
ABSTRACT 

ROSENBERG, CIELE LAINE. Fluctuating Asymmetry and the Embodiment of Maternal Stress 

at Newton Plantation, Barbados. (Under the direction of Dr. Julie Wesp, Dr. Troy Case, and Dr. 

John Millhauser). 

 

This thesis examines fluctuating asymmetry (FA) in a population of enslaved individuals 

at Newton Plantation in Barbados to better understand the mother-infant nexus through the 

embodiment and legacy of maternal stress. The Newton Plantation was a large-scale sugar 

plantation in Barbados that operated between the 17th and 19th centuries and previous historical 

research has shown that poor living conditions, nutritional deprivations, disease, and the stress of 

extreme labor impacted the quality of life for enslaved individuals. FA studies have been 

underemployed in bioarchaeological investigations, though they provide a lens that offers a 

salient view of the entanglement of the environmental and social realms and their manifestation 

into our biology. Analysis of FA can be used as a proxy for fetal developmental instability, 

which is directly linked to the stress experienced by the mother during pregnancy. This thesis 

presents results based on the evaluation of bilateral metric and nonmetric skeletal and dental data 

for a sample of individuals (N= 31) and also explores trends in the population to identify any 

patterns related to sex and birthplace (individuals born in Africa versus those born in Barbados). 

In terms of the postcranial region, features of the tibia and tarsals (third cuneiform and talus) 

demonstrated higher levels of FA. Dental data identified canines and molars, especially the 

second molars, as hotspots of stress, whereas cranial results identify the facial and lateral regions 

as more as sensitive to instability. While there were no significant sex-based differences amongst 

the sample, features that develop postnatally demonstrated higher differentials of FA. In terms of 

birthplace, individuals of Barbadian birth were found to have considerably higher levels of FA 

than those of African birth, which may indicate differences in environmental stressors/stress 



exposure. Constraints of a small sample size are common to archaeological research and may 

affect statistical significance. Considering this, although no population-based conclusions can be 

made in terms of FA, this study illustrates a clear relationship between the transmission of 

embodied stress from mothers to infants at Newton plantation.  
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CHAPTER 1: Introduction 

The human body is the nexus of the social and the biological. It is host to the 

environment that we both consume and in turn consumes us. What is left behind in our wake is 

the skeleton, and it speaks to the experiences we have lived and the way our bodies have changed 

throughout life. The sociopolitical realm and the various institutional forces that shape our 

degree of agency are often enmeshed with intersectional aspects of identity and changes to the 

skeleton can reflect these cultural and environmental factors. Research in bioarchaeology 

provides for the study of human skeletal remains within the context of history. Using social 

theory as a lens, we can seek a better understanding of how the social fabric of society is 

reflected in our biology.  

The concept of race was socially constructed to serve the agendas of imperialism and the 

colonization of foreign lands for economic and political gain (Blakey, 2001). The exploitation 

and enslavement of both African and indigenous individuals was seen as a means to this end. 

The idea of white supremacy and whiteness as a paragon of both godliness and morality was at 

the heart of both the justification and encouragement of this corrupt agenda (Dennis, 1995). 

Although the idea of race was socially crafted, for a large majority of history many scholars 

manipulated and abused the scientific process for personal gain (Franklin & McKee, 2004; 

Dennis, 1995). The consequences of the legacy of pseudoscientific stereotypes birthed from 

these prejudiced narratives have largely shaped the sociopolitical institutions that serve as the 

gatekeepers to having a healthy body in society. The nuance of both the context and the intricacy 

of this system of inequality, paired with the violence and stress of subsequent race relations, are 

often expressed biologically (Comas-Díaz et. al., 2019). Bodies keep score of these traumas and 
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articulate the truth of the voices that are often left out of history. This embodiment of trauma has 

been documented across multiple disciplines- including but not limited to psychology and 

biology (Walters et al, 2011; Brewis et al, 2020; Gilson & Ross, 2019). Both physical and 

psychological trauma and stress have been found to be particularly harmful to the structural 

integrity and functioning of the brain (Weber & Reynolds, 2004). Research in psychology and 

epigenetics have found that trauma can be inherited and passed down generationally (Comas-

Díaz et al, 2019). In psychological literature, this concept is discussed in reference to 

marginalized populations and referred to as “generational soul wounds” (Gilson & Ross, 2019). 

The purpose of this project is to measure fluctuating asymmetry in order to evaluate 

developmental instability and understand more about the stress and overall population health of 

individuals within the Newton Plantation skeletal collection, a 17th – 19th century plantation on 

the island of Barbados. This will provide a deeper understanding of the influence of stress on 

skeletal development and in turn, provide a more of a holistic, interdisciplinary understanding of 

the lives of enslaved individuals who were forced to live and work at the plantation, and who 

eventually died there.  

Social Bioarchaeology & Embodiment  

There is a growing trend in scientific research to assess the ways in which our social 

experiences may become incorporated into our biology. The human skeleton is a scorecard that is 

branded with both the etchings of our personal experiences and a record of how our bodies have 

carried us throughout life. The idea that our experiences and interactions with our environments 

are enfolded or embedded into our “local biologies” throughout the life course is commonly 

referred to as “embodiment” in archaeology (Agarwal 2016; Ingold 1998). Bioarchaeological 

research allows for the study of human skeletal remains in an historic context and the integration 
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of social theory with these methods can help to better illustrate the entanglement of the social and 

the biological. This movement towards what is often referred to as “social bioarchaeology” 

represents a departure from early theoretical frameworks that perceived the body as merely 

biological by nature and ultimately irrelevant to studies of society and culture (Gowland, 2018). 

Some theorists have even gone as far as referring to the “nature/culture dualism as an 

unnecessary and unhelpful split” (Shilling, 1993:13) as “the tissues of our bodies become 

saturated by the social fabric in which we interact and these become fossilized within our bones 

and teeth” (Gowland 2018: 5; Robb 2002; Soafer 2006; Gowland & Thompson 2013). 

Biocultural approaches require the braiding of theoretical frameworks from various disciplines 

and ultimately “emphasizes the synergistic relationship of social, cultural, and physical forces in 

shaping the skeletal body” (Agarwal & Glencross, 2011: 1; Armelagos et al, 1982, Armelagos & 

Van Gerven 2003; Schutkowski 2008).  

Within the field of bioarchaeology, biocultural approaches are often most recognizable in 

the form of population-based studies that explore how various indicators of health and disease 

reflect adaptive responses in the skeleton that are consequence of large-scale shifts or transitions 

in a society (Agarwal & Glencross, 2011).  This can include but is not limited to broad shifts in 

subsistence practices, sociopolitical turmoil/change, and even periods of contact (Agarwal & 

Glencross, 2011). This population-based approach has been tempered by an increased interest in 

the individual and is reflected by ideas like “crafting a bioarchaeology of personhood” (Boutin, 

2011) and use of the “osteobiography as a microhistory” (Hosek, 2019). Despite differences in 

focus and scale, social bioarchaeology inherently promotes an interdisciplinary approach in 

which skeletal data is integrated with multiscalar lines of evidence. In this way, archaeology can 

speak to the plurality of lived experiences in the past and archaeologists can aim to “rehumanize 
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prehistory” in their reconstructions (Boutin, 2011: 109) via their adoption of a more 

biopsychosocial approach.  

Reconstructing Personhood 

The trend towards a social bioarchaeology that focuses on embodied personhoods and life 

course has been deeply inspired by post-processual theory and third wave feminism (Boutin, 

2011). The sociopolitical realm and the various institutional forces that shape our degree of 

agency are often enmeshed with intersectional aspects of identity and changes to the skeleton can 

reflect these cultural and environmental factors. Intersectionality is a term first coined by 

Kimberlé Williams Crenshaw (1989, 1991) that is rooted in black feminism and critical race 

theory (Carbado et al, 2013). In her 1989 essay, “Demarginalizing the Intersection of Race and 

Sex: A Black Feminist Critique of Antidiscrimination Doctrine, Feminist Theory and Antiracist 

Politics” Crenshaw speaks to the discrimination and “marginalization of black women within not 

only antidiscrimination law but also in feminist and antiracist theory and politics” (Carbado et al, 

2013: 303). In its current usage, intersectionality describes how aspects of identity such as 

gender, race, sexuality, class, age, and ability interact and intersect with one another to create 

compounding levels of discrimination or privilege (Zimmerman, 2017; Cho, Crenshaw, & 

McCall 2013).  

Within the subdiscipline of bioarchaeology, there has been a push for an integrated 

consideration of both osteological evidence and archaeological evidence from burials as this 

approach can demonstrate how aspects of our identity are performed and embodied through our 

daily routines and practices such as culturally specific mortuary rituals (Boutin, 2011). 

Researchers like Wesp (Wesp, 2017) use osteoarchaeological data to explore aspects of identity 

such as sex and gender and what these systems look like/ how they operate within a culturally 
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specific framework. (Wesp 2017, 2020) argues that “using the same binary based methodology 

for estimating sex and gender in every culture ignores not only the biological variation that 

occurs across space and time, but also the varied cultural perceptions of sex/gender” (Wesp, 

2017: 105). Her rejection of using binary-based methodology for estimating sex is exemplified in 

papers such as Wesp (2020) in which labor obligations are explored in colonial Mexico City 

(1521-1821) via bioarchaeological analysis of skeletal indicators of activity. The organization of 

data outside of the traditional bioarchaeological methodology of comparing individuals based on 

age and sex, allowed for a better understanding of how more intersecting aspects of identity like 

ancestry and age rather than sex, resulted in different levels of biomechanical stress. This 

engendered a more complete understanding and discussion of the distinctions between daily life 

patterns of activity amongst members of the same age category who had different heritage 

(European, African, Indigenous, Mixed) (Wesp, 2020).  Ultimately, this example shows just how 

important it is not only to use intersectionality as a heuristic in our research but speaks to the 

importance and power of researchers challenging traditional methodology and stepping away 

from the western biases and constructs that have long dominated the subfield of biological 

anthropology.    

(Bio)archaeology of the African Diaspora in Latin America 

Archaeology through the lens of the African diaspora is relatively new to the subfield, 

largely stemming from the activism of the civil rights movement in the 1960’s and its associated 

discourse that provided a platform for critiques of the academy (Lee & Scott, 2019). While the 

contributions of African diaspora archaeology have allowed for histories of those who have been 

historically silenced and marginalized to be unearthed and reconstructed, these efforts have not 

always been appreciated (Blakey, 2001). Understanding the archaeology of the African diaspora 
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allows for a deeper understanding of African identity/ identity formation and of race, racism, and 

race relations (Orser, 1998; Blakey, 2001). As Caribbean bioarchaeology is an area that has been 

especially underexplored within the subdiscipline, studying the embodiment of stress and using a 

biocultural approach in studying the enslaved community at Newton Plantation allows for the 

consideration of personhood when reconstructing the history of African diaspora communities 

(Lee & Scott, 2019). Inclusion of Latin America and Caribbean bioarchaeology into studies of 

the African diaspora are essential to its understanding as the diaspora began earliest and lasted 

longest in Latin America (Sampeck, 2018).  

One cannot study the Caribbean without immersing themselves into the history of 

colonialism. Upon arrival, Europeans systematically committed genocide against the Caribs and 

Arawaks (Tainos) of the Antilles (Trouillot, 1992). They came to the Americas with African 

individuals who were forcibly removed from their homeland and then further displaced and 

enslaved throughout regions of the Caribbean. These individuals comprised the labor source for 

plantation economies that served as the blueprint for the rise of the West that we are familiar 

with today. Interactions between indigenous populations, colonizers, and enslaved Africans 

produced the wide range of genetic diversity of the region, yet each experienced life stresses 

differently. In short, the Caribbean can be described as “multiracial, multilingual, 

stratified…multicultural…[and] inescapably historical” (Trouillot, 1992: 21). With such rich 

history and heterogeneity, it is imperative to frame bioarchaeological investigations of this region 

through a biocultural lens. The intrapopulation heterogeneity amongst different Caribbean 

localities may be connected to differences amongst the varying colonial powers. This may have 

resulted in different kinds of life stresses for these respective populations. While documentary 

evidence shows that there are distinctions between these locations, bioarchaeological 
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investigations can help supplement this via analysis of skeletal remains rather than being 

exclusively informed by historic records.   

Between the 15th to 19th centuries a total of over 11 million individuals from various 

regions of Sub-Saharan and Western Africa were stolen from their homes, dehumanized, traded 

for material goods, and enslaved as laborers for the American colonies (Schroeder et. al., 2009; 

Eltis, 2000). The lives of enslaved individuals were complex, brutal, and often ended 

prematurely. Approximately half a million Africans were forcibly transported to Barbados alone, 

which is a small island located in the southeastern region of the Caribbean Sea (Schroeder et. al., 

2009; Eltis, 2000). The economic wellbeing and prosperity of the colonies were only made 

possible by the forced labor of enslaved individuals and near the end of the 17th century, 

Barbados became England’s richest colony in the Americas (Handler, 1969). The economy of 

Caribbean colonies was built upon the backs of the enslaved individuals who worked the sugar 

plantations (Handler, 1969). Previous historic and anthropological studies have shown that the 

quality of life of the enslaved individuals who comprised Colonial Caribbean societies was 

dictated by consistently intense and constant stress that was incredibly dangerous and ultimately 

unsustainable (Handler, 1969; Sampeck, 2018). Numerous sources discuss the extreme labor, 

poor living conditions, nutritional deprivation, disease, and the subsequent delayed development 

that is characteristic of enslaved individuals subject to this environment and the conditions of 

their enslavement (Fricke et al, 2019; Corrucinni et al, 1985). In previous bioarchaeological 

studies, enslaved children in Barbados were found to have a weaning age of three to four years 

old as demonstrated by dental hypoplasia formation. This is late in comparison to other diaspora 

populations and can possibly be attributed to historical factors such as periodic food shortages 

and famines that were common to Barbadian plantations (Corruccini et al, 1985).   



  8 

 

The Newton Plantation was a larger scale sugar plantation along the southern coastal 

region of Barbados that operated between the 17th and 19th centuries (Schroeder et. al, 2009). At 

its heyday, the plantation averaged about 450 acres of land with approximately 250 enslaved 

individuals. When slavery was abolished in Barbados on August 1, 1834, around 261 enslaved 

individuals were living on site (Schroeder et. al, 2009). Skeletal remains recovered from Newton 

currently represent the largest and earliest cemetery of enslaved Africans from the Caribbean 

islands (Shuler, 2005). Newton Plantation provides researchers with an environment that has 

been relatively underexplored in terms of African diaspora studies and Caribbean 

bioarchaeology.  

This project emphasizes the importance of adopting an interdisciplinary approach when 

conducting studies on topics as complex and nuanced as those concerning the lives of enslaved 

individuals and African diaspora populations. In order to develop and implement diverse 

theoretical and methodological frameworks effectively, it is paramount to discuss supplemental 

data outside the realm of anthropology (Franklin & McKee, 2004). Consideration of how fields 

like history, psychology, and biology intersect with anthropological investigations allows for a 

more nuanced and contextually rich picture of the lives of enslaved individuals. While this 

approach is amenable to our understanding of past populations that have often been 

misrepresented in academic literature, it can also contribute to our current understanding of the 

physical embodiment of trauma and the legacy of enslavement and racial oppression. This 

information is crucial to modern social justice and advocacy work and may be useful in efforts 

aimed to establish reparations with local Barbadian communities. Furthermore, this research will 

engender a broader understanding of the biocultural impacts of stress. Such an understanding is 

essential as there exists definite bias in the historical record of those who have been described as 
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“invisible” such as enslaved women and children (Shuler, 2011). This visibility gap extends to 

bioarchaeological literature in terms of the analysis of life stress and the overall complexity of 

the lives of marginalized individuals. Research on infants and fetal remains are often omitted or 

only include a simple count of individuals. The integration of biological data and social theory 

offers an avenue that can alleviate this issue in a way that considers the intersectional identities 

of individuals and how this shapes life stresses differentially. As this research will concern the 

mother- infant nexus in African diaspora populations, an intersectional lens is essential to 

accurately dissect how these interconnected social categories of sex, gender, and race are linked 

to stress and its embodiment. As such, this project will also help address the deficit of social 

bioarcheological scholarship in the Caribbean. 

The lives of enslaved individuals in the Caribbean were plagued with various forms of 

biological, environmental, social, and psychological stress. The fetal environment is deeply 

sensitive, and stress experienced by the mother can give rise to fetal developmental instability. 

Fluctuating asymmetry (FA) has been established as a bioindicator of developmental instability, 

which is directly linked to stress, particularly the highly sensitive fetal environment (DeLeon, 

2007). Thus, analysis of FA can provide a snapshot of potential stressors that the individual’s 

mother may have experienced while pregnant. FA measures developmental instability by 

examining the deviation from ideal or expected bilateral symmetry of skeletal material and is a 

non-destructive method of analyzing population health. This method is relatively new to 

bioarchaeological investigations and provides a lens with which to view the intersection of the 

social and the biological (Beary, 2018). African diaspora studies in the Caribbean offer a unique 

environment to employ this methodology. Measuring the level of FA in adult enslaved 

individuals provides deeper insight into the delayed fetal development that has been heavily 
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associated with these populations (Fricke et al, 2019) and the results of this study will add to the 

existing literature on this subject. Given that enslaved populations in Barbados were underfed 

and malnourished, it is expected that individuals of this sample will demonstrate high levels of 

FA. As previous studies have reported women at Newton as being frailer than men, it is expected 

that they will have higher values of FA compared to the men of the sample. Lastly, as Barbadian 

born individuals had greater exposure to environmental toxins than individuals of African birth, 

it is expected that they will demonstrate the highest degrees of instability/stress. 

CHAPTER 2: Biocultural Models of Stress 

Life Course Approaches  

Western philosophy promotes the idea of the human body as a hyper individualized entity 

that is bounded or separate from others (Gowland, 2018). As consequence, life course is often 

perceived as being marked and limited by distinct indicators of what is commonly thought of the 

beginning- birth, and the end- death (Gowland, 2018; Hockey & Draper 2005).  Conceptualizing 

the body as a closed system can lead to the oversight of how our “biosocial landscapes” are 

embedded into our biology as we move throughout life, ultimately compounding upon each other 

(Agarwal, 2016). In approaching our social bioarchaeology from the life course perspective we 

are able to adopt a more “humanistic focus on people…with an eye to observe skeletons as a 

product of lived experience” (Agarwal, 2016: 138). Gowland (2018) describes the mother-infant 

nexus as “the ultimate challenge to individual boundedness: the body within a body” (Gowland, 

2018: 12). Within the field of archaeology, life course perspectives of age are preferred as they 

serve “a useful framework for archaeologists to consider both the plurality of identity at any one 

moment in time as well as the fluidity of identity (e.g. gender & status) over an individual’s life” 

(Gowland, 2018; Hockey & James 2003). Additionally, a life course approach allows the 
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archaeologist to consider the cumulative or compounded essence of our individual experiences 

and social circumstances on the body throughout life (Gowland, 2018). The “Downstream effect” 

was coined by Holland Jones (2005) and describes the idea that because lived experiences not 

only compound on one another through an individual’s life course but are also the accumulation 

of experiences inherited and traced through multiple generations, it is difficult to truly qualify 

when someone’s biography begins (Hodson & Gowland, 2019; Gowland 2015). In fact, some 

have compared life course and the epigenetic model to the ideology of reincarnation and have 

emphasized how bioarchaeological investigation within the domain of the mother-infant nexus 

can act as “a portal for accessing… traces of often intangible identities including motherhood” 

(Gowland, 2018). Additionally, it can cause researchers to overlook the possibility of phenotypic 

plasticity and epigenetic change/inheritance that is directly related to the mother-infant dyad.  

This speaks to the commingling of bodies and lives that occurs throughout an individual’s life 

history (Gowland, 2015). 

The Mother Infant Nexus 

Mothers and infants are inextricably linked in the way they are conceptualized by society 

at large and should thus be given the same consideration in our approach to research. Ultimately, 

it is impossible to disentangle mothers and infants in our approach to studying bioarchaeology, or 

any other discipline in which the relationship between the body and society is being explored. 

The scholarship on the mother-infant dyad can be traced back to the rise of juvenile 

bioarchaeology. Within the discipline, children, infants, neonates (infants that have died before 

the age of 7 days of birth), perinates (infants that have died around the time of birth), and fetal 

remains were disregarded as a significant area of interest and were often either completely glazed 

over or only considered in constituting a count of individuals. In fact, many of the prevailing 
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discussions of infancy within archaeology have historically been constrained to sensationalist 

practices such as infanticide and ritual sacrifice (Gowland & Halcrow, 2019; Mays 1993; Smith 

& Kahlia, 1992). At Romano-British sites the presence of fetal and perinatal remains is quite 

common; however, the subsequent interpretations that have arisen from these investigations have 

largely been limited to discussions of infanticide (Gowland, 2018; Mays, 1993; Mays & Eyers, 

2011). Interpretations that reduce the presence of fetal burials and remains simply to their 

disposal represent a failure to consider the agency of infants and their emotional, physical, and 

economical influence on those around them (Gowland et al, 2014, Gowland, 2018). Gowland 

(2018) suggests another explanation for fetal and perinatal remains buried near or with its mother 

could be that the pair was seen as indivisible from each other and thus they were buried in close 

proximity to one another. Failure to consider the biopsychosocial relationship between mothers 

and infants is a grave misstep in the archaeological process and the formation of archaeological 

interpretations of infant burials (Gowland, 2018). Related to this is the importance of considering 

the timing of when the infant in question has died, as this can have great bearing on funerary 

rites. For example, the ramifications of losing an infant in the later stages of pregnancy may 

influence the funerary rites to “be predicated more on the social perceptions of motherhood than 

of the dead infant.” (Gowland, 2018).  

Epigenetic factors describe that which can influence patterns of gene expression while not 

transforming nucleotide sequences of DNA (Gowland, 2018; Gowland, 2015; Brook, 2009). The 

Dutch famine is perhaps one of the most popular examples of epigenetic factors at work in 

relation to the mother-infant dyad. The Dutch famine took place between 1944-1945 after 

German occupying forces enacted an embargo on foodstuffs to the Western Netherlands. During 

this period, adult food rations were reduced to values as low as 400 calories per day, which is 
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less than 25% of their prefamine allocations (Painter et al, 2008). Although this situation was 

nothing short of horrific, it provided researchers with an unparalleled opportunity to investigate 

the consequences of radical maternal undernutrition during gestation and the subsequent health 

of both offspring and grand-offspring (Painter et al, 2008). The results of this study found that 

famine exposure or severe undernutrition in utero was linked to “obesity, cardiovascular disease, 

type II diabetes, hypertension, dyslipidemia, respiratory disease, breast cancer, and a number of 

psychiatric diagnoses” (Painter et al, 2008). The epigenetic changes that took place in the fetal 

environment illustrate an inconsistency between the signals of the intrauterine environment and 

the post-natal environment (Gowland, 2018; Gluckman et al, 2011: 13). It is also interesting to 

note that if the sex of the developing fetus was female, three generations would be directly 

affected by the famine as all of the eggs that females will have during their lifetime are produced 

while they were still in utero (Gowland, 2018; Barker, 2012).   

Maternal stress has been shown to have a significant outcome on both the mental and 

physiological health of the developing offspring later on in their lives. The Barker hypothesis, 

otherwise known as the as the Developmental Origins of Health and Disease Hypothesis 

(DOHaD), is the broadly accepted notion that stressful incidences early in the life course of an 

individual have negative implications for their health in adulthood (Armelagos et al, 2009). The 

idea that the origins of adult diseases lie in fetal development illustrated the potential wealth of 

information researchers could glean from studying early life growth and developmental and 

ultimately, the mother-infant nexus. In fact, stress experienced by the mother during pregnancy 

has been found to have lasting effects on the child following birth, including the stress reactivity 

of the offspring (Gowland, 2018; Weaver et al, 2004). Additionally, it has been found that poor 

social and environmental conditions can also go on to affect the second generation of offspring 
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(Gowland, 2018; Davey Smith 2011; Gluckman et al, 2011). These findings emphasize the 

undeniable link between biology and society and how a person’s physical and social 

environment in early life have the potential mold their biology and wellbeing throughout their 

own life course and that of both their children and grandchildren (Gowland 2018; Thayer & 

Kuzawa 2011:798). Critics of this hypothesis suggest that further research is needed to provide 

data supporting these long-term impacts and this study serves to provide additional information 

from archaeological populations.  

Analysis of dental enamel defects and fluctuating asymmetry are examples of methods 

adopted in bioarchaeological investigations that can be used to explore the mother-infant dyad. 

Fluctuating Asymmetry (FA) is a well-established proxy for developmental instability that is 

linked to maternal-fetal stress throughout the gestational period (DeLeon, 2007). Dental enamel 

defects such as linear enamel hypoplasias are an incredibly important tool to bioarchaeological 

investigations that focus on the maternal fetal interface because enamel only develops once, and 

any interruption will stay on the tooth throughout the person’s life. Enamel hypoplasias are the 

result of disruptions that affect ameloblast behavior and functionality. Various insults can lead to 

these interruptions including but not limited to disease, trauma, and nutritional deficiencies 

(Armelagos et al, 2009). Thus, dental enamel defects are considered non-specific indicators of 

stress that can provide a deeper understanding of maternal and early fetal health- particularly 

nutritional or environmental stress from excessive labor or disease. Enamel hypoplasias have 

been described as providing archaeologists with a “kymographic record that is a window into the 

past” (Armelagos et al, 2009) was used as bioarchaeological evidence to support the Barker 

hypothesis.  
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Temple (2019) conducted a study focusing on the incremental microstructure of enamel 

and of the formation of linear enamel hypoplasias in a population of individuals from the 

Late/Final Jomon period in Japan. In this study, the synthesis of archaeological mortuary 

practices, skeletal data, and the sociocultural practices and beliefs of the Jomon people allow for 

the first instance of the mother-infant nexus and the embodiment of biosocial factors in a 

community of hunter-gatherers (Temple, 2019). The findings of this study show lower 

frequencies of linear enamel hypoplasia formation during periods breastfeeding and social 

intimacy between the mother/infant and an increase in LEH formation during the time when the 

archaeological mortuary data “suggest early dissolutions of the social component to the nexus 

and again during the period preceding the cessation of breastfeeding” (Temple, 2019). This study 

emphasizes how a biocultural approach to research allows for the integration of multiscalar lines 

of evidence, thus providing a lens that is attuned to the relations between the social and 

biological and how these worlds are engulfed and ultimately changed by one another. 

Furthermore, it highlights the cumulative nature of the life course and the legacy of how our 

“individual” life experiences are embodied and inherited, thus further speaking to the role 

mothers play in shaping these outcomes (Temple, 2019).  

Additionally, dental enamel defects, as well as incremental stable isotope analysis can be 

used to determine weaning age, which is a time associated with possible negative consequences 

for the health of both mother and child (Halcrow & Gowland, 2019). As mothers have agency 

over their individual weaning choices, in populations where food was scarce, delayed weaning 

can provide additional nutrition to infants for longer periods of time and postpone the onset of 

expected malnourishment. Therefore, variations in the patterns of these skeletal changes can help 
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illustrate culturally specific information on the care of children and the rate of stress experienced 

by different members of Caribbean society (Halcrow & Tayles, 2008).  

A bioarchaeological approach to the mother-infant nexus allows for the assessment of 

how life experiences, nutrition, and health affect adult morbidity and mortality (Gowland, 2018). 

Using a biocultural framework to guide this approach marries historical and cultural data and 

allows for a more complete rendering of the past and the peoples who lived in it. Conducting 

more bioarchaeological research via the lens of the mother-infant nexus is essential as stressful 

experiences that occur early in life have been found to decrease longevity and increase frailty 

(Hudson & Gowland 2019; Gowland 2015).  In a study by Hudson and Gowland (2019) poor 

nutrition and “urban squalor” in post medieval London were explored in terms of the effect of 

this environment on the mother-infant dyad. Pathological lesions and long bone growth 

disruption of fetal, perinatal, and infant skeletons were analyzed, and all individuals regardless of 

age group were found to have pathological skeletal changes that point to a stressful pre and post-

natal environment (Hudson & Gowland, 2019).  These results demonstrate the lackluster status 

of maternal health amongst impoverished women during this period (Hudson & Gowland, 2019). 

Additionally, the findings of this study illustrate the connection between growth disruption and 

pathological lesions (Hudson & Gowland, 2019), which further emphasizes the sensitivity of the 

mother-infant dyad and the intergenerational consequences of stress. It also highlights the widely 

accepted notion that fetal, perinatal, and infant periods represent those amongst our population 

that are most vulnerable to poor environmental conditions and experiences (Hudson & Gowland 

2019; Humphrey 2000a; Newman & Gowland 2017).  
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Fluctuating Asymmetry 

The fetal environment is one of incredible sensitivity and developmental instability can 

be induced as a result of stress experienced by the mother. Stress has been defined in numerous 

ways in academic scholarship but ultimately can be described as any “physiological disruption or 

perturbation that results from interactions between environmental constraints, cultural systems, 

and host resistance” (O’Donnell & Moes, 2020: 156).  

Stressors can be categorized intrinsically or extrinsically. Intrinsic stressors include any 

genetic or inherent abnormalities (Beary, 2018; Palmer 1996; Harris & Nweeia, 1980) and 

extrinsic or environmentally defined stressors include examples such as food shortage, 

population density, and pollution (Beary, 2018). Historically, FA has been linked to 

environmental and nutritional stresses in various human populations and via use of animal 

models (Weisensee, 2013). Stressors that will be of particular relevance to this project include 

malnutrition, disease, exposure to environmental contaminants, hard labor/working conditions, 

and both physical and psychological trauma. 

Developmental stability describes the body’s ability to give rise to a particular phenotype 

under specific genetic and environmental conditions (DeLeon, 2007). This capability relates to 

mechanisms that are involved in the control of phenotypic variations that are a direct result of 

minor disturbances that can occur during development (DeLeon, 2007).  Developmental stability 

or developmental homeostasis ultimately refers to the processes that act as a buffer against said 

disturbances (Beary, 2018; Willmore & Hallgrímsson, 2005). These disturbances are referred to 

as developmental noise or developmental instability and can lead to deviations in the symmetry 

of paired bones that are expected to have a bilateral structure under ideal conditions (Beary, 

2018; Weisensee, 2013, Palmer, 1996; Milella, 2018). The sum of these deviations is known as 
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fluctuating asymmetry. Developmental instability can be evaluated via the assessment of FA 

because in order to quantify FA, two independent replicates or sides (right and left) are measured 

under circumstances in which genetic and environmental conditions remain constant (Weisensee, 

2013). The magnitude of asymmetry in a particular feature has been assumed to be proportional 

to the severity of developmental noise in that area (DiBennardo & Bailit, 1978; Mather, 1953) or 

reflective of the intensity of stressors (Gawlikowska et al, 2017). Additionally, FA has been 

qualified as demonstrating a measurement of developmental precision. This can be described as 

how closely an individual gets to reaching the ideal of their specific genotype and growth 

environment (Beary, 2018; Palmer, 1996). 

Fluctuating Asymmetry is one out of three classes of asymmetry. Each type of 

asymmetry differs in the relationship between their means and the variance of the distribution of 

right minus left measurements (Palmer & Strobeck, 1986). Directional asymmetry (DA) 

describes the bias of a trait or a character in an individual to show greater development on one 

side of the body than the other (O’Donnell & Moes, 2020). Traits that exhibit DA will have 

normally distributed right minus left differences around a mean value that can either be 

significantly greater than or less than zero (Palmer & Strobeck, 1986). Antisymmetry is 

characterized by a platykurtic or bimodal distribution of right minus left side differences that 

surround a mean of zero. Both DA and antisymmetry differ from FA, which requires a normal 

distribution of right minus left differences around a mean of zero (Palmer & Strobeck, 1986).  

Higher levels of FA often indicate higher levels of developmental instability (Beary 

2018; Weisensee, 2013, DeLeon, 2007; Palmer, 1996). Significant levels of FA have also been 

documented in animal models that were subjected to both developmental and environmental 

stressors (DeLeon, 2007). Developmental instability is highly associated with stress at the 



  19 

 

maternal-fetal interface, which can be attributed to a number of factors. This includes, but is not 

limited to, poorer levels of nutrition, extreme/hazardous working/environmental conditions, 

disease, and psychological duress. Hence, analyzing FA in a population can provide researchers 

with a lens to examine the intersection of the biology and the sociocultural wellbeing of women 

and the subsequent in utero development of their children in past populations. In fact, in a study 

conducted by Weisensee (2013) the DOHaD hypothesis was tested using FA as a measure of 

developmental instability. In this bioarchaeological investigation, the relationship between 

craniofacial FA and cause of death was examined in a collection of individuals who included 

documented causes of death per each individual. Individuals from the collection were from 

Lisbon, Portugal and were born between 1806-1935, which is a period known as the “Early 

Modern Health Transition”. This was a time marked by a decrease in infectious diseases and a 

rise in chronic illness (Weisensee, 2013). Using 3-D landmarking analysis, it was found that 

individuals with degenerative disease as cause of death had higher elevated levels of FA 

compared to those who had died from infectious diseases (Weisensee, 2013). These results 

confirm the earlier findings of the DOHaD hypothesis that highlights the influence early 

development has on adult health consequences. Additionally, this study emphasizes FA as an 

accurate reflection of developmental instability and qualifies the relationship between FA and 

DOHaD in a way that had not been previously pursued prior to this publication (Weisensee, 

2013). Periods of societal transition during which major structural change occurs (including but 

not limited to the transition from foraging to farming) have been associated with an overall 

decrease in human health (Milella et al, 2018). In a diachronic study of Neolithic Çatalhöyük, 

patterns of dental fluctuating asymmetry were analyzed to assess changes associated with the 
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transition to agriculture (Milella et al, 2018). The results of this study speak to the importance of 

nutrition and diet as a buffer against changing demographic pressures (Milella et al, 2018).   

FA can be measured across all individuals regardless of their health at birth or at their 

time of death. This has major implications for studies searching for better methods to assess the 

frailty of past populations. Measuring frailty on a population-sized scale is a crucial research 

concern going back to the Wood et al. 1992 publication on the osteological paradox as 

individuals with paleopathological indicators might be less frail because they had to have 

survived long enough for a skeletal response to manifest, whereas individuals who are the frailest 

would “appear normal” i.e., they would lack paleopathological indicators. As FA is a population 

level measure (Beary, 2018; Van Valen, 1962) the link between FA, stress, and developmental 

instability has been suggested as a proxy for population frailty. This work is also relevant to 

studies of adaptation, development, and evolution and has been found to provide unique 

information about the differential variability of the skeleton and the variability of skeletal 

development across individuals (Beary, 2018; DeLeon, 2007). 

 It has been previously established that FA can be associated with other skeletal stress 

markers such as linear enamel hypoplasias (LEH) and cribra orbitalia (CO) (Weisensee., 2013). 

In fact, a study by O’Donnell & Moes (2020) found increased dental FA to be associated with 

skeletal lesions but not mortality hazards. This bioarchaeological investigation focused on a 

precontact population of Ancestral Pueblans (AD 1200-1400) in the southwest US who lived in 

what is now New Mexico (O’Donnell & Moes, 2020). The authors of this study tried to link FA 

to other nonspecific stress indicators (CO, enamel hypoplasia (EH), and porotic hyperostosis 

(PH)) and found that individuals with active CO and PH lesions had higher levels of dental 
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fluctuating asymmetry (DFA), while individuals with evidence of healed lesions demonstrated 

lower levels of DFA (O’Donnell & Moes, 2020). According to the authors, individuals who 

displayed higher levels of DFA were frailer and as such, had greater difficulty buffering 

themselves against disturbances to their health than individuals with lower levels of DFA 

(O’Donnell & Moes, 2020). In other words, those with lower levels of DFA had greater success 

in buffering themselves against environmental stressors in childhood (O’Donnell & Moes, 2020). 

Although DFA alone had no bearing on mortality hazard, its connection to lesion status 

emphasizes the importance of including measures of FA to studies of health and stress 

(O’Donnell & Moes, 2020). Other studies have also tried to link FA to other nonspecific stress 

indicators but instead of exploring DFA they sought to find a link between cranial fluctuating 

asymmetry (CFA) and enamel hypoplasia (EH) (Gawlikowska et al, 2017). In their 

investigations, Gawlikowska and colleagues aimed to estimate the physiological stress of a 

medieval rural population through the assessment of CFA and EH (Gawlikowska et al, 2017). 

Like the findings of O’Donnell & Moes (2020), they found no relationship between FA & EH 

(Gawlikowska et al, 2017). Additionally, the authors asserted that FA should be deemed a weak 

indicator of a stressful prenatal environment as they did not find any evidence of prenatal stress 

influencing physiological stress throughout early childhood. Although the study by O’Donnell 

and Moes (2020) focused on DFA rather than CFA, it was interesting that they both found no 

association between FA and EH. This may be because FA and EH speak to different 

developmental time periods, as it is estimated that 1/3 of EH is formed between the 11th and 34th 

month of life and that time is usually a reflection of weaning stress (consequence of cessation of 

breastfeeding that includes malnutrition, decreased levels of protein/calcium, and compromised 

immunity) (Gawlikowska et al, 2017). In addition, whereas FA in bilateral skeletal features is 
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representative of a cumulative measure of stress throughout the life course of an individual, DFA 

is indicative of stressors that occurred during the window of tooth development (O’Donnell & 

Moes, 2020). As such, DFA should represent sum of stress experienced during gestation and 

childhood when tooth crowns form (O’Donnell & Moes, 2020).  

Opposition to the use of FA as a proxy for developmental instability is not absent within 

academic scholarship. A study by Quinto- Sanchez and colleagues (2017) demonstrated that 

there was no relationship between facial FA and socioeconomic status, which is commonly 

associated with stress, in a sample of individuals from Latin America (Quinto-Sanchez et al, 

2017). While there are mixed results about the use of FA as a proxy of developmental stress, 

these may lie in the subtlety of FA and its statistical properties that make measurement errors a 

huge concern (Quinto-Sanchez et al, 2017). Additionally, this discord amongst results may also 

be explained because of different definitions of “stress” along with sampling errors and the 

presence of different genotypic backgrounds that may affect root developmental stability 

(Weisensee 2013; DeLeon, 2007). There is also debate on whether FA should be derived from 

one trait or a few traits. Some have suggested that developmental instability may be trait- 

specific, which could again explain varying results, especially among studies that focus on 

different FA loci (Weisensee 2013; DeLeon, 2007). Ultimately, while the precise nature of the 

relationship between FA, stress, and development has not been completely discerned it is evident 

that FA is adds value to research seeking to examine the life course, stress, and health in both 

living and past populations (Weisensee 2013).  
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CHAPTER 3: Previous Studies of Newton Plantation 

History of the Site 

Located in the Caribbean, Barbados lies at the most eastern end of the Lesser Antilles 

Island chain. Newton Plantation was a larger scale sugar plantation along the southern central 

region of Barbados in Christ Church Parish and is located about 1.5 miles north of the coast in a 

region called Oistins (Shuler, 2005). The plantation operated between the 17th and 19th centuries 

(Schroeder et. al., 2009). At its heyday the plantation averaged about 450 acres of land with 

varying numbers of enslaved individuals though most historical documents suggest it was 

usually between 200 – 250 (Schroeder et. al., 2009). When slavery was abolished in Barbados on 

August 1, 1834, around 261 enslaved individuals were living on site (Schroeder et. al., 2009). 

Skeletal remains recovered from Newton currently represent the largest and earliest cemetery of 

enslaved Africans from the Caribbean islands (Shuler, 2005). 

Archaeological investigations began in the early part of the 1970’s by Professor Jerome 

Handler and colleagues after the chance discovery of an unmarked cemetery that was believed to 

have represented the graves of enslaved individuals (Shuler, 2005). Handler and colleagues 

originally aimed to recreate the lives of enslaved individuals via examination of the living 

quarters of the enslaved communities at 14 different Barbadian plantations (Shuler, 2005). 

Ultimately, the team was not able to locate the domestic structures they needed to fulfill the 

goals of their intended research plan (Shuler, 2005). Instead, they chose to focus on the cemetery 

found at Newton Plantation as this discovery, along with the extensive historical documentation 

of the site’s early history, presented them with a new opportunity to reconstruct the sociocultural 

lives of enslaved populations during the pre-emancipation period (Schroeder et. al., 2009; Shuler, 

2005). 
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Initial excavations uncovered approximately 100 individuals from a small section of the 

cemetery and were conducted during a total of eight weeks throughout the years of 1971-1973. 

(Shuler, 2005; Handler & Lange, 1978; Corruccini et al, 1982; Handler & Coruccini, 1983;). 

Many burials featured intricate groupings of multiple graves with varied skeletal preservation, 

and many of the skeletons were disarticulated and commingled, making identification of 

individuals difficult for the excavation team. Each season, about half of the sample was 

excavated, and in 1971 roughly 40-50 individuals were “reinterred en masse, and approximately 

40-50 individuals remained articulated in their original proveniences in 1973” (Shuler, 

2005:110). The cemetery itself has shallow soils covered by sour grass and is located about 150 

meters west of a former enslaved community (Shuler, 2005). Historic maps show it to have an 

area of about 4,500 square meters (Shuler, 2005). The grounds are marked by numerous 

limestone outcroppings and are enclosed by sugar cane fields. (Shuler, 2005). This may explain 

why this was one of the few sections of Newton that were not utilized for agriculture (Shuler, 

2005).  The majority of skeletal materials from these first excavations in the 70’s were reinterred, 

but those that were in a better state of preservation as well as all teeth recovered, were sent to 

Southern Illinois University.  

These early investigations by Handler and colleagues led to a series of publications that 

discuss skeletal indicators of stress and paleopathology, as well as the publication of the book 

“Plantation slavery in Barbados: an archaeological and historical investigation” (Handler and 

Lange, 1978). Skeletal materials were highly disarticulated and poorly preserved for the most 

part (Handler & Corruccini, 1983). The collection was analyzed primarily for demographic data 

and was largely found to be at odds with historical records (Handler & Corruccini, 1983). This 

has been explained via errors made during osteoarchaeological estimations of infant mortality 
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(Handler & Corruccini, 1983). Ultimately, the population at Newton had both high levels of 

infant and child mortality and low life expectancy of around 21 years (Handler & Corruccini, 

1983).   

In the late 1990’s re-excavations of the site led by Professor Kristina A. Shuler were 

undertaken in hopes of recovering the postcranial remains that were not excavated in the 70s and 

to seek answers about the African origins of Newton’s enslaved population (Shuler 2005). Shuler 

(2005; 2011) found that individuals at Newton had an earlier age at death in comparison to other 

African diaspora bioarchaeology samples. Those who ran the plantation created conditions that 

subjected enslaved individuals at Newton Plantation to extreme stress. This includes activity 

stress and abuse, disease, and malnutrition (Shuler, 2011). Additionally, females had a younger 

age at death than the males in the sample, which could in turn point to a highly stressed maternal 

population. That being said, Shuler also noted that the paleodemographic data of the site 

“remains problematic, at best… due to problems of nonstationarity and potential sampling 

biases” (Shuler, 2005: 259). In this case, demographic nonstationarity describes the idea 

originally described by Wood and colleagues (1992) that illustrates the connection between 

changes in fertility within a nonstationary population and the potential this has to impact 

paleodemographic data such as age at death distributions etc. Within the Newton sample, as date 

of death is unknown for all individuals, the population may not be representative of individuals 

who lived during the same time as each other. As the people that comprise this collection may 

have lived at the plantation during different times, this may also point to disparities between 

embodied stress and affect how comparisons are conceptualized. Despite potential complications 

associated with paleodemographic data, there is an abundance of data related to the diet of the 

community at Newton.  
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The diet of individuals at Newton Plantation has been compared to that of enslaved 

populations in the British West Indies and was found to have extreme caloric deficits and deeply 

inadequate protein levels (Handler et. al.,1983). This resulted in a high prevalence of dental 

pathology, particularly high frequencies of periodontal disease, hypercementosis, partial tooth 

loss, malocclusion (40% of mandibles found to have malformed 3rd molars), and hypoplasias 

(98% of individuals displayed signs) (Handler & Corruccini, 1983). In their investigations of 

hypoplasias, the authors divided dentition into two categories; those with mild “fever lines” 

associated with short bouts of infection, or extreme/severe hypoplasias that were described as 

“deeply indented horizontal depressions running completely around the tooth” (Handler & 

Corruccini, 1983: 72). The authors state that the severe hypoplasias greatly outnumbered the 

milder manifestations and believed them to be indicators of severe nutritional deficiency or 

starvation due to their patterning, which illustrated singular episodes of “severe metabolic crisis 

in early childhood” (Handler & Corruccini, 1983: 73). This aligns with the historic data that 

found the enslaved community of Barbados, like other communities throughout the Caribbean, to 

be both severely underfed and malnourished (Shuler, 2005). The high frequency of dental 

pathology is also supported by primary source data that cites high prevalence of “toothache” 

amongst enslaved communities throughout the West Indies. Additionally, growth arrest 

lines/hypoplasias were estimated to have occurred at approximately 3-4 years of age which 

according to historical sources was about 1 year after enslaved Barbadians were weaned 

(Handler & Corruccini, 1983). Hence, a growth arrest line age at 3-4 years makes sense as it is 

well established in anthropological literature that the year following cessation of breastfeeding is 

one of the most dangerous periods of life for both mother and child (Handler & Corruccini, 

1983; Ritter, 1991; Halcrow & Gowland, 2019).  
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Handler and Corruccini (1983) also measured bilateral dental asymmetry and found the 

Newton population to have relatively elevated levels of asymmetry. Using common correlation 

analysis, the authors reported that approximately “30% of the variance in size of premolars and 

molars was shared variance. The figure is closer to 60% in other worldwide nonindustrial 

populations” (Handler & Corruccini, 1983: 74). Interestingly, the authors also found that teeth 

that developed postnatally demonstrated higher levels of asymmetry than dentition that was 

prenatally formed (Handler & Corruccini, 1983). Hence, although mothers were likely 

malnourished, the prenatal environment may have been less dangerous for enslaved individuals 

than early childhood, which is atypical trend. A study by Ritter (1991) also examined severe 

enamel hypoplasias or major growth arrest (MGA) lines and dental crown asymmetry within the 

Newton population as indicators for physiological stress (Ritter, 1991; Shuler, 2005). 

Interestingly, Ritter’s findings on cusp asymmetry indicate that individuals who were born 

during the later years of state sanctioned slavery in Barbados demonstrated higher levels of stress 

than those born once slavery was abolished (Ritter, 1991; Shuler, 2005). Additionally, Ritter’s 

combined analyses of MGA lines and cusp asymmetry were found to reflect the historical data 

more accurately for the site (Ritter, 1991; Shuler, 2005).  

The mechanical demands of labor at the plantation were no match for their unbalanced 

diets. In her exploration of activity related changes, Shuler found that women “weathered the 

work-load less well than men” and were the only group with observed trauma (Shuler, 2005: 

260). Though historical documents show that the population was riddled with various infectious 

diseases, this was primarily observed in the lower skeleton and was not as systematic as one 

would expect. Shuler proposed that the lack of noticeable lesions could be due to the severity of 

the diseases and increased frailty, resulting in a swift death and lack of time for skeletal lesions 
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to develop (Wood, 1992). In short, individuals were severely underfed and malnourished, and 

individuals enslaved here had high mortality rates. This led to high rates of replacement or the 

rate at which new enslaved individuals were brought to the site to replace the deceased 

individuals and assume their role on the plantation (Shuler, 2011).  

Handler & Corruccini (1983) also discussed the prevalence of dental modifications, like 

dental filing/chipping of the incisors, and the roots of this practice in Western African cultural 

traditions, which is the ancestral home to most diaspora populations in the Caribbean (Handler & 

Corruccini, 1983). Five individuals at Newton were found with evidence of dental modification, 

which is more than all other reported instances combined from previously studied Caribbean 

sites (Shuler, 2005). Dental modifications have been utilized in conjunction with other data as 

indicator of birthplace since at sites around the Caribbean it appears that only those who were 

born in Africa have culturally modified teeth (Irish 2014; Tiesler 2002; Handler 1994) 

Use of combined traits as a proxy for birthplace has been frequently explored at Newton. 

Corruccini and colleagues (1987) identified a relationship between traits such as dental 

modification, depressed skeletal lead content, mild hypercementosis, burial orientation/mortuary 

context, and absence of coffins and found that they could be used to distinguish between those of 

African versus those of Caribbean birth (Corruccini et al, 1987). Additionally, Schroeder and 

colleagues (2009) analyzed enamel carbon (C), nitrogen (N), oxygen (O), and strontium (Sr) 

isotope ratios to discern birthplace since these chemicals are associated with drastic dietary shifts 

that are likely to have accompanied the forced migration to Barbados. Seven of the 25 

individuals included in this study were found to have enamel O and Sr ratios inconsistent with 

Barbadian birth, suggesting they were first generation captives. In a separate study analyzing 

levels of lead exposure, Schroeder and colleagues (2013) found that all of the 7 individuals 
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identified as having nonlocal enamel 87Sr/ 86Sr ratios (and thus thought to be of African origin) 

except for one also had very suppressed levels of enamel lead content. As dental enamel does not 

remodel at later periods of the life course like other bone does it can provide a snapshot of lead 

content that individuals were exposed to whilst in utero/ during early stages of childhood. As 

lead production was ubiquitous with the rum and sugar production on the island, those who were 

born on the island and thus had been exposed to high lead contents since birth, were thought to 

possess highest enamel lead contents. In fact, the 6 individuals with the highest enamel lead 

levels in the sample were subadults, which makes sense as they would have been more likely to 

have been born on the island.  

Historical records from Newton suggest that there were not many individuals of African 

birth, yet they may have maintained some African cultural beliefs. Handler (1996) analyzes the 

burial and remains of a young adult woman who was suspected to have been perceived of as an 

Obeah, a medical-religious specialist that practiced witchcraft and sorcery who were typically 

feared by community members (Shuler, 2005). The woman was estimated to be around 20 years 

of age and was found buried prone and alone “…in the largest artificial earthen mound in the 

cemetery without grave goods or a coffin” (Handler,1996: 76) in a pit that was “…too short for 

the length of the body, as the head was jammed against the western edge of the pit and was 

slightly raised” (Handler, 1996: 77). Analysis of her skeletal lead content showed levels that 

were more than double the average across individuals of all ages, as well as within members of 

her own age group (Handler, 1996: 77). Most adults at Newton are thought to have showed mild 

symptoms of lead poisoning over their lifetime with an estimated 27% expected to have suffered 

from more extreme symptoms. The lead level in her bones suggests she would have suffered 

from the effects of a severe case of lead poisoning, such as “epileptic- like seizures… 
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uncontrollable arm and/or leg movements to the whole- body convulsions followed by a variable 

period of disorientation, confusion, or actual coma.” (Handler, 1996: 79). It follows that she 

would have likely been exhibiting unusual behaviors in reaction to these symptoms that could 

have been interpreted unfavorably by others. The author also notes that “her weakened and 

paralyzed extremity muscles would generate an erratic, grotesque gait.” (Handler, 1996:79). 

Handler proposes that this individual was likely viewed by others in her community as a possible 

witch or sorceress. At the very least, Handler emphasizes that this individual was likely 

ostracized from the rest of her community and perceived negatively. As previously mentioned, 

this individual was buried alone in a prone position within an artificial earthen mound (mound 

one), whereas other individuals from this site were found within a smaller mound (mound two) 

nearby that housed the remains of many individuals packed together. Additionally, mound one 

was thought to be constructed before mound two. Thus, although the much larger mound one 

was in eyesight of mound two, people continuously and consciously chose to avoid burying their 

dead there. Handler offers explanation for the different burial treatment of this individual in the 

context of West African mortuary practices. The author writes, “it is to be stressed that the vast 

majority of slaves who were transported to Barbados during the period of burial 9’s interment 

came from West Africa and not central African Angolan region” (Handler, 1996: 80). As the 

individual was estimated to be amongst Newton’s earliest population (who would have been 

African born or members of the first generation), it is a likely possibility that other members of 

the community still held on to West African beliefs and customs. Based on West African 

mortuary data, the burial treatment of said individual is consistent to how a person who was 

thought to possess supernatural powers would have been buried. Additionally, “Barbadian 

slaves, as West Africans in general, did not consider major illness and death as accidental; rather, 
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such misfortunes were caused primarily by supernatural forces that acted through human agents” 

(Handler, 1996: 83). Furthermore, the idea that the individual at burial 9 was socially alienated 

may also be supported by the absence of grave goods.  

Environmental stress in the form of lead exposure can have catastrophic implications for 

the developing infant in utero. These include but are not limited to defects related to the physical 

and mental development of the infant or even result in spontaneous abortion. Additionally, 

Handler and colleagues explain that plantation owners/the white community at Newton may very 

well have ignorantly attributed infants who survived past birth and showed physiological 

consequences of developmental lead exposure such as lethargy, cognitive issues, and anemia to 

“racial differences”. Continuous lead exposure is also thought to contribute to the low fertility 

and life expectancy in the population.  

In a study by Shuler & Schroeder (2013), the maternal-fetal interface was explored in 

individuals at Newton Plantation via investigation of alcohol related birth defects. Rum has been 

cited as a byproduct of the cultivation of sugar during this time period and was commonly 

enlisted as a medical treatment for a variety of health conditions (Handler et al, 1986; Schroeder 

et al, 2013; Shuler & Schroeder, 2013). Lead exposure was widespread at Newton as lead was 

routinely used in the production of both sugar and rum (Schroeder et al, 2013). This is of 

particular interest as there was prolific use of rum in the treatment of women’s health issues such 

as “postpartum fatigue” and “obstruction” (amenorrhea) (Shuler & Schroeder, 2013). Lead-

tainted rum has even been said to be both prescribed and consumed by women during pregnancy 

(Shuler & Schroeder, 2013). It thus follows that both pregnant and lactating women could have 

been chronically ingesting rum and tainted or not, consumption of either version of this product 

would be detrimental to the sensitive fetal environment. 
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Considering the poor nutrition, hard labor conditions, exposure to environmental 

contaminants such as lead (in the fetal environment, potentially during breastfeeding, and in the 

external environment at Newton) and alcohol (during fetal development and potentially during 

breastfeeding), and the overall psychosocial trauma associated with enslavement, I hypothesize 

that FA will be common in the Newton population. In particular, I believe FA will be more 

pronounced in females and in island born individuals compared to those of African birth as 

women of the population were hypothesized to be more frail than men (Shuler, 2005) and 

individuals of Barbadian birth were exposed to lead throughout the entirety of their lifecourse.  

 

CHAPTER 4: Materials & Methods 

This project analyzed the Newton Plantation Skeletal Collection, which is currently housed at 

Auburn University. This assemblage consists of 49 individuals whose skeletons were excavated 

in the late 1990s by Dr. Kristrina Andrea Shuler and a team of researchers from Southern Illinois 

University Carbondale and Syracuse University (Shuler, 2005). All methods utilized in this study 

were nondestructive to the skeletal material. Data collection began following approval of the 

project proposal by both Kevin Farmer, the director of the Barbados Museum, and Dr. Kristrina 

Shuler, who is the head of the anthropology department at Auburn University, which is where 

the collection is currently housed and where all data collection for this project took place. 

Working with the materials from Newton Plantation allowed for the opportunity to engage with a 

collection that both values and strives to honor the wishes of the local descendant community 

and endorse research that seeks to contribute to community-based education and outreach efforts. 

This project will contribute to this mission by further exploring the embodied stress and 

complexity of the lives and experiences of the enslaved population at Newton.  
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After a preliminary assessment of all individuals in the collection (n=49) those that had 

adequate preservation of both right and left elements per bone were focused on (n= 35). All 

demographic and pathological data used to help organize individuals for this project was based 

on determinations made by Dr. Shuler in her previous research with the collection.  

The selection of traits for study was based on previous research on this topic (Beary, 2018; 

Handler and Coruccini, 1983) as well as suggestions by my academic advisors who specialize in 

biomechanics and hands and feet studies. Thus, such measurements like that of the tarsals (third 

cuneiform and talus) measurements will be added to my investigations in hopes to expand our 

understanding of FA to novel features. The initial assessment of individuals also narrowed the 

list of possible postcranial, cranial, and nonmetric traits to consider, which was adapted from a 

previous study by Beary (2019). As FA of bilateral skeletal features is reflective of cumulative 

life stress, dental asymmetry (DFA) provides a snapshot of stress that occurred during the 

window of tooth development which occurs during gestation and early childhood, when tooth 

crowns form (O’Donnell & Moes, 2020). In light of this, dental data were also collected.  

All codes for trait nomenclature can be found in tables 4.1-4.4. Bolded elements in these 

tables were those for which no data could be collected due to missing elements, preservation 

issues, or inability to calculate a variance because there was only one individual with available 

data. The fewest traits are in the cranial region due to the fact that very few individuals had 

articulated crania, which prevented accurate measurements.   

Table 4.1 Postcranial Metric Feature Code 

Code  Feature 

tibia_tl Tibial length 

tibia_peb Proximal epiphyseal breadth of tibia 

tibia_deb Distal epiphyseal breadth of tibia 

tibia_ts Tibiotalar surface 

femur_ml Maximum length of femur 
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Table 4.1 (continued) 

 

femur_mapd Midshaft anterior posterior diameter of femur 

femur_mtd Midshaft transverse diameter of femur 

femur_dw Distal width of femur 

cun_length Length of 3rd cuneiform  

cun_breadth Breadth of 3rd cuneiform 

cun_height Height of 3rd cuneiform 

tal_length Length of talus 

tal_breadth Breadth of talus 

tal_height Height of talus  

  

 

Data Collection 

To take postcranial measurements, a combination of digital sliding calipers, spreading 

calipers, an osteometric board, and a mini osteometric board were used. Dental measurements 

were collected with digital sliding calipers, and spreading calipers were used to take cranial 

measurements. For all metric data, three independent trials of measurements were taken as 

replication of measurements is a common approach to combat potential measurement error 

(Beary, 2019; DeLeon, 2007). Averages of all three independent measurement trials were 

calculated for both right and left sided elements and the average measurement value is used for 

analysis. Measurement of the length, breadth, and height of the tarsal bones (3rd cuneiform and 

talus) were taken using a mini osteometric board following methods described by Harris and 

Case (2012). In terms of the dentition, once teeth had been organized by class and side, 

buccolingual (BL) and mesiodistal (MD) diameters were taken according to Hilson et al. (2005). 

Only teeth with complete crown formation and adequate preservation were included in the 

sample. For nonmetric features, traits were given a score of a 0 or 1 based on the 

presence/absence for each side. In the case of the lateral_mf# (number of mastoid foramina) and 
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the lateral_mfl (mastoid foramen location) the quantity and location of mastoid foramina were 

noted per each side.  

Table 4.2 Dental Metric Feature Code 

Code Feature  

max_I1BD Buccolingual diameter of first maxillary incisor  

max_I1MD Mesiodistal diameter of first maxillary incisor 

max_I2BD Buccolingual diameter of second maxillary incisor  

max_I2MD Mesiodistal diameter of second maxillary incisor  

max_CBD Buccolingual diameter of maxillary canine 

max_CMD Mesiodistal diameter of maxillary canine 

max_M1BD Buccolingual diameter of first maxillary molar 

max_M1MD Mesiodistal diameter of first maxillary molar 

max_M2BD Buccolingual diameter of second maxillary molar 

max_M2MD Mesiodistal diameter of second maxillary molar 

mand_I1BD Buccolingual diameter of first mandibular incisor 

mand_I1MD Mesiodistal diameter of first mandibular incisor 

mand_I2BD 
Buccolingual diameter of second mandibular 

incisor 

mand_I2MD Mesiodistal diameter of second mandibular incisor 

mand_CBD Buccolingual diameter of mandibular canine 

mand_CMD Mesiodistal diameter of mandibular canine 

mand_M1BD Buccolingual diameter of first mandibular molar 

mand_M1MD Mesiodistal diameter of first mandibular molar 

mand_M2BD Buccolingual diameter of second mandibular molar 

mand_M2MD Mesiodistal diameter of second mandibular molar 

 

Metric Data Analysis  

FA was calculated using index 4 as developed and discussed by Palmer (1994) and Palmer 

and Strobeck (1986), who outline nine different formulae that can be used for conducting 

analyses of asymmetry. The work Palmer and Strobeck have produced on FA has been cited 

heavily in the bioarchaeological community (DeLeon, 2007; Milella et al, 2018; O’Donnell & 

Moes, 2020; Weisensee, 2013). While there are many other ways of calculating FA (Milne et al, 

2003; DeLeon, 2007; Milella et al, 2018; O’Donnell & Moes, 2020; Hagg, 2016) Index 4 has 
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also been used previously in other bioarchaeological studies of FA (Beary 2019) and is suggested 

for studies in which antisymmetry is absent and |R-L| is not dependent on overall trait size 

(Beary 2019; Palmer 1994). Index 4 also lends itself particularly well to studies with human 

samples because it is not biased by directional asymmetry, which often masks FA and is a well-

known phenomenon particularly in human limb bones (Auerbach and Ruff, 2006; Beary, 2019).  

Index 4 formula:              var (R - L) 

Using the arithmetic mean of all three measurement trials, the difference between right and 

left values (R-L) was calculated for each individual. Once these values were generated the 

variance of the signed asymmetry between right and left sides was calculated for each trait for all 

individuals with available data. As not all individuals had the same levels of preservation, 

samples sizes vary between the different traits. These data were then analyzed by body region 

i.e., postcranial, dental, and cranial. These data allow for the comparison of FA across different 

traits, as there is debate on whether FA should be calculated based on one trait versus multiple 

traits and that developmental instability may be trait specific (Weisensee 2013; DeLeon, 2007).  

 

Table 4.3 Cranial Metric Feature Code 

Code Feature 

cranio_zygo_fronto_ant Zygomaxillare to frontomalare anterior 

cranio_zygo_pros Zygomaxillare to prosthion 

cranio_zygo_nas Zygomaxillare to nasion 

cranio_zygo_bregma Zygomaxillare to bregma 

cranio_zygo_sph Zygomaxillare to sphenion 

cranio_zygo_ast Zygomaxillare to asterion 

cranio_zygo_lambda Zygomaxillare to lambda 

cranio_zygo_opis Zygomaxillare to opisthion 

cranio_fronto_ant_pros Frontomalare anterior to prosthion 

cranio_fronto_ant_nas Frontomalare anterior to nasion 
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Table 4.3 (continued) 

 

cranio_fronto_bregma Frontomalare to bregma  

cranio_fronto_sph Frontomalare to sphenion 

cranio_fronto_ast Frontomalare to asterion  

cranio_fronto_lambda Frontomalare to lambda  

cranio_fronto_opis Frontomalare to opisthion 

cranio_sph_pros Sphenion to prosthion 

cranio_sph_nas Sphenion to nasion 

cranio_sph_bregma Sphenion to bregma 

cranio_sph_sph Sphenion to sphenion 

cranio_sph_ast Sphenion to asterion 

cranio_sph_lambda Sphenion to lambda 

cranio_sph_opis Sphenion to opisthion 

cranio_ast_pros Asterion to prosthion 

cranio_ast_nas Asterion to nasion 

cranio_ast_bregma Asterion to bregma  

cranio_ast_lambda Asterion to lambda  

cranio_ast_opis Asterion to opisthion 

  

To compare possible differences in asymmetry between males and females, individuals 

with a sex estimation were grouped together and FA was calculated for each sex on a trait-by-

trait basis for just the postcranial and dental regions only as there was not enough available data 

to compare craniometrics. To test the statistical significance of these sex comparisons, a two 

tailed independent t-test was conducted in SPSS 28 using the (R-L) values for each individual. 

The same procedure was then followed for comparison of groups organized by likely birthplace 

based on results from previous studies (Schroeder 2009; 2013) that analyzed the strontium and 

lead isotope levels to pinpoint individuals of Barbadian versus African birth. It is important to 

note that sample sizes vary for these comparisons and that in order to compute variance at least 2 

values are needed, so for the traits in which only data from one individual was available, no FA 

could be determined.  
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Nonmetric Data Analysis  

The raw right and left scores were compiled for each trait for all individuals. Traits were 

then scored for asymmetry. Traits were given a 0 if right and left sides differed and a 1 if they 

were the same. Percent asymmetry was then calculated by subtracting the percent symmetry 

from the value of 1 as nonmetric fluctuating asymmetry (FANM) has been described as the 

proportion of traits that are asymmetric for each individual (Beary, 2019; Zachos et al, 2007). To 

compare groups organized by sex and birthplace (males versus females and Barbadian born 

versus African born), the averages of these values were calculated.   

 

Table 4.4 Craniofacial Nonmetric Feature Code 

Code Feature 

facial_son Supraorbital notch 

facial_sf Supraorbital foramen 

facial_sn Supratrochlear notch 

facial_is Infraorbital suture 

facial_if Infraorbital foramen  

facial_zf Zygomaticofacial foramen 

facial_co Coronal Ossicle 

facial_eb Epiteric Bone 

lateral_pf Parietal foramen 

lateral_lo Lambdoidal ossicle 

lateral_oos Ossicle in Occiptomastoid suture 

lateral_pnb Parietal notch bone 

lateral_ae Auditory exostosis 

lateral_mfl Mastoid foramen location 

lateral_mf# Number of mastoid foramen 

basilar_cc Condylar canal  

basilar_dhc Divided hypoglossal canal  

basilar_fsi Foramen spinosum (incomplete) 

basilar_foi Foramen ovale (incomplete) 

basilar_psb Pterygospinous bridge 

basilar_pb Pterygoalar bridge 

mand_mf Mental foramina 
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Results will be presented at several different scales as this allows for a discussion of data 

in a way that builds upon previous work done at the site. Results have been organized into two 

sections: metric and nonmetric data. In terms of the metric data, results will first be presented on 

a trait-specific basis, which allows for the comparison of FA trait by trait. Tables will focus on 

skeletal traits in three regions of the body: postcranial, dental, and cranial. This was done as 

different regions of the body develop at different times over the lifecourse and comparing FA in 

this way could illustrate differences related to when and possibly why developmental instability 

occurs or is linked to these traits and regions of the body. Trait specific data will then be 

separated by sex to illustrate any possible differences in FA values between males and females 

for only the postcranial and dental regions as the cranial samples were not large enough to be 

broken down to this level. Trait specific data will then be organized comparing individuals who 

have been evaluated for birthplace (Barbadian born versus African born) via isotope studies 

conducted by Schroeder and colleagues (2009; 2013). Finally, results will be presented on the 

level of the individual, with FA values broken down for cranial traits, permanent dentition, 

deciduous dentition (if present), and postcranial traits. This will allow for a more complete 

understanding of where the highest values of FA are coming from on the level of the individual; 

thus, identifying potential “hotspots” of stress in the body. The chapter will conclude with results 

displaying nonmetric data. The table will show the percent asymmetry for nonmetric skeletal 

traits that come from either the facial, lateral, basilar, or mandibular regions of the skull.  
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CHAPTER 5: Results 

Data Organization 

 As sample sizes turned out to be much lower than expected, many observed differences 

cannot be demonstrated statistically. In light of this, these differences should be considered as 

suggestions of differences that merit further investigation in other similar samples or if more 

skeletons were excavated from the site.   

Results will be presented at several different scales as this allows me to discuss data in a 

way that builds upon previous work done at the site. Results have been organized into two 

sections: metric and then nonmetric data. In terms of the metric data, results will first be 

presented on a trait specific basis, which in turn allows for the comparison of FA trait by trait. 

Tables will focus on skeletal traits in three regions of the body: postcranial, dental, and cranial. 

This was done as different regions of the body develop at different times during the lifecourse 

and comparing FA in this way could illustrate differences related to when and possibly why 

developmental instability occurs or is linked to these traits and regions of the body. Trait specific 

data will then be organized by sex to illustrate any possible differences in FA values between 

males and females. This will only be done for the postcranial and dental regions as the cranial 

samples were not large enough to be broken down to this level. Trait specific data will then be 

organized comparing individuals who have been evaluated for birthplace (Barbadian born versus 

African born) via isotope studies conducted by Schroeder and colleagues in both 2009 and 2013. 

Lastly, results will be presented with a focus on the individual. FA values of individual cranial, 

dental, dental deciduous (if applicable), and postcranial regions will be displayed for each 

individual with available data. Approaching data analysis in this way allows for the opportunity 

to better understand the distribution of FA within the body and how this may differ depending on 
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the individual. This chapter will conclude with nonmetric data results. Nonmetric data will be 

presented in a table that outlines the percent asymmetry for nonmetric skeletal traits that come 

from either the facial, lateral, basilar, or mandibular regions of the skull.  

Trait Based Metric Results 

Metric data were divided into 3 different body region groups: postcranial, dental, and 

cranial. The metric data results found in this study were comparable to the range of FA values 

seen in previous studies (Milella 2018; Beary, 2019; O’Donnell & Moes, 2020). As some 

scholars suspect developmental instability to be trait specific (Weisensee 2013; DeLeon, 2007), 

total FA was first determined by feature per each respective region. This allows for the 

comparison of FA amongst different traits on a population-based level and the ability to identify 

which trait or region has the highest amount of FA. The sample size is constrained by those with 

adequate preservation and therefore varies between traits with the largest sample being 16 and 

the smallest being 2. These data are reflected in tables 5.1-5.3.  

Table 5.1 Total Postcranial FA per Trait 

Trait FA (n) 

femur_ml 1.980 2 

femur_mapd 2.693 16 

femur_mtd 1.372 16 

femur_dw 2.772 5 

tibia_peb 6.540 5 

tibia_deb 0.361 2 

tibia_ts 0.336 2 

cun_length 0.456 8 

cun_breadth 0.289 7 

cun_height 0.106 4 

tal_length 3.085 9 

tal_breadth 4.115 9 

tal_height 0.606 9 
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For the post cranial region (Table 5.1), the trait that demonstrates the highest level of FA 

is the proximal epiphyseal breadth of the tibia (tibia_peb) at a value of 6.540. The other tibial 

traits have much lower levels of FA, but there is also a much smaller sample size. The talus bone 

contains the second and third highest FA in the postcranial region with talar breadth (tal_breadth) 

at 4.115 and talar length (tal_length) at 3.085. Talar height, on the other hand, does not seem to 

exhibit as much FA nor do any of the third cuneiform traits. Since these tarsal traits have some of 

the highest sample sizes, it is possible that these FA values are more rigorous. The highest 

sample sizes, however, are for the metric traits on the femur, which are relatively high. The 

femur receives a significant amount of biomechanical stress from walking bipedally and bone 

remodeling might be attributed to these factors, yet since lower limb bones generally receive 

very similar levels of stress, it is possible that these FA values are still meaningful indicators of 

developmental stress (Auerbach & Ruff 2006; Kujanova et al, 2008).  

It might be easier to control for these other kinds of stress when looking at FA in dental 

traits (Table 5.2).  The traits with the highest FA are both in the upper jaw with the highest being 

the buccolingual diameter of the first maxillary incisor (max_I1BD), followed by the mesiodistal 

diameter of the second maxillary incisor (max_I2MD). Despite representing the largest FA 

values from the dental data they have the smallest sample sizes, and it is important to note that 

the mandibular incisors which have larger sample sizes have considerably lower values of FA 

(no value greater than 0.1). The traits with the third, fourth, and fifth highest values of FA are in 

the lower jaw and are the buccolingual diameter of the mandibular canine (mand_CBD), the 

buccolingual diameter of the second mandibular molar (mand_M2BD), and the buccolingual 

diameter of the first mandibular molar (mand_M1BD). The trait with the lowest value of FA is 

the mesiodistal diameter of the second mandibular incisor (mand_I2MD). The classes of 
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dentition that seem to be more prone to FA include the canines (especially for buccolingual 

diameter) and the first and second molars as all three of these sets have elevated levels of FA 

regardless of being maxillary or mandibular.  

Table 5.2 Total Dental FA per Trait 

Trait FA (n) 

max_I1BD 0.451 3 

max_I1MD 0.133 3 

max_I2BD 0.009 3 

max_I2MD 0.424 3 

max_CBD 0.124 6 

max_CMD 0.140 6 

max_M1BD 0.009 5 

max_M1MD 0.110 5 

max_M2BD 0.168 9 

max_M2MD 0.061 8 

mand_I1BD 0.056 6 

mand_I1MD 0.014 5 

mand_I2BD 0.086 5 

mand_I2MD 0.004 4 

mand_CBD 0.249 5 

mand_CMD 0.033 5 

mand_M1BD 0.208 3 

mand_M1MD 0.059 3 

mand_M2BD 0.230 8 

mand_M2MD 0.094 8 

 

Cranial metric results (table 5.3) were the most scarce as the majority of the individuals in 

the sample did not have articulated cranial elements, which would impact measurements. It is 

important to note that in order to calculate variance there needs to be a minimum number of 2 

individuals, so this also constrained what data could be worked with. Additionally, it is important 

to consider that variance calculated from small samples may not be representative of a 

population as a whole. Despite this, its use here may still highlight traits wherein a few 

individuals demonstrate substantial asymmetry. The measurement with the highest value of FA 
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was the measurement from frontomalare to asterion (cranio_fronto_ast), which measures the 

anterior-posterior distance of the lateral cranial vault. The second highest measurement with 

significant FA was from asterion to lambda (cranio_ast_lambda). It should be noted that these 

values are significantly impacted by a single individual with overall high levels of FA (Ind. 47 

(3), see Table 5.8 below). The cranial measurement with the lowest level of FA is from 

frontomalare to bregma (cranio_fronto_bregma) along the anterior lateral portion of the cranial 

vault. Overall, it is clear that the small sample sizes due to poor preservation for cranial 

measurements impeded a more in depth understanding of FA in cranial development, though 

some individuals did clearly have developmental stress that impacted cranial development.   

Table 5.3 Total Cranial FA per Trait 

Trait FA (n) 

cranio_fronto_bregma 2.693 3 

cranio_fronto_ast 158.937 2 

cranio_fronto_lambda 3.135 2 

cranio_ast_bregma 29.372 3 

cranio_ast_lambda 121.613 3 

   
Since previous studies found that the females at Newton died at a younger age than males 

(Shuler, 2005), the trait data was further divided by sex. If females have higher levels of FA than 

males, they might have experienced more stress and would support earlier conclusions that they 

were more frail. For the postcranial region (Table 5.4), the tibia could not be compared as there 

was not enough available data for females (only one individual). When comparing traits on the 

femur, males had greater FA for the midshaft anterior- posterior diameter (mapd) but females 

had greater FA in terms of the midshaft transverse diameter (mtd). Since the shape of the femoral 

diaphysis is impacted by biomechanical stress this might also suggest a sex-difference in activity, 

with males performing labor that results in more asymmetry than females. When comparing 

traits for the talus, females demonstrated higher levels of FA than males only for breadth. 
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However, in terms of the third cuneiform, females had a higher magnitude of FA for both the 

length and breadth (height could not be compared due to small sample size). Thus, despite their 

younger age at death, developmental stress does not appear to impact females at an overall 

greater level than males for the postcranial skeleton. 

 

Table 5.4 Postcranial FA by Sex 

Trait Male FA (n) Female FA (n) Significance 

femur_ml 1.980 2 ⎼ ⎼ ⎼ 

femur_mapd 4.350 9 0.460 6 0.718 

femur_mtd 1.096 9 1.199 6 0.044 

femur_dw 1.193 5 ⎼ 1 ⎼ 

tibia_peb 5.960 4 ⎼ 1 ⎼ 

tibia_deb ⎼ ⎼ ⎼ ⎼ ⎼ 

tibia_ts ⎼ ⎼ ⎼ ⎼ ⎼ 

cun_length 0.227 4 1.322 2 0.555 

cun_breadth 0.099 3 0.320 2 0.496 

cun_height 0.293 2 ⎼ 1 ⎼ 

tal_length 5.627 4 0.761 3 0.609 

tal_breadth 2.739 4 2.869 3 0.749 

tal_height 1.455 4 0.197 3 0.889 

 

Dental FA was also compared between males and females (Table 5.5), but cranial 

measurements were not due to the small samples. Out of the 10 dental traits that included enough 

individuals for comparison, each males have higher FA for 5 traits, whereas females have higher 

FA for the other 5 traits. Females have larger FA than males for the buccolingual diameter of the 

first maxillary molar (max_M1BD), the buccolingual diameter of the second maxillary molar 

(max_M2BD), the mesiodistal diameter of the second maxillary molar (max_M2MD), the 

buccolingual diameter of the first mandibular incisor (mand_I1BD), and the buccolingual 

diameter of the second mandibular molar (mand_M2BD). Males had higher raw values than 

females in terms of the max_CBD, max_CMD, max_M1MD, mand_I1MD, and mand_M2MD. 



  46 

 

Although the samples were too small to have a high probability of reaching statistical 

significance, the two groups showed the highest calculated differences for the second mandibular 

molar with the highest differences in mand_M2BD with a difference of 0.267 (females higher), 

mand_M2MD with a difference of .208 (males higher). Therefore, there is not a considerable 

difference between males and females in terms of both postcranial and dental FA.  

 

Table 5.5 Dental FA by Sex 

Trait Male FA (n) Female FA (n) Significance 

max_I1BD 0.088 2 ⎼ ⎼ ⎼ 

max_I1MD 0.009 2 ⎼ ⎼ ⎼ 

max_I2BD ⎼ ⎼ 0.017 2 .830 

max_I2MD ⎼ ⎼ 0.059 2 ⎼ 

max_CBD 0.127 3 0.060 3 .181 

max_CMD 0.197 2 0.163 3 .671 

max_M1BD 0.004 2 0.015 3 .948 

max_M1MD 0.231 2 0.085 3 .620 

max_M2BD 0.176 4 0.193 4 .305 

max_M2MD 0.042 4 0.081 3 .287 

mand_I1BD 0.004 3 0.061 3 .098 

mand_I1MD 0.022 3 0.006 2 .557 

mand_I2BD ⎼ 1 0.134 2 ⎼ 

mand_I2MD ⎼ 1 0.010 2 ⎼ 

mand_CBD 0.328 4 ⎼ 1 ⎼ 

mand_CMD 0.041 4 ⎼ 1 ⎼ 

mand_M1BD 0 2 ⎼ 1 ⎼ 

mand_M1MD 0.117 2 ⎼ 1 ⎼ 

mand_M2BD 0.135 4 0.402 4 .969 

mand_M2MD 0.213 4 0.005 4 .886 

Note: A two tailed independent t-test was used to test for significance  

 

Table 5.6 Postcranial FA by Birthplace 

Trait 

Probable Barbadian 

Born (n) 

Probable African 

Born (n) 

Significance 

femur_ml ⎼ 1 ⎼ 1 ⎼ 

femur_mapd 3.919 10 0.409 5 .657 



  47 

 

Table 5.6 (continued) 

 

femur_mtd 1.800 10 1.042 5 .927 

femur_dw 1.542 4 4.390 2 .217 

tibia_peb 7.652 4 ⎼ 1 ⎼ 

tibia_deb ⎼ 1 ⎼ ⎼ ⎼ 

tibia_ts ⎼ 1 ⎼ ⎼ ⎼ 

cun_length 0.506 5 ⎼ ⎼ ⎼ 

cun_breadth 0.155 5 ⎼ ⎼ ⎼ 

cun_height 0.149 2 ⎼ ⎼ ⎼ 

tal_length 4.607 5 0.435 2 .698 

tal_breadth 2.049 5 1.296 2 .173 

tal_height 0.432 5 0.862 2 .095 

Note: A two tailed independent t-test was used to test for significance  

 

Table 5.7 Dental FA by Birthplace 

Trait 

Probable 

Barbadian Birth (n) 

Probable African 

Birth (n) 

Significance 

max_I1BD 0.045 3 ⎼ ⎼ ⎼ 

max_I1MD 0.013 3 ⎼ ⎼ ⎼ 

max_I2BD 0.009 3 0.006 2 .627 

max_I2MD ⎼ 1 0.794 2 ⎼ 

max_CBD ⎼ 1 0.143 5 ⎼ 

max_CMD ⎼ 1 0.140 5 ⎼ 

max_M1BD 0.004 2 0.002 3 .043 

max_M1MD 0.358 2 0.040 3 .932 

max_M2BD 0.199 4 0.183 4 .357 

max_M2MD 0.093 4 0.001 3 .276 

mand_I1BD 0.003 4 0.022 2 .145 

mand_I1MD 0.015 4 ⎼ 1  ⎼ 

mand_I2BD 0.032 3 0.266 2 .826 

mand_I2MD 0.002 3 ⎼ 1 ⎼ 

mand_CBD 0.510 2 0.018 3 .436 

mand_CMD 0.007 2 0.028 3 .175 

mand_M1BD ⎼ 1 0 2 ⎼ 

mand_M1MD ⎼ 1 0.117 2 ⎼ 

mand_M2BD 0.148 4 0.388 4 .927 

mand_M2MD 0.210 4 0.004 4 .701 

Note: A two tailed independent t-test was used to test for significance  
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As previous studies of the site have been conducted to determine birthplace (Schroeder et 

al, 2009; Schroeder et al, 2013) individuals of Barbadian birth were compared to individuals of 

African birth so as to examine the relationship between FA and environmental stressors across 

the two environments. Tables 5.6 and 5.7 compare data via birthplace for both postcranial FA 

and dental FA. As there were only 7 total individuals of probable African birth samples were 

constrained- especially for postcranial data. Out of the seven traits that were comparable, those 

of African birth had a higher magnitude of FA for only two of them: the distal width of the femur 

(femur_dw) and talar height (tal_height). Despite Barbadian born individuals having double the 

sample size of the African born group (n=10 versus n=5), individuals of the Barbadian sample 

had substantially higher levels of FA compared to the African born individuals. The dental data 

show only four instances wherein African born individuals have higher values of FA than those 

of Barbadian birth. For individuals of African birth, the trait with the highest FA was the 

buccolingual diameter of the second mandibular molar (mand_M2BD) at a value of .388. For 

individuals of Barbadian birth, the trait with the highest FA was the buccolingual diameter of the 

mandibular canine (mand_CBD) at a value of .510. The traits that showed the largest 

differentials between the two groups were for the mesiodistal diameter of the second maxillary 

molar (max_M1MD) with a difference of approximately .318 and the buccolingual diameter of 

the mandibular canine (mand_CBD) with a difference of approximately .492. The only trait with 

statistically significant results is buccolingual diameter of the first maxillary molar (p=.043) for 

the breakdown of DFA by birthplace (table 5.7). As statistical significance relies greatly on 

sample size, small sample size may explain this trend.  

Table 5.8 shows FA at the level of the individual, with postcranial, dental, and cranial FA 

values represented for each individual with available data. In terms of the dental FA, individual 
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34 (X) had the highest value at (.370). Individual 49 (5) had the highest deciduous dental FA 

(.840). In terms of the postcranial region, individual 22 (P1) had the highest magnitude of FA 

with a value of (5.281).  It is important to note that trait size can have impact on levels of FA 

(Beary 2019; Palmer & Strobreck 1994). Considering this, data from cranial, dental, and post 

cranial regions must be directly compared. In other words, traits can only be compared within the 

larger region they are bound to, i.e., dental traits should only be compared to other dental traits.  

 

Table 5.8 Expanded Individual FA 

Ind. 

FA 

cranial n 

FA 

Dental n 

FA 

deciduous 

dental n 

FA post 

cranial n Isotopes Sex Age 

1 (A) ⎼ ⎼ 0.100 14 ⎼ ⎼ 1.866 7 B F YA  

2 (B1) ⎼ ⎼ 0.062 4 ⎼ ⎼ ⎼ ⎼ 
B M MA 

3 (B2) ⎼ ⎼ 0.026 4 ⎼ ⎼ ⎼ ⎼ ⎼ ⎼ I 

5 (C2) ⎼ ⎼ 0.120 4 ⎼ ⎼ ⎼ ⎼ ⎼ ⎼ I 

7 (E) ⎼ ⎼ 0.011 6 0.019 9 ⎼ ⎼ B ⎼ C 

8 (F1) 7.424 6 ⎼ ⎼ ⎼ ⎼ 3.268 8 B M YA 

10 (G1) ⎼ ⎼ 0.020 10 ⎼ ⎼ 0.990 2 B F YA 

13 (H2) ⎼ ⎼ ⎼ ⎼ ⎼ ⎼ 0.178 2 ⎼ ⎼ C 

14 (I) ⎼ ⎼ ⎼ ⎼ ⎼ ⎼ 0.061 2 ⎼ ⎼ ADU 

 

18 (L) ⎼ ⎼ ⎼ ⎼ ⎼ ⎼ 0.224 2 
⎼ ⎼ ADO 

19 (M) ⎼ ⎼ 0.008 6 ⎼ ⎼ 0.022 2 A M YA 

20 (N1) ⎼ ⎼ 0.029 2 ⎼ ⎼ 0.266 2 B M OA 

22 (P1) ⎼ ⎼ 0.044 9 ⎼ ⎼ 5.281 2 B M YA 

23 (P2) ⎼ ⎼ ⎼ ⎼ 0.001 2 ⎼ ⎼ ⎼ ⎼ C 

24 (Q) ⎼ ⎼ ⎼ ⎼ ⎼ ⎼ 0.764 8 ⎼ ⎼ YA 

25 (R) ⎼ ⎼ ⎼ ⎼ ⎼ ⎼ 1.102 7 ⎼ ⎼ YA 

27 (T) ⎼ ⎼ 0.150 8 ⎼ ⎼ 3.143 4 B M YA 

29 (U1) ⎼ ⎼ 0.065 4 ⎼ ⎼ 0.677 2 A F ADU 

31 (U3) ⎼ ⎼ 0.034 6 ⎼ ⎼ ⎼ ⎼ A M YA 

33 (W) ⎼ ⎼ ⎼ ⎼ ⎼ ⎼ 0.075 2 B F YA 

34 (X) ⎼ ⎼ 0.370 2 ⎼ ⎼ 3.458 2 B M YA 

38 (BB) ⎼ ⎼ ⎼ ⎼ ⎼ ⎼ 2.690 11 B M YA 

42 (I) ⎼ ⎼ 0.179 18 ⎼ ⎼ 3.142 3 B ⎼ ADO 

47 (3) 147.722 5 ⎼ ⎼ ⎼ ⎼ 1.616 12 B M MA 
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Table 5.8 (continued) 

 

48 (4) 0.462 7 0.098 14 ⎼ ⎼ 2.294 10 A M YA 

49 (5) ⎼ ⎼ 0.044 12 0.840 4 0.125 2 B ⎼ C 

50 (6) ⎼ ⎼ ⎼ ⎼ ⎼ ⎼ 0.061 3 ⎼ ⎼ ADO 

52 (8) ⎼ ⎼ 0.143 13 ⎼ ⎼ 2.409 6 A F YA 

53 (9) ⎼ ⎼ 0.086 6 0.040 6 0.312 2 B ⎼ C 

54 (10) ⎼ ⎼ 0.068 6 ⎼ ⎼ 4.314 9 B F YA 

56 (12) 20.034 2 0.348 10 ⎼ ⎼ 0.146 2 A F YA 

Note: For “Isotopes” column; B= possible Barbadian born, A= possible African born; those with 

neither designation have no isotope/birthplace data available; For “Age” column; I= Infant 0-4 

years of age, C= Child 4-12 years of age, ADO= Adolescent 12-15 years of age, YA= Young 

adult 18-35 years of age, ADU= Adult 20+ years of age, MA= Mid Adult 35-49 years of age, 

OA= Old Adult 50+ years of age  

 

Nonmetric Results 

Nonmetric FA (FANM) results are presented by trait and represent a total percentage of 

asymmetry based on data from all individuals with adequate preservation to score traits (Table 

5.9). Regions of the skull were divided into the facial, lateral, basilar, and mandibular regions to 

account for differences in development. Neither the mandibular nor the basilar regions show 

substantial asymmetry values. The facial region and lateral region, on the other hand, 

demonstrate the highest levels of FA. In the facial region, the most asymmetry occurs for the 

supraorbital notch (facial_son) and the supraorbital foramen (facial_sf). The trait with the most 

asymmetry in the lateral region is the lateral mastoid foramen location (lateral_mfl), followed by 

the parietal foramen (lateral_pf). The mastoid foramen seems to be a particular area where there 

is asymmetry and variation in general based on both the mastoid location (lateral_mfl) and 

foramen number (lateral_mf #). Excluding traits with no FA (values of zero), the trait with the 

lowest FA is the supratrochlear notch (facial_sn). 
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Table 5.9 Nonmetric Trait Percent Asymmetry 

Trait 

(n) 

Asymmetric 

(n) 

Symmetric 

% 

Asymmetry 

facial_son 4 7 36.363 

facial_sf 4 8 33.333 

facial_sn 1 8 11.111 

facial_is 1 3 25 

facial_if 0 3 0 

facial_zf 0 11 0 

facial_co 0 7 0 

facial_eb 0 4 0 

lateral_pf 4 12 25 

lateral_lo 0 8 0 

lateral_oos 0 2 0 

lateral_pnb 0 3 0 

lateral_ae 0 9 0 

lateral_mfl 4 6 40 

lateral_mf# 3 7 30 

basilar_cc 1 0 10 

basilar_dhc 0 11 0 

basilar_foi 0 6 0 

mand_mf 0 15 0 

 

Table 5.10 allows for the comparison of FANM results between males and females and 

individuals of Barbadian versus African birth. Data are represented as the average percent 

asymmetries for individuals with available demographic and nonmetric data. As such, on 

average, males appear to have higher FANM than females and those of Barbadian birth have a 

higher average percent asymmetry than those of African birth. 

 

Table 5.10 Nonmetric Trait Average Asymmetries by Sex/Birthplace 

Group Average % Asymmetry n 

Females 11.67% 5 
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CHAPTER 7: Discussion & Conclusion 

Small sample size and skeletal preservation constraints are issues common to 

osteoarcheological collections. It is important to state that concern especially when analysis 

includes statistical evaluations. While these challenges make it difficult to make any population-

level conclusions, previous studies of the site allow for greater opportunities to analyze the 

dataset and synthesize findings. In contextualizing these data, a more in-depth view of the 

individual can be recreated. Additionally, prior studies have illustrated population specific 

information that highlights environmental factors particular to the enslaved community at 

Newton that may contribute to elevated levels of FA. Such factors include, but are not limited to, 

poor nutrition, lead exposure, and the biopsychosocial stress associated with the demands of 

forced hard labor and enslavement.  

“Hotspots” of Stress 

In terms of metric data, the proximal epiphyseal breadth of the tibia (tibia_peb) was 

found to exhibit the highest FA with a value of 6.540 (n=5). While the sample size was small for 

this trait, in a study on limb bone asymmetry by Auerbach and Ruff (2006) it was found that the 

dimensions of lower limb bones, especially those around the knee, had little directional 

asymmetry, which may suggest that this region is one that is more prone to developmental 

disturbance and should be explored further in future research. Proximal epiphyseal development 

 

 

Table 5.10 (continued) 

 

Males 18.93% 10 

Barbadian birth  17.05% 10 

African birth 13.02% 4 
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of the tibia first occurs around week 36-40 of gestation (Scheuer and Black, 2000), which may 

explain the possibility of heightened developmental disturbance and subsequently elevated levels 

of FA for this trait. Furthermore, human lower limb bones, particularly the tibia, grow at an 

accelerated rate in relation to other body parts (Bogin and Varela-Silva, 2010). Disturbances to 

growth in the lower limbs are often associated with stress due to factors such as nutritional 

deficiency, infection, or physical/emotional trauma experienced during infancy and childhood 

(Bogin and Varela-Silva, 2010). The individuals examined in this study likely experienced one if 

not more of these stresses.  The high growth rate and sensitivity of lower limb bones during fetal 

development may also explain the relatively high values of FA seen in the femur, though 

biomechanical stress may also play a role in asymmetry (Bogin and Varela-Silva, 2010). 

Following the tibia, talar breadth (tal_breadth) was ranked as the second highest postcranial trait 

with a FA value of 4.115 (n=9). In terms of the tarsals, both the talus and the cuneiform 

demonstrated similar patterns of FA, with either breadth/length as the highest measures and 

height as the lowest values. These similarities may be because these bones are more centrally 

located in the foot and thus may experience similar biomechanical stress during life, especially in 

terms of weight bearing.  

In terms of dentition, the highest values of FA were the buccolingual diameter of the first 

maxillary incisor (0.451, n=3) and the mesiodistal diameter of the second maxillary incisor 

(0.424, n=3). Considering the small sample size of these traits and the fact that mandibular 

incisors (n=8) had values that were considerably lower (no value greater than 0.1) it may be that 

incisors are not as sensitive to developmental instability. Despite this, canines, the first molar, 

and second molar all demonstrate elevated levels of FA for both upper and lower dentition. In a 

study of dental asymmetry by Millella and colleagues (2018), the permanent canines, first 
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molars, and second molars of both maxillae and mandibles were specifically selected for study as 

these teeth provide the opportunity to examine developmental stress for a longer window of 

growth and development (Millella et al, 2018). Both first and second molars were examined as 

the authors sought to explore possible variations of developmental stability of polar (more stable 

and thought to be more hypoplastic) versus nonpolar teeth of a dental developmental field 

(Millella, 2018; Goodman & Armelagos, 1985; Goodman, 1989).  Additionally, as all three 

classes of teeth develop postnatally, with crown development for both canines and first molars 

occur during the same time period (6 months +/- 3 months to 9 months +/- 3 months post birth), 

and development for second molars taking place a bit later in infancy (2 years +/- 8 months- 

3years +/- 1 year) (Ubelaker, 1989). This could imply that the asymmetry observed in the 

canines and molars of this sample are a consequence of postnatal stress, which aligns with the 

findings of earlier dental FA studies by Handler and Corruccini (1983) that found postnatally 

developed dentition to have more asymmetry than that which is formed prenatally. This implies 

that the external environment of Newton was more stressful and less safe than the prenatal 

environment, which the authors note is an abnormal trend (Handler & Corruccini,1983). 

Considering that the enslaved community at Newton was underfed and undernourished this, 

along with harsh demands of labor could have had both negative outcomes on breastmilk 

production and newborn nutrient uptake and may have made postnatal care challenging for new 

mothers. Additionally, crown development in second molars occurs between approximately 2-4 

years of age (Ubelaker, 1989), which overlaps with the time in which the weaning process took 

place for infants in the Newton community (Handler & Coruccini, 1983). While the period after 

the cessation of breastfeeding is associated with high levels of stress and marked by increased 

vulnerability to malnutrition and infection, it has also been found that the social disconnection 
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between mother and child that is concurrent with the weaning process may be a more significant 

contributor to stress experienced by the child (Halcrow & Gowland, 2019).  

Of all data, craniometrics are the most constrained as very few individuals in the 

collection were in a state of articulation and preservation that allowed for measurements to be 

taken. The cranial measurements that were collected often suggested high levels of asymmetry. 

This may also be reflected in the nonmetric results that found the highest levels of asymmetry in 

the facial and lateral regions of the skull, with the highest percent asymmetry in found for the 

mastoid foramen (lateral_mfl). Nevertheless, considering the aforementioned, cranial data were 

not considered when organizing data by sex and birthplace.   

Sex-based Differences in Stress  

As earlier studies of the population have found that females died at a younger age than 

males and were thus frailer (Shuler, 2005), it was expected that there would be differences 

between the FA values of males versus females. While results in this section were not found to 

be statistically significant, it is important to acknowledge that samples were too small to have a 

high probability of ever reaching statistical significance. As such, when comparing males and 

females, observed differences will be discussed in terms of raw values of FA.  

In terms of postcranial data, although females have higher FA values than males for both 

cuneiform breadth (cun_breadth) and length (cun_length), males have larger sample sizes, which 

make data difficult to directly compare. Additionally, males have higher values of FA for both 

talar length (tal_length) and height (tal_height), but not breadth (tal_breadth). In terms of the 

femur, males have higher FA levels for the midshaft anterior posterior diameter (femur_mapd), 

but females had higher FA for the midshaft transverse diameter (femur_mtd). The dental data 

showed results with a similar pattern to that of the postcranial when organized by sex, with males 
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having higher FA values for half of the traits, and females the other. The lack of considerable 

differences between males and females may be because sex has no bearing on stress experienced 

in the fetal environment, especially given that the sex of the child would not be known prior to 

birth. Despite this, when considering the differential value between FA values of the groups, the 

most pronounced disparities were between the buccolingual diameter of the second mandibular 

molar (0.267), as well as the mesiodistal diameter (0.208). This may suggest possible differences 

in postnatal developmental stress between males and females, which may suggest the possibility 

of sex-based differences in diet/nutrition as sex of the infant is known postnatally. However, if 

so, it is unknown when or why these differences in diet would occur. Nevertheless, due to the 

constraints of sample size, there is not enough data to make definitive conclusions, nor is there 

enough evidence to suggest overall sex-based differences in FA for this sample.   

Population Differences in Stress 

As previous studies of the site have been conducted to determine birthplace (Schroeder et 

al, 2009; Schroeder et al, 2013), individuals of Barbadian birth were compared to individuals of 

African birth to examine the relationship between FA and environmental stressors between the 

two different environments of early development. As there were only 7 total individuals of 

probable African birth, sample sizes were constrained- especially for postcranial data. The only 

two traits that can be compared are the midshaft anterior posterior diameter of the femur 

(femur_mapd) and the midshaft transverse diameter of the femur (femur_mtd). Despite 

Barbadian born individuals having a larger sample size than that of the African born group (n=11 

versus n=4), individuals of the Barbadian sample had substantially higher levels of FA compared 

to the African born individuals. If FA were generally low in most individuals then probability 

would suggest that a lower level of FA would be more likely in such a case. The dental data 
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offered many more instances of direct comparison and show only four out of ten instances 

wherein African born individuals have higher values of FA than those of Barbadian birth. For 

individuals of African birth, the trait with the highest FA was the buccolingual diameter of the 

second mandibular molar (mand_M2BD) at a value of 0.573. However, it is important to note 

that while African born individuals have a higher FA value for this trait, Barbadian born 

individuals have a larger sample size (n=3 versus n=5). For individuals of Barbadian birth, the 

trait with the highest FA was the buccolingual diameter of the mandibular canine (mand_CBD) 

at a value of 0.438. Coincidentally, the traits that showed the largest differentials between the 

two groups were for the buccolingual diameter of the second mandibular molar (mand_M2BD) 

with a difference of approximately 0.460 and the buccolingual diameter of the mandibular canine 

(mand_CBD) with a difference of approximately 0.426. Of all sex and birthplace data, the only 

trait that had statistically significant results is the buccolingual diameter of the first maxillary 

molar (p=.043) found in when comparing DFA by birthplace (table 5.7). As statistical results 

rely greatly on sample size, small sample size may explain these results. Additionally, it is 

important not to overlook these findings and presume results are not meaningful, thereby running 

the risk of making a type 2 statistical error.   

A major difference that may explain apparent differences between Barbadian born 

individuals and African born individuals is the increased stress associated with conditions of 

enslavement. As those of Barbadian birth were born into a horribly unequal society in which 

“success” for a privileged few came at the expense of the livelihoods and psychosocial trauma of 

a whole community of peoples. Additionally, life at Newton meant hard labor and extreme 

energy expenditure paired with consistent caloric deficits and malnutrition (Shuler, 2011).  

Furthermore, those born at Newton differed from those of African birth in that they were unique 
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in their elevated exposure to environmental contaminants- most notably, lead. As lead exposure 

has been well documented at Newton in previous studies, those of Barbadian birth would have 

been exposed to consistently high levels of lead from conception. The first 1000 days of life are 

thought to be the most crucial (Halcrow & Gowland, 2019) so this would have serious 

consequences for the developing fetus and may be the cause of developmental instability or 

elevated levels of FA that seems to have been embodied by the Barbadian group of individuals. 

Additionally, as women were often prescribed lead-tainted rum for “women’s health issues” 

(Shuler & Schroeder, 2013), ingestion of tainted alcohol would have served as an additional 

vessel of lead transmission. Ingestion of lead during both pregnancy and lactation would also 

contribute to developmental disturbances and could explain the observed differences between 

Barbadian born versus African born individuals.  

Conclusions 

In summation, although no population-based conclusions can be made in terms of FA, 

this study illustrates a clear relationship between the transmission of embodied stress from 

mothers to infants at Newton plantation. In the postcranial region, notable areas of FA include 

features of the tibia and tarsals (third cuneiform and talus). Dental analysis identifies canines and 

molars, especially second molars, as hotspots of stress, whereas cranial results suggest that facial 

and lateral regions have higher sensitivities to instability. While no significant sex-based 

differences were identified amongst the sample, results seem to suggest that traits that undergo 

development postnatally tend to be more sensitive to FA, which could suggest potential 

differences in postnatal infant care, once sex is known. In terms of birthplace, individuals of 

Barbadian birth were largely found to have considerably higher levels of FA than those of 

African birth, which may indicate differences in environmental stressors/stress exposure 
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primarily related to lead contamination. Ultimately, although constraints of a small sample size 

do not lend themselves well to studies of FA, this research has allowed for a deeper examination 

of developmental instability at the level of the individual, which has engendered a deeper 

understanding of maternal stress, and developmental instability. Lastly, although this study 

discusses the manifestation of biopsychosocial stress for individuals of the Newton Plantation 

community, it also a testament to their resilience.    
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Appendix 1. Metric data for calculating FA     

ID CODE Right Left R-L 

Cat 1 (A) cun_breadth 16.4 16.1 0.3 

Cat 1 (A) cun_length 22.9 24.3 -1.3 

Cat 1 (A) femur_mapd 26.9 27.0 -0.1 

Cat 1 (A) femur_mtd 24.1 24.0 0.1 

Cat 1 (A) mand_I1BD 5.4 5.3 0.1 

Cat 1 (A) mand_I1MD 5.0 4.9 0.1 

Cat 1 (A) mand_I2BD 6.0 6.1 -0.2 

Cat 1 (A) mand_I2MD 6.1 6.2 -0.1 

Cat 1 (A) mand_M2BD 10.1 9.9 0.2 

Cat 1 (A) mand_M2MD 11.7 11.6 0.1 

Cat 1 (A) max_I1BD 7.2 7.1 0.1 

Cat 1 (A) max_I1MD 8.3 8.2 0.1 

Cat 1 (A) max_I2BD 6.0 5.3 0.7 

Cat 1 (A) max_I2MD 7.2 6.2 1.0 

Cat 1 (A) max_M1BD 11.7 11.7 0.0 

Cat 1 (A) max_M1MD 10.6 10.9 -0.3 

Cat 1 (A) max_M2BD 11.1 10.9 0.2 

Cat 1 (A) max_M2MD 10.6 10.3 0.3 

Cat 1 (A) tal_breadth 43.3 40.2 3.1 

Cat 1 (A) tal_height 31.2 30.8 0.4 

Cat 1 (A) tal_length 60.8 59.7 1.1 

Cat 2 (B1) mand_CBD 8.1 8.1 0.1 

Cat 2 (B1) mand_CMD 8.1 8.0 0.1 

Cat 2 (B1) mand_M2BD 10.5 10.3 0.2 

Cat 2 (B1) mand_M2MD 11.5 10.9 0.6 

Cat 3 (B2) mand_dM1BD 7.2 7.2 0.0 

Cat 3 (B2) mand_dM1MD 8.7 9.1 -0.4 

Cat 3 (B2) mand_dM2BD 10.9 11.0 -0.2 

Cat 3 (B2) mand_dM2BD 8.7 8.8 -0.1 

Cat 5 (C2) max_dM2BD 9.3 9.5 -0.3 

Cat 5 (C2) max_dM2MD 9.6 9.2 0.5 

Cat 5 (C2) max_M1BD 10.2 9.8 0.4 

Cat 5 (C2) max_M1MD 10.7 10.2 0.4 

Cat 7 ( E ) mand_dCBD 5.7 5.6 0.1 

Cat 7 ( E ) mand_dCMD 6.4 6.4 0.0 

Cat 7 ( E ) mand_dL1BD 4.2 4.3 -0.1 
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Cat 7 ( E ) mand_dL1MD 3.9 4.0 -0.1 

Cat 7 ( E ) mand_dL2BD 4.3 4.5 -0.1 

Cat 7 ( E ) mand_dL2MD 4.4 4.4 0.0 

Cat 7 ( E ) mand_dM2BD 9.4 9.3 0.1 

Cat 7 ( E ) max_dM1BD 10.0 10.0 0.1 

Cat 7 ( E ) max_dM1MD 9.6 9.9 -0.3 

Cat 7 ( E ) max_I1BD 7.9 7.9 0.0 

Cat 7 ( E ) max_I1MD 8.7 8.8 -0.1 

Cat 7 ( E ) max_I2BD 7.2 7.0 0.2 

Cat 7 ( E ) max_I2MD 7.1 7.0 0.0 

Cat 7 ( E ) max_M1BD 11.5 11.4 0.0 

Cat 7 ( E ) max_M1MD 11.3 11.6 -0.3 

Cat 8 (F1) cranio_ast_bregma 136.0 135.0 1.0 

Cat 8 (F1) cranio_ast_lambda 85.5 85.5 0.0 

Cat 8 (F1) cranio_ast_opis 75.0 68.2 6.8 

Cat 8 (F1) cranio_fronto_ast 129.3 124.7 4.7 

Cat 8 (F1) cranio_fronto_lambda 174.0 173.7 0.3 

Cat 8 (F1) cranio_fronto_opis 137.5 134.2 3.3 

Cat 8 (F1) cun_breadth 18.2 18.4 -0.1 

Cat 8 (F1) cun_length 26.0 25.4 0.5 

Cat 8 (F1) femur_dw 85.5 86.0 -0.5 

Cat 8 (F1) femur_mapd 33.1 31.4 1.8 

Cat 8 (F1) femur_mtd 26.3 27.4 -1.1 

Cat 8 (F1) tal_breadth 46.2 42.0 4.2 

Cat 8 (F1) tal_height 32.4 32.3 0.1 

Cat 8 (F1) tal_length 62.2 63.6 -1.4 

Cat 10 (G1) femur_mapd 23.8 22.6 1.2 

Cat 10 (G1) femur_mtd 20.3 20.4 -0.2 

Cat 10 (G1) mand_CBD 7.6 7.5 0.0 

Cat 10 (G1) mand_CMD 7.0 7.0 0.0 

Cat 10 (G1) mand_I1BD 6.1 6.0 0.1 

Cat 10 (G1) mand_I1MD 5.5 5.6 -0.1 

Cat 10 (G1) mand_I2BD 6.2 6.5 -0.2 

Cat 10 (G1) mand_I2MD 6.4 6.1 0.3 

Cat 10 (G1) max_I1BD 7.2 7.4 -0.2 

Cat 10 (G1) max_I1MD 9.0 8.9 0.1 

Cat 10 (G1) max_M1BD 12.4 12.5 -0.1 

Cat 10 (G1) max_M1MD 10.8 10.8 -0.1 

Cat 13 (H2) femur_mapd 19.1 18.8 0.3 
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Cat 13 (H2) femur_mtd 18.0 17.1 0.9 

Cat 14 (I1) femur_mapd 23.6 23.4 0.1 

Cat 14 (I1) femur_mtd 21.7 21.9 -0.2 

Cat 18 (L) femur_mapd 20.2 21.3 -1.0 

Cat 18 (L) femur_mtd 18.0 18.4 -0.4 

Cat 19 (M) femur_mapd 28.5 28.2 0.3 

Cat 19 (M) femur_mtd 28.2 27.8 0.5 

Cat 19 (M) mand_I1BD 5.7 5.7 0.0 

Cat 19 (M) mand_I1MD 5.5 5.3 0.2 

Cat 19 (M) mand_M2BD 9.7 9.7 0.1 

Cat 19 (M) mand_M2MD 10.8 10.8 0.0 

Cat 19 (M) max_CBD 9.2 9.0 0.2 

Cat 19 (M) max_CMD 8.1 8.2 0.0 

Cat 20 (N1) femur_mapd 27.7 31.5 -3.8 

Cat 20 (N1) femur_mtd 26.7 29.8 -3.1 

Cat 20 (N1) mand_I1BD 6.2 6.2 -0.1 

Cat 20 (N1) mand_I1MD 5.3 5.1 0.2 

Cat 20 (N1) max_M2BD 12.7 11.7 0.9 

Cat 20 (N1) max_M2MD 10.3 10.7 -0.4 

Cat 22 (P1) femur_mapd 29.5 27.4 2.1 

Cat 22 (P1) femur_mtd 29.2 30.4 -1.2 

Cat 22 (P1) mand_I1BD 5.4 5.3 0.1 

Cat 22 (P1) mand_I1MD 5.3 5.4 -0.1 

Cat 22 (P1) mand_I2BD 6.2 6.0 0.2 

Cat 22 (P1) mand_I2MD 5.8 5.8 -0.1 

Cat 22 (P1) max_CBD 7.7 8.0 -0.3 

Cat 22 (P1) max_I1BD 7.3 7.0 0.3 

Cat 22 (P1) max_I1MD 9.5 9.2 0.4 

Cat 22 (P1) max_I2BD     0.7 

Cat 22 (P1) max_M2BD 12.0 11.7 0.3 

Cat 22 (P1) max_M2MD 10.8 10.7 0.1 

Cat 23 (P2) mand_dM2BD 10.2 10.3 0.0 

Cat 23 (P2) mand_dM2BD 8.9 8.9 0.0 

Cat 24 (P1) max_M2BD 12.0 11.7 0.3 

Cat 24 (P1) max_M2MD 10.8 10.7 0.1 

Cat 24 (Q) cun_breadth 19.0 18.3 0.7 

Cat 24 (Q) cun_height 23.8 24.0 -0.1 

Cat 24 (Q) cun_length 25.2 25.0 0.2 

Cat 24 (Q) femur_mapd 26.8 28.4 -1.6 
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Cat 24 (Q) femur_mtd 25.2 26.3 -1.1 

Cat 24 (Q) tal_breadth 41.6 42.1 -0.5 

Cat 24 (Q) tal_height 29.8 30.2 -0.5 

Cat 24 (Q) tal_length 55.3 57.1 -1.8 

Cat 25 ( R ) cun_breadth 16.7 17.5 -0.8 

Cat 25 ( R ) cun_length 25.5 26.6 -1.1 

Cat 25 ( R ) tal_breadth 43.4 45.6 -2.3 

Cat 25 ( R ) tal_height 32.1 32.3 -0.1 

Cat 25 ( R ) tal_length 59.2 58.4 0.8 

Cat 25 ( R ) tibia_deb 48.8 50.0 -1.2 

Cat 25 ( R ) tibia_ts 32.2 31.9 0.4 

Cat 27 (T) cranio_fronto_bregma 118.0 116.0 2.0 

Cat 27 (T) femur_dw 81.1 80.9 0.2 

Cat 27 (T) femur_mapd 28.7 27.5 1.3 

Cat 27 (T) femur_mtd 25.6 26.4 -0.8 

Cat 27 (T) mand_I2BD 6.2 6.3 0.0 

Cat 27 (T) mand_I2MD 6.2 6.2 0.0 

Cat 27 (T) mand_M2BD 10.3 10.9 -0.6 

Cat 27 (T) mand_M2MD 11.6 12.1 -0.5 

Cat 27 (T) max_I1BD 7.3 7.5 -0.1 

Cat 27 (T) max_I1MD 9.4 9.2 0.2 

Cat 27 (T) max_I2BD     0.8 

Cat 27 (T) max_M1BD 11.6 11.5 0.1 

Cat 27 (T) max_M1MD 11.2 10.6 0.6 

Cat 27 (T) tibia_peb 75.2 78.1 -2.9 

Cat 29 (U1) femur_mapd 24.5 24.0 0.5 

Cat 29 (U1) femur_mtd 26.0 26.7 -0.7 

Cat 29 (U1) mand_M2BD 10.3 9.8 0.5 

Cat 29 (U1) mand_M2MD 11.5 11.4 0.1 

Cat 29 (U1) max_CBD 7.8 7.9 -0.1 

Cat 29 (U1) max_CMD 7.7 7.6 0.1 

Cat 31 (U3) mand_CBD 7.7 7.8 0.0 

Cat 31 (U3) mand_CMD 7.3 7.3 -0.1 

Cat 31 (U3) mand_M1BD 10.3 10.4 -0.2 

Cat 31 (U3) mand_M1MD 11.7 11.4 0.3 

Cat 31 (U3) max_M2BD 11.2 11.2 0.0 

Cat 31 (U3) max_M2MD 9.9 10.1 -0.2 

Cat 33 (W)  femur_mapd 29.1 29.4 -0.3 

Cat 33 (W)  femur_mtd 28.1 28.0 0.1 
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Cat 34 (X) femur_mapd 30.2 32.8 -2.6 

Cat 34 (X) femur_mtd 32.2 32.2 0.0 

Cat 34 (X) mand_CBD 8.4 7.3 1.1 

Cat 34 (X) mand_CMD 7.4 7.1 0.2 

Cat 38 (BB) cun_breadth 17.0 16.5 0.5 

Cat 38 (BB) cun_height 24.1 23.7 0.4 

Cat 38 (BB) cun_length 24.9 25.0 -0.2 

Cat 38 (BB) femur_dw 82.3 83.4 -1.1 

Cat 38 (BB) femur_mapd 28.4 29.2 -0.8 

Cat 38 (BB) femur_ml 453.7 452.0 1.7 

Cat 38 (BB) femur_mtd 26.0 26.9 -1.0 

Cat 38 (BB) tal_breadth 43.2 40.7 2.5 

Cat 38 (BB) tal_height 33.0 31.9 1.1 

Cat 38 (BB) tal_length 58.9 54.7 4.2 

Cat 38 (BB) tibia_peb 78.4 76.8 1.6 

Cat 42 (1) femur_mapd 21.3 20.2 1.1 

Cat 42 (1) femur_mtd 19.4 18.1 1.3 

Cat 42 (1) mand_I1BD 6.0 5.9 0.2 

Cat 42 (1) mand_I1MD 5.8 5.7 0.1 

Cat 42 (1) mand_I2BD 6.4 6.6 -0.2 

Cat 42 (1) mand_I2MD 6.1 6.3 -0.2 

Cat 42 (1) mand_M1BD 11.2 11.0 0.2 

Cat 42 (1) mand_M1MD 12.3 12.0 0.3 

Cat 42 (1) mand_M2BD 10.5 10.4 0.1 

Cat 42 (1) mand_M2MD 11.4 11.4 0.0 

Cat 42 (1) max_dCBD 5.7 6.6 -0.9 

Cat 42 (1) max_dCMD 6.4 7.5 -1.1 

Cat 42 (1) max_I1BD 8.1 7.5 0.6 

Cat 42 (1) max_I1MD 9.5 9.5 0.0 

Cat 42 (1) max_I2BD 6.8 7.1 -0.3 

Cat 42 (1) max_I2MD 7.7 7.2 0.4 

Cat 42 (1) max_M1BD 11.4 11.8 -0.4 

Cat 42 (1) max_M1MD 11.1 10.8 0.3 

Cat 42 (1) max_M2BD 11.6 11.6 0.0 

Cat 42 (1) max_M2MD 10.3 10.4 -0.1 

Cat 42 (1) tal_length 48.6 50.5 -1.9 

Cat 47 (3) cranio_ast_bregma 139.0 131.0 8.0 

Cat 47 (3) cranio_ast_lambda 90.7 70.0 20.7 

Cat 47 (3) cranio_fronto_ast 127.0 140.2 -13.2 
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Cat 47 (3) cranio_fronto_bregma 118.7 115.8 2.8 

Cat 47 (3) cranio_fronto_lambda 176.7 173.8 2.8 

Cat 47 (3) cun_breadth 15.4 15.1 0.3 

Cat 47 (3) cun_length 25.6 25.8 -0.2 

Cat 47 (3) femur_dw 86.0 84.3 1.7 

Cat 47 (3) femur_mapd 33.3 31.3 1.9 

Cat 47 (3) femur_mtd 27.1 28.7 -1.6 

Cat 47 (3) tal_breadth 43.9 43.6 0.3 

Cat 47 (3) tal_height 31.0 31.5 -0.5 

Cat 47 (3) tal_length 53.8 53.5 0.2 

Cat 47 (3) tibia_deb 50.5 50.8 -0.3 

Cat 47 (3) tibia_peb 78.3 80.2 -1.8 

Cat 47 (3) tibia_tl 403.2 401.2 2.0 

Cat 47 (3) tibia_ts 34.4 33.3 1.2 

Cat 48 (4) cranio_fronto_ant_nas 56.3 54.8 1.5 

Cat 48 (4) cranio_fronto_ant_pros 72.1 71.9 0.2 

Cat 48 (4) cranio_fronto_bregma 116.0 116.3 -0.3 

Cat 48 (4) cranio_zygo_bregma 154.0 154.3 -0.3 

Cat 48 (4) cranio_zygo_fronto_ant 45.5 45.8 -0.3 

Cat 48 (4) cranio_zygo_nas 73.3 51.7 21.7 

Cat 48 (4) cranio_zygo_pros 60.3 60.6 -0.3 

Cat 48 (4) cun_height 26.1 26.5 -0.4 

Cat 48 (4) cun_length 27.3 27.9 -0.6 

Cat 48 (4) femur_dw 84.3 84.7 -0.3 

Cat 48 (4) femur_mapd 29.1 29.1 0.0 

Cat 48 (4) femur_ml 510.0 510.3 -0.3 

Cat 48 (4) femur_mtd 28.5 30.4 -1.9 

Cat 48 (4) mand_CBD 8.4 8.6 -0.2 

Cat 48 (4) mand_CMD 7.6 7.9 -0.2 

Cat 48 (4) mand_M1BD 11.3 11.5 -0.2 

Cat 48 (4) mand_M1MD 12.5 12.7 -0.2 

Cat 48 (4) mand_M2BD 10.8 10.7 0.0 

Cat 48 (4) mand_M2MD 11.1 11.2 -0.1 

Cat 48 (4) max_CBD 10.2 9.8 0.4 

Cat 48 (4) max_CMD 9.4 8.8 0.6 

Cat 48 (4) max_I2BD 8.3 7.5 0.7 

Cat 48 (4) max_I2MD 8.6 8.6 0.0 

Cat 48 (4) max_M1BD 11.6 11.4 0.2 

Cat 48 (4) max_M1MD 11.5 11.6 -0.1 
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Cat 48 (4) max_M2BD 12.2 12.0 0.2 

Cat 48 (4) max_M2MD 10.5 10.8 -0.2 

Cat 48 (4) tal_breadth 47.4 46.0 1.4 

Cat 48 (4) tal_height 31.6 33.3 -1.7 

Cat 48 (4) tal_length 60.2 59.7 0.6 

Cat 48 (4) tibia_peb 73.8 77.8 -4.0 

Cat 49 (5) femur_mapd 15.4 15.8 -0.4 

Cat 49 (5) femur_mtd 17.2 17.1 0.1 

Cat 49 (5) mand_CBD 8.2 8.4 -0.2 

Cat 49 (5) mand_CMD 7.7 8.1 -0.4 

Cat 49 (5) mand_dM2BD 10.1 10.9 -0.8 

Cat 49 (5) mand_dM2BD 8.9 8.7 0.2 

Cat 49 (5) mand_I1BD 5.6 5.8 -0.2 

Cat 49 (5) mand_I1MD 5.8 5.7 0.1 

Cat 49 (5) mand_I2BD 6.2 6.3 0.0 

Cat 49 (5) mand_I2MD 6.2 6.5 -0.3 

Cat 49 (5) mand_M1BD 10.8 10.7 0.1 

Cat 49 (5) mand_M1MD 12.9 12.9 0.0 

Cat 49 (5) max_CBD 9.3 9.1 0.2 

Cat 49 (5) max_CMD 8.4 8.7 -0.3 

Cat 49 (5) max_dCBD 6.0 5.1 0.9 

Cat 49 (5) max_dCMD 7.0 5.7 1.2 

Cat 49 (5) max_M1BD 11.9 11.7 0.2 

Cat 49 (5) max_M1MD 11.9 11.8 0.1 

Cat 50 (6) tal_breadth 39.1 38.6 0.4 

Cat 50 (6) tal_height 27.0 26.5 0.6 

Cat 50 (6) tal_length 49.6 48.7 0.9 

Cat 52 (8) femur_dw 77.0 80.3 -3.3 

Cat 52 (8) femur_mapd 27.0 25.5 1.5 

Cat 52 (8) femur_mtd 26.3 27.4 -1.2 

Cat 52 (8) mand_CBD 8.5 8.3 0.1 

Cat 52 (8) mand_CMD 6.7 6.6 0.1 

Cat 52 (8) mand_I1BD 6.4 6.0 0.4 

Cat 52 (8) mand_I1MD 4.0 4.0 -0.1 

Cat 52 (8) mand_I2BD 6.7 6.4 0.3 

Cat 52 (8) mand_I2MD 4.9 4.8 0.0 

Cat 52 (8) mand_M2BD 10.9 11.9 -1.0 

Cat 52 (8) mand_M2MD 11.2 11.2 0.0 

Cat 52 (8) max_CBD 8.7 8.8 -0.2 
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Cat 52 (8) max_CMD 7.2 7.5 -0.3 

Cat 52 (8) max_M1BD 11.8 11.5 0.3 

Cat 52 (8) max_M1MD 11.8 11.5 0.3 

Cat 52 (8) max_M2BD 11.9 12.4 -0.5 

Cat 52 (8) tal_breadth 43.1 43.3 -0.2 

Cat 52 (8) tal_height 33.1 33.6 -0.4 

Cat 52 (8) tal_length 58.0 58.4 -0.4 

Cat 53 (9) femur_mapd 17.4 16.9 0.5 

Cat 53 (9) femur_mtd 16.5 15.2 1.3 

Cat 53 (9) mand_dM1BD 7.0 6.8 0.3 

Cat 53 (9) mand_dM1MD 8.6 8.6 0.0 

Cat 53 (9) mand_dM2BD 10.5 10.5 0.0 

Cat 53 (9) mand_dM2BD 8.7 8.5 0.2 

Cat 53 (9) mand_M1BD 11.1 10.7 0.3 

Cat 53 (9) mand_M1MD 12.1 12.2 0.0 

Cat 53 (9) max_dM1BD 8.7 8.6 0.1 

Cat 53 (9) max_dM1MD 6.8 7.1 -0.3 

Cat 53 (9) max_I1BD 9.4 9.2 0.2 

Cat 53 (9) max_I1MD 7.5 7.5 0.0 

Cat 53 (9) max_M1BD 12.3 12.3 0.0 

Cat 53 (9) max_M1MD 11.8 12.3 -0.5 

Cat 54 (10) cun_breadth 16.2 16.7 -0.5 

Cat 54 (10) cun_height 24.7 24.8 -0.1 

Cat 54 (10) cun_length 26.6 26.3 0.3 

Cat 54 (10) femur_mapd 30.7 30.1 0.6 

Cat 54 (10) femur_mtd 29.3 27.3 2.0 

Cat 54 (10) mand_M1BD 11.5 10.9 0.6 

Cat 54 (10) mand_M1MD 11.3 11.2 0.1 

Cat 54 (10) mand_M2BD 11.0 11.0 -0.1 

Cat 54 (10) mand_M2MD 10.9 10.8 0.1 

Cat 54 (10) max_M2BD 11.9 12.1 -0.1 

Cat 54 (10) max_M2MD 10.7 10.7 0.0 

Cat 54 (10) tal_breadth 44.1 42.0 2.1 

Cat 54 (10) tal_height 30.9 31.3 -0.4 

Cat 54 (10) tal_length 56.9 57.3 -0.4 

Cat 54 (10) tibia_peb 76.8 81.8 -5.0 

Cat 56 (12) cranio_ast_bregma 131.0 133.7 -2.7 

Cat 56 (12) cranio_ast_lambda 86.3 82.7 3.7 

Cat 56 (12) femur_mapd 26.3 26.5 -0.2 
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Cat 56 (12) femur_mtd 24.6 24.2 0.4 

Cat 56 (12) mand_I1BD 6.0 5.4 0.6 

Cat 56 (12) mand_I2BD 5.6 6.1 -0.5 

Cat 56 (12) max_CBD 7.9 8.4 -0.6 

Cat 56 (12) max_CMD 8.4 7.8 0.5 

Cat 56 (12) max_I2BD 6.9 6.1 0.8 

Cat 56 (12) max_I2MD 6.8 5.5 1.3 

Cat 56 (12) max_M1BD 11.4 11.3 0.2 

Cat 56 (12) max_M1MD 11.1 11.0 0.1 

Cat 56 (12) max_M2BD 12.2 11.7 0.5 

Cat 56 (12) max_M2MD 10.4 10.7 -0.3 
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Appendix 2. Non-metric data for calculating FA (symmetry 1=yes, 2=no) 

ID CODE Right Left Symmetry 

Cat 2 (B1) facial_co 0 0 1 

Cat 2 (B1) lateral_ae 0 0 1 

Cat 2 (B1) lateral_lo 1 1 1 

Cat 2 (B1) lateral_mf# 1 1  1 

Cat 2 (B1) lateral_mfl   normal   

Cat 2 (B1) lateral_pf 1 1 1 

Cat 2 (B1) mand_mf 1 1 1 

Cat 2 (B1) mand_mbd 0 0 1 

Cat 8 (F1) basilar_cc 1 2 openings 0 

Cat 8 (F1) basilar_dhc 0 0 1 

Cat 8 (F1) facial_co 0 0 1 

Cat 8 (F1) facial_sf 0 0 1 

Cat 8 (F1) facial_son 0 0 1 

Cat 8 (F1) lateral_ae 0 0 1 

Cat 8 (F1) lateral_lo 1 1 1 

Cat 8 (F1) lateral_mf# 1 1   

Cat 8 (F1) lateral_mfl   normal   

Cat 8 (F1) lateral_pf 0 0 1 

Cat 8 (F1) facial_stn 0 0 1 

Cat 10 

(G1) lateral_ae 0 0 1 

Cat 10 

(G1) lateral_mf# 1 1 0 

Cat 10 

(G1) lateral_mfl normal anterior 0 

Cat 10 

(G1) lateral_pf 1 1 1 

Cat 20 

(N1) basilar_dhc   

1 side present & 

divided 0 

Cat 20 

(N1) basilar_foi 0 0 1 

Cat 20 

(N1) lateral_ae 0 0 1 

Cat 20 

(N1) lateral_mf# 1 1   

Cat 20 

(N1) lateral_mfl   normal   

Cat 22 

(P1) facial_sf   1   
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Cat 22 

(P1) facial_son 1        1 1 

Cat 22 

(P1) facial_zf 1 1 1 

Cat 22 

(P1) lateral_pf 1 1 1 

Cat 22 

(P1) mand_mf 1 1 1 

Cat 22 

(P1) mand_mbd 0 0 1 

Cat 22 

(P1) facial_stn 0 0 1 

Cat 26 (S) facial_if 1 1 1 

Cat 26 (S) facial_is 0 0 1 

Cat 26 (S) facial_zf 1 1 1 

Cat 27 (T) facial_sf 0 0 1 

Cat 27 (T) facial_son 0 1 0 

Cat 27 (T) lateral_ae 0 0 1 

Cat 27 (T) mand_mf 1 1 1 

Cat 27 (T) mand_mbd 0 0 1 

Cat 29 

(U1) facial_zf 1 1 1 

Cat 29 

(U1) mand_mf 1 1 1 

Cat 29 

(U1)  lateral_mf# 1 1   

Cat 29 

(U1)  lateral_mfl   normal   

Cat 29 

(U1)  lateral_pf 1 1 1 

Cat 31 

(U3) basilar_dhc 0 0 1 

Cat 31 

(U3) lateral_mfl   no present   

Cat 31 

(U3) mand_mf 1 1 1 

Cat 34 (X) facial_sf 1 0 0 

Cat 34 (X) facial_son 0 1 0 

Cat 34 (X) lateral_ae 0 0 1 

Cat 34 (X) lateral_mfl 

different 

locations     

Cat 34 (X) mand_mf 1 1 1 

Cat 34 (X) mand_mbd 0 0 1 
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Cat 34 (X) mand_mbl 0 0 1 

Cat 34 (X) facial_stn 0 1 0 

Cat 38 

(BB) lateral_pf 1 0 0 

Cat 38 

(BB) mand_mf 1 1 1 

Cat 38 

(BB) mand_mbd 0 0 1 

Cat 40 

(DD) basilar_dhc 0 0 1 

Cat 40 

(DD) facial_co 0 0 1 

Cat 40 

(DD) facial_sf 0 1 0 

Cat 40 

(DD) facial_zf 1 1 1 

Cat 40 

(DD) lateral_ae 0 0 1 

Cat 40 

(DD) lateral_lo 1 1 1 

Cat 40 

(DD) lateral_mf#   0   

Cat 40 

(DD) lateral_mfl   0   

Cat 40 

(DD) lateral_pf 0 0 1 

Cat 40 

(DD) facial_stn 1 0 0 

Cat 42 (1) basilar_dhc 0 0 1 

Cat 42 (1) basilar_foi 0 0 1 

Cat 42 (1) lateral_ae 0 0 1 

Cat 42 (1) lateral_mf# 1 1 0 

Cat 42 (1) lateral_mfl not preserved posterior   

Cat 42 (1) lateral_pf 1 1 1 

Cat 42 (1) mand_mf 1 1 1 

Cat 42 (1) mand_mbd 0 0 1 

Cat 42 (1) mand_mbl 0 0 1 

Cat 47 (3) basilar_dhc 0 0 1 

Cat 47 (3) basilar_foi 0 0 1 

Cat 47 (3) facial_co 0 0 1 

Cat 47 (3) facial_eb 0 0 1 

Cat 47 (3) facial_sf 0 0 1 

Cat 47 (3) facial_son 0 0 1 
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Cat 47 (3) lateral_ae 0 0 1 

Cat 47 (3) lateral_lo 0 0 1 

Cat 47 (3) lateral_mf#   3?   

Cat 47 (3) lateral_mfl bifurcated big   

Cat 47 (3) lateral_oos 0 0 1 

Cat 47 (3) lateral_pf 1 1 1 

Cat 47 (3) lateral_pnb 0 0 1 

Cat 47 (3) mand_mf 1 1 1 

Cat 47 (3) mand_mbd 0 0 1 

Cat 47 (3) facial_stn 0 0 1 

Cat 48  (4) mand_mf 1 1 1 

Cat 48  (4) mand_mbd 0 0 1 

Cat 48 (4) basilar_dhc 0 0 1 

Cat 48 (4) basilar_foi 0 0 1 

Cat 48 (4) facial_co 0 0 1 

Cat 48 (4) facial_eb 0 0 1 

Cat 48 (4) facial_if 1 1 1 

Cat 48 (4) facial_is 0 0 1 

Cat 48 (4) facial_sf 0 0 1 

Cat 48 (4) facial_son 1 1 1 

Cat 48 (4) facial_zf 1 1 1 

Cat 48 (4) lateral_lo 0 0 1 

Cat 48 (4) lateral_mf# 2 3   

Cat 48 (4) lateral_mfl   1   

Cat 48 (4) lateral_pf 1 0 0 

Cat 48 (4) lateral_pnb 0 0 1 

Cat 48 (4) facial_stn 1 1 1 

Cat 49 (5) basilar_dhc 0 0 1 

Cat 49 (5) facial_sf 0 0 1 

Cat 49 (5) facial_son 0 0 1 

Cat 49 (5) facial_zf 1 1 1 

Cat 49 (5) lateral_ae 0 0 1 

Cat 49 (5) lateral_pf 0 0 1 

Cat 49 (5) mand_mf 1 1 1 

Cat 49 (5) mand_mbd 0 0 1 

Cat 49 (5) mand_mbl 0 0 1 

Cat 49 (5) facial_stn 0 0 1 

Cat 52 (8) facial_if 1 1 1 

Cat 52 (8) facial_is 0 0 1 
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Cat 52 (8) facial_zf 1 1 1 

Cat 52 (8) lateral_ae 0 0 1 

Cat 52 (8) lateral_lo 0 0 1 

Cat 52 (8) lateral_pf 0 0 1 

Cat 52 (8) mand_mf 1 1 1 

Cat 53 (9) basilar_cc   1   

Cat 53 (9) basilar_dhc 0 0 1 

Cat 53 (9) facial_son 0 0 1 

Cat 53 (9) facial_zf 0 0 1 

Cat 53 (9) mand_mf 1 1 1 

Cat 53 (9) mand_mbd 0 0 1 

Cat 53 (9) mand_mbl 0 0 1 

Cat 54 

(10) basilar_dhc 0 0 1 

Cat 54 

(10) basilar_foi 1 1 1 

Cat 54 

(10) facial_co 0 0 1 

Cat 54 

(10) facial_eb 0 0 1 

Cat 54 

(10) facial_sf 0 0 1 

Cat 54 

(10) mand_mf 1 1 1 

Cat 54 

(10) facial_stn 0 0 1 

Cat 54 

(10)  lateral_lo 0 0 1 

Cat 54 

(10)  lateral_pf 0 0 1 

Cat 56 

(12) basilar_dhc 0 0 1 

Cat 56 

(12) basilar_foi 0 0 1 

Cat 56 

(12) lateral_lo 0 0 1 

Cat 56 

(12) lateral_mf# 1 0   

Cat 56 

(12) lateral_mfl Normal     

Cat 56 

(12) lateral_oos 0 0 1 
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Cat 56 

(12) lateral_pf 1 1 1 

Cat 56 

(12) lateral_pnb 0 0 1 

Cat 56 

(12) mand_mf 1 1 1 

Cat 56 

(12) mand_mbd 0 0 1 

Cat 56 

(12) facial_co 0 0 1 

Cat 56 

(12) facial_eb 0 0 1 

Cat 56 

(12) facial_sf 1 0 0 

Cat 56 

(12) facial_son 0 0 1 

Cat 56 

(12) facial_zf 1 1  1 

Cat 56 

(12) facial_stn 0 0 1 
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