inferior Montréal vs Caen 1.2706 | 2 | 6.162 | 0.450
Sainte-Marie vs Caen 3.3614 | 2 | 6.162 | 0.005*
BL Molar 2 Montréal vs Sainte-Marie 0.6511| 2 | 1517 | 0.810
right superior Montréal vs Caen 1.0866 | 2 | 1.517 | 0.559
Sainte-Marie vs Caen 15109 | 2 | 1517 | 0.329
BL Molar 1 Montréal vs Sainte-Marie 0.7910 | 2 | 0.483 | 0.733
right superior Montréal vs Caen 0.1353 | 2 | 0.483 | 0.991
Sainte-Marie vs Caen 0.9468 | 2 | 0.483 | 0.642
BL Premolar 2 Montréal vs Sainte-Marie 13788 | 2 | 1.716 | 0.393
right superior Montréal vs Caen 0.0032 | 2 | 1.716 | 1.000
Sainte-Marie vs Caen 18424 | 2 | 1.716 | 0.194
BL Premolar 1 Montréal vs Sainte-Marie 16916 | 2 | 5.630 | 0.249
right superior Montréal vs Caen 0.7927 | 2 | 5630 | 0.732
Sainte-Marie vs Caen 3.3354 | 2 | 5.630 | 0.007*
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Table 4.11 continued

Landmark Location t df f p
Coordinate
BL Canine Montréal vs Sainte-Marie 0.2426 | 2 0.081 | 0.971
right superior Montreal vs Caen 0.4000 | 2 | 0.081 | 0.923
Sainte-Marie vs Caen 0.0737 | 2 | 0.081 | 0.997
MD Molar 2 Montréal vs Sainte-Marie 0.3836 | 2 | 5991 | 0.929
right superior Montréal vs Caen 23046 | 2 | 5991 | 0.083
Sainte-Marie vs Caen 2.8169 | 2 | 5.991 | 0.027*
MD Premolar 2 Montréal vs Sainte-Marie 15762 | 2 1.783 | 0.298
right superior Montréal vs Caen 0.3927 | 2 | 1.783 | 0.926
Sainte-Marie vs Caen 1.8007 | 2 | 1.783 | 0.208
MD Premolar 1 Montréal vs Sainte-Marie 0.3697 | 2 | 1.936 | 0.934
right superior Montréal vs Caen 0.8433 | 2 | 1.936 | 0.703
Sainte-Marie vs Caen 18547 | 2 | 1.936 | 0.190
MD Canine Montréal vs Sainte-Marie 0.7810| 2 | 0.371 | 0.738
right superior Montréal vs Caen 0.3437 | 2 | 0371 | 0.943
Sainte-Marie vs Caen 0.7614 | 2 | 0.371 | 0.749

*Teeth that are significantly different between the populations < 0.05.
BL = Buccolingual

4.6 Summary

MD = Mesiodistal

This chapter provided an overview of the results of this study, outlining the

landmarks responsible for cranial variation within the St. Lawrence populations, as well

as the comparative populations. Female vaults were shown to be more variable between

the Montréal and Sainte-Marie populations than in the males, however; male mandibles

displayed more variation than the females. Overall, it was discovered that cranial length

and the superior aspect of the mandibular ramus were the main components of this

observed variation. Dental analyses showed that mandibular premolars were the most

variable teeth.
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These results were contextualized with reference to comparative studies, which
revealed that in general, females displayed more variation than males. The dental
comparison to Caen showed that Sainte-Marie was significantly different compared to
the Caen data, whereas there were no significant differences between Montréal and Caen
dental metrics. Overall, this analysis revealed that cranial and dental variability,
especially within small samples from similar historical and geographic contexts, is not
easily rendered into straightforward patterns. The application of new techniques did not
remove this variability through precision, but rather appears to have amplified it, as will

be discussed below.
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CHAPTER 5: DISCUSSION

5.1 Introduction

In the previous chapter, the detailed statistical analyses of the results of this
geometric morphometric study of three cemetery samples from the St. Lawrence region
were presented. In this chapter, the observed cranial differences between the Montréal
and Sainte-Marie skeletal populations will be discussed in an attempt to examine the use
of geometric morphometrics in identifying this cranial variation, and to consider the
complex results obtained through this research. Additionally, the methodological
contribution of dental metrics as another technique to assess factors of skeletal variation
will be considered.
5.2 Potential Causal Factors of Observed Cranial Variation

This study revealed no significant cranial variation between the Montréal and
Sainte-Marie populations, shown by the overlap in the results (Figures 4.1, 4.2, 4.3, and
4.4). European immigration occurred in both areas; therefore, neither represent isolated,
homogenous populations, likely explaining why there are no significant cranial size and
shape differences between these “populations” (or more accurately, sub-populations). As
discussed, gene flow introduces genetic material from one population to another
(Hausman 1984; Larsen 2015); therefore, when immigration and integration occur this
process of gene flow can cause admixture within a population, potentially influencing
cranial morphology. The studies carried out by Vigeant and Colleagues (2017) and B-

Hardy and associates (2015), confirm this colonisation and admixture in the Montréal
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and Sainte-Marie populations. This influx of individuals from differing genetic, cultural,
and geographic regions would have facilitated increased gene flow prompting admixture
and phenotypic variation, thus leading to the similar cranial morphology evident in the
Montréal and Sainte-Marie populations.

Despite cranial similarities between Montréal and Sainte-Marie, cranial length
was identified as a source of variation within these populations, divided by sex (Figures
4.3 and 4.4). An examination of the cranial length differences within these scatterplots
reveals that the male sub-sample shows more variation within these populations than
females. However, sample size plays a major role in statistical analyses, as discussed in
Chapter Three, and the male sub-sample was significantly smaller than the female sub-
sample by almost half. This may have led to amplification of small amounts of variance
within the male sub-sample, resulting in a higher percentage of variance in the analyses.
While there are many factors that could explain the within-group cranial length variation
(see Chapter Two), the high amount of within-group variance makes it difficult to infer
possible causal factors definitively, given the small sample size.

5.3 Geometric Morphometrics

Despite the fact that there can be few inferences drawn due to the high degree of
variation evident within samples, compounded by small sample sizes, the geometric
morphometric method was able to show the specific location of within-group cranial
variation by identifying the exact landmarks that varied, thus potentially allowing for the

inferences of which cranial measurement caused the variation within the populations,

88



(i.e., cranial length). Additionally, as mentioned previously, using GM allowed for lower
probabilities of spurious results, meaning that the results obtained in this study
containing small sample sizes would be more accurate using GM than traditional
methods. However, the issue of defining whether the observed variation is due to normal
human variation seen among individuals in a population or due to genetic and epigenetic
factors was not possible to determine in this study. The 3D coordinate data provided
obvious advantages over traditional methods, including faster, more accurate and
flexible data capture, however, the problem of fragmentation and consequently small
sample size was not solved. Therefore, while 3D coordinates coupled with detailed
statistical analyses provided more information than linear measurements regarding
specific landmark variation, small sample size precluded inferences about the possible
causative factors of this variation. Notwithstanding it’s great potential for contributing to
virtual anthropology (see Weber 2015), in this case, while the GM method did allow for
faster, more flexible, and comprehensive measurement, it could not overcome the
problems inherent with craniometrics; in other words, as expected, increased resolution
of measurement brings with it a simultaneous amplification of variability.

Despite that little interpretation can be made regarding the possible causative
factors for within-group variation and the lack of patterned variation between the
Montreéal and Sainte-Marie populations, it is not accurate to conclude that there are no
differences between these populations. However, the nature of these differences cannot

be confirmed with these small sample sizes, and overall one must conclude that this
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study produced negative results. As discussed above in terms of the limitations of this
study, a bioarchaeological skeletal sample does not represent an entire once-living
population (Waldron 1994). However, in future, as other studies examine populations
from both Montréal and the rural Beauce region, outside of Québec City, it may be
possible, by adding to these results, to obtain a better understanding of skeletal variation
within the larger region, and between areas within that region. More individuals
analysed within these populations, with approximately an even ratio of sex, would allow
for better interpretations of variation between the populations and within; thus, possible
causative factors for any observed variation could be discussed as future studies resolve
the issues of sample size and normal human variation.
5.4 Outliers

As mentioned during this analysis, specific individuals were identified as outliers
due to their level of cranial variation falling outside the parameters of the identified sub-
samples. While all of these individuals were included in this analysis except where
noted, an exploratory investigation was completed in an attempt to explore potential
ancestry for these individuals. The FORDISC software program (Jantz and Ousley
2005), applied primarily in forensic contexts, was used for this exploratory analysis for
ancestry determination. Although, Jantz and Ousley (2005) do not recommend the use of
FORDISC to classify individuals born before the 20" century due to secular changes in

cranial shape and size, any major differences in ancestry should still be evident, and may
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allow for some cautious interpretations using the classification probabilities of
FORDISC.

Outliers were identified in this research from the results of the 3D bubbleplot
graphs created using the PAST software package. These graphs were plotted for each
cranial landmark separately, including the mandible (Appendix C). Any outliers that
appeared outside of the population trends were added to FORDISC (Jantz and Ousley
2005). Due to the high degree of fragmentation, as discussed in Chapter Three, only two
corresponding linear measurements (i.e. maximum cranial length, maximum cranial

breadth) could be used in this FORDISC analyses, no doubt impeding the power of the

results.
Table 5.1
Possible Ancestral Classification of Outliers in FORDISC
Individuals Males Females
Montréal: 23A-C2 Vietnamese
23C-S15 Indigenous American
21C-S1 Hispanic
23A-3 Indigenous American
Sainte-Marie: 2B5 Vietnamese
2B15 Indigenous American
2G4 White
2B11 Black
2A11 Hispanic
1G5 Hispanic
2E13 Hispanic

Although the discriminant function analyses show no relevant patterns of
ancestry classifications (Table 5.1), additional information from the excavation reports

provide some background as to the possible causes for the extreme cranial variation
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noted in some of these outlier individuals. Through personal observation of the Montréal
population (and specifically Saint Antoine), all outlying individuals displayed cranial
deformities (Ethnoscop 2012) likely caused by taphonomic damage. Mechanical forces
on the crania can be caused by simple soil pressure, resulting in various deformations,
which can easily be mistaken as cranial variation (Wells 1967). While all attempts were
made to avoid using obviously modified crania for this study, it is possible some of these
outlier individuals showed mild taphonomic change that was not easily identifiable at
the time of data collection. Because the Montréal cemeteries were located along the St.
Lawrence River, soil conditions could be characterised as likely moist, contributing to
bone malleability after decay. In a recent study focusing on soil pressure by McGowan
and Prangnell (2015), they noted that within 160 years the soil pressure and construction
at the cemetery site of the North Brisbane Burial Ground in Australia had caused
deformation of crania. The cemetery skeletal remains had endured approximately 70
years of average soil pressures and additional weight from infrastructure for another 100
years. As discussed, upon the closure of the Saint Antoine cemetery site in 1872, the site
area was subjected to construction with the erection of Dorchester Square (Ethnoscop
2012), leading to approximately 140 years of soil pressure from the weight of buildings,
potentially contributing to cranial deformation. The Sainte-Marie cemetery site also
underwent construction over the years serving as a hangar, garage, a parking lot, and a
street after its closure in 1879 (Ethnoscop 2006). The subsequent pressures of this

infrastructure, as well as damage from the construction processes, may have caused
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some modification of the crania potentially contributing to the variation observed in
these outliers.

Outlier individual 2B5 (see figure 4.3) was identified using bubbleplots and was
observed influencing the large distribution of the Sainte-Marie males; when 2B5 was
excluded from analysis, the Montréal male population actually showed the most
variability (see Appendix E, E1). Because of sample size constraints, this one outlier
individual greatly influenced the data; therefore, his removal allowed for a better
representation of the actual cranial variation observed within the male sub-sample.

5.5 Dental Analysis

Dental analysis was used in this research to further investigate variation between
the Montréal and Sainte-Marie populations and support the results obtained from the 3D
cranial method. In general, dental development is less sensitive to environmental
influences than the skeletal tissues, having a high degree of genetic control (Morita et al.
2012; Pilloud et al. 2014; Larsen 2015). However, environmental factors can have some
influence on the growth and maturation of dentition. Only females were analysed due to
limited availability of male dentition. According to excavation reports (Ethnoscop
2012), tartar was more frequent in males from Montréal, resulting in dental caries,
leading to a higher amount of tooth loss in males than females. Dental caries result from
demineralisation of the tooth enamel by organic acids produced by bacterial
fermentation of carbohydrates (Larsen 2015). Although the lack of male dentition in this

study is consistent with archaeological populations from the St. Lawrence region
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(Ethnoscop 2012), previous research on dental caries carried out on other archaeological
populations show that females are generally more prone to dental caries than males,
subsequently leading to a higher amount of tooth loss (Walker and Hewlett 1990;
Okazaki et al. 2013; Larsen 2015). Thus, it would be expected that the females of the St.
Lawrence region would show more tooth loss than males, considering their high
carbohydrate, low protein diet (Wesiner 2000).

Given these considerations, the results identify maxillary premolars to be the
most variable tooth between Montréal and Sainte-Marie females. According to Luna
(2015), premolars can be highly influenced by the environment, as they are secondary
teeth and therefore only begin to form during childhood. Many studies show that tooth
size is a measure of deviation from normal growth potential in a population in response
to environmental stressors, such as malnutrition and/or disease (Niswander 1963; Goose
1967; Lavelle 1968; Guagliardo 1982). Early childhood in particular is a known period
when physiological stress can impact dental growth and development (Eveleth and
Tanner 1990; Lejarraga 2002; Bogin and Smith 2012). Therefore, the results of this
research are comparable with previous studies where the premolars are more readily
influenced by environmental factors during early childhood. However, the dental
variation in size is only significantly different when comparing maxillary premolars,
suggesting overall dentition of Montréal and Sainte-Marie is relatively similar in size for
females. This analysis and interpretations of this dental study have also been limited by

the sample size and although the results are in agreement with other studies, a larger
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sample size would allow for a truer representation of the populations. Additionally
analyses of an equivalent amount of male and female dentition would provide more
sound results.
5.6 Comparative Analyses

5.6.1 Howells’ Cranial Comparative Analysis

Howells’ two-dimensional data of the Zalavar and Berg populations were
comparatively analysed to support the data from the assessment of the GM method.
Zalavér is situated 16 km from the western shore of Lake Balaton in Western Hungary.
Ethnic migration in this post-Avar period generated a heterogenous population with
distinct local differences. This sample dates from the 9" to the 11™ centuries and was
excavated from three cemeteries, comprising of Avars, Romanized Germans, Slavs,
Franks, and Hungarians. Berg is a small mountain village in Austria, located near the
town of Greifenburg on the Drave River in western Carinthia. The skeletal material
dates from the 17" to 19" centuries (Howells 1973). According to Shapiro (1939),
approximately five generations of this isolated village’s population contributed to
remains in the cemetery. The populations were analysed based on only two cranial
measurements, resulting in a larger percentage eigenvalue of variance than any of the
other comparative populations, as the variance was less distributed among measurements
(Appendix F). Considering the contrast of homogeneity and heterogeneity of these two
populations, and the different temporal periods when compared to the Montréal and

Sainte-Marie populations, it was expected that there would be obvious variation in
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cranial morphology. However, there were no significant cranial differences between the
Howells’ European populations and the Montréal and Sainte-Marie populations.
Nevertheless, there was slight variation in cranial length within the St. Lawrence,
Zalavar, and Berg populations, visible in Figures 4.9 and 4.10. By looking at these
scatterplots, it is evident that Sainte-Marie shows more similarity to the homogenous
Berg population, with Montréal showing slightly more similarity to the heterogenous
population of Zalavar. As might be expected of a developing urban centre in the 18" and
19" centuries, the cultural and ethnic composition of Montréal was a result of diverse
immigration (Harris 1972; Greer 1997; Dickinson and Young 2008; Linteau 2013),
whereas the Sainte-Marie population, as a more rural, stable community, might be
expected to be more ethnically homogenous in composition, similar to the Berg
population. While these results do not provide a detailed interpretation of immigration
and distance in the St. Lawrence region, the use of comparative populations indicates
that the geometric morphometric method is capable of providing data that can clearly
show patterning and variation in cranial morphology between populations.

5.6.2 Dental Comparison

Given assumptions about the primary sources of immigration into the St.
Lawrence region, dental comparison focused on materials from Caen, an urban city
located on the coastal region of Normandy in France. The skeletal sample used for
comparative purposes in this research dates from the 15" to 18™ centuries; this time

period overlaps with the major immigration period to the St. Lawrence region.
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According to Moch (2011), many individuals migrated from rural areas of France to the
urban cities to find work, leading to the overcrowding of these cities, eventually
prompting individuals to immigrate to the St. Lawrence region in the promise of a new
life (Moch 2011). Considering the similar overcrowding and socioeconomic factors of
urban living in the St. Lawrence region (Rutty and Sullivan 2010), it was expected that
the inhabitants of Caen would have similar dental metrics to those of Montréal and
Sainte-Marie settlers; furthermore, an initial assumption was that there might be a
greater similarity between populations from urbanised Caen, and those in the urban
population of Montréal, than between Caen and Sainte-Marie. Indeed, an initial
assumption of this study was that Sainte-Marie was a more rural community than
Montréal, and therefore settlers in that area might have better living conditions and less
physiological stress from disease than individuals who were buried in cemeteries in the
increasingly urbanized and over-populated Montréal of the 18" and 19™ century
(Dickinson and Young 2008; Rutty and Sullivan 2010). Indeed the similarities in these
external factors for both the Montréal and the Caen populations may explain the visible
similarities between these populations. Tooth size is known to be mainly attributed to
genetics; therefore, variation in tooth size can result from different ancestral origins
(Townsend and Brown 1978; Larsen 2015; Luna 2015). However, physiological stress
experienced by an individual at crucial growth and development stages can impact tooth
size also (Simpson et al. 1990; Larsen 2015). Furthermore, the mandibular canine has a

long growth and development period and can be highly susceptible to environmental
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influences (Huss-Ashmore et al. 1982; Santos and Coimbra 1999). Based on this and
taking the results into consideration, it would seem likely that the main influence on
tooth variation in this study is environmental.

Despite these initial assumptions, this study was unable to identify salient
patterning, or to link those patterns to clear historical trends in immigration and
urbanisation. Indeed, the history of the St. Lawrence region is complex, and occurs as a
historical resolution that is not consistent with the temporal resolution in the cemetery
samples studied in this project. Future historical research, however, may be able to
supplement the work reported here by identifying burial practices, ethnic differences,
and fine-grained life-histories for individuals and groups within the St. Lawrence region.
Indeed, given that the remains reported in this thesis will be reburied, this work, despite
the negative results, could be most positively regarded as a source of material for future

research into historical processes, immigration, and cultural practices in the region.
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CHAPTER 6: CONCLUSION

The main aim of this research was to explore the use of geometric
morphometrics in assessing cranial variation among populations and to identify the
potential causal factors of any observed cranial variation. The well-established literature
on biological distance suggests that there is a high degree of utility in using crania as a
means to assess population affinity. Many of these studies have been carried out on
populations worldwide using traditional linear measurements (e.g. Boas 1912; Howells
1973; Pietrusewsky and Chang 2003; Relethford 2004b), and more recently using
geometric morphometrics (e.g. Martinez-Abadias 2009; Green 2010; Smith 2011;
Noback and Harvati 2015; Paschetta et al. 2016); however, none have focused
specifically on cranial variation in the early colonial St. Lawrence region. Therefore, this
thesis has provided an opportunity to explore the use of geometric morphometrics in
identifying cranial variation among populations in the St. Lawrence region of Canada.

It has been well documented that cranial variation can be caused by multiple
intrinsic and extrinsic factors (Relethford and Harpending 1994; Relethford 2004a;
Harvati and Weaver 2006; Martinez-Abadias et al. 2009; Smith 2011; Noback and
Harvati 2015; Paschetta et al. 2016). Additionally, dentition is often used in conjunction
with craniometrics to aid in biodistance studies, as teeth are abundant in archaeological
populations (Hanihara 1992; Matsumura et al. 2011; Bulbeck 2013). The established
methods of 3D digitising, as well as literature on the analysis of craniometric data

(Roseman and Weaver 2004; McKeown and Jantz 2005; Harvati and Weaver 2006;
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Pietrusewsky 2014) and dental metric data (Matsumura et al. 1996; Vodanovic¢ et al.
2007; Luna 2015) were used as a framework to identify the best means of analysing the
cranial and dental morphology between these St. Lawrence populations.

Discriminant function analysis was used to assess the boundaries of each group
in terms of size variation, where the results showed each individual classifying into their
original population group. Principal component analysis was the main analytical method
carried out to measure the total variability between the populations, and distinguish
which landmarks were causing any observed variation. This analysis identified that there
were no significant differences between Montréal and Sainte-Marie. However, there was
within-group variation of cranial length, likely caused by diverse immigration during
this period. SPSS was used to verify the results of the PCA, confirming that cranial
length was varied within the populations, and that the superior aspect of the mandibular
ramus was significantly different between the populations.

Dental analysis was carried out as a methodological comparison to examine
human skeletal variation and to supplement the findings of the cranial analyses. The
results of this study showed that maxillary premolars were the only significantly variable
tooth between Montréal and Sainte-Marie, suggesting that there was minimal difference
in overall dentition between the populations.

The comparison studies revealed that there were no significant differences in
cranial morphology between the St. Lawrence populations and European comparative

populations, likely indicating the vast number of immigrants arriving in the St.
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Lawrence region from many parts of Europe on multiple occasions contributing to the
highly variable genetic make-up of these groups. For the cranial comparative analysis
the only differences were within the St. Lawrence and Howells populations. The urban
population of Zalavar and Montréal grouped closer together, whereas the rural
population of Berg and Sainte-Marie grouped closer together. This similarity, while not
significant, is possibly due to the heterogeneity of the urban populations in contrast with
the slightly more homogeneous rural populations.

A secondary line of analysis was to consider differences resulting from areas
experiencing rapid urbanisation. To this end, the cemeteries in Montréal were considered
to be indicative of dynamic, urbanizing populations, in contrast with the slightly more
rural and less dynamic populations in Sainte-Marie. To evaluate this, the Montréal and
Sainte-Marie groups were compared with samples from Caen, France, which were
assumed to reflect a populating being influenced by similar processes of urbanisation.
This dental comparative analysis indicated that the samples from Montréal and Caen
show no differences in size, while Sainte-Marie and Caen show significant differences in
dental size. The results of this analysis suggest the main influential factor for these
observed differences in dentition is likely due to environmental factors.

Although various statistical methods were carried out on the St. Lawrence cranial
data, the population sample sizes were too small to make significant inferences
regarding the potential causative factors for any observed cranial variation of the

populations, and indeed, no significant differences between Montréal and Sainte-Marie
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were found. By using other various methods of analyses, such as dental analysis, further
confirmed with comparative studies, it is evident that the lack of differences between the
Montréal and Sainte-Marie populations is likely due to gene flow introduced by
immigration and intermarriage, supporting the within-group variation of cranial length.

Despite the negative result obtained regarding the use of geometric
morphometrics to examine cranial variation among populations, this study shows that
GM does have the ability to manipulate the original data in order to provide more
information for analysis, in this way making it a more flexible, faster method than
traditional linear cranial measurements. However, significant inferences regarding the
observed cranial variation could not be made.

This project created a unique opportunity to assess the use of geometric
morphometrics in the investigation of cranial morphology in European populations after
migration to the St. Lawrence region. Additionally, it allowed the power of geometric
morphometrics to be assessed when compared to traditional linear measurements. This
approach demonstrated congruent results between the two methods, but indicated that
they were more efficiently obtained using GM. Further, as suggested by Weber (2015),
there is significant potential in digital technologies to allow for consistent collection of
high-quality data for comparative purposes; these techniques clearly have the potential
to overcome the limitations of out-dated 2D data, such as Howells’, and it seems likely
that 3D coordinate data will transform the way in which comparative samples can be

used.
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Furthermore, this study allowed for the examination of dental morphology of
individuals from the St. Lawrence region, along with a comparative population from
France, demonstrating that dental metrics are also an effective way to assess human
skeletal variation. This study also demonstrated the importance of considering
taphonomic processes as the reason for cranial variation during any bioarchaeological
study. While all measures should be taken to avoid using obviously damaged and/or
modified crania, sometimes this damage is not obvious to researchers; therefore, it is
crucial that taphonomic processes are considered throughout any bioarchaeological
study.

This research opens up the opportunity to further explore 18" to 19" century St.
Lawrence region using geometric morphometrics by investigating other cemeteries in
the region; creating a large scale picture of the individuals that resided there during this
time. Using larger samples will provide better representation of both Montréal and
Sainte-Marie populations, as well as the possibility of a better representation of the male
sub-sample, allowing further assessment of the interaction between different European

populations during this period of colonisation in the St. Lawrence region.
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APPENDIX A: SKELETAL SAMPLES
Al: Pointe-aux-Trembles Skeletal Sample

Skeleton ID Age Sex
(years)

7A2(9)-S23 25-40 Female

7A2-C1 Adult Female

7TA2-S7 30-34 Male

7A2-S11 35-40 Female

7TA11-S42 Adult Female

A2: Saint Antoine Skeletal Sample

Skeleton ID Age Sex
(years)
17E-S1 20-30 Female
18K-S5 Unknown Female
20A-S13 Unknown Female
20U-S2 Unknown Female
21C-S1 Unknown Female
23A-3 Unknown Female
23A-S3 Unknown Female
172-S6 Unknown Female
172-S7 Unknown Female
8V-8U-S13 Unknown Female
11AS3 Unknown Female
20C-S15 Unknown Female
23F-S11 25-30 Male
20D-1 30-40 Male
23A-C2 Unknown Male
23C-S15 Unknown Male
25C-S20 20-40 Male
172-S1 Unknown Male
23F#2 Unknown Male
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A3: Sainte-Marie Skeletal Sample

Skeleton ID Age Sex
(years)
IG5 30+ Female
2A11 Unknown Female
2A14 Unknown Female
2B3 Unknown Female
2B9 45-60 Female
2B11 40-50 Female
2B14 30-40 Female
2E9 23-68 Female
2E11 Unknown Female
2E13 25-49 Female
2G12 40-44 Female
2G17 Unknown Female
2B5 35-39 Male
2B7 35-50 Male
2B8 30-40 Male
2B10 50-60 Male
2B15 35-39 Male
2B16 50 Male
2G2 Unknown Male
2G4 25-30 Male
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APPENDIX B: SKELETAL RECORDING FORMS
(Modified from: Buikstra and Ubelaker 1994; Scott 2009)
Bl: Crania

Site Location: Date Recorded:

Skeleton Number:
Box Number:
Sexing:

Pelvic Features
Greater Sciatic Notch

Preauricular Surface:
Phenice Method: Ventral Arc:

Subpubic Concavity:

Ischiopubic Ramus Ridge:

Estimated Sex, Pelvis:

Cranial Features
Nuchal Crest:
Mastoid Process:
Supraorbital Margin:
Glabella:

Mental Eminence:

Estimated Sex, Cranium:

Sex Determination:
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Aging:

Pelvic Features

Pubic Symphysis Todd:
Suchey-Brooks:

Auricular Surface Lovejoy

Estimated Age, Pelvis:

Cranial Suture Closure
External Cranial Vault

1) Midlamboidal

2) Lambda

3) Obelion

4) Anterior Sagittal

5) Bregma

6) Midcoronal

7) Pterion

8) Sphenofrontal

9) Inferior Sphenotemporal
10) Superior Sphenotemporal

Vault Score:
Estimated Age:

yrs. - yrs.

Comments:
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B2: Dental Metric Data Collection Sheet

Bucco-lingual (BL)

VL=

JURMTITA  JUIMZITA JUIHTOTA  JUIHTJIA  JUINZIA  JUIHTINTA  JUIHZINTA  JUIHEINTA |93V | X3S dl°eN xog
SjUaWaJNseal) [e3uag
awi) aieq
uoI303]|0) Jaquinp /awep 23S
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JUITTIIA| JUNZNA|JUITITA JUNTAIA[JUNZAIA| JUNTTINIABUITZINIA | JUNEINTA| 23Y| X8 dl| "oN xog
awi) a3eq@
uoi323||0) JaquinN /awepN 3us
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JURTIQIN | JUIHZIAIN | JUTTOAIN (U TAIN |JUIHZdAIN JUTINGINL JUINZINGINL JUIIEINGIN a3y|xas dl| "oN xog
awi] a3eqg
uoi323||0) JaquinN /awepN 3us
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JUNTIAN| JUIZIQA| FUITTOAIN | FUNTAAIN | FUIZdAN PUTTINGINL FUITZNGINL JUTENAIN| - @3Y| X3S dl| "°N xog
awi] a3eq
uoI1323||0) JaquinN /awepN 3us
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AnsyTIIA[dNSYZIIA| dnsYIA [ANSYTIA [dNsYZIIAHNSYTINIA |ANSHZINTA HNSYEINTA ady xag al| "oN xog
awij a3eq
uoi3d3||0) JaquinN /awep ails
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dnsTTIIA| dns1ZIIA| dnsTTIIA|ANSTTdIA|dnsTZdIA| dNSTTINIA| dNSTZINTANSTENTA ady| xas al| "oN xog
awi] a3eq
uoi3d3||0D JaquinN /awep ails
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dnsyTIQN ANsYZIAN ANsYDAINHNSYTJAINPSHZJAN HNSYTINAIN FNSYZINAW ENSYEINAIN| 23Y| X3S al| "oN xog
awij a3eq
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APPENDIX C: BUBBLEPLOTS
(z axis is shown as disc size of each labelled individual)
(Bubbleplots are not scaled to the same size)
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C2: Mandible
Males

Gnathion

04

-1204

-1504

-180

287
172581 S1981%5G 2

Gonion Left

160+

1204

804

-80

1204

160

2268w

2B7

200

T T T
-120 -80 -40 [ 40 80 120 160 200

143




1804

1504

1204

1804

1504

1204

904

60+

304

-30

-60

-90

Condylion Process Left

-S15
2-S1

144

-50 25 25 50 75 100 125 150
Mandibular Notch Left
Qg
o pa - pa pa




-40

-48

-1124

Coronoid Process Left

Infradentale

P 2

145



Coronoid Process Right

-15

-20: T T T T T T T T T
-80 -72 -64 -56 -48 -40 -32 -24 -16

Mandibular Notch Right

1604

804

404

-40-
-80
-1204

-1604

-200 T T T T T T T T T
-12 -96 -80 -64 -48 -32 -16 0 16

146



Condylion Process Right

Gonion Right

1604

1204

804

404

-404

-804

-1204

-1604

-200: T T T T T T T T
-200 -160 -120 -80 -40 0 40 80 120

147



Females

Gnathion

-40

*172-S6
2617 *2E9

. “2E1N
172-57 “20A-513
*23A-S3

Gonion Left

*20A-513
*23A-S3

148




Condylion Process Left

T
30

T T T T T T T T
36 42 48 54 60 66 72 78

Mandibular Notch Left

T T T T T T T T
32 36 40 44 48 52 56 60

149




Coronoid Process Left

254

204

154

104

104

-20

T
65

T
60

T
55

T
50

T
35

T
30

T
25

Infradentale

52

-56-

-60

-64-

-68-

724

76

-80

-10

150



Coronoid Process Right

Mandibular Notch Right

151



484

424

364

304

Condylion Process Right

Gonion Right

164

124

12

-16-

°2E9

*2G12

ond 2ELL ofa7as6
20A-913 2,‘%?135

-20:

152




APPENDIX D: DISCRIMINANT FUNCTION ANALYSES

D1

Cranial Vault DFA Graph of Montréal Males and Females
4.0

3.6
3.2+
2.8

2.44

Frequency

2.0 T .= Females

1.6 = Males

1.2

0.8+

0.4

0.0 T T T T 1 T
-60 -48 -36 -24 -12 0 12 24 36 48

Discriminant

Cranial Vault DFA Scores of Montréal Males and Females

Individual Score Group Classification
7TA2(9)-S23 -45.211 Female Female
7A2-C1 -35 Female Female
7A2-S11 -54.152 Female Female
7A11-S42 -33.319 Female Female
17E-S1 -29.15 Female Female
18K-S5 -32.96 Female Female
20A-S13 -34.837 Female Female
20U-S2 -46.761 Female Female
21C-S1 -47.577 Female Female
23A-3 -42.554 Female Female
23A-S3 -34.271 Female Female
172-S6 -43.707 Female Female
172-S7 -53.076 Female Female
8V-8U-S13 -38.53 Female Female
11AS3 -40.334 Female Female
20C-S15 -21.886 Female Female
TA2-S7 35.26 Male Male
23F-S11 41.982 Male Male
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Cranial Vault DFA Scores of Montréal Males and Females continued

Individual Score Group Classification
20D-1 37.802 Male Male
23A-C2 46.12 Male Male
23C-S15 57.856 Male Male
25C-S20 28.822 Male Male
172-S1 37.747 Male Male
23F#2 31.074 Male Male
D2:
Mandible DFA Graph of Montréal Males and Females
2.0
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1.44
> 1.2
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-4.0 -3.2 -2.4 -1.6 -0.8 0.0 0.8 1.6 2.4

Discriminant

Mandible DFA Scores of Montréal Males and Females

Individual Score Group Classification
23C-S15 2.9863 Male Male

172-S1 1.0212 Male Male
20A-S13 -2.5869 Female Female
23A-S3 1.1625 Female Male

172-S6 -3.7416 Female Female
172-S7 -2.849 Female Female
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D3:
Cranial Vault DFA Graph of Sainte-Marie Males and Females
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Discriminant

Cranial Vault DFA Scores of Sainte-Marie Males and Females

Individual Score Group Classification
2B5 20.944 Male Male
2B7 28.004 Male Male
2B8 31.236 Male Male
2B10 30.636 Male Male
2B15 38.916 Male Male
2G2 19.886 Male Male
2G4 28.154 Male Male
1G5 -21.728 Female Female
2A11 -29.922 Female Female
2A14 -21.936 Female Female
2B3 -23.592 Female Female
2B11 -32.659 Female Female
2B14 -35.881 Female Female
2E9 -33.804 Female Female
2E11 -14.386 Female Female
2E13 -43.699 Female Female
2G12 -27.128 Female Female
2G17 -26.056 Female Female
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D4:

Mandible DFA Graph of Sainte-Marie Males and Females
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2B7 9.8354 Male Male

2B15 11.47 Male Male

2G2 7.0639 Male Male

2B14 -2.2956 Female Female

2E9 -15.543 Female Female

2E11 -6.4838 Female Female

2E13 -11.499 Female Female

2G12 -13.551 Female Female

2G17 -7.3663 Female Female
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Ds:

Cranial Vault DFA Graph of Montréal and Sainte-Marie Males
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7TA2S7 7.9417 Montréal Montréal
20D-1 9.0651 Montréal Montréal
23A-C2 8.661 Montréal Montréal
23C-S15 5.652 Montréal Montréal
25C-S20 45745 Montréal Montréal
172-S1 5.9008 Montréal Montréal
23F#2 8.5929 Montréal Montréal
23F-S11 1.2713 Montréal Montréal
2B5 -7.9415 Sainte-Marie Sainte-Marie
2B7 -5.0519 Sainte-Marie Sainte-Marie
2B8 -0.95809 Sainte-Marie Sainte-Marie
2B10 -5.0981 Sainte-Marie Sainte-Marie
2B15 -14.777 Sainte-Marie Sainte-Marie
2G2 -3.3004 Sainte-Marie Sainte-Marie
2G4 -8.0744 Sainte-Marie Sainte-Marie
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Dé:

Cranial Vault DFA Graph of Montréal and Sainte-Marie Females
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Cranial Vault DFA Scores of Montréal and Sainte-Marie Females

Individual Score Group Classification
7A2(9)-S23 6.5253 Montreal Montreal
7A2-C1 10.67 Montréal Montréal
7A2-S11 10.149 Montréal Montréal
7A11-S42 13.361 Montréal Montréal
17E-S1 1.0136 Montréal Montréal
18K-S5 6.987 Montréal Montréal
20A-S13 17.909 Montréal Montréal
20U-S2 10.507 Montréal Montréal
21C-S1 15.891 Montréal Montréal
23A-3 11.83 Montréal Montréal
23A-S3 6.5548 Montréal Montréal
172-S6 11.983 Montréal Montréal
172-S7 11.04 Montréal Montréal
8V-8U-S13 6.5253 Montréal Montréal
11AS3 20.721 Montréal Montréal
20C-S15 13.252 Montréal Montréal
IG5 -16.538 Sainte-Marie Sainte-Marie
2A11 -8.1066 Sainte-Marie Sainte-Marie
2A14 -17.981 Sainte-Marie Sainte-Marie
2B3 -13.36 Sainte-Marie Sainte-Marie
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Cranial Vaults DFA Scores of Montréal and Sainte-Marie Females continued

Individual Score Group Classification
2B11 -10.722 Sainte-Marie Sainte-Marie
2B14 -6.2384 Sainte-Marie Sainte-Marie
2E9 -10.701 Sainte-Marie Sainte-Marie
2E11 -2.304 Sainte-Marie Sainte-Marie
2E13 -16.8 Sainte-Marie Sainte-Marie
2G12 -12.509 Sainte-Marie Sainte-Marie
2G17 -9.2811 Sainte-Marie Sainte-Marie
D7
Mandible DFA Graph of Montréal and Sainte-Marie Males
2.0
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Discriminant

Mandible DFA Scores of Urban and Rural Males

Individual Score Group Classification
23C-S15 1.1929 Montréal Montréal
172-S1 0.058509 Montreal Montréal

2B7 -2.0162 Sainte-Marie Sainte-Marie
2B15 0.39393 Sainte-Marie Montréal

2G2 -0.25481 Sainte-Marie Sainte-Marie
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Da:

Mandibles DFA Graph of Montréal and Sainte-Marie Females
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2.4

Mandible DFA Scores of Montréal and Sainte-Marie Females

Individual Score Group Classification
20A-S13 1.4844 Montréal Montréal
23A-S3 2.271 Montréal Montréal
172-S6 1.2097 Montréal Montréal
172-S7 1.1746 Montréal Montréal
2B14 1.2113 Montréal Montréal
2E9 -3.6691 Sainte-Marie Sainte-Marie
2E11 0.021121 Sainte-Marie Montréal
2E13 -1.6803 Sainte-Marie Sainte-Marie
2G12 -4.4428 Sainte-Marie Sainte-Marie
2G17 -0.64966 Sainte-Marie Sainte-Marie
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APPENDIX E: PRINCIPAL COMPONENT ANALYSES

E1l: Cranial Vault PCA Results between Montréal and Sainte-Marie Males

PCA Variance

PC Eigenvalue % Variance
1 251.916 45471
2 121.278 21.891
3 55.5079 10.019
4 32.8387 5.9274
5 29.1606 5.2635
6 18557 3.3496
7 12.5029 2.2568
8 11.7682 2.1242
9 8.04723 1.4525
10 6.19475 1.1182
11 2.76016 0.49821
12 1.51952 0.27427
13 1.29958 0.23457
14 0.664894 0.12001

PCA Scatterplot
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PCA Component 2 Loadings
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PCA Scatterplot (individual 2B5 removed)
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E2: Cranial Vault PCA Results between Montréal and Sainte-Marie Females
PCA Variance

PC Eigenvalue % Variance
1 216.343 39.428
2 85.6076 15.602
3 73.8261 13.455
4 44,1583 8.0478
5 29.1446 5.3116
6 21.422 3.9041
7 19.3152 3.5202
8 15.3412 2.7959
9 12.8949 2.3501

10 10.0828 1.8376

11 5.12665 0.93432

12 4.71631 0.85954

13 3.50317 0.63845

14 2.57184 0.46871

15 2.25655 0.41125

16 1.11895 0.20393

17 0.98742 0.17996

PCA Scatterplot
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PCA Component 2 Loadings
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E3: Mandible PCA Results between Montréal and Sainte-Marie Males

PCA Variance
PC Eigenvalue % Variance
1 146.539 54.69
2 57.4877 21.455
3 37.3565 13.942
4 26.5612 9.9129

PCA Scatterplots
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PCA Component 1 Loading
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PCA Component 2 Loadings
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E4: Mandible PCA Results between Montréal and Sainte-Marie Females

PCA Variance
PC Eigenvalue % Variance
1 84.2503 38.698
2 46.8312 21.51
3 29.5626 13.579
4 18.2073 8.3629
5 11.6574 5.3544
6 10.2817 4.7226
7 9.8344 4.5167
8 4.45955 2.0483
9 2.63089 1.2084

PCA Scatterplot
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PCA Component 1 Loadings
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PCA Component 2 Loadings
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APPENDIX F: CRANIAL COMPARATIVE STUDIES

Cranial Vault Analysis Results between Zalavar, Berg, Montréal, and Sainte-Marie
Individuals

Males
Bubbleplot
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Principal Component Analysis (PCA) Variance

PC Eigenvalue % Variance
1 52.702 62.555
2 31.5473 37.445

PCA Component 1 Loadings
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Females

Maximum Cranial Breadth (mm)

Bubbleplot
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Principal Component Analysis (PCA) Variance (Individual 2E13 removed)

PC Eigenvalue % Variance
1 49.223 65.826
2 25.5542 34.174

PCA Component 1 Loadings
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