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ABSTRACT 
 
Fundamental to mortuary associated gender studies is the comparison of the 

biological sex of skeletal remains with the cultural aspects of burial. Previously 

this type of gender study has been limited to the study of adults and those 

concerning children have been somewhat hypothetical due to the problems 

inherent in the osteological assignment of sex to immature human remains. 

However, the sexual dimorphism displayed in adult teeth is also found in the 

dentition of children and adolescents and this research project uses dental 

morphometrics of both the permanent and deciduous dentition to assign 

biological sex to subadult individuals. 

This thesis is comprised of three distinct phases of research.  

A comparison of the effectiveness of maximum coronal tooth diameters with 

cervical tooth diameters of known sex adult individuals (Spitalfields Collection, 

Natural History Museum, London). This phase of the project directly compares 

the sexual dimorphism of two types of diameter taken from the same teeth of 

the same individuals. Cervical tooth crown diameters can be very useful in 

archaeological odontometric studies where dental attrition precludes the use 

of maximum coronal crown diameters. 

A pilot study to establish a reliable method of assigning sex to subadult 

individuals, using a historical sample of known biological sex (Bocage 

Collection Lisbon, Portugal and Coimbra Collection, Coimbra, Portugal). This 

phase uses discriminant functions derived from the adults in this sample to 

classify the subadults  

The application of this piloted method to an archaeological sample (Windover, 

Florida State University, Tallahassee) using morphologically sexed adults and 

subadult individuals of unknown sex from the same population  

This thesis then attempts to make comparisons between the assigned 

biological sex of the Windover subadult individuals and pathology, and the 

cultural burial aspects represented by the burial assemblage, which consists 

of textiles, tools and other artefacts. 
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1.0 INTRODUCTION 
 
1.1 Aims and Objectives 
 

This study has established a reliable method to assign biological sex to 

subadult human remains using cervical tooth crown diameters. This method 

has then been applied to an archaeological sample of subadult individuals of 

unknown sex in an attempt to extend the range of gender studies associated 

with mortuary contexts into childhood and adolescence, and identify some of 

the ways in which the lives of children from a specific prehistoric community 

were socially engendered.   

 

This piece of research has been undertaken in three phases, using three 

different samples, two of which are historical and of documented known sex, 

and one of which is archaeological, from which the adult individuals are 

morphologically sexed. The historical known sex samples were used to 

demonstrate the efficacy of the methods devised but all the discriminant 

functions presented in this study are sample specific, and it is the methods, 

not the data that have been transferred between the different collections. This 

was to ensure there was no loss in accuracy due to the application of 

functions between populations that are far removed both geographically and 

temporally, the reasons for which are discussed later in this study. 

Firstly, it was necessary to establish the reliability of cervical tooth diameters 

versus coronal tooth diameters as a tool to assign sex to human skeletons. 

This was very important to this study as teeth from archaeological collections, 

especially prehistoric assemblages, are often too worn to measure coronal 

diameters. The initial phase of this study, therefore, uses cervical and coronal 

diameters from the same teeth of the same known sex adult individuals (taken 

from the Spitalfields Collection) and directly compares the efficacy of the 

classification results.   

Once the efficacy of cervical diameters in sex assignment had been tested 

and found successful, a method was devised to connect the sexual 

dimorphism found in the permanent teeth of adults with the mixed and 

deciduous teeth of subadults in order to classify the sex of the subadults. A 
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different assemblage, taken from the Coimbra and Bocage Collections, 

consisting of known sex adults and subadults is used to test this method as 

there were not enough subadult individuals in the Spitalfields Collection to 

make testing the method viable.   

Finally, the method to link permanent and deciduous dimorphism that had 

been tested on the Bocage and Coimbra known sex collections was applied to 

The Windover Collection. This is a prehistoric archaeological assemblage and 

consists of a morphologically sexed sample of adults, and subadults of 

unknown sex from the same population, with an associated burial 

assemblage. The study then attempts to compare possible gender 

associations represented in the burial assemblage between the adults and 

children in this community, and also looks at differential health between the 

sexes.                                                   

 

Fundamental to mortuary associated gender studies is the comparison of 

biological sex with the cultural aspects of burial. The problems inherent with 

the biological sexing of subadult human remains, mean that these studies are 

mostly limited to adult samples, and those concerning children are somewhat 

hypothetical.    

 

Although gender and biological sex are not necessarily a dichotomous 

constant, the comparison between biological sex using morphological skeletal 

analysis and the cultural aspects of burial remain the basis of investigation for 

gender in mortuary contexts. Although modern techniques such as DNA 

analysis are widely available, visual and metric skeletal analyses are still by 

far the most common methods used to sex human remains, due to cost, 

availability, and (particularly in the case of prehistoric assemblages) 

taphonomic factors.  

 

The standard bioanthropological method of sexing human remains relies upon 

the morphological differences observed in male and female skeletons, and 

although these can be identified throughout the skeleton they tend to be more 

apparent in the cranium and pelvis.  
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In general, adult male skeletons are more robust than females and have more 

pronounced muscle attachments, with the pelvis displaying a different 

morphology relevant to the capacity for reproduction.  

The undeveloped form of the subadult skeleton, however, means that it is not 

diagnostically dimorphic. In a study of perinatal remains by Mays (1998), for 

example, the sciatic notch was measured and a two-peaked bimodality was 

displayed in the sciatic index. These results, however, became a single peak 

when calculated from the remains of older infants up to the age of two years, 

and subadult skeletons do not begin to differ again until the onset of puberty 

(Mays 1998: 39).  

 

Teeth are an important source of biological data on many levels. The 

biological composition of teeth makes them more resistant to post-

depositional processes than other skeletal elements (Brothwell, 1981: 111) 

and as such they are often a crucial resource for the bioarchaeologist. It has 

also been suggested that a major contribution to the under representation of 

subadult remains in mortuary contexts are due to taphonomic processes 

which cause differential preservation of the bones (Brothwell, 1981). Subadult 

bones have a high organic content, are less mineralised, and therefore less 

dense and more prone to decay in archaeological contexts (Saunders, 2000: 

136). Teeth, however, survive particularly well in many sediments (Brothwell, 

1981), a fact that also supports the potential for using them as a viable source 

of osteometric data in the analysis of subadult human remains. 

 

 

Furthermore, a wide range of bioarchaeological issues can be addressed 

using teeth. They are a particularly useful resource in reconstructing the 

demographic trends in past populations. Eruption sequences in subadults and 

age-related changes in adults facilitate age at death estimation and, most 

importantly in relation to this study dimorphism in tooth size can differentiate 

between the sexes.  

 

Sexual dimorphism is displayed in adult teeth and this dimorphism is also 

displayed in the dentition of children and adolescents. The permanent first 
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molar erupts at around the age of six or seven years old, and by the age of 

twelve years the permanent dentition is virtually complete. This is 

considerably earlier than skeletal maturity (Mays, 1998: 46) and teeth are the 

‘only fully adult structures in children’ (Rega, 1996: 232).   

Some studies have also shown that sex can be assigned to subadults using 

only the deciduous dentition (Black, 1978, De Vito and Saunders, 1990, 

Rösing, 1983) and although the success rates of these studies have varied it 

is generally accepted that it is viable to include deciduous tooth diameters in 

order to assign sex to young subadults.  

 

1.2 A Background to Dental Sexual Dimorphism 
 
Very broadly speaking male teeth are bigger than female teeth although the 

level of dimorphism varies between individual teeth. It is thought that the 

dimorphism is caused by protracted amelogenesis in male tooth crowns that 

results in thicker dental enamel (Saunders, 2000: 152). 

Many studies have shown that the most dimorphic tooth is the lower canine, 

and ‘canine field theory’ suggests that levels of dimorphism are higher in teeth 

adjacent to the canine (Garn et al. 1966a).  

 

Genes also have a strong influence on both tooth development rates and 

levels of sexual dimorphism, as demonstrated by a study of brother and sister 

pairs from different family lines (Garn et al. 1967b). Significant evidence was 

found that variation in levels of sexual dimorphism is inherited, and it has also 

been suggested that tooth size is genetically linked to the X chromosome 

(Garn, Lewis and Kerewsky, 1965). 

 

Genetic influences, however, are only some of the factors that affect tooth 

development. Crown size is also a ‘phenotypic’ characteristic, and the result 

of the way in which genetic material interacts with environmental factors such 

as disease, diet and behaviour. These can be generated through different 

combinations of factors such as variation in genotype, shared environmental 

factors within the shared family, and environmental factors not shared within 

the same family (Hilllson, 1996: 79). This means family members with the 
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same genotype may exhibit variations in crown size if different environmental 

conditions are experienced during dental development. The health of the 

mother during pregnancy and whilst breast-feeding may also contribute to 

tooth crown size (Garn et al. 1979b).  

 

Crown diameters are also asymmetric. The diameters of the left dental arch 

differ from those of the right, and this asymmetry takes two forms: directional 

or random (fluctuating asymmetry). Directional asymmetry results in a 

tendency for one side of the dentition to be larger than the other consistently 

within the same population: for example, a left canine consistently larger than 

its right counterpart, and, conversely, right first premolars tend to be larger 

than those on the left. A pattern of directional asymmetry can also be 

observed between the upper and lower dentitions, with, for example, a larger 

left upper canine matched with a larger right lower canine.  

Random asymmetry is characterised by the larger side of the dentition varying 

between individuals within the same population. Random asymmetry tends to 

be slightly larger than directional asymmetry, but both size differences are 

small compared to the precision with which dental measurements are 

recorded, and therefore tend not to affect the accuracy of odontometric 

studies (Hillson,1996: 75-78). 

 

Tooth size overall varies between populations of different ethnic origins. 

Among living and recent world populations the largest teeth are those of 

Australian Aboriginals and the smallest are found in Europe and Asia (Hillson 

1996: 82). However, studies have shown that large tooth size does not 

necessarily correlate with high levels of sexual dimorphism. Univariate 

analysis of dental sexual dimorphism in a sample of white North American 

children was compared with six other population groups, including Australian 

Aborigines. Although the Australian group had the largest mean tooth sizes 

for both male and female diameters, two other groups displayed higher levels 

of sexual dimorphism, and the authors concluded there is no positive 

correlation between tooth size and sexual dimorphism (De Vito and Saunders, 

1990: 855). Correlations between dental sexual dimorphism and body size are 

also low in humans (Garn et al. 1967c) although correlations have been found 
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between tooth size and body size, with, in one study, taller parents having 

children with larger crown dimensions (Garn et al. 1968a). These trends, 

however, tend to be found within populations rather than across them. For 

example, female Australian Aborigines have considerably larger teeth than 

male Hawaiians although male Hawaiians are considerably larger in body 

size, but when the populations were analysed separately, larger individuals 

tend to have larger teeth (Brace and Ryan, 1980: 418). These trends have 

implications for the use of teeth to assign sex to subadult human remains. For 

example, in a discriminant function test on 19th century remains a living 

reference sample was used (Saunders, 1992), and the fact that the 

archaeological sample generally had smaller teeth than the modern sample 

resulted in a bias towards classifying the archaeological teeth as ‘female’. 

This demonstrates the need to ensure that a reference or ‘base line’ sample 

of known sex adults is taken from the same population as the subadult 

sample of unknown sex.  

 

Morphometric studies of the deciduous dentition of living children (Black, 

1978; Rösing, 1982; De Vito and Saunders, 1990) have shown that deciduous 

teeth show similar levels of sexual dimorphism to those found in the 

permanent dentition, and these have been recorded in numerous studies for 

many years (Bermúdez de Castro et al. 1993; Brace and Ryan 1980; Dean 

and Benyon 1991; Ditch and Rose 1972; Falk and Corruccini 1982; Keisler 

1990). It has, however, been suggested that the permanent dentition is more 

sexually dimorphic than the deciduous (Black 1978), possibly due to the 

enamel of deciduous teeth being thinner than that of permanent teeth (Hillson 

1996). Although there tends to be a large degree of overlap between the 

sexes in the sexual dimorphism of the deciduous dentition (Lewis 2007:49) a 

study by De Vito and Saunders (1990) achieved between 76-90% accuracy 

with no single tooth showing the most marked differences.  
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1.3 Tooth Crown Diameters 
 
Tooth crown diameters have been widely recorded and used for numerous 

anthropological purposes. The most commonly used dimensions are the 

maximum coronal diameters, measured with calipers, parallel to the occlusal 

surface of the tooth crown. It is usual to take two measurements: the 

mesiodistal diameter, taken between the mesial and distal point of the crown, 

parallel to the labial and lingual surfaces, and the buccolingual diameter, 

taken between the buccal and lingual surfaces, perpendicular to the 

mesiodistal diameter (Moorrees et al. 1957 cited in Hillson 1996:70). There 

have been conflicting terminologies for these dental measurements (Keisler 

1990: 23), so for the purpose of this study the Moorrees (1957) definition has 

been used.  

 

Coronal crown diameters do have their limitations. Goose (1963) 

recommended using contact points between the teeth to define the coronal 

diameter. Minor malocclusions can, however, alter the diameter using this 

method (Hillson et al. 2005) and rotation of the tooth in the dental arcade can 

give a larger inaccurate measurement (Goose 1963: 127). A change in the 

axis of the mesiodistal diameter also changes the axis of the buccolingual 

diameter, which needs to be taken at right angles to the mesiodistal plane. 

Buccolingual diameters can be even more difficult to locate in some teeth due 

to crown morphology. For instance, in molars, the buccal and lingual bulges 

are not parallel, and therefore the maximum diameter cannot be measured 

parallel to the occlusal surface (Hillson et al. 2005). 

 

The other major drawback in using coronal diameters is tooth wear, a 

common factor in archaeological assemblages. This reduces the original 

diameters of the tooth crown and can obscure clear measurement points 

(Hillson 1996: 70-71). The buccolingual diameter is less affected than the 

mesiodistal and only becomes reduced when most of the crown has been 

worn down. Mesiodistal diameters, however, are reduced at both ends in the 

earliest stages of approximal attrition, and when measurements are taken to 

the nearest 0.1mm very little wear will affect the accuracy of the data.  
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Due to these limitations, this study uses cervical diameters as well as coronal 

diameters and this has made it possible to compare the diameters of subadult 

teeth with little wear with worn adult teeth (Hillson et al. 2005). Cervical 

diameters are measured at the cervical margin or cement enamel junction 

(CEJ) of the tooth, and are only affected by the most severe dental attrition. 

Although it is possible that heavy calculus deposits may obscure the cervical 

margin these are rare in archaeological assemblages as calculus often falls 

off during excavation or storage (Hillson et al. 2005). While these diameters 

have not been widely used, previous studies have demonstrated they display 

similar, and sometimes greater, levels of sexual dimorphism than maximum 

coronal diameters (Colby 1996), and the initial phase of research in this study 

directly compares coronal and cervical diameters from the same sample in 

order to assess the efficacy of cervical diameters. Both coronal and cervical 

diameters have also been subjected to a series of simple statistical tests. 

These tests ensure normal patterns of distribution and, based on these 

results, discriminant function analysis combines a selection of data into a 

function that can be used as the basis to classify the diameters as male or 

female. 

 

1.4 Gender Theory and Biological Sex 
 
The analytic concept of gender aims to examine and interpret the 

relationships between men and women as cultural constructs that have been 

formed by the imposition of social, cultural and psychological meanings upon 

biological sexual differences (Stolke 1993: 20).  These cultural constructs 

include gender roles, gender ideologies and gender identities. “The concept of 

gender refers to the cultural construction of maleness and femaleness, based 

ultimately on the biological sexual differences between men and women, but 

interpreted culturally to create gendered roles, relationships, ideologies and 

identities” (Whitehouse, personal communication. 2013).  

 

Since the 1970’s gender theory has been an integral part of academic 

disciplines such as philosophy, sociology and anthropology. The concept of 
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gender theory arose as an academic manifestation of the feminist movement 

in an attempt to redress what was considered to be the universal 

subordination of women. While the feminist movement has divided over 

issues of the ‘feminist experience’, and evolved over the years, it is still united 

with certain fundamental beliefs (for a history of feminist archaeology and 

gender theory see Meskell 1999:8-106).  

 

These fundamental beliefs can be summarised thus: gender is a crucial 

dimension of society, gender categories are generally hierarchical (with 

women disadvantaged), and that the situation needs redressing (Wylie 1997).  

 

There are two main perspectives on gender theory. One is the Anglo-

American school of thought, based in the social sciences. This has its main 

foci of study directed towards the study of the gendered division of labour and 

gender relations that are either hierarchical or complementary.  

 

The other is the Continental European school, that does not deal so much 

with ‘gender’ as ‘sexual difference’, based on the disciplines of philosophy, 

literature and psychoanalysis. This school of thought is mainly concerned with 

the semiotics and symbolism of sexual difference rather than its material 

embodiment (Whitehouse, 2007).  

Feminist theory, however, is a product of its time. Modern Western patriarchal 

society, that, as such, is an ethnocentric viewpoint, creates problems when 

applied to past societies that may have held vastly different values, ideologies 

and sociocultural systems (Whitehouse, 2007). Although, traditionally, 

archaeologists have turned to anthropological theory and ethnography to aid 

the interpretation of past societies these disciplines have also been 

constrained by androcentric bias in the same way as archaeology 

(Whitehouse, 2007).  

 

In the early 1980’s the development of the ‘archaeology of death’ (Sofaer and 

Sørensen, 2013: 226) resulted in the promotion of the osteological study of 

the body, and sex and age became key variables that could be used to make 

inferences about rank, or wealth derived from objects (Sofaer 2006a; Sofaer 
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and Sørensen, 2013: 227). The increase in osteological techniques for 

reliable ageing and sexing of human remains aided the creation of early 

gender studies, as biological sex could be determined osteologically and 

compared with the distribution of socially engendered artefacts. Also, the use 

of grave goods alone to infer gender led to emphasis on the importance of 

skeletal analysis in order to make the gendered interpretation more secure 

(Sofaer and Sørensen 2013: 227). This has resulted in individuals who cannot 

be sexed reliably, including subadults being excluded from gender studies of 

mortuary contexts (Sofaer and Sørensen, 2013: 228).  

 

The study of children and childhood emerged from gender theory in the 

1990’s and has moved children from being solely within the realm of women 

and women’s work, to being active agents in the past with their own social 

identity and cultural influence (Lewis, 2007). The primary line of inquiry for the 

‘archaeology of childhood’ (Lewis, 2007: 1) is the physical remains of children 

themselves and this discipline has been limited by both taphonomy and the 

bioarchaeological methods available that are used to quantify the data.  

Also, in short, before the 1990’s children in the archaeological record were 

marginalised, and tended to be categorised as ‘feminine’ (Baker, 1997) and 

as such children were invisible in the archaeological record (Moore and Scott, 

1997). 

 

Biological sex is a term that should not be confused with gender, which is a 

cultural construct. Previously, many burial studies that included immature 

human remains have tended to be based upon cultural sexing, thereby 

implying that adults and subadults were buried on the same cultural principles 

according to sex. However, the application of biological techniques to 

subadult remains offers the potential to study gender in ways that are not 

linked to pre-existing assumptions about the gender associations of certain 

objects (Sofaer, 2006b, Sofaer, 2011, Sofaer and Sørensen, 2013). From a 

general Western ethnocentric viewpoint childhood is a gendered dichotomy, in 

much the same way as adulthood, (blue and toy cars for boys and pink and 

dolls for girls) related to the roles they are expected to fulfil as adults. It is 

possible, however,  that in past societies there was a higher degree of gender 
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fluidity between childhood and adulthood and this is something that has been 

reported ethnographically from studies of societies that identify third or 

multiple genders (Whitehouse, 1998:5). 

 

Grave goods are traditionally an area prone to gender stereotyping, and have 

often been divided into categories of domestic equipment and personal 

ornamentation representing women and hunting equipment and weaponry 

representing men. There has also been considerable androcentric bias in high 

status grave assemblages. When skeletal material or artefacts with an 

assumed sex/gender representation are absent from a high-status burial it 

has been generally assumed to belong to a man (Arnold, 1995: 156). This 

androcentrism has also been taken further with the concept of achieved 

versus ascribed wealth. When a high-status burial is found to contain a male 

occupant, it is assumed that the wealth was his. Conversely, in a high-status 

grave with a female occupant, it has often been assumed that she married a 

wealthy husband (Rega, 1997: 237). This has implications for the assignment 

of sex using grave goods alone in high status child burials which are more 

likely to be considered those of boys, girls being perceived of less social 

value.  

 

Many studies use statistical analysis to assign ‘maleness’ or ‘femaleness’ to 

particular artefacts from burial assemblages (Shennan, 1975; Rega, 1997), 

Weglian; 2001), but few of the considerable artefact types analysed have 

tended to be either exclusively ‘male’ or ‘female’. Instead, it appears that, 

while many objects may be preferentially ‘male’ or ‘female’ there is little clear-

cut dichotomy in the relationship between sex and gender (Sofaer and 

Sørensen, 2013: 228). Many gender studies based on the concept of a male 

and female gender dichotomy have reported burials that do not fit the 

established rules of gendered burial patterns (Weglian, 2001: 142). It has 

been suggested that these burials may represent a third, or transgendered 

category, a phenomenon that has been reported ethnographically (Weglian, 

2001: 142). The small numbers of this type of burial in any particular burial 

assemblage has meant that they tend to disappear when statistical analysis is 

applied, and this may suggest that these burials represent individual 
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anomalies of gender, rather than the existence of a third distinct, socially 

recognised gender.  

An example of this can be found in the interpretation of a particularly rich Iron 

Age burial from France, known as the ‘Princess of Vix’ (Arnold, 1991). 

Osteological analysis indicated the remains were those of a woman, aged 

around 35 years, buried with a rich assemblage of imported goods, jewellery 

associated with female burials, and a gold torc associated with male burials. 

This led to academic conflict between the assumption that such rich Iron Age 

burials were male and the osteological sex of the skeleton (Sofaer and 

Sørensen, 2013: 232). There have been a range of interpretations of this 

apparent anomaly, from the suggestion that the burial was that of a 

transvestite priest (Spindler, 1983), to that of an ‘honorary male’ (Arnold, 

1991).  

Burials that do not conform to Western ethnocentric values have tended to be 

marginalised, and even considered ‘wrong’ (Weglian, 2001: 140). However, 

as Weglian also points out, when a community took the care to bury an 

individual in a certain way, it was probably ‘right’. 

When it is taken into account that adult burials biologically sexed to a good 

degree of certainty contradict the expected representation of gender, it is quite 

possible that subadult burials assigned sex on the basis of gender 

representation have, in fact been assigned the wrong sex. 

 

1.5 The Archaeology of Children 

 

Childhood, a period of dependence during which a child not only matures 

physically but acquires the social and cultural skills necessary to thrive in 

adulthood is a condition common to all human societies, and as such, makes 

childhood an important field of archaeological investigation. However, the 

definition of childhood varies considerably between cultures (as can be seen 

ethnographically) as does the roles and behaviour expected of children 

(Baxter, 2005: 1). 

 

There has been a modern tendency to marginalise children and to exclude 

them from many archaeological studies, resulting in childhood being a largely 
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underdeveloped area of archaeological research (Baxter, 2005: 2). This is 

possibly due to the Western ethnocentric viewpoint that only adults contribute 

to (and have control of) the production of material culture and social 

ideologies, and that below the age of 18 years individuals are dependent 

nonentities (Derevenski, 1997: 193). However, as the initial dependence on 

parents for nourishment and protection diminishes as a child becomes older 

and becomes an independent member of society, and the time at which these 

transitions take place varies from one culture to another it seems unwise to 

simply transpose our modern Western view of childhood onto the past (Lewis, 

2007: 7). 

 

Demographic studies have also shown how societies, both past and present, 

regularly exhibit population structures in which a dominant factor is a high 

childhood mortality rate. Evidence for childhood mortality rates in prehistory 

suggest this was a least 50% that, for a stable or slowly growing society 

implies that 50% of the living individuals in any given community were under 

the age of 18 (Chamberlain, 1997: 249). Furthermore, ethnographic research 

has shown that in many ‘traditional’ societies children play a vital role in the 

economic survival of the community (Derevenski, 1997: 193). By excluding 

subadults from population studies archaeologists are therefore ignoring a 

large potential source of evidence that can aid the interpretation of past 

societies. It has been suggested that one of the reasons for the ‘invisibility’ of 

childhood in the archaeological record is that children have been denied 

gender specificity and are instead subsumed into adult gender categories 

(Baker, 1997: 186). It must, therefore, be necessary to develop methods that 

can engender childhood in the archaeological record.  

 

Although burial archaeology is not the only way to interpret gender in past 

societies, the comparison of biological sex with cultural burial aspects is an 

important line of enquiry. Conversely, the sexing of subadult human remains 

by using the cultural aspects of burial alone may result in demographic 

inaccuracies, as it is unwise to assume that children were engendered in the 

same manner as adults. An example of this is demonstrated in a study by 

Rega (1997). In the study Rega used tooth diameters to assign sex to 
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subadults from a Bronze Age cemetery assemblage and compared the results 

with grave type and grave goods. She found that although young girls were 

given much the same type of burial as adult females, the high proportion of 

infant burials sexed as female using the grave type suggested that male 

infants were actually gendered as female, at least as far as burial was 

concerned (Rega, 1997:229-247). 

 

Age, therefore, would also seem to be an important factor in understanding 

the engenderment of children in the archaeological record. Studies have 

attempted to define the periods of transition in childhood using burial 

assemblages and the engendered nature of grave goods at certain ages 

(Lewis, 2007: 47). The assignment of biological sex to subadult human 

remains can provide a more solid reference point from which such 

assumptions can be made (Lewis, 2007: 47) and help examine the extent to 

which gender was cross-cut with age and at what point this happened.  

 

In short, the development of an adequate method to sex subadult human 

remains can help make children visible in the archaeological record, identify 

points at which gender and age are cross-cut and generally aid the 

interpretation of past societies overall.  
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2.0 LITERATURE REVIEW 
 
2.1 Gender, Childhood and the Archaeological Record 
 
There is a large body of published literature that is specifically concerned with 

the study, and lack of study of childhood in the archaeological record and 

some of this will be discussed in this section. I will also look at a selection of 

analyses from mortuary contexts, discuss the range of issues that have been 

specifically addressed using these particular assemblages and attempt to 

evaluate the ways in which biological subadult data could enhance these 

interpretations.  

 

A feminist perspective has been used to explain the ways in which women 

and children have been rendered ‘invisible’ in the archaeological record in 

“Invisibility as a symptom of gender categories in archaeology” (Baker, 1997). 

Baker claimed that it has been “possible to people the past with adult males” 

(Baker, 1997: 183) and that this is in part due to the Anglo-American 

feminists’ emphasis on equality perpetuating the dominance of androcentrism. 

This, she states, is because equality tends to be understood in relation to 

‘maleness’, i.e. “women being as good as men” rather than focusing on more 

varied gender categories. As a result of this, social groups such as women 

children and the elderly, who do not conform to male ideals, have been 

marginalised in the archaeological record. Baker attributes this problem to the 

binary nature of gender interpretation, whereby the concept of gender is 

dichotomous, and the dominant meaning is ‘maleness’ (Baker, 1997: 185).  

This theme was taken up by Arnold (2002), and she states that sex and 

gender need not necessarily be considered as a set of distinctive binary 

oppositions, but as an interconnected continuum, where various possible 

biological factors interact with various possible gender configurations (Arnold, 

2002: 239). 

Baker further asserts that children are particularly affected by this binary 

definition of gender, as their status and social value is either regarded as 

‘non-male’ and lacking the characteristics of the adult male because of their 

association with women, or, when associated with male work and thus being 
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ascribed male value, they disappear into the male gender category. In effect, 

children are invisible in the archaeological record because they are denied 

gender specificity (Baker, 1997: 186). She concludes that archaeological 

interpretations must presuppose social groups consisting of children women 

and men of different ages, and reject phallus-centred symbolic power 

structures in the evaluation of social roles (Baker, 1997: 190).  

 

Derevenski (1997) questions why, when the basis of women’s roles in past 

societies was often considered to be that of feeding and nurturing children, 

have the socio-economic and gender role of children themselves not been 

included in studies of gender systems. She states that the inclusion of 

children in such studies could elucidate issues such as the relationship 

between sex and gender, the ways in which gender structures are 

constructed, mediated and passed on from generation to generation, and the 

socio-economic roles of children in the gendered division of labour 

(Derevenski, 1997: 193). She cites two reasons for this. Firstly, the skeletal 

remains of children are often under represented in burial contexts and without 

physical remains it was considered unnecessary to construct theoretical 

frameworks of reference to accommodate childhood roles in the 

archaeological record. Secondly, the concept of childhood has been based on 

the modern Western concept of childhood existing as a state of total 

dependence on adults, and, therefore, a period of life when the subadult 

individual has no socio-political input into the production of material culture or 

social ideologies, and as such plays no recognisable part in the archaeology 

of past societies. She asserts, however, that this is a modern Western 

concept, and that there is ethnographic evidence to suggest that children are 

vital to the economic survival of other societies. She also suggests that 

Western notions of the term ‘childhood’ cover a period of time during which 

there are many different degrees of dependence and independence, and 

these may well not coincide with concept of immaturity or maturity in other 

societies (Derevenski, 1997: 193). This study also draws on theories from 

developmental psychology such as gender development and the socialisation 

of children, and also discusses the ways in which material culture acts as a 
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repository of gender symbolism and gender markers that therefore influence 

gender development (Derevenski, 1997: 196). 

 

In a much later paper Sofaer and Sørensen (2013) discuss the biological 

study of gender. They assert that the biological perspective and the 

application of scientific techniques offer the potential to study gender in ways 

that are not linked to pre-existing assumptions about the gender associations 

of certain objects, and also that new theoretical and methodological 

discussions within bioarchaeology are moving the study of gender and the 

body in new directions (Sofaer and Sørenson, 2013: 227). As the 

determination of biological sex acts as the key axis or reference point for 

these interpretations, this method has resulted in individuals who cannot be 

clearly sexed (subadults for example) being excluded from such analyses 

(Sofaer and Sørenson, 2013: 228).  

 

A study that is particularly relevant, utilises tooth crown diameters to assign 

sex to subadults, is that of a Bronze Age cemetery in Serbia. The study, 

entitled ‘Age, Gender and Biological Reality in the Early Bronze Age 

Cemetery at Mokrin’ (Rega, 1997) explores horizontal social distinctions such 

as gender, age grade and kinship within a central European Bronze Age 

community, and the ways in which they relate to the biological factors of age 

and sex. Settlements for this particular past society are rare so Rega makes a 

comparison of the social information manifested in mortuary practices with a 

range of biological data derived from osteological study. The biological data, 

from a sample of 288 skeletons, is both demographic and dietary, and was 

obtained from macroscopic, microscopic and chemical methods of analysis.  

The mortuary practice of the Maros included a varied assemblage of grave 

goods and defined spatial patterning of the graves themselves that appear to 

relate to gender and kinship. The graves were organised in north-south 

aligned rows that were thought to represent family groups (Giric, 1971 cited in 

Rega, 1997). The orientation of the bodies within the graves was found to 

correspond to the biological sex of the adult individuals. Females were buried 

with their heads south-southeast and lying on their right side. Conversely, 

males were buried north-northwest also positioned on their right side. Both 
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sexes were buried facing to the east. This gender-based division was found in 

94% of adult skeletons where it was possible to assign biological sex. This 

discrepancy falls well within the expected 12% inaccuracy reported when 

sexing human remains using skeletal morphology. 

The same variation in orientation was also found in the subadult graves, and 

in a multiple grave a child had been orientated in the opposite direction to the 

adults, leading Rega to suggest that ‘the body orientation of children was 

deliberate and culturally significant’ (Rega, 1997: 232). To assess the 

biological sex of the subadult sample Rega used the permanent teeth and 3 

discriminant functions based on tooth diameters from the known sex adult 

sample. Of the 17 subadults sexed using this method 12 were assigned sex 

that agreed with the grave orientation, and on this basis Rega suggested that 

the sex of the children did to some degree correspond to the grave orientation 

(Rega, 1997: 233). 

Some grave goods, mainly tools and jewellery, also appeared to be gendered. 

Bone needles, for example, were found in both adult and subadult south 

orientated ‘female’ graves, with a high concentration in the 6 to13 year old 

age group. Metal knives, however, were exclusively adult male artefacts and 

were not found in any subadult graves suggesting that gender was also 

crosscut with age at Mokrin.  

Dietary analysis was based on dental caries, dental attrition, trace element 

analysis and stable isotope data (indicating the consumption of plants versus 

meat). Biochemical analysis was not applied to the subadult sample. Although 

no difference was identified between the sexes at Mokrin, differences were 

detected between the lines of burials, suggesting that family group affected 

dietary variation more than sex (Rega, 1997: 239). 

Although the adult sample was found to be consistent with rates of age and 

sex specific mortality expected of a demographic ‘model population’ the 

subadult sample did not reflect these patterns. There were no burials of 

children aged less than one year in any of the Maros cemeteries, and 

archaeological evidence suggests that this age category may have been 

buried at settlement sites (O’Shea, 1995). Another demographic discrepancy 

was the significantly larger number of female individuals (according to grave 

orientation) in the age categories 1 to 7 years and 7 to 15 years. Rega 
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suggests that this may be the result of male infanticide, the larger number of 

female children in the cemetery being due to the fact that more survived 

beyond the neonatal period (Rega, 1997: 238). 

The discriminant function scoring to assign biological sex to the subadult 

sample used only permanent teeth. The age category, however, with the 

largest discrepancy in numbers of male and female children was 1 to 7 years, 

when dentition is mostly deciduous. It is possible that using deciduous 

diameters may have changed the interpretation of this demographic anomaly.  

There was evidence in the grave assemblage for age and gender being 

crosscut and it is possible that the grave orientation of the younger individuals 

in the subadult sample was not engendered in the same manner as the older 

individuals.      

 

In another study entitled ‘Women and Children in pre-history: Resource 

Sharing and Social Stratification at the Mesolithic-Neolithic transition in 

Ukraine’ (Lillie, 1997) skeletal remains were analysed for dental pathologies, 

and burial practices were evaluated in order to investigate the levels of social 

differentiation in these particular communities. Where possible, sex was 

assigned to the adult remains and age at death estimated.  

There was an absence of caries but notable presence of calculus, and this is 

indicative of a diet associated with hunter-gatherer societies. Enamel 

hypoplasia was also assessed. These are enamel defects caused by periods 

of physical stress in childhood, and were observed in 14 males and 4 females. 

These results showed no preferential male bias in childhood health as has 

been suggested for hunter-gatherer societies, and the dental data in general 

showed no dietary differences between men and women (Lillie, 1997: 218-

219).  

There was some evidence in the burials for social change around 5000 BC, 

manifested as changes in the typologies of ceramics and lithics, and an 

increase in ornamentation and the quantity of grave goods. The subadult 

sample contained the same range of grave goods that were associated with 

the adults and were often associated with items that were ascribed as status 

objects in the adult graves. From this Lillie concluded that children may have 
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been significant social actors in the communities and, as such, were given 

recognition in the context of burial ritual (Lillie, 1997: 223). 

 

A meticulous study of gender in subadult burials is that of the cemetery at 

Osteria dell’Osa (Bietti Sestieri, 1992). This Iron Age cemetery, located near 

Rome (Italy) consists of different phases of inhumations and cremations 

dating between 900-730/720 BC.  

The grave goods from the adult sample were categorised into ‘male’ and 

‘female’ types, and the subadult burials were then assigned sex accordingly. 

The phases with the most burials were IIA and IB (900-770 BC) and a few 

points of interest from these phases are discussed below. 

The subadults were divided into three arbitrarily defined age classes: 1 (infant, 

1-6 years), 2 (child, 6+-11 years), and 3 (juvenile, 11+/12-19+ years) (Bietti 

Sestieri, 1992: 103).  

The sex/gender of the infants and children was determined almost exclusively 

by the presence or absence of ornaments. Therefore, burials with no 

ornaments were attributed to male children and those with were attributed to 

female children. This was corroborated by the fact that, except for three cases 

in age class 2, all the ornamentation was of the female type and differences in 

the pottery typologies also reflected the differences observed between adult 

male and female burials. This divided the subadult sample into 26 male and 

33 female individuals with a full set of grave goods (Bietti Sestieri, 1992: 110). 

In the female subadult burials spindle whorls and weaver sets occurred in 

both age classes 1 and 2, although they were far more common in the latter, 

probably indicating the age at which girls began performing these tasks (Bietti 

Sestieri, 1992: 130).                    

Although all the burials in these age classes were inhumations in the earliest 

cemetery phase (IIA 900-830 BC) there were a few, all attributed to male 

infants that resembled the cremation burials found in the adult sample. There 

were also a small number of infant male burials with particularly rich 

assemblages of grave goods, and Bietti Sestieri suggests that these special 

burial rites may have been reserved for male first-born children (Bietti Sestieri, 

1992: 110) which may indicate that the community at Osteria dell’Osa was 

based upon a system of patrilineal decent (Bietti Sestieri, 1992: 127). 
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Conversely, the female burials were relatively homogenous during this phase 

suggesting that more social ‘value’ was placed on certain male children at this 

time, as would be the case in this kind of patrilineal society (Bietti Sestieri, 

1992: 127).  

A change was also noted in the quality of the infants and children’s grave 

goods from phase IIA to the end of IIB (830-770 BC), particularly regarding 

pottery and ornamentation (Bietti Sestieri, 1992: 127). In phase IIA the pottery 

was badly abraded and often broken, but in the later phase the burials 

regularly included finely decorated pottery and rich ornamentation. Bietti 

Sestieri suggests this reflects a transition in the structure of the community as 

a whole, from achieved status in the earlier phases, to ascribed status in 

phase III (770-730/720 BC) (Bietti Sestieri, 1992: 133).  

It would seem from this study that the subadults at Osteria dell’Osa were 

active members of society and from a very young age were afforded their own 

status and social value in much the same way as adults and, although 

biological sex was not assigned to the subadult sample, the study highlights 

the need for the inclusion of children in the analysis of mortuary contexts. 

 

2.2 Dental Sexual Dimorphism 
 

There is a large body of published literature covering many different aspects 

of sexual dimorphism in tooth crown diameters. The majority of studies use 

maximum coronal diameters and investigate the genetic and inherited factors 

that contribute to dental sexual dimorphism, the assignment of sex to 

subadults, varying levels and patterns of sexual dimorphism in the deciduous 

and permanent dentitions and multivariate analysis of dental metric data. 

Firstly, however, it is worth a quick summary of the process and sequencing 

of tooth formation. At around six weeks in utero cells start to proliferate 

around the arch of the embryos jaw and by the tenth week after fertilization 

ten small swellings have developed along each jaw, which are the enamel 

organs for the deciduous teeth and will eventually form the tooth crowns. 

Enamel organs for the permanent dentition also initiate around the sixteenth 

week in utero although the latest of them do not appear until after birth 

(Hillson, 1996: 118). The tooth crowns are laid down as a series of enamel 
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layers, the first being the first incisor between 14 and 16 weeks, followed by 

the second incisor 2 weeks later and the canine a week after that. The 

deciduous first molar initiates around 15 weeks after fertilization and the 

second molars 3 to 4 weeks later. The crown of the permanent first molar 

begins to form at around 30 weeks in utero (Hillson, 1996: 112).  

The postnatal development sequence of the permanent dentition begins with 

the incisors around 3 to 4 months and are followed by the initiation of the 

canine crown about a month later. The premolars and second molar initiate 

towards the end of the second year, continuing through the third year, by 

which time the permanent first molar crowns are complete, albeit unerupted 

(Hillson, 1996: 125). These teeth begin to emerge at roughly 6 years (+/- 24 

months) (Ubelaker, 1978: Figure 62) and this begins the period of mixed 

dentition which is essential for the success of this study.  

 

 

In a series of papers published in the 1960’s many aspects of dental sexual 

dimorphism in children were investigated. 

An early study (Bailit and Hunt, 1964: 171-174) explored the possibility of 

sexing subadult skeletal material by scoring different stages of tooth crown 

and root development. The male postcranial skeleton matures more slowly 

than the female, and although rates are more similar in dental development, a 

slight sexual dimorphism exists. Canine development is most significantly 

delayed relative to the premolars in boys with the dimorphism at its greatest 

between the ages of 5 and 12 years. This is probably due to the relatively long 

roots of the male canine, which take longer to develop.  

In ‘The sexing of children’s skeletons from teeth alone and its genetic 

implications’ the method relied upon establishing the age of the child in order 

to accurately classify the developmental stages as either male or female 

(Bailit and Hunt, 1964). The authors also investigated whether sex can be 

assigned more accurately if the precise chronological age of the individual is 

known. The sample consisted of 25 boys and 25 girls between the ages of 7 

and 12 years. Jaws were radiographed to observe the stages of dental 

development. Ratings were given for individual teeth that had not progressed 

beyond the narrowing of the apical canals as this process reduced the 
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accuracy of single assessments. Using the median age (the middle of a 

developmental stage) the age of the individual was assessed, and where 

chronological age was known the mandibular canine was used to indicate 

developmental age, which was then compared with the chronological age of 

both sexes. The developmental age that was closest to the chronological age 

of both sexes was considered to indicate the sex of the individual.  

Sex assignment, however, was correct in only 50% of cases using standards 

of developmental ages, and 70% of cases using the canine as an indicator of 

developmental age when chronological age was known. The authors 

concluded that children of unknown sex and age cannot be reliably sexed 

using dental radiographs, and the sexual dimorphism exhibited using this 

technique is to slight to be a reliable indicator of sex (Bailit and Hunt, 1964: 

171-174). 

 

‘Genetic control of sexual dimorphism in tooth size’ by Garn, Lewis, Swindler 

and Kerensky (1967a) attempts to understand the selective factors 

responsible for sex differences in the size of teeth using brother/sister pairs. 

The paper also considers other aspects such as the dimorphism displayed in 

different species of primates and the patterns of dimorphism seen in various 

different human populations, highlighting the wide variety of dimorphism levels 

found in different species of primates, and comparing levels of dental 

dimorphism in nine different population groups. The highest levels of human 

dimorphism were found in Ohio Caucasians and Australian Aborigines, and 

the lowest levels in Pima Indians and Tristanites. The study also investigates 

the dental sexual dimorphism in brother sister pairs and identifies statistically 

significant relationships between tooth size and body size dimorphism (Garn 

et al. 1967a). 

Another study by Garn, Lewis and Kerensky (1967b) studied 111 

brother/sister pairs and correlated the differences in mesiodistal crown 

diameters between the pairs, finding an average correlation of 0.33%. The 

study also demonstrated the canine ‘field’ of size difference (Garn et al. 

1967b). 

In ‘X-Linked inheritance of tooth size’ Garn and colleagues investigated the 

involvement of the X chromosome in tooth size (Garn et al. 1965: 439). The 



	 24	

study used coronal and mesiodistal crown diameters and correlated like-sex 

and cross-sex combinations. ‘Unquestionable’ similarities between siblings 

were identified, with sister/sister combinations scoring highest, brother/brother 

combinations second and brother/sister combinations third. These findings 

suggested that the female X chromosome is involved in the inheritance of 

tooth size (Garn et al. 1965). 

The relationship between tooth size dimorphism and body size dimorphism 

was also explored by Garn, Lewis and Kerensky (1967c). This study provided 

evidence for low but statistically significant correlation between the amount of 

dental dimorphism and body size dimorphism in the same brother/sister pairs. 

It also drew comparisons between the results encountered and similar 

correlations in primate species (Garn et al. 1967c).  

 

In a 1968 study (Meredith and Knott, 1968: 49-64) the authors focused solely 

on the mesiodistal coronal diameters of the deciduous incisors and canines in 

both dental arches. The diameters were recorded using dental casts from a 

sample of 180 living North American Caucasian children aged between 4-6 

years old. The results were compared with findings from dental investigations 

into other ethnic groups and populations from around the world. Analysis of 

the original data showed that each male mean was larger than the female 

means. The combined widths of the three anterior teeth were also significantly 

larger for boys than girls. These findings were similar to those of other dental 

studies to which the authors compared their results with 31 of 32 studies 

showing higher mean measurements for boys compared to girls. Although the 

levels of sexual dimorphism varied between different ethnic groups the 

authors concluded that ‘sexual dimorphism in the mesiodistal diameter of 

primary anterior teeth is characteristic of Homo Sapiens’ (Meredith and Knott, 

1968: 62). 

 

The relationship between sex, occlusion and mesiodistal tooth size in 

subadults has also been studied (Arya, Savara, Thomas and Clarkson, 1974: 

479-486). The only statistically significant sexual dimorphism in the deciduous 

teeth was observed in the maxillary second molar. In the permanent teeth, 

however, all teeth except the central incisor showed statistically significant 
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dimorphism. Difference in occlusion was also not significant in the deciduous 

teeth, but was statistically significant for all the permanent teeth except the 

maxillary second premolar and mandibular first incisor and premolar. Only 

one tooth, however, the maxillary first premolar, was found to have a 

statistically significant interaction value between the size dimorphism and the 

occlusal dimorphism, and the study concluded that there was no relationship 

between sex, occlusion and mesiodistal tooth size in the sample tested. 

 

In a study that focused on the deciduous dentition Black (1978) used 

discriminant function analysis of mesiodistal and buccolingual coronal crown 

diameters to assign sex to a sample of living children aged between 4 and 6 

years old. The sample consisted of 64 boys and 69 girls in the University 

School Growth Study (University of Michigan). Ten mesiodistal and ten 

buccolingual diameters were taken from the right dental arch, measured from 

casts using an optical digitising device. Black found that five female mean 

diameters exceeded those of the male mean diameters, and five mean 

diameters were found to be significantly dimorphic in a Student’s T test. The 

greatest percentage of sexual dimorphism identified by Black was 3.15% for 

the buccolingual diameter of the first premolar. Black created several 

discriminant function models, the most efficient of which correctly sexed 

75.2% of the sample and required nine measurements from seven teeth. 

Black concluded that sexual dimorphism seemed less pronounced in the 

deciduous dentition than the permanent, although acknowledged that the 

sample was a statistical population, and different results may have been 

encountered in a biological population (Black, 1978).  

 

A study using an archaeological sample (Rösing, 1983) attempts to address 

what the author termed a ‘major gap’ in the methods of palaeodemography 

(Rösing, 1983: 149), the lack of an established methodology for the sexing of 

subadult skeletons. The author discusses several potential methods including 

chemical techniques, sexual dimorphism in the microscopic structure of bone 

tissue (strongly influenced by age) and comparisons of relative developmental 

stages of tooth and skeletal ossification (again influenced by age). The author 

proposed that teeth, which do not change size or shape after initial 
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development, are the ideal skeletal structure with which to sex subadult 

skeletons. He used a sample of known sex adults from Egyptian burial 

contexts of various periods to develop a set of discriminant functions with 

which to classify unknown sex subadult skeletons. Four measurements were 

recorded for each tooth: mesiodistal and buccolingual coronal diameters, 

crown heights and root lengths. The most accurate discriminant function 

achieved a 97% success rate in classifying the sex of the adult skeletons, and 

the results of sex classification of the subadult sample corresponded with the 

expected sex ratio for the particular contexts represented. The author 

concluded that tooth size is an appropriate tool for sexing subadult skeletons. 

 

Another study entitled ‘A discriminant function analysis of deciduous teeth to 

determine sex’ (De Vito and Saunders, 1990) was predicated on the 

assumption that the significant sexual dimorphism shown in the permanent 

dentition would also occur in the deciduous dentition. The purposes of the 

study were to determine whether the mesiodistal and buccolingual coronal 

diameters of the left and right deciduous crowns of a specific sample 

displayed statistically significant sexual dimorphism, whether groups of 

deciduous variables derived from discriminant function analysis of those 

diameters would classify sex to a ‘holdout’ (sex not included as a variable) 

sample with an accuracy of 75% or more, and whether the addition of the 

permanent first molar diameters would increase accuracy.  

The sample was taken from the Burlington Orthodontic Growth Study (1952-

1972) and consisted of 80 female and 82 male deciduous casts, and 45 

female and 39 male permanent first molar measurements form the same 

group. The ‘hold-out’ sample was a separate group of cases from the study 

sample that were deliberately entered as sex unknown. This was to achieve a 

greater accuracy of the discriminant function (created using the known sex 

sample) as a known sex sample will always be classified more accurately 

than one of unknown sex. Four groups were organised, each containing a 

holdout sample, and two analysis samples of different sizes. 

The Student’s T test showed significant differences for all 40 deciduous 

diameters. Generally, the maxillary buccolingual diameters were more 

significantly different, but the highest individual differences were in the 
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mesiodistal mandibular canines. The highest percentage of sexual 

dimorphism was 6.44%, considerably higher than in the study by Black. The 

highest level of accuracy in discriminant function analysis was 90%, or 21 

cases from the group ‘A’ holdout sample, using 4 maxillary and 1 mandibular 

variable. Other groups ranged between 75-80% accuracy. In general, the 

study showed that there were significant levels of sexual dimorphism in the 

deciduous dentition comparable with that of the permanent dentition (De Vito 

and Saunders, 1990). 

 

An unpublished study (Colby 1996) conducted to distinguish between two pre- 

contact Western Gulf of Mexico populations used cervical crown diameters 

rather than coronal diameters due to the severe dental attrition in the 

samples. The cervical diameters were found to exhibit previously 

undocumented levels and patterns of dimorphism. The mean percentages of 

sexual dimorphism were 8.45% (Oso sample) and 7.59% (Caplen Mound 

sample), and 8.24% (Oso sample) and 5.27% (Caplen Mound sample) for the 

mesiodistal diameters. The dimorphism was also not focused in the canines, 

but in the posterior teeth. The levels of dental dimorphism found in this study 

were considered ‘unusually large’, although it was also noted that skeletal 

analysis found marked sexual dimorphism in body size which correlated with 

the levels of dental dimorphism.  

 

To sum up, it would seem that different techniques and avenues of enquiry 

using teeth to sex subadults have met with varying degrees of success.  

The Bailit and Hunt (1964: 171-174) study, for example, had a very limited 

success rate in assigning sex using developmental stages of tooth crown and 

root development.  

Tooth diameters, however, generally seem a more effective method of 

subadult sex determination, although again success rates are varied.  

For example, Arya et al. (1974: 479-486) found statistically significant sexual 

dimorphism in nearly all the permanent subadult tooth diameters in their study 

sample. This was, however, reduced to only one diameter from the deciduous 

dentition.  Meredith and Knott (1968) had more success with deciduous teeth, 
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finding consistently larger male means than female means throughout their 

sample, although their study was restricted to diameters of the anterior teeth.  

Black’s study (1978) had mixed results, with only five statistically significant 

diameters and low percentages of sexual dimorphism, and although he 

achieved 75.2% sex discriminatory effectiveness with his discriminant function 

models this would not be considered an acceptable success rate when 

morphologically sexing the adult skeleton.  

Rösing’s method, combining four tooth measurements, was aimed specifically 

at sexing archaeological subadult skeletons but only used permanent tooth 

diameters, and is therefore limited to subadults of approximately 6+ years.  

The ‘known sex’ (morphologically sexed in most cases) adult sample was also 

comprised of individuals from the Old Kingdom to the Late Period (roughly 

2500 years) and it is unclear whether the subadult sample represents a 

similar chronology. In view of this, and the fact that subadults are “seriously 

underrepresented” in the assemblage it is possible that this study is 

somewhat inconclusive (Rösing, 1983: 153). 

The De Vito and Saunders (1990) study is probably the most successful, 

using dental casts from living children. This enabled the authors to  

investigate the levels of dimorphism in the deciduous dentition and identified 

levels comparable with that of the permanent dentition, and the highest rate of 

classification, at 90%, was comparable with the 12% accepted bias in the 

morphological sexing of adult skeletons. 

So, on the whole, it can be concluded that tooth size is a relevant tool for the 

sexing of subadults, and although there does appear to be a significant 

relationship between tooth size dimorphism and body size dimorphism this 

does not invalidate the method as long as studies are population specific. 
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3.0 THE WINDOVER SITE 
 
3.1 Site Background 
 
3.1.1 Site location and description 
 
The Windover Pond is located in Brevard County, Eastern Central Florida, 

and represents a charnel, or mortuary pond consisting of a shallow body of 

water overlying peat deposits into which burials dating to the Early Archaic 

period were placed (Doran, 2002: 2). Radiocarbon dates form the 

archaeological assemblage range from approximately 6990 BP to 8120 BP 

(+- 70 years). The site was excavated over three seasons from 1984 to 1986, 

funded by the State of Florida. 

The pond is one of many small bodies of water in swamp and sand flats that 

lie on the eastern edge of the St. Johns River valley. The site was discovered 

in 1982 during machine excavations for a road providing access to a new 

housing development on the outskirts of Titusville. Initially, artefacts and 

human skeletal elements were observed in the peat spoil during machining. 

These were duly reported, and determined to be prehistoric by the County 

Coroner. Two subsequent radiocarbon dates (paid for by the developers) 

verified the antiquity of the recovered disarticulated material, returning dates 

of 7330 +-100 years and 7210 +-100 years (Doran, 2002: 4).  

The pond itself consists of saturated peat deposits up to 5m deep underlying 

approximately 1m of standing water covering some 1.7 acres, depending on 

seasonal water table fluctuations. The peat deposits are thickest in the middle 

and thin out towards the pond margins (Doran, 2002: 6). 

Initially it was estimated that the archaeological materials were located 

between 4m and 7m below the base of the pond. However, the first season of 

excavation (1984) revealed that the burials had originally been deposited 

along the margins of the pond in far more shallow strata, and the material 

from the deeper central area was in fact redeposited, having moved 

downslope over time (Doran, 2002: 7). 
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Figure 1. Geographical location of the Windover Site on the Florida central 

east coast. (Reproduced with kind permission of Dr G H Doran, 2002:5)  
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Figure 2. Detail of site topography and location of excavation areas. 

(Reproduced with kind permission of Dr G. H. Doran, 2002:5). 

 
 
3.1.2 Site preservation 
 
The preservation of the archaeological material recovered from Windover is 

exceptional. Aside from the human skeletal remains (and in some cases soft 

tissues) a wide range of organic burial artefacts including woven fabric, 

wooden tools and botanical remains were recovered in situ. 

Various factors combined to create optimal conditions for organic 

preservation. The pond, although small, was constant, providing a stable 

physical environment, anaerobic conditions and, most importantly for bone 

preservation, a neutral pH (Doran, 2002: 8). It is worth noting that peat strata 

are often very acidic, and, therefore, do not preserve bone. At Windover, 

however, the high concentration of freshwater snails, rich in calcium 

carbonate, may have reduced the acidity in the peat deposits resulting in a 
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nearly neutral pH of between 5.9 and 6.75 (Stone et al. 1990:179 cited in 

Doran 2002:8). 

The burials, once in the anaerobic zone below the pond bottom, were 

undisturbed by scavengers, burrowing organisms or bioturbation, the latter 

being concentrated in a thin layer at the bottom of the pond (Doran, 2002:8). 

There is also no apparent evidence of later occupation at the pond. Screening 

of the overlying peat deposits (less than 5000 years BP) recovered less than 

10 pottery sherds and no other artefacts, although it is possible that the higher 

levels of acidity in the later peat deposits precluded the preservation of 

organic materials (Doran, 2002:8-9).  

 

3.1.3 Excavation strategy 
 
The main problem facing the archaeological team was removing sufficient 

water from the pond to facilitate efficient excavation and recording without 

drying out the site to such an extent it resulted in the degradation of the 

archaeological materials and the surrounding peat matrix (Doran, 2002:9). 

Various courses of action were considered including an 8m deep encircling 

ditch which would effectively act as a sump into which the pond would drain, 

and could in turn be pumped out. This was ruled out due to uncertainty as to 

the extent of the burials at the margins of the pond and the unstable nature of 

the peat strata. Finally, a system of adjustable well points was installed which 

could remove pond water and discharge it at a distance from the excavation 

area. By adjusting the discharge rate and hours of operation it was possible to 

avoid over drying the peat strata (Doran, 2002:10). 

The three excavation seasons each focussed on a different area of the pond. 

The first season covered a broad north-south transverse section from the 

shallow margins to the deeper peat deposits in the centre of the pond. 

However, the extreme margins (and most recent peat deposits) were 

archaeologically sterile, with archaeological material appearing in deeper 

deposits representing the older margins. Very little archaeological material 

was recovered from the centre of the pond (Doran, 2002:6). The second 

season concentrated on the southeast area of the pond. This was essentially 

sterile with only three isolated skeletal elements and two artefacts being 
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recovered. Although the peat stratigraphy was similar to that found in the 

cemetery areas it appeared that this part of the pond was not used, possibly 

because the water was either too shallow or the area was too near the 

wooded pond margins (Dickel 2002:74). After the first season of excavation it 

was evident that the burials tended to be located in the shallower, but not 

recent, peat deposits, and the majority of the burials (over 100) and 

associated artefacts were recovered during the third (1986) season from the 

northern pond margins (Doran, 2002:7). 

 

3.2 The Burials 
 
3.2.1 Distribution 
 
The first season of excavations (1984) commenced in the northwest of the 

pond, extending from the edge of the area disturbed by the initial discovery, 
out to the east and parallel to the disturbance. The excavations also extended 

southwards towards the centre of the pond. Remnant burials previously 

disturbed by machining were encountered, and in some cases, it was possible 

to match pieces of excavated broken bone with that recovered from the spoil 

heaps. There were undisturbed burials to the east, which consisted mainly of 

partially disarticulated, commingled remains of both adults and subadults. The 

deeper areas of the pond to the south were largely sterile (Dickel, 2002:74).  

In the southwest section, there were also partially disarticulated burials, and 

as excavation extended to the west there were increasing numbers of 

commingled and disarticulated burials and few artefacts. The deeper pond 

deposits in this area had fewer burials but they were more often associated 

with wooden stakes and grave goods. Excavations had to cease at the well 

points in the southwest (Dickel, 2002:74).  
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Figure 3. Distribution of burials excavated during the 1984 season 

(Reproduced with kind permission of Dr G. H. Doran, 2002:295) 

 

 

In the southwest section, excavated during the second season (1985), burials 

tended to be disarticulated and commingled with sparse artefacts and in the 

southeast section, also excavated during the second season, only three 

skeletal elements and two artefacts were recovered. Although the peat strata 

appeared to be contemporaneous with that of the cemetery this area was 

evidently not used for burials, possibly because the water was shallower or 

the pond margins were obstructed by trees (Dickel, 2002:74). 
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Figure 4. Distribution of burials excavated during the 1985 season in the 

southwest pond area ( Reproduced with kind permission of Dr G. H. Doran, 

2002:296). 

 
Figure 5. Burial distribution during the 1985 season in the southeast pond 

area (Reproduced with kind permission of Dr G. H. Doran, 2002:296) 
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 Excavations during the third season (1986) concentrated on an extension of 

the southwestern area excavated during the previous season and the 

northeastern pond area, almost adjacent to the section opened in the first 

season. Whereas, however, the northwest section had contained 

disarticulated and commingled burials, a large number (100+) fully articulated, 

flexed inhumations were recovered from the northeast section. This difference 

in preservation appears to be due to the fact that the pond bottom was less 

sharply inclined towards the centre of the pond in the northeast, resulting in 

less post-depositional movement downslope (Dickel, 2002:74). 

In general, the burials appear to have been distributed in an arc around the 

southwest and northern areas of the pond, concentrated on a marginal shelf. 

The disarticulated and commingled remains were located on the higher parts 

of the pond bottom and were the result of post-depositional movement 

(Dickel, 2002:75). 
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Figure 6. Distribution of burials excavated during the 1986 season in an 

extension of the southwest pond area (Reproduced with kind permission of Dr 

G. H. Doran, 2002:297).  
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Figure 7. Distribution of burials excavated during the 1986 season in the 

northeast pond area (Reproduced with kind permission of Dr G. H. Doran, 

2002:298). 

 
 
3.2.2 The sample 
 
A total of at least 168 individuals were recovered during the three excavation 

seasons. Disarticulated or unstratified remains account for 58 of these 

individuals, but 110 individuals (70 adults and 40 subadults were recovered in 

situ. There were fewer in situ females (30) than males (40). It was possible to 

assign sex to 94 of the 101 adult individuals (age > 17 years), with an even 
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sex ratio of 47 males, 47 females and 7 adults of indeterminate sex. Adult sex 

assessments were based on the morphology of the cranium and the pelvis, 

and supplemented by humeral and femoral head diameters. There was a 13% 

disparity between sex assessment based on pelvic and cranial morphology. 

The long bone head metrics were unbiased towards either sex with 14% 

females and 11% males inconsistently classified (Dickel, 2002:75). Subadult 

age estimation was based on standards of skeletal development and adult 

estimations on dental wear and all age groups from perinatal to advanced old 

age are represented in the sample (Dickel, 2002:75). 

 

3.2.3 Grave orientation and body position 
 
There were 58 completely articulated burials in the northeast pond section 

and these were used as the basis for the analysis of primary grave orientation 

and body position.  

The articulated burials were mostly flexed (95%). The flexed position was 

given 3 different categories: semi-flexed (35%), tightly flexed (22%) and 

intermediate flexed (44%).  

Only 3 completely articulated burials were extended. One, a male, had a 

projectile point embedded in the pelvis and was lacking a cranium and first 

cervical vertebrae (highly suggestive of decapitation before burial in an 

otherwise articulated skeleton). The second, a female was buried with more 

grave goods than any other adult. The other extended burial, also female, was 

undistinguished from the flexed burials (Dickel, 2002:76).  

The orientation of the body was recorded as the axis between the pelvis and 

the cranium along a line from the superior contact point of the pubic 

symphysis to the centre of the cranium (Dickel, 2002:77). The majority of the 

burials had the head to the west of the pelvis (37 individuals). The cranium to 

the south of the pelvis was observed in 9 individuals, in 7 individuals the 

cranium was to the north and there were only 5 individuals with the cranium to 

the east of the pelvis (Dickel, 2002:77).   

The majority of the flexed burials (87%) were lying on their left sides, which for 

those individuals orientated west meant they were usually facing north. 

Although there was a good degree of consistency in orientation and position it 
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is not known whether the body axis or face direction determined orientation 

(Dickel, 2002:78). 

Wood branches were stacked over many of the burials. These are termed 

‘unmodified’ and although very few showed cut marks it was not possible to 

tell if small pieces had been deliberately stripped by hand. The wood in direct 

association with the burials also tended to be of different species to the 

naturally occurring wood fragments in the pond matrix, with only oak and 

willow present on both groups, although it was not totally clear whether some 

wood in the pond matrix had been displaced from the burials, or conversely, 

some of the burial coverings were redeposited from the surrounding matrix 

(Dickel, 2002:78). It is also worth mentioning that whatever the purpose of the 

wood coverings very few of the burials had been disturbed by animal activity, 

and only 6 of the 10000 human bones recovered showed signs of gnawing 

(Dickel, 2002: 79). 

 

3.3 The Burial Assemblage 
 
3.3.1 Wooden artefacts 
 

A variety of wooden artefacts were recovered and some of these are 

discussed below. 

Modified wooden stakes were found in association with approximately 22% of 

the burials. These stakes had the side branches removed and had been 

sharpened either by adze, to form a blunt point, or charred and smoothed to 

make a sharp point. Most were made from pine and between 5 and 8cm thick, 

and the longest reconstructed stake was approximately 1.5m long (Dickel, 

2002:79). Some of the stakes had been driven right through the burial stratum 

and into the sands below the peat deposits, and splintered ends and cracks 

suggest that they had been driven into the pond bed with considerable force. 

Decomposition at the top of the stakes also suggests that they projected out 

of the water into the open air. Although stakes were found adjacent to all the 

large burial clusters they were not necessarily in direct association with 

specific individuals, and as such may well represent the cluster rather than an 

individual interment. There is also no evidence of burials being truncated by 
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later interments, and the stake tops projecting above the pond surface may 

have identified the location of earlier burials (Dickel, 2002:80). 

Although sharpened stakes constitute the majority of the modified wood 

assemblage a range of ‘miscellaneous’ artefacts and 7 handles or shafts 

inserted into bone and antler artefacts were also recovered.  

In the handle/shaft category there were two shafted cylindrical bone artefacts, 

two other shafts inserted into drilled manatee ribs and a wooden shaft 

associated with an atlatl cup (Newsom, 2002: 205). The rib and atlatl shafts 

were made from hickory, a wood that is still commonly used for axe and 

hammer handles due to its strength and resistance to impact and this 

suggests that specific woods were being chosen to match the function of 

particular tools (Newsom, 2002: 205).   

Other wooden artefacts have less apparent functions. Two artefacts consisted 

of cylindrical pieces of wood approximately 10cm in length with various drilled 

perforations in the sides and ends. Both artefacts had been carefully 

fashioned by planning and multidirectional sawing resulting in one flat end and 

one domed or convex end, and a tapered longitudinal profile. Tool marks 

indicate a bow drill was probably used to make some of the perforations 

(Adovasio, Hyland et al. 2002: 174-175). One of these artefacts was 

recovered in association with a disarticulated scatter of bones, and one from 

the articulated burial of a 12 year old.  

Another wooden artefact, also somewhat ambiguous and associated with a 

subadult burial (Burial 90, 11 year old) has been tentatively identified as part 

of a snare trap, or, alternatively, a device for beating palmetto (Adovasio, 

Hyland et al. 2002:178).   

A carefully finished wooden rod has been interpreted as the fore shaft of a 

dart. The shaft had been smoothed and the proximal end mitred and finished 

to fit into the main shaft of a composite tool. There are also a series of 

diagonal groves on the proximal shaft end presumably intended to improve 

the grip between the fore shaft and main shaft. This artefact was associated 

with a scatter of disarticulated material (Adovasio, Hyland et al. 2002: 178).   

A double-ended wooden pestle was recovered from the burial of a 4 year old 

(Burial 85) and another, in association with a wooden bowl identified as a 
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mortar, was in the burial of a 13 year old (Burial 150) (Adovasio, Hyland et al. 

2002: 180-182).   

 

3.3.2 Faunal artefacts 
 

The 119 recovered faunal artefacts (those fabricated from bone, antler or 

animal teeth) were categorised into broad functional classes and these are 

summarised as follows: Hunting and fishing implements; ornamental and 

ceremonial objects; lithic or shell working tools; wood, bone and antler 

manufacturing tools; potential fabric related tools and miscellaneous faunal 

artefacts (Penders, 2002: 97). Not all the recovered artefacts were in direct 

association with individual burials.  

Hunting and fishing implements include 5 atlatl hooks and 5 atlatl 

weights/handles made from deer antler, and in the case of one weight/handle, 

a manatee rib. Those in direct burial association were all in male burials, 

although one atlatl hook was recovered from a commingled grave (burial 36) 

consisting of the remains of 8 individuals, all either female or subadult 

(Penders, 2002:99).  

Also categorised, as ‘hunting and fishing’ implements are a selection of 

projectile points made from deer antler. Two typologies were recovered: 

smooth projectile points (6 artefacts) and barbed projectile points (3 artefacts). 

The smooth points were mounted on wooden shafts by way of a hole drilled in 

the base of the point, and the barbed points were probably mounted and then 

hafted onto the end of a wooden spear (Penders, 2002: 102-103). Two of the 

smooth points were recovered from male burials (burials 59 and 102) and in 

the case of burial 102 the point was deeply embedded in the ilium of the male 

individual, with no evidence of ante-mortem healing. Another is from burial 

105, that of a subadult of indeterminate sex (approximately 17 years of age) 

and one was found in Burial 36, the grave containing commingled female and 

subadult individuals. The other two smooth points were not in direct 

association with particular burials (Penders, 2002: 102). The barbed projectile 

points were recovered form burial 103, a 37 year old female, and burial 90, 

containing an 11 year old and a neonate (Penders, 2002: 103).  
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A single projectile point made from bone was recovered, but was not 

associated with a particular burial and a fish gorge (a basic type of fishing 

hook) was found in burial 273, an incomplete burial, which is possibly part of 

an adjacent burial (Penders, 2002: 104-105). 

Bird bone tubes were found primarily with females (4) and one subadult. 

These were made from the humeri of large birds (probably pelican) and 3 of 

those recovered are decorated with incised geometric patterns (Penders, 

2002: 105). The function of these artefacts is unclear, and as such, they fall 

into the category of ‘ornamental and ceremonial objects’. Functions suggested 

for these tubes include tobacco smoking (although no charring or staining was 

evident) or medicinal or shamanistic purposes (Penders, 2002: 106).  

Another bone artefact classified as ornamental/ceremonial and identified as 

either a bone dagger or a hairpin was also recovered but was not associated 

with a specific burial (Penders, 2002: 107). 

Several necklaces and two single beads were found, and these were also 

primarily in either female or subadult graves. Burial 138 (a 21 year old female) 

contained 3 necklaces made of catfish vertebrae, Sabal palm seeds and 

shells. The catfish vertebrae had perforated centres, the palm seeds had 

been drilled biconically and the shells had been ground on one side of the 

whorl to make a hole for suspension (Penders, 2002: 107). 

A necklace consisting of 43 shell beads and 13 Sabal palm seed beads, also 

perforated, was found in Burial 139 (a 2 year old). Other bead-type artefacts 

include a catfish vertebra bead in burial 156 (a 10 year old), and an antler 

bead recovered from burial 99. This grave was commingled containing the 

remains of 3 females, 1 male and 2 individuals of indeterminate sex (Penders, 

2002: 107).  

In total 5 turtleshell ‘containers’ were found. Three of these were in female 

graves and two were in subadult graves. Although other turtle remains were 

recovered from the pond sediments these included other skeletal elements, 

and there were no striations indicative of use on the interior shell surfaces. In 

burial 85 (a 4 year old) the common pond turtle shell was found beneath a 

wooden double-headed pestle. Suggestions for the use of these ‘containers’ 

include general daily use, or containers for burial offerings placed in the grave 

(Penders, 2002: 109).  
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There were six artefacts recovered that were categorised as lithic or shell 

working tools. These were made from antler tine and three have white chert or 

shell microflakes indicative of pressure flaking embedded in the tips. Two of 

these artefacts were recovered from subadult burials, one from an adult male 

burial and one from an adult female burial and the remaining two from 

unstratified deposits (Penders, 2002:109). 

There were a variety of tools classified as wood bone and antler 

manufacturing tools. Sharks’ teeth (eight artefacts) appear to have been used 

as either gravers/scrapers or drills. These again are associated with males, 

females and subadults. There is some suggestion (from burial 90) that these 

may have been hafted.  

Butchery tools are represented by a total of nine artefacts that were recovered 

from five different burials: three male and two female, all of whom are adult. 

All the tools are manufactured from deer ulnae, with modified shafts, and, in 

five of the examples, ground, rounded and very slightly pointed tips (Penders, 

2002: 111).   

Other tools manufactured from faunal ulnae are classified as ‘bevelled tipped 

burnishers /awls’ (Penders 2002: 111). Nine of these items were recovered, 

distributed between four individual burials and three commingled burials. Two 

were from male burials, three were recovered from a single female burial and 

one was in a subadult burial. One of the commingled burials consisted solely 

of female remains, and another of subadult remains (Penders, 2002: 111). 

These artefacts are made from the ulnae of Canid (coyote or domestic dog is 

uncertain), bobcat and fox, and the sharp tips suggest a different usage from 

that of the aforementioned deer ulnae tools (Penders, 2002: 113).  

Fabric formed a substantial part of the burial assemblage and a variety of 

artefacts are classified as ‘potential fabric related tools’ (Penders 2002: 112). 

There were nine hollow point awls, six of which were directly associated with 

male burials. Of the remaining three one was recovered from a commingled 

burial containing female and subadult individuals (eight individuals), and one 

was possibly associated with burial 131, a male individual. The awls, 

manufactured from either bobcat or Canid radii, are largely unmodified at the 

proximal end and trimmed to a sharp point at the distal end. The distal 
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diapheses appear to have been cut or ground to allow a more precise grip. 

The grave distribution suggests that they are male task related artefacts 

(Penders 2002: 113). Only one artefact was classified as a ‘needle’. This was 

also directly associated with a male burial (burial 92) and is fabricated from a 

Canid fibula (Penders, 2002: 113).  

Another thirteen artefacts, classified as bone pins, awls and battens may have 

been used in weaving (Penders 2002: 115). All except one of these are 

manufactured from deer metapodials (the exception being the dew claw of a 

white-tailed deer), and all exhibit smooth uniform surfaces and pointed but 

slightly rounded ends. A simple interpretation of the use of these artefacts is 

for the separation and packing of fibres during the manufacture of fabric 

(Penders, 2002: 115). 

Other, more ambiguous, faunal artefacts have been classified as 

‘miscellaneous’. Those found in direct association with individual burials 

include two pieces of antler tine with the main beam of the antler still attached, 

and the antler of a young deer with no tines, and no modification. These were 

all found in a male burial (burial 158), and although essentially unmodified, 

may have been used as punches or perforators, with the attached beam 

acting as a handle. It is also suggested that these items were added to the 

burial assemblage (which included four other modified faunal tools) as raw 

materials (Penders, 2002: 115). 

There were six artefacts too small or fragmented to be specifically classified, 

all (with one exception) from multiple inhumations or unstratified deposits. 

Seven modified deer metapodials were also recovered for which no function 

could be identified; although it is possible the cut marks are the result of 

butchery (Penders, 2002: 116). 

 

3.3.3 Lithic tools 
 
The lithic assemblage was small, consisting of one limestone abrading tool, 

five chert points and a fragment of chert debitage. The chert itself originated 

from an area approximately 130 miles from the Windover site and this may be 

a reason for the underrepresentation of lithic artefacts in the assemblage as a 

whole. There is also some doubt as to the provenance of the limestone 
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artefact and it may have been imported in sand used to construct the well 

points. Three of the chert points were found in direct association with burials: 

two from adult male graves and one from the burial of a subadult 

approximately 11 years old (Penders, 2002: 117).  

 

3.3.4 Textiles 
 
Perishable fibre artefacts constituted a substantial part of the Windover burial 

assemblage and in total, 87 textile and related perishable artefacts 

representing 67 once complete items were recovered (Andrews, Adovasio et 

al. 2002: 121).  These items were found in direct association with 28 burials, 

ten of which were adult males, seven were adult females, and eleven were 

subadult burials.  

The majority of the textile related artefacts were classified as the product of 

‘twining’, or manufactured by passing a moving element (weft) horizontally 

between stationary vertical elements (warps). The predominant raw material 

used in the manufacture of these artefacts was cabbage palmetto, with the 

occasional use of yucca (1 specimen) and grasses of an unknown genus (1 

specimen) (Andrews, Adovasio et al.  2002). 

The twining has been divided into five structural categories and three residual 

categories. 

Type I is defined as ‘Close Simple Twining, Paired S Twist Weft’. This 

category consists of five specimens, described as ‘wall fragments without 

selvedge’ possibly representing four separate articles of unknown form or 

function. All these specimens were associated with burial 92 (a male aged 50 

years). The specimens were found in direct association with the cranium and 

face, scapula, humerus, pelvis and femur. It is uncertain whether these 

fragments represent a head wrapping and different articles of clothing, or 

fragments of a complete burial wrapping with enough variation in the fabric to 

resemble separate elements. The head covering was also secured to the peat 

by a wooden stake and was associated by three lengths of cordage, which 

may have helped secure the head wrapping to the body. All these articles 

were manufactured from cabbage palmetto (Andrews, Adovasio et al. 2002: 

133-134). 
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Type II is defined as ‘Close Simple Twining, Trebled S Twist Weft’. This 

category consists of four specimens described as ‘wall fragments without 

selvedge’, in two different forms of unknown function. Two of these fragments 

were associated with the burial of a 7 year old, on piece above the body, and 

one piece below. One end appears to extend to the chin, but does not cover 

the head and the other covers the feet. A sharpened stake was driven through 

the fabric near the elbow. The other examples of ‘Type II’ were associated 

with burial 82, a 38 year old female. A large fragment was above and beneath 

the torso, and another, much smaller fragment was beneath the back of the 

head. The specimens appear to be part of the same article. There was a 

bundle of grass and an associated length of cordage beneath burial 82. These 

specimens were also manufactured from cabbage palmetto (Andrews, 

Adovasio, et al. 2002: 134-137). 

Type III is defined as ‘Close Diagonal Twining, Paired S Twist Weft’. This 

category consists of 33 specimens described as ‘5 wall fragments with 

selvedge’ and ‘28 wall fragments without selvedge’ in a possible 26 different 

forms. Two of the articles have been tentatively identified as bags and the 

other 31 are of unknown function. These articles are associated with 18 

burials: six adult males, three adult females and nine subadults. The physical 

locations of the artefact types in the graves vary. The majority of this fabric 

type appears to have been single or multiple pieces of fabric that enwrapped 

the whole body, and as the analysis of the samples suggest at least 26 

different forms between the 18 burials, some of the burials must have 

contained multiple fabrics. One article for which it was possible to identify a 

function was a globular drawstring bag in burial 90 (11 year old subadult) that 

contained the remains of a neonate (burial 90a). Six of the ‘Type III’ burials 

were associated with cordage (burials 82, 90, 102, 131, 139, and 150). Again, 

all these specimens were manufactured from cabbage palmetto. (Andrews, 

Adovasio et al. 2002: 137-140). 

Type IV is defined as ‘Close Diagonal Twining, Trebled S Twist Weft’. This 

category consists of 22 specimens described as ‘2 wall fragments with 

selvedge’ and ’20 wall fragments without selvedge’ in 14 different forms, all of 

unknown type. This fabric type was found in association with 10 burials: 4 

adult males, 3 adult females and 3 subadults. All the specimens of this type 
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appear to be fragments of single or multiple body wrappings, which, at least in 

one case (burial 131, an adult male) covered the head. The fabric associated 

with three of the burials, (burials 82, 113 and 150) have virtually no wear and 

appear to be new. There is only one wooden stake associated with this fabric 

type and this is between closely positioned burials 93 and 94, but the stake 

did not actually penetrate the fabric itself. One of the specimens from burial 82 

may have been mended, as there are lengths of cordage tied in a square knot 

near a frayed hole in the fabric. All these specimens are manufactured from 

cabbage palmetto, although one sample in burial 82 has warps that may be 

yucca (Andrews, Adovasio et al. 2002: 141-143). 

Type V is defined as ‘Simple Plaiting/Balanced Plain Weave’. This category 

consists of a single specimen described as a ‘wall fragment with selvedge’. 

This sample was recovered from burial 90 (11 year old subadult), one 

fragment beneath the pelvis, and another possible fragment in the scapula 

area. It is suggested that this specimen represents a garment produced on a 

horizontal or hanging frame or loom. This specimen is also manufactured from 

cabbage palmetto.  

Another nine specimens of twining were also recovered, believed to represent 

at least seven original forms. These are described, but have not been 

allocated type numbers.  

A single specimen, described as ‘Open Twining, Z Twist Weft (unknown warp 

engagement)’ in the form of a mat, was recovered from above and below the 

ilium of burial 131 (a 65 year old male). This appears to have been wrapped 

around part or all of the body. There are three other possible examples of this 

type of specimen associated with burials 101, (23 year old female), 133 (10 

year old subadult) and 141 (5 year old subadult). These further possible 

specimens of this type underlie and in the case of burial 141, partially wrap 

the bodies. These specimens have wefts manufactured from cabbage 

palmetto and warps from grass of an unknown species (Andrews, Adovasio et 

al. 2002: 143-144). 

Another unnumbered type, representing seven specimens, is described as 

‘Close Twining, S Twist Weft (unknown warp engagement)’ in the form of wall 

fragments without selvedge. There are five possible types, but the forms of all 

seven specimens are unknown. The specimens are associated with the fill of 
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burial 92, a disarticulated 50 year old male, burial 75, near the ulna and hand, 

of a 10 year old subadult; burial 91, a 46 year old probable male; from the fill 

of burial 103, a 37 year old female and burial 133, a 10 year old subadult. All 

these specimens are manufactured from cabbage palmetto (Andrews, 

Adovasio et al. 2002: 144). 

A single highly fragmentary specimen described as ‘Close Simple Twining 

(unknown weft twist) is thought to represent a ‘wall fragment without selvedge’ 

of an unknown form. This was recovered from burial 75 (a 10 year old 

subadult) adhering to suspected human tissue in the thoracic area. It is 

possible this specimen is a badly degraded fragment of ‘Type I’ fabric. This 

specimen is also manufactured from cabbage palmetto (Andrews, Adovasio et 

al. 2002: 144). 

Three types of cordage were also identified. 

Type I is defined as ‘Two-Ply, Z Spun, S Twist’. This category consists of 10 

specimens, all associated with textile fragments. This cordage type was 

recovered from burials 82 (n=1), 92 (n=3), 104 (n=1), 131 (n=3) and 150 

(n=2). All the specimens are manufactured from cabbage palmetto, except for 

one from burial 150, which appears to be made from yucca (Andrews, 

Adovasio et al. 2002: 145). 

Type II is defined as ‘Three-Strand Braid’. This category consists of 2 

specimens one of which was associated with a bundle of grass beneath burial 

82, and the other formed part of a wooden construction associated with burial 

90. These specimens are also made from cabbage palmetto (Andrews, 

Adovasio et al. 2002: 146). 

Type III is defined as ‘Two-Ply, S Spun, Z Twist. There was only one of these 

specimens, associated with burial 150, and used to secure two X crossed 

cabbage palmetto petioles at the central crossing point. The cordage is also 

manufactured from cabbage palmetto (Andrews, Adovasio et al. 2002: 146). 

 

3.3.5 Palaeoethnobotany  
 
The anaerobic preservation conditions at Windover enabled the recovery of a 

broad spectrum of macrobotanical remains, including wood, seeds, nuts, fibre 

and fungi. There were two sampling strategies: samples for general 
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environmental data using either column samples or bulk samples taken from 

areas of excavation, and ‘special samples’ which were recovered from direct 

association with human remains (Newsom, 2002:191-192). The ‘special 

samples’ will be discussed briefly below.  

In total 33 archaeobotanical samples were taken, all from undisturbed fully 

articulated burials many of which contained the fragmentary grave wrapping 

discussed above. The grave fills were sampled as well as six bulk samples 

from the abdominal regions of burials 120 (adult male), 125 (adult female), 

129 (subadult, 17 years old), 134 (subadult, 2-3 years old), 142 (adult male) 

and 156 (subadult, 10 years old). The abdominal samples were analysed for 

bones (whole and fragmented), charcoal particles, and seeds. These were 

counted and the density per millilitre was recorded. The average seed count 

per sample was 7 seeds per millilitre and 735 seeds per sample. This 

however, is somewhat unrepresentative of the sample as a whole. One burial, 

(125) contained 3324 seeds in a 102-millilitre sample, whereas burial 129 

(subadult, 17 years old) contained only 45 seeds in a 120-millilitre sample. 

The abdominal sample from burial 142 (adult male burial) contained 153 

whole fish bones, and 417 fragments, whereas far smaller quantities were 

recovered from the other abdominal samples, and virtually none were 

recovered from the in situ grave fills and other skeletal regions (Newsom, 

2002: 198).  

There was a wide range of edible plant species recovered including fruits, 

tubers, salads, herbs, nuts and greens. Interestingly, plants that are known, 

ethnohistorically, to have been used as medicines, such as black cherry, 

elderberry, holly (yaupon), nightshade and wax myrtle were also recovered. 

These were all found in association with the burials but are not natural pond 

species, and therefore unlikely to be intrusive (Newsom, 2002: 199). Seeds 

such as sawgrass, however, were a regular component of the environmental 

samples, and are considered to be the result of natural deposition (Newsom, 

2002: 201). 

Also, the more edible the plant remains, and the greater or exclusive 

associations with the burials the more likely it seems that the plant remains 

were either placed in the grave deliberately, or ingested before death. There 

are seven burials from which it seems likely that the plant remains were 
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actually ingested; those from the abdominal sample of burial 125, and 

remains from in situ samples from burials 82, 90, 103, 118 and 119. In burial 

82, for example, (adult female, 38 years old) 348 seeds and 95 bone 

fragments were recovered. The majority of the seeds were grape and equated 

to about 112 grape fruits. The seeds were noticeably eroded and degraded in 

comparison to those recovered from the surrounding peat matrix, and were 

embedded in what may have been faecal matter (Newsom, 2002: 201). It is 

also suggested that persimmon seed and exocarp recovered from the torso of 

burial 90 were ingested items. Also 127 grape seeds, 33 prickly pear seeds 

and another persimmon seed from burial 93 (adult female); 80 maypop seeds 

and a grape seed from burial 103 (adult female); 55 grape seeds and 1 

hackberry seed from the mid-torso of burial 118 (adult male) and 190 grape 

seeds and 2 hackberry seeds form the fill of burial 119 (adult male) were very 

likely to have been ingested before death (Newsom, 2002: 201). 

It is also estimated that burial 125 had ingested some 550 elderberries (2753 

seeds) shortly before death, as all but eight of the seeds were whole. 

Osteological analysis has shown that the individual in burial 125 was suffering 

from extensive bone cancer and osteoarthritis, and it has been suggested that 

this large quantity of elderberry ingested shortly before death may have been 

for medicinal purposes. There were also remains of acorn, holly and 

nightshade, the latter two also potentially medicinal (or possibly ritual?) plants 

(Newsom, 2002: 201). Although the species of holly could not be identified, 

there is a native species (yaupon), which is known, ethnohistorically, to be 

used in south eastern Native American rituals, and leaf fragments similar to 

yaupon were recovered from the abdominal sample from burial 156 (10 year 

old subadult) (Newsom, 2002: 202). 

This is a broad overview of an extremely complex site, and the material 

culture at Windover will be discussed in relation to specific burials later in this 

paper. To conclude, the exceptional preservation of human remains at 

Windover means it has been possible to study a sample consisting of roughly 

equal numbers of adults and subadults, from a homogeneous population, 

which is ideal for the purpose of this research.  

Also, the wide range of preserved artefacts represent many different tasks 

and activities and, therefore, possible different gender associations. Although 
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the question of labour division at Windover has already been posed these 

studies concerned the morphologically sexed adult sample (Hamlin, 1998, 

2001, 2005). It is possible that assigning sex to the subadult sample, that 

makes up approximately one third of the entire sample, will provide more 

insight into a unique site. 
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4.0 Materials and Methods 
 
4.1 The Collections 
 
Buccolingual and mesiodistal crown diameters from three different 

archaeological samples have been used in this thesis.  

The initial phase of research was conducted to assess the effectiveness of 

cervical crown diameters as opposed to the more traditional coronal 

diameters in assigning sex to human remains using a sample of known sex 

adults from the Spitalfields Collection (the Natural History Museum, London). 

In order to accurately assess the cervical diameters, they were compared 

directly with coronal diameters of the same teeth from the same individuals. 

The second phase uses a sample of known sex adults and subadults from the 

Bocage Collection (National Museum of Natural History, Lisbon, Portugal) and 

the Coimbra Collection (University of Coimbra, Portugal) to establish a 

method to link the dimorphism of the permanent teeth with that of the 

deciduous teeth using discriminant functions created from the known sex 

adult sample.  

Finally, once established, the method was applied to a sample of subadults of 

unknown sex with an associated burial assemblage form Windover, Florida. 

This phase of research uses discriminant functions created from the 

permanent tooth diameters of the morphologically sexed adult Windover 

sample. 

 
4.1.1 The Spitalfields Collection 
 
The Spitalfields Collection is a unique resource housed in the Natural History 

Museum, London and consists of 968 skeletons with coffin plate information 

and parish records for 387 individuals giving names, ages, marriage details 

and dates of birth and death (Molleson et al. 1993). 

The collection represents a post-medieval population from the parish of 

Spitalfields in east London and was recovered from the crypt of Christ Church 

between 1984 and 1986. The Church was designed by Nicholas Hawksmoor, 

assistant to Sir Christopher Wren and was consecrated in 1729 AD. The 
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earliest coffin plate dates to 1729 and the latest to 1852 and known dates of 

birth ranged from 1646 to 1852 (Molleson et al. 1993). Crypt burial had been 

previously prohibited but was legalised in 1728 and soon became a 

fashionable funerary practice (Reeve and Adams, 1993).  

The Spitalfields project came into being in response to the need for the crypt 

at Christ Church to be completely cleared of burials due to extensive 

renovation works. The Church trustees sought the advice of archaeologists 

about the potential of an archaeological excavation of the crypt to be followed 

by an anthropological research study of the inhumations. After considerable 

negotiations involving funding, environmental health issues and, where 

possible consulting the living ancestors of the crypts’ inhabitants, the 

excavation and removal of the remains began (Molleson et al. 1993).   

The post-excavation project studied the physical anthropology and 

pathologies of the human remains as well as historical and social aspects of 

the community as a whole. It was possible to identify members of the same 

family, and the exceptional conditions within some of the coffins preserved 

textile coffin furnishings and garments worn by the deceased (Molleson et al. 

1993). The combination of anthropological and historical research enabled the 

Spitalfields project to reconstruct many aspects of the lives of the deceased 

such as family relationships, social and economic status, occupations and 

health (Molleson et al. 1993).  

The total sample of 968 individuals consisted of 311 adult males, 312 adult 

females and 215 subadults. There were only 5 cases where sex could not be 

ascribed with a high degree of certainty, and all the skeletons were sexed 

morphologically even where a coffin plate existed. The visually ascribed sex 

had to be reversed in two cases according to the coffin plates (Molleson et al. 

1993:23).  

The overall sexual dimorphism of the sample as a whole was apparent, with 

females displaying smaller stature and more gracile features than males, and 

the secondary sexual characteristics of the skull and pelvis enabling the 

skeletons to be accurately sexed on the basis of morphological traits. Males 

tended to be significantly larger than females. The male individuals had 

noticeably broader faces, jaws and shoulders. Male radius, ulna and tibia 

measurements were also relatively longer than those of female individuals. 
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The mean estimation of height was 5’1” for females and 5’6” for males. 

However, there were other dimensions that did not register as significant 

when Students T tests were applied and these included the coronal 

mesiodistal diameter of the upper left canine. In fact, the coronal dimensions 

of all the teeth that were measured had a very low level of sexual dimorphism 

and it was not possible to sex the juvenile remains on this basis (Molleson et 

al. 1993:51).  

 
4.1.2 The Bocage Collection 
 

The second phase of this study uses a sample of known sex adults and 

subadults from Portugal. 

Although there are many, well documented, collections of known sex adult 

skeletal remains (The Spitalfields Collection, St Brides Church Collection and 

The Terry Collection to name but a few) substantial collections of subadults of 

known sex are very rare. In order to maximise the sample size, particularly in 

the case of the subadults, it was necessary to include individuals from both 

the Lisbon and Coimbra known sex skeletal collections. These collections are 

roughly contemporaneous and consist mainly of Portugese nationals. The 

Luis Lopez Collection, curated at the Bocage Museum was initiated in the 

1980s and is comprised of 1692 individuals exhumed from modern cemetery 

sources in Portugal who lived between 1805 and 1975. The skeletons are 

accompanied by basic documentary evidence including name, sex, date of 

birth and death and cause of death. Both sexes are equally represented and 

ages at death range from birth to 98 years (Cardoso, 2006).  

 

4.1.3 The Coimbra Collection 
 

The skeletal collections at the University of Coimbra total more than 2000 

individuals also obtained within Portugal. The ‘Escolas Medicas’ collection 

comprises 585 skulls obtained from the Schools of Medicine in Lisbon and 

Porto and from Lisbon’s anatomical theatre by faculty member Bernardino 

Luis de Machado between 1896 and 1903 (Quigley, 2001). The ‘Coimbra 

Identified Skeletal Collection’ consists of 505 individuals that were recovered 
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from the Cemiterio Municipal da Conchada, probably between 1915 and 

1942. This collection also has associated records that document name, 

parents’ names, birthplace, sex, date of death, cause of death, occupation 

and marital status as well as exhumation details. These records have 

facilitated dozens of research projects and are curated by the Anthropological 

Museum at the University of Coimbra’s Faculty of Research and Technology. 

The remains are stored within wooden boxes and are labelled with individual 

catalogue numbers and colour coded (Santos, 2000). 

 
4.1.4 The Windover Collection 

 
The third phase of this study uses individuals from the Windover Collection 

and associated burial assemblages. These burials date to between 6990 BP 

to 8120 BP (+- 70 years). A total of at least 168 individuals were recovered 

during the three excavation seasons at Windover. Disarticulated or 

unstratified remains account for 58 of these individuals, but 110 individuals 

(70 adults and 40 subadults were recovered in situ. There were fewer in situ 

females (30) than males (40). It was possible to assign sex to 94 of the 101 

adult individuals (age > 17 years), with an even sex ratio of 47 males, 47 

females and 7 adults of indeterminate sex. Adult sex assessments were 

based on the morphology of the cranium and the pelvis, and supplemented by 

humeral and femoral head diameters. There was a 13% disparity between sex 

assessment based on pelvic and cranial morphology. The long bone head 

metrics were unbiased towards either sex with 14% females and 11% males 

inconsistently classified. Subadult age estimation was based on standards of 

skeletal development and adult estimations on dental wear. All age groups 

from perinatal to advanced old age are represented in the sample (Dickel, 

2002:75).  

 

4.2 The Samples 
 

The known sex sample taken from the Spitalfields Collection was chosen from 

the 387 individuals of known age and sex. A total of 50 adult` individuals (25 

male and 25 female) were chosen from the list of coffin plate details compiled 
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by the Spitalfields project. The choice of individuals was based largely on the 

state of preservation and the number of teeth remaining in the dental arcade. 

The state of preservation was extremely varied from coffin to coffin. The 

preserved remains, when excavated, ranged from almost complete 

preservation of skin, hair ligaments and internal organs in some of the well-

sealed lead coffins to a crystalline powder which was all that remained of 

some skeletons (Molleson et al. 1993:10). The number of teeth remaining in 

the dental arcade was also varied, the number decreasing steadily with the 

increasing age of the individual. Individuals aged over 70 years had very few 

or in some cases no teeth, with complete resorbsion of the alveolar bone. The 

age at death of the chosen sample ranged from 15 to 68 years 

The known sex sample taken from the Bocage and Coimbra Collections 

consisted of 25 adult males and 25 adult females, and 34 male and 33 female 

subadults. In order to link the sexual dimorphism of the permanent teeth with 

that of the deciduous teeth in this phase of the study the key age period was 

the 7 to 15 years age category when the dentition is mixed, and consists of 

both deciduous and permanent teeth. The permanent first molar erupts 

around 6-7 years of age and the central incisors are the first deciduous teeth 

to be replaced by their permanent counterparts, between the ages of 7-8 

years.  There is, however, a certain degree of variation in ages of dental 

development and although it is possible that the deciduous canine is still in 

the dental arcade at the age of 11 years, in this particular sample there were 

children as young as 10 years with no remaining deciduous teeth.  

The sample taken from the Windover collection was again based upon state 

of preservation and number of teeth remaining in the dental decade and due 

to the exceptional preservation conditions on the site it was possible to obtain 

a large sample of roughly equal sex and age ratios consisting of 36 adult 

males, 35 adult females and 46 subadults of unknown sex. The age ranges of 

the subadult sample were also roughly equal with 21 individuals from the 1 to 

7 year old age range and 21 individuals from the 7 to 15 year range. It was 

not, however, possible to use coronal tooth diameters in this part of the study 

due to the extreme dental attrition exhibited by the adults in the sample and, 

therefore, only cervical diameters were recorded and analysed for the 

Windover sample. This should not, however affect the reliability of this study 
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as the first two phases demonstrate that cervical diameters display similar, 

and generally higher levels of sexual dimorphism. Also, as the levels of 

dimorphism tend to be lower in deciduous teeth (Black, 1978), the use of the 

cervical diameters will hopefully increase the sex-discriminatory effectiveness 

of the method as a whole.   

 

In burial archaeology, the ages of individuals are categorised by standard age 

groupings (Stoodley, 1999:105). In the tables below the relative numbers of 

male and female individuals used in this study are arranged in these age 

categories. The ‘adult’ individuals were those aged 18 years or more and 

fewer individuals were tended to be taken from the older adult age groups as 

the younger age groups tended to have, on the whole, better preserved and 

more numerous teeth, which ensured a more complete set of measurements.  

 

Age Category Number  
(Male) 

Number  
(Female) 

Neonatus (0-1 year) 0 0 

Infans 1 (1-7 years) 0 0 

Infans 2 (7-15 years) 0 0 

Juvenis (15-20 years) 1 4 

Adultus 1 (20-30 years) 4 5 

Adultus 2 (30-40 years) 6 6 

Maturus (40-50 years) 5 2 

Senilis (> 50 years) 9 8 

Total 25 25 
 

Table 1. Relative numbers of known sex individuals arranged in age 

categories – Spitalfields Collection (After Stoodley, 1999:105). 
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Age Category Number 

 (Male) 
Number  
(Female) 

Neonatus (0-1 year) 0 0 

Infans 1 (1-7 years) 8 3 

Infans 2 (7-15 years) 26 30 

Juvenis (15-20 years) 4 9 

Adultus 1 (20-30 years) 10 5 

Adultus 2 (30-40 years) 4 4 

Maturus (40-50 years) 5 4 

Senilis  (> 50 years) 2 3 

Total 59 58 
 

Table 2. Relative numbers of known sex individuals arranged in age 

categories - Bocage and Coimbra Collections (After Stoodley, 1999:105) 

 

Age Category Number  
(Male) 

Number         
(Female) 

  Number 
  (Subadult)    

Neonatus (0-1 year)   0 

Infans 1 (1-7 years)   21 

Infans 2 (7-15 years)   21 

Juvenis (15-20 years)  4 4 

Adultus 1 (20-30 years) 7 8  

Adultus 2 (30-40 years) 7 4  

Maturus (40-50 years) 14 11  

Senilis  (> 50 years) 8 8  

Total 36 35 46 
 

Table 3. Relative numbers of individuals arranged in age categories - 

Windover Collection (After Stoodley, 1999:105) 
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4.3 Data Recording 
 
Where possible, measurements were recorded for teeth from the left side of 

the dental arcade. When a left tooth was missing or, in the case of the coronal 

diameters, particularly worn, then the diameters for the right tooth were 

recorded. The side from which the tooth came was not included in the data 

analysis, as dental asymmetry tends to be random in nature and the 

asymmetrical differences are generally too small to be detected when the 

measurements are rounded up to the nearest 0.1mm (Hillson, 2002:77).  

Two sets of diameters, cervical diameters and maximum coronal diameters 

were measured for each tooth from the Spitalfields and Bocage/Coimbra 

samples, according to the standards discussed below. It was only possible to 

measure cervical diameters from the Windover sample due to dental wear in 

the adult sample.  

The diameters were measured with digital calipers accurate to 0.01mm and 

designed specifically for the task (Hillson et al. 2005). The calipers had 

tapered points of 2mm stainless steel rod, which fitted between the teeth 

whilst still in the jaw, and met end to end under the crown cingulum in order to 

measure the buccolingual diameter (Hillson et al. 2005).  

 

The cervical diameters were measured at the cement-enamel junction of the 

crown. The morphology of different tooth classes, however, means that slight 

adjustments need to be made in the positioning of the caliper points for 

different classes of tooth. For all cervical diameters, the caliper points should 

be placed on the enamel rather than the cement surface, and, as the points 

have a tendency to slide onto the cement surface, careful positioning of the 

caliper points is required (Hillson et al. 2005).  
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Figure 8. Positioning of caliper points when recording cervical tooth diameters 

(Modified from Hillson et al. 2005) 

 

The mesiodistal cervical diameter of the anterior teeth is defined as “the 

distance between the most occlusal points on the cement-enamel junction 

curve on the mesial and distal sides” (Hillson et al. 2005:418). The axis of this 

measurement is not entirely parallel to the occlusal plane of the tooth as the 

most occlusal points of the mesial and distal sides of the curve are not totally 

symmetrical. For loose teeth end-to-end caliper points may be used. (Hillson 

et al. 2005).  
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Figure 9. Measurement points for cervical and coronal crown diameters of the 

anterior teeth (Modified from Hillson et al. 2005). 

 

For the premolars and molars the cervical mesiodistal diameter is defined as 

being “midway along the cement-enamel junction, on the mesial and distal 

side of the crown“ (Hillson et al. 2005:418). 

The buccolingual cervical diameters of the incisors, canines and premolars 

are defined as “the maximum measurement at the cement enamel junction 

from labial/buccal to lingual/palatal” (Hillson et al. 2005:418). These points are 

again not always symmetrical, which means the measurement axis is not 

always parallel to the occlusal plane, or exactly perpendicular to the 

mesiodistal measurement Hillson et al. 2005). 

The buccolingual cervical diameters of the molars are defined as “points 

midway along the buccal and lingual palatal sides” (Hillson et al. 2005:418) of 

the cement enamel junction. This is due to the asymmetrical morphology of 

the molars (Hillson et al. 2005). The mesiodistal coronal (maximum) 

diameters of the molars are defined as “the distance between two parallel 

planes, tangential to the most mesial and most distal points of the crown side” 

(Hillson et al. 2005:418). This point is usually almost parallel to the occlusal 
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plane, and perpendicular to the mesiodistal plane of the crown and when 

occlusion is normal these measurement points correspond with the contact 

points of the anterior teeth, but not necessarily with those of the premolars or 

molars, and in this instance it is not necessary to take into account the contact 

points at which teeth occluded (Hillson et al. 2005).  

The buccolingual coronal (maximum) crown diameters are defined as “the 

maximum distance between two parallel planes, one tangential to the most 

lingual/palatal point of the crown side, and the other tangential to a point on 

the buccal/labial crown side” (Hillson et al. 2005:418). For incisors, canines 

and premolars the axis of the measurement is often perpendicular to the axis 

of the mesiodistal diameter although due to the varied morphology of teeth, 

especially the molars, this rule cannot always be applied (Hillson et al. 2005). 

Sometimes, when the maximum buccal and lingual crown bulges are not 

exactly opposite, it is necessary to place the caliper points diagonally across 

the crown surfaces (Tobias, 1967).  

 

 
Figure 10. Measurement points for cervical and coronal diameters of the 

molars and premolars (Modified from Hillson et al, 2005). 
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4.4 Data Analysis 
 

The recorded data has been assessed as follows.  

Firstly, all the measurements were entered into SPSS spreadsheets (IBM 

2013). Other information in the spreadsheets included the specimen/burial 

number, age at death of the individual, the biological sex (where known), the 

category of the dentition (whether, for example the individual had a 

permanent, mixed, or solely deciduous dentition) and also the collection from 

which the individual came. Although age at death was included, this was 

purely for reference purposes, and this data was not included in analysis as a 

statistical variable.  

 

4.4.1 Descriptive statistics 

 

Descriptive statistic functions were applied to all data. The descriptive 

statistics calculated and analysed the central tendencies, range and the 

spread of the data numerically and graphically. These included the mean, 

median, interquartile range and standard deviation of all the diameters.  

 

A series of histograms and box plots have been compiled for each diameter. 

These show the distribution of the male and female diameters and indicate 

the median, interquartile range and overall range of the diameters, and these 

can be found in the appendices. Scatterplots have also been included in the 

appendix, which indicate the relative distribution of the male and female 

measurements and the overlap between the two (Landau and Everitt, 2004).  

The independent sample, or Student’s T test has been applied to all data in 

order to compare the male and female means, and assess the statistical 

significance of the differences. The differences between the male and female 

mean values are considered to be statistically significant where the two-tail 

significance is equal to or less than 0.05. The t value, degrees of freedom and 

two-tail significance of all mean differences are compiled in tables 4-17 and 

discussed in the results chapter. Where Levene’s test for equality of variances 

had a value of greater than, or equal to, 0.05 equal variances have been 
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assumed. Where the value was less than 0.05 equal variances were not 

assumed, and the appropriate t value, degrees of freedom and two-tail 

significance are reported (Landau and Everitt, 2004).  

 

4.4.2 Discriminant function analysis 
 

Discriminant function analysis, using SPSS (IBM, 2013) was applied to all the 

data, both as individual diameters, and combinations of diameters to assess 

the sex discriminatory effectiveness of each measurement.  

Discriminant function analysis is a widely used tool in both physical 

anthropology/osteoarchaeology and modern forensics, and is most often used 

to estimate sex and racial ancestry (Ubelaker et al. 2002).  It can, however, 

have limitations. A working example of these pitfalls are discussed by 

Ubelaker (Ubelaker, 1998:128-133, Ubelaker et al. 2002) in tests to establish 

the efficacy of FORDISC 2.0 (Ousley and Jantz, 1996). This forensic 

computer programme uses discriminant function analysis to classify the race 

and sex of unknown, often incomplete human remains based on cranial 

measurements from a known sex/race database. To summarise, where the 

ethnic origin of individuals in the test samples was well represented in the 

data base, the classifications were more or less accurate. Where, however 

the was a lack of data in the data base from a particular racial group, the 

racial classifications where much less accurate with, for example, in one case 

a Peruvian Indian being classified as a Moriori (Ubelaker, 1998:131). This 

misclassification was also encountered when classifying sex. When analysing 

a 16th to 17th century Spanish sample (Ubelaker et al. 2002) the authors 

established that where all the female individuals were correctly classified 

(according to morphological sexing) 57% of the ‘male’ sample were classified 

as females (Ubelaker et al. 2002). This they attributed to the fact that the 

Spanish crania were comparatively small compared to those represented in 

the database and therefore classified solely on the basis of measurements 

without non-metric observations (Ubelaker et al. 2002). These examples 

highlight the need for discriminant function classifications to be based upon a 

‘base sample’ drawn from the same assemblage as the classified individuals, 
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and why in this project, all the classifications have been based on known sex 

individuals from the same individual sample groups. 

The results of the discriminant function analysis are summarized in tables 39 

to 56.  

 

The Eigenvalues, which indicate how much the male and female 

measurements vary in value (Landau and Everitt, 2004), have been reported, 

as have the results of the Wilks’ Lambda test. Wilks’ Lambda tests test how 

well the discriminant function separates males and females on the basis of the 

measurements included in the analysis. This test indicates the probability of 

sphericity in the discriminant function and the significance of the chi-square 

statistic shows whether or not there is a relationship between the dependent 

groups (male or female) and the independent variables (the tooth diameters). 

It varies between 0 and 1.  A large lambda suggests the function discriminates 

well and a small one, less well.  The associated significance value is the 

probability that the discriminant function is doing better than chance, so ideally 

it will be small, less than p = 0.05 (Landau and Everitt, 2004). 

The discriminant function coefficients show the relative importance of the 

original measurements in calculating the function.  They vary between -1, 0 

and +1. A large value, either negative or positive, shows that the 

measurement is important, whereas one near 0 suggests lack of importance 

(Landau and Everitt, 2004).  Usually, when there are two groups, the mean 

discriminant function value for one of them will be positive and the mean for 

the other negative. For example, if the male mean is positive the female mean 

will be negative. If the function coefficient for one of the original 

measurements is large and positive, therefore, it suggests it tends to be larger 

in males than in females  Conversely, if the female mean is positive and the 

male mean negative this suggests the female mean is larger than the male 

mean. These are also shown in the Appendix, as are the classification results 

themselves (Hillson, personal. communication).  

All discriminant functions have used ‘leave one out’ classification, whereby the 

case being grouped is left out of the function, and is classified by the functions 

derived from all the other cases (Landau and Everitt, 2004).  
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4.4.3 Other data analysis 
 

Percentages of sexual dimorphism have also been calculated for each 
diameter using the formula: 
 
((male mean – female mean) x 100) / female mean (md + bl)/2 
 
(Garn et al. 1967d) and these are displayed in tables 18-38.  
  

4.4.4 Sample specific methods 
 

Below is a brief description of how the statistical methods described were 

above were used in relation to the different samples. 

 

The first phase of this study was solely designed to compare the efficacy of 

cervical diameters with coronal diameters. Separate classification functions 

were created for both sets of diameters and the classification accuracy is 

reported and compared in the following chapter. 

 

In the second phase of this study the diameters collected from the adult 

Portuguese sample have been used as a ‘baseline’ from which the subadults 

with permanent teeth have been classified as male or female. On this basis, a 

function has been created and the subadults with mixed dentition consisting of 

the permanent first molar and deciduous teeth have been assigned a sex. 

Using this as a baseline another discriminant function has been created and 

the sample of known sex subadults with deciduous teeth only have been 

classified as male or female using this function. As this is a known sex sample 

it was possible to check the classification accuracy at all stages. 

 

In the final phase of this study when the method described above is used on 

the Windover sample of unknown sex subadults, the adults in the Windover 

sample, that had been assigned sex using standard skeletal sexing 

techniques based on the morphology of the skull and pelvis have been used 

to create the initial ‘baseline’ which has then been used in the same way to 

classify the unknown sex subadults. =	
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5.0 RESULTS 
 
5.1 Independent Samples T-test 
 

The section below summarises and discusses the results of the Student’s T 

tests that were applied to all data to compare the male and female mean 

diameters. The summary tables (tables 4-17) show the mean differences 

between the male and female diameters, T values, degrees of freedom and 

two-tail significance.  

It must be considered that there is always the possibility of ‘false positives’, 

when running large quantities of T tests, when a low p value indicates 

significance and in fact this is just the result of random chance. In this project, 

however, the T tests have been used solely to assess the significance of the 

male and female mean differences. As can be seen in the following tables, 

where there is a negative mean difference (female diameter larger than the 

male diameter) there is a high p value and where there is positive mean 

difference (male diameter larger than the female diameter) there is a low p 

value.  In this study, all the diameters with a high p value had a corresponding 

negative mean difference and, therefore, have not been used in any 

discriminant function classifications. 

 

5.1.1 The Spitalfields sample 
 
Coronal Diameters 

The coronal mean differences range from 0.66mm for the mesiodistal 

diameter of the lower canine to -0.55mm for the buccolingual diameter of the 

upper third molar. In total, there are 8 mean differences (or one quarter of the 

sample), which have negative values, indicating that the female diameters 

have a larger mean than the male diameters. These are the buccolingual 

diameters of the upper first and third molars, the lower first premolar and 

lower second molar, and the mesiodistal diameters of the upper second 

incisor, first and second upper molars and the lower first premolar.  

Six of the coronal diameters have statistically significant differences of less 

than or equal to 0.05 between the male and female means. The buccolingual 
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mean differences of the upper first incisor (p=0.017), the upper second incisor 

(p=0.033) and the upper canine (p=0.008) register as statistically significant. 

In the lower dentition both the buccolingual and mesiodistal mean differences 

of the lower canine (p=0.013 and 0.001 respectively) are statistically 

significant. The highest level of significance for the coronal diameters is that of 

the mesiodistal lower canine (p=0.001). The statistically significant coronal 

differences are those with the greater mean differences between male and 

female measurements.  

Levene’s test for equality of variances indicates that equal variances cannot 

be assumed for the buccolingual diameter of the upper third molar, the 

mesiodistal diameter of the upper first premolar and the buccolingual diameter 

of the lower second premolar. 

 

Diameter Mean Dif. 
(mm) 

T value Degrees 
Of freedom  

Significance 
(Two-tail) 

Cmdu1 0.125 0.52 21 p=0.606 

Cblu1 0.449 2.58 21 p=0.017 

Cmdu2 -0.089 -0.42 25 p=0.677 

Cblu2 0.302 2.26 25 p=0.033 

Cmdu3 0.425 2.85 26 p=0.008 

Cblu3 0.560 3.16 26 p=0.004 

Cmdu4 0.068 0.26 7.52 (not = vari.) p=0.800 

Cblu4 0.114 0.35 10 p=0.734 

Cmdu5 0.071 0.59 28 p=0.562 

Cblu5 0.023 0.11 29 p=0.911 

Cmdu6 -0.107 -0.35 28 p=0.732 

Cblu6 -0.162 -0.58 27 p=0.570 

Cmdu7 -0.460 -1.24 29 p=0.226 

Cblu7 0.400 1.32 29 p=0.197 

Cmdu8 0.383 0.57 10 p=0.581 

Cblu8 -0.56 -1.35 5.28 (not = vari.)     p=0.232 

 

Table 4. T test results. Upper coronal diameters (Spitalfields sample). 
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Diameter Mean Dif. 

(mm) 
T value Degrees 

Of freedom  
Significance 

(Two-tail) 
Cmdl1 0.044 0.28 22 p=0.783 

Cbll1 0.094 0.55 22 p=0.590 

Cmdl2 0.232 1.32 26 p=0.199 

Cbll2 0.191 1.34 26 p=0.191 

Cmdl3 0.657 3.68 23 p=0.001 

Cbll3 0.567 2.71 23 p=0.013 

Cmdl4 -0.138 -0.77 11 p=0.458 

Cbll4 -0.026 -0.09 11 p=0.932 

Cmdl5 0.119 0.74 40 p=0.461 

Cbll5 0.267 1.41 28.97 (not = vari.) p=0.169 

Cmdl6 0.164 0.52 20 p=0.610 

Cbll6 0.145 0.61 20 p=0.549 

Cmdl7 0.181 0.64 26 p=0.527 

Cbll7 -0.044 -0.21 26 p=0.837 

Cmdl8 0.320 0.66 15 p=0.517 

Cbll8 0.036 0.09 15 p=0.932 

 
Table 5. T test results. Lower coronal diameters (Spitalfields sample). 

 

Cervical Diameters 

The cervical mean differences range from 0.86mm for the buccolingual 

diameter of the lower canine to -0.38mm for the mesiodistal diameter of the 

lower third molar. There are 4 cervical diameters with negative mean 

differences, which are the buccolingual diameters of both the upper and lower 

third molar and the mesiodistal diameters of the upper second incisor and 

lower third molar. The lower third molar is the only tooth for which both 

diameters are larger for females than males. All the other negative mean 

differences register below 0.1mm. 

There are 12 statistically significant cervical mean differences between the 

male and female diameters, at less than or equal to 0.05. The buccolingual 
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differences of the upper first incisor (p=0.002), the upper second incisor 

(p=0.004) and the upper canine (p=0.006). The mesiodistal mean differences 

of the upper canine (p=0.001) and upper first molar (p=0.027) also register as 

statistically significant.  

A larger number of significant differences are found in the lower dentition. 

There are 7 lower cervical mean differences that are statistically significant. 

These are the buccolingual diameters of the first incisor (p=0.014), the canine 

(p=0.000), and the first molar (p=0.047). Both cervical mean diameters of the 

lower canine register at the level of p=0.000, which is ‘highly’ significant. 

Levene’s test for equal variances indicates that equal variances cannot be 

assumed for the buccolingual mean differences of the upper first and second 

premolars. 

 

Diameter Mean Dif. 
(mm) 

T value Degrees 
Of freedom  

Significance 
(Two-tail) 

Mdu1 0.009 0.05 21 p=0.959 
Blu1 0.642 3.47 21 p=0.002 
Mdu2 -0.009 -0.05 25 p=0.959 
Blu2 0.305 2.17 25 p=0.040 
Mdu3 0.628 3.66 27 p=0.001 
Blu3 0.569 2.96 27 p=0.006 
Mdu4 0.131 0.43 10 p=0.674 
Blu4 0.457 1.97 10 (not = vari.) p=0.1 
Mdu5 0.002 0.06 29 p=0.988 
Blu5 0.371 1.58 29 (not = vari.) p=0.128 
Mdu6 0.420 2.34 28 p=0.027 
Blu6 0.240 0.98 28 p=0.336 
Mdu7 0.164 0.55 28 p=0.584 
Blu7 0.395 1.55 28 p=0.133 
Mdu8 0.557 1.01 10 p=0.338 
Blu8 -0.011 -0.03 10 p=0.338 

 

Table 6. T test results. Upper cervical diameters (Spitalfields sample). 
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Diameter Mean Dif. 

(mm) 
T value Degrees 

Of freedom  
Significance 

(Two-tail) 
Mdl1 0.346 2.77 23        p=0.011 
Bll1 0.437 2.67 23 p=0.014 
Mdl2 0.250 1.57 26 p=0.128 
Bll2 0.140 0.89 26 p=0.378 
Mdl3 0.728 4.47 23 p=0.000 
Bll3 0.857 4.40 23 p=0.000 
Mdl4 0.433 1.68 10 p=0.124 
Bll4 0.100 0.49 10 p=0.641 
Mdl5 0.313 1.66 33 p=0.106 
Bll5 0.477 2.68 33 p=0.011 
Mdl6 0.864 2.12 20 p=0.047 
Bll6 0.727 3.47 20 p=0.002 
Mdl7 0.170 0.61 25 p=0.549 
Bll7 0.268 1.18 25 p=0.250 
Mdl8 -0.384 -0.53 12 p=0.606 
Bll8 -0.053 -0.53 12 p=0.606 

 
Table 7. T test results. Lower cervical diameters (Spitalfields sample). 

 
5.1.2 The Bocage and Coimbra sample 
 

Permanent Coronal Diameters 

The permanent coronal mean differences of the upper dental arcade ranged 

from 1.25mm for the buccolingual diameter of the second molar to 0.23mm for 

the mesiodistal diameter of the third molar. The mean difference for the 

buccolingual diameter of the first incisor was also small (0.25mm), reflecting 

the size range seen in the cervical diameters. There were also no negative 

mean differences. Neither diameter of the upper third molar registered 

statistically significant mean differences, but 8 of the diameters registered 

highly significant mean differences (p=0.000).  

Equal variances were not assumed for the mesiodistal diameters of the 

second incisor and second premolar, and the buccolingual diameter of the 

first molar.  

The mean differences for the lower coronal diameters ranged from 1.03mm 

for the buccolingual canine diameter to 0.14mm for the buccolingual diameter 

of the first incisor. In general, the mean differences were somewhat smaller 
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than the upper coronal, and cervical diameters. There were 5 mean 

differences that did not register as statistically significant, and 7 that 

registered as highly significant, with 2 more registering at the level of p=0.001. 

Equal variances were not assumed for the buccolingual diameter of the third 

molar.   

 

Diameter Mean Dif. 
(mm) 

T value Degrees 
Of freedom  

Significance 
(Two-tail) 

Cmdu1 0.61 3.837 50 p=0.000 
Cblu1 0.25 2.006 51 p=0.050 

Cmdu2 0.46 2.794 63 p=0.007 
Cblu2 0.33 2.461 66 p=0.016 

Cmdu3 0.56 4.905 55 p=0.000 
Cblu3 0.87 5.937 55 p=0.000 

Cmdu4 0.38 3.096 62 p=0.003 
Cblu4 0.56 3.100 62 p=0.003 

Cmdu5 0.39 2.767 48 p=0.008 
Cblu5 0.66 4.013 47 p=0.000 

Cmdu6 0.83 4.857 92 p=0.000 
Cblu6 0.69 5.504 93 p=0.000 

Cmdu7 0.91 4.045 50 p=0.000 
Cblu7 1.25 5.102 50 p=0.000 

Cmdu8 0.23 0.584 17 p=0.567 
Cblu8 0.73 2.075 17 p=0.053 

 

Table 8. T test results. Permanent upper coronal diameters (Bocage/Coimbra 

sample). 
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Diameter Mean Dif. 
(mm) 

T value Degrees 
Of freedom 

Significance 
(Two-tail) 

Cmdl1 0.25 2.141 60 p=0.036 
Cbll1 0.14 1.221 60 p=0.227 

Cmdl2 0.28 2.361 60 p=0.021 
Cbll2 0.18 1.450 61 p=0.152 

Cmdl3 0.44 3.814 56 p=0.000 
Cbll3 1.03 7.282 53 p=0.000 

Cmdl4 0.48 3.443 56 p=0.001 
Cbll4 0.49 3.990 56 p=0.000 

Cmdl5 0.36 1.914 42 p=0.062 
Cbll5 0.66 3.847 42 p=0.000 

Cmdl6 0.58 5.364 91 p=0.000 
Cbll6 0.58 5.352 91 p=0.000 

Cmdl7 0.78 3.600 45 p=0.001 
Cbll7 0.62 3.809 45 p=0.000 

Cmdl8 0.56 1.608 17 p=0.126 
Cbll8 0.51 1.623 11.824 p=0.131 

 

Table 9. T test results. Permanent lower coronal diameters (Bocage/Coimbra 

sample). 

 

Permanent Cervical Diameters 

The permanent cervical mean differences of the upper dental arcade ranged 

from 1.51mm for the buccolingual diameter of the second molar to 0.37mm for 

the buccolingual diameter of the first incisor. There were no negative mean 

differences, indicating that all the male diameters were larger than the female 

diameters. Almost all the upper cervical mean differences registered as 

statistically significant, at less than or equal to 0.05. The only mean difference 

that was not statistically significant was that of the mesiodistal diameter of the 

third molar (p=0.253). The majority of the upper diameters (13) registered at 

the level of 0.000, a ‘highly’ significant score.  

Levene’s test for the equal variances indicated that equal variances could be 

assumed for all the upper diameters.  

The mean differences for the lower cervical diameters ranged from 1.02mm 

for the buccolingual diameter of the canine to 0.26mm for the buccolingual 

diameter of the second incisor. Again, all the mean differences were positive 

(male means larger than female means) and the majority (15) registered as 
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statistically significant. The only mean difference that was not significant was 

again the mesiodistal diameter of the third molar (p=0.051). Slightly fewer (10) 

of the lower diameters registered as highly significant (p=0.000). 

Levene’s test indicated that equal variances could not be assumed for both 

diameters of the lower canine, and the mesiodistal diameter of the lower third 

molar.  

 

Diameter Mean Dif. 
(mm) 

T value Degrees 
Of freedom 

Significance 
(Two-tail) 

     
Mdu1 0.66 3.937 52 p=0.000 
Blu1 0.37 3.801 51 p=0.000 
Mdu2 0.55 4.134 69 p=0.000 
Blu2 0.48 4.275 69 p=0.000 
Mdu3 0.90 8.594 56 p=0.000 
Blu3 1.08 8.347 56 p=0.000 
Mdu4 0.52 3.530 62 p=0.001 
Blu4 0.80 4.574 63 p=0.000 
Mdu5 0.68 5.727 49 p=0.000 
Blu5 0.97 5.370 49 p=0.000 
Mdu6 0.84 6.469 93 p=0.000 
Blu6 1.06 4.507 93 p=0.000 
Mdu7 0.86 5.574 49 p=0.000 
Blu7 1.51 5.427 49 p=0.000 
Mdu8 0.44 1.184 17 p=0.253 
Blu8 0.98 2.903 17 p=0.010 

 

Table 10. T test results. Permanent upper cervical diameters 

(Bocage/Coimbra sample).   
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Diameter Mean Dif. 

(mm) 
T value Degrees 

Of freedom  
Significance 

(Two-tail) 
Mdl1 0.35 4.604 65 p=0.000 
Bll1 0.33 3.297 65 p=0.002 
Mdl2 0.33 3.123 67 p=0.003 
Bll2 0.26 2.756 66 p=0.008 
Mdl3 0.81 7.027 34.193 p=0.000 
Bll3 1.02 7.684 36.662 p=0.000 
Mdl4 0.64 7.121 59 p=0.000 
Bll4 0.70 5.759 59 p=0.000 
Mdl5 0.87 6.662 44 p=0.000 
Bll5 0.61 3.206 45 p=0.002 
Mdl6 0.81 7.455 94 p=0.000 
Bll6 0.61 5.042 94 p=0.000 
Mdl7 0.98 5.574 47 p=0.000 
Bll7 0.80 4.285 46 p=0.000 
Mdl8 0.80 2.133 18 p=0.051 
Bll8 0.87 3.015 18 p=0.007 

	
Table 11. T test results. Permanent lower cervical diameters 

(Bocage/Coimbra sample). 

Deciduous Coronal Diameters 
The mean differences of the deciduous upper coronal diameters ranged from 

0.64mm for the mesiodistal second premolar diameter to -0.18mm for the 

mesiodistal first incisor diameter. All the upper incisor diameters had negative 

mean differences. Again, only 3 of the upper mean differences registered as 

statistically significant: that of both first premolar diameters, and the 

buccolingual second premolar diameter. None of these registered as highly 

significant. Most notably, the mean differences of the canine diameters, 

although positive, were small, and did not register as statistically significant. 

Equal variances were not assumed for the mean differences of the 

mesiodistal canine diameter.  

The mean differences of the deciduous cervical lower diameters ranged from 

1.00mm for the buccolingual diameter of the first premolar to -0.48mm for the 

mesiodistal first incisor diameter. The incisor diameters also had negative 

mean difference and there were also only 3 statistically significant mean 

differences: both diameters of the first premolar, and the buccolingual 
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diameter of the second premolar. None of these mean differences were highly 

significant.  

Equal variances were assumed for the mean differences of the all the lower 

deciduous diameters.  

 

Diameter Mean Dif. 
(mm) 

T value Degrees 
Of freedom 

Significance 
(Two-tail) 

Cdmdu1 -0.18 -0.987 2 p=0.428 
Cdblu1 -0.18 -0.992 3 p=0.394 

Cdmdu2 -0.06 -0.116 3 p=0.915 
Cdblu2 -0.34 -0.879 4 p=0.429 

Cdmdu3 0.26 1.168 10.592 p=0.268 
Cdblu3 0.28 1.571 21 p=0.131 

Cdmdu4 0.57 2.317 22 p=0.030 
Cdblu4 0.41 2.114 24 p=0.045 

Cdmdu5 0.64 2.840 41 p=0.007 
Cdblu5 0.49 3.193 41 p=0.003 

 

Table 12. T test results. Deciduous upper coronal diameters (Bocage/Coimbra 

sample). 

 

Diameter Mean Dif. 
(mm) 

T value Degrees 
Of freedom 

Significance 
(Two-tail) 

Cdmdl1 -0.48 -2.519 1 p=0.241 
Cdbll1 -0.17 -6.351 1 p=0.099 

Cdmdl2 -0.21 -1.321 6 p=0.235 
Cdbll2 -0.15 -0.787 7 p=0.457 

Cdmdl3 0.003 0.015 16 p=0.988 
Cdbll3 0.41 2.040 17 p=0.057 

Cdmdl4 0.90 2.988 21 p=0.007 
Cdbll4 1.00 3.736 25 p=0.003 

Cdmdl5 0.33 1.717 36 p=0.095 
Cdbll5 0.44 2.719 37 p=0.010 

 

Table 13. T test results. Deciduous lower coronal diameters (Bocage/Coimbra 

sample). 

 

Deciduous Cervical Diameters 

The mean differences of the deciduous cervical upper diameters ranged from 

0.72mm for the mesiodistal second premolar diameter to -0.41mm for the 

mesiodistal first incisor diameter. This was the only upper diameter with a 
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negative mean difference, indicating that the female mean was larger than the 

male mean. Only 3 of the upper mean differences registered as statistically 

significant: that of the buccolingual canine and first and second premolar 

diameters. Of these only the second premolar registered as highly significant 

(p=0.000).  

Equal variances were assumed for all the upper diameter mean differences. 

The mean differences of the deciduous lower cervical diameters ranged from 

0.58mm for the mesiodistal diameter of the first premolar to -0.20mm for the 

mesiodistal second incisor diameter. Both the mesiodistal and buccolingual 

diameters of the first incisor had negative mean differences at -0.15mm and -

0.19mm respectively. Again, there were only 3 statistically significant mean 

differences: that of the buccolingual canine diameter and the mesiodistal 

diameters of both the first and second premolars. None of the lower mean 

differences registered as highly significant.  

Equal variances were not assumed for the mean differences of the 

buccolingual second incisor diameter and the mesiodistal first premolar 

diameter.  

 

Diameter Mean Dif. 
(mm) 

T value Degrees 
Of freedom 

Significance 
(Two-tail) 

Dmdu1 -0.41 -1.671 4 p=0.170 
Dblu1 0.23 2.405 4 p=0.074 

Dmdu2 0.11 0.035 5 p=0.974 
Dblu2 0.46 1.602 5 p=0.170 

Dmdu3 0.20 1.168 22 p=0.255 
Dblu3 0.44 2.770 22 p=0.011 

Dmdu4 0.21 1.383 24 p=0.179 
Dblu4 0.35 2.301 24 p=0.030 

Dmdu5 0.23 1.338 44 p=0.188 
Ddblu5 0.72 4.112 44 p=0.000 

 

Table 14. T test results. Deciduous upper cervical diameters 

(Bocage/Coimbra sample). 



	 79	

 
Diameter Mean Dif. 

(mm) 
T value Degrees 

Of freedom 
Significance 

(Two-tail) 
Dmdl1 -0.15 -1.522 1 p=0.370 
Dbll1 -0.18 0.854 1 p=0.550 

Dmdl2 -0.19 -2.064 8 p=0.073 
Dbll2 0.08 0.320 5.220 p=0.741 

Dmdl3 0.22 1.605 19 p=0.125 
Dbll3 0.34 2.832 18 p=0.011 

Dmdl4 0.58 2.849 16.909 p=0.011 
Dbll4 0.37 1.750 30 p=0.090 

Dmdl5 0.35 2.044 43 p=0.047 
Dbll5 0.26 1.125 41 p=0.267 

 

Table 15. T test results. Deciduous lower cervical diameters (Bocage/Coimbra 

sample). 

 

5.1.3 The Windover sample 
 
Upper Cervical Diameters 

The mean differences of the cervical upper diameters ranged from 0.42mm 

for that of the mesiodistal diameter of the first incisor to 1.13mm for that of the 

buccolingual diameter of the second molar. Although there were no negative 

mean differences (all the male diameters were larger than their female 

counterparts) it must be noted that this sample was morphologically sexed, 

and, therefore, unlike the two historical samples used in this study, body size 

and general robustness may well have played a part in the initial assignment 

of sex. However, as the Windover data is not being compared with the 

historical data this should not affect the results of this study. The only tooth 

diameters that did not have statistically significant mean differences were both 

the mesiodistal and buccolingual diameters of the second incisor which had a 

two tail significance of p=0.073 and p=0.192 respectively.  Nine of the upper 

diameters had a ‘highly significant’ score of p=0.000. Equal variances were 

assumed for all the upper diameters. 
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Diameter Mean Dif. 

(mm) 
T 

value 
Degrees 

Of freedom  
Significance 

(Two-tail) 
Mdu1 0.42 2.435 22 p=0.023 
Blu1 0.65 2.989 17 p=0.008 
Mdu2 0.57 1.914 17 p=0.073 
Blu2 0.74 1.376 13 p=0.192 
Mdu3 0.59 5.376 38 p=0.000 
Blu3 0.73 5.329 38 p=0.000 
Mdu4 0.55 4.226 35 p=0.000 
Blu4 0.53 2.363 35 p=0.024 
Mdu5 0.53 5.065 49 p=0.000 
Blu5 0.83 3.656 50 p=0.001 
Mdu6 0.54 4.605 49 p=0.000 
Blu6 0.83 5.675 48 p=0.000 
Mdu7 0.99 7.351 52 p=0.000 
Blu7 1.13 5.938 52 p=0.000 
Mdu8 0.67 2.613 45 p=0.012 
Blu8 1.09 5.054 44 p=0.000 

 

Table 16. T test results. Upper cervical diameters (Windover sample). 
 

Lower Cervical Diameters 

The mean differences of the cervical diameters ranged from 0.36mm for that 

of the mesiodistal diameter of the first molar to 1.27mm for the mesiodistal 

diameter of the second molar. There were also no negative mean differences 

in the lower diameters. In general, the mean differences of the lower 

diameters were more statistically significant than the uppers with only one, the 

buccolingual diameter of the third molar, registering above the level of p=.005 

(p=.057), and nine diameters also registered at the highly significant level of 

p=.000. Equal variances were assumed for all the lower diameters.  
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Table 17. T test results. Lower cervical diameters (Windover sample). 
 
 
5.2 Percentage of Sexual Dimorphism 
 
 
The percentage of sexual dimorphism for each recorded tooth diameter have 

been calculated using Garn’s (1967) formula, and this is a technique used 

throughout zoology (Hillson, pers. comm.) . The formula is as follows: 

 ((male mean – female mean) x 100) / female mean (md + bl)/2 
 

These percentages of sexual dimorphism are discussed, and summarised, in 

tables 18, 19, 21, 22, 24, 25, 27, 28, 30, 31, 33, 34, 36 and 37 below.  

The dimorphism percentages of the mesiodistal and buccolingual diameters of 

each tooth have then been combined to calculate a percentage of dimorphism 

for each individual tooth as follows: 

(Md + Bl)/2  

Garn’s (1967) formula (see above) was then applied to the result. 

These combined percentages of sexual dimorphism are summarised and 

discussed in tables 20, 23, 26, 29, 32, 35 and 38. The tables show the 

percentages of sexual dimorphism for each tooth arranged in descending 

order from the most dimorphic tooth to the least dimorphic tooth. 

Diameter Mean Dif. 
(mm) 

T 
value 

Degrees 
Of freedom  

Significance 
(Two-tail) 

Mdl1 0.36 4.191 33 p=0.000 
Bll1 0.49 3.544 31 p=0.001 
Mdl2 0.44 4.106 37 p=0.000 
Bll2 0.44 3.501 35 p=0.001 
Mdl3 0.88 8.906 53 p=0.000 
Bll3 0.96 7.723 53 p=0.000 
Mdl4 0.59 5.538 45 p=0.000 
Bll4 0.60 3.705 45 p=0.001 
Mdl5 0.44 3.626 48 p=0.001 
Bll5 0.63 3.471 47 p=0.001 
Mdl6 0.83 6.556 36 p=0.000 
Bll6 0.72 3.903 37 p=0.000 
Mdl7 1.27 7.007 51 p=0.000 
Bll7 0.99 5.555 50 p=0.000 
Mdl8 0.61 2.538 47 p=0.015 
Bll8 0.48 1.948 46 p=0.057 
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The percentages of sexual dimorphism for each tooth, from each adult 

sample, calculated using the cervical diameters are then displayed in bar 

charts, figures 1 and 2. The coronal diameters are not displayed in bar charts 

as it was not possible to collect them from the Windover sample due to 

extreme dental attrition. 
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5.2.1 The Spitalfields sample 
 

Coronal Diameters 

The percentage of sexual dimorphism for the coronal diameters, from this 

sample, range between 10.47% for the mesiodistal diameter of the lower 

canine and -5.03% for the buccolingual diameter of the upper third molar. 

There are 8 diameters that have a negative percentage of sexual dimorphism 

indicating that the female teeth were, on average larger than the male teeth, 

and these range from -0.35% for the buccolingual diameter of the lower first 

premolar to -5.03%. The mean percentage of sexual dimorphism for the entire 

coronal sample is 1.99%, although 12 diameters score over 3% sexual 

dimorphism. 

The lower coronal diameters were, overall, more sexually dimorphic than the 

upper coronal diameters. The two highest percentages of sexual dimorphism 

are for the lower canine, which scored 10.47% and 7.88% for the mesiodistal 

and buccolingual diameters respectively. 

Diameter Male mean 
(mm) 

Female mean 
(mm) 

% of sexual 
dimorphism 

MDU1 7.93 7.80 1.60% 
BLU1 7.16 6.71 6.68% 
MDU2 6.24 6.33 -1.41% 
BLU2 6.13 5.83 5.18% 
MDU3 7.55 7.13 5.96% 
BLU3 8.19 7.63 7.34% 
MDU4 6.99 6.92 0.98% 
BLU4 8.91 8.80      1.30%  
MDU5 6.61 6.54 1.08% 
BLU5 8.97 8.94 0.26% 
MDU6 10.11 10.21 -1.05% 
BLU6 10.77 10.93 -1.48% 
MDU7 9.39 9.85 -4.67% 
BLU7 11.16 10.76 3.72% 
MDU8 8.84 8.46 4.53% 
BLU8 10.31 10.86 -5.03% 

 

Table 18. Percentage of sexual dimorphism for upper coronal diameters 

(Spitalfields sample).
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Diameter Male mean 

(mm) 
Female mean 

(mm) 
% of sexual 
dimorphism 

MDL1 5.00 4.96 0.89% 
BLL1 5.73 5.63 1.67% 
MDL2 5.81 5.58 4.16% 
BLL2 6.13 5.94 3.22% 
MDL3 6.93 6.27 10.47% 
BLL3 7.76 7.19 7.88% 
MDL4 6.53 6.67 -2.07% 
BLL4 7.46 7.48 -0.35% 
MDL5 7.08 6.96 1.70% 
BLL5 8.19 7.92 3.37% 
MDL6 10.96 10.80 1.52% 
BLL6 10.14 9.99 1.45% 
MDL7 10.98 10.80 1.68% 
BLL7 9.98 10.03 -0.44% 
MDL8 10.72 10.40 3.08% 
BLL8 9.85 9.81 0.37% 

 
Table 19. Percentage of sexual dimorphism for lower coronal diameters 

(Spitalfields sample). 

 

The buccolingual diameter of the upper first incisor was more dimorphic than 

the mesiodistal diameter of the upper canine, however, when the diameters 

are combined the canine is the more dimorphic tooth. Of the top 10 combined 

dimorphism scores, 4 are from the lower arcade and 6 from the upper, 

although the lower teeth are the more dimorphic overall. 
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Tooth/combined coronal 

diameters 
Percentage of sexual  

dimorphism 
Lower canine 9.18% 
Upper canine 6.65% 

Upper first incisor 4.14% 
Lower second incisor 3.69% 

Lower second premolar 2.54% 
Upper second incisor 1.89% 

Lower third molar 1.73% 
Lower first molar 1.49% 
Lower first incisor 1.28% 

Upper first premolar 1.14% 
Upper second premolar 0.67% 

Lower second molar 0.62% 
Upper third molar -0.25% 

Upper second molar -0.48% 
Lower first premolar -1.21% 

Upper first molar -1.27% 
 

Table 20. Percentage of sexual dimorphism for combined coronal diameters 

in descending order (Spitalfields sample). 

 

Cervical Diameters 

The percentage of sexual dimorphism for the cervical diameters varies 

between 15.85% for the mesiodistal diameter of the lower canine, to -4.11% 

for the mesiodistal diameter of the third molar. There are 4 diameters that 

score a negative percentage of sexual dimorphism which range from -0.15 to -

4.11%. The overall percentage of sexual dimorphism for the entire sample is 

5.49%, but considering the range of dimorphism scores this is 

unrepresentative of the sample as a whole. 

The percentage of sexual dimorphism for each tooth, using cervical 

diameters, show again that the most dimorphic tooth is the lower canine 

followed by the upper canine. The buccolingual and mesiodistal diameters of 

the lower canine score 12.81% and 15.85% respectively, and the upper 

canine 8.01% and 12.42%. The lower first molar has high buccolingual and 

mesiodistal scores of 8.87% and 10.58% respectively, and these are 

considerably higher than the respective coronal scores. The upper first molar 

also follows this trend with cervical dimorphism scores of 2.39% and 5.84% 
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compared to the negative coronal dimorphism scores of -1.48% and -1.05%. 

The lower arcade is again more dimorphic than the upper, the lower teeth 

having a mean percentage of 6.39% compared to an upper mean percentage 

of 4.42%. The two highest scoring percentages of sexual dimorphism are for 

the mesiodistal and buccolingual diameter of the lower canine (15.85% and 

12.81% respectively). The next highest score is that of the mesiodistal 

diameter of the lower canine (12.42%) although the buccolingual diameter has 

a lower score of 8.01%. 

 

Diameter Male mean 
(mm) 

Female mean 
(mm) 

% of sexual 
dimorphism 

MDU1 5.76 5.75 0.16% 
BLU1 6.38 5.73 11.2% 
MDU2 4.29 4.30 -0.21% 
BLU2 5.54 5.23 5.83% 
MDU3 5.69 5.06 12.42% 
BLU3 7.67 7.1 8.01% 
MDU4 5.67 4.54 2.89% 
BLU4 8.06 7.6 6.01% 
MDU5 4.63 4.62 0.04% 
BLU5 8.01 7.64 4.84% 
MDU6 7.61 7.19 5.84% 
BLU6 10.27 10.03 2.39% 
MDU7 7.50 7.34 2.24% 
BLU7 10.40 10.00 3.95% 
MDU8 7.26 6.70 8.31% 
BLU8 9.63 9.64 -0.11% 

 

Table 21. Percentage of sexual dimorphism for upper cervical diameters 

(Spitalfields sample). 
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Diameter Male mean 

(mm) 
Female mean 

(mm) 
% of sexual 
dimorphism 

MDL1 3.48 3.13 11.06% 
BLL1 5.43 4.98 8.76% 
MDL2 3.75 3.50 7.14% 
BLL2 5.69 5.55 2.52% 
MDL3 5.32 4.59 15.85% 
BLL3 7.54 6.69 12.81% 
MDL4 4.80 4.37 9.92% 
BLL4 6.57 6.47 1.55% 
MDL5 5.15 4.84 6.47% 
BLL5 7.16 6.68 7.14% 
MDL6 9.03 8.16 10.58% 
BLL6 8.93 8.20 8.87% 
MDL7 9.08 8.91 1.91% 
BLL7 8.92 8.65 3.10% 
MDL8 8.96 9.34 -4.11% 
BLL8 8.57 8.62 -0.61% 

 
Table 22. Percentage of sexual dimorphism for lower cervical diameters 

(Spitalfields sample). 

 
Again, when the diameters are combined the lower canine is the most 

dimorphic tooth, followed by the upper canine, but the least dimorphic tooth is 

the lower third molar, which scores relatively highly using coronal diameters. 
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Tooth/combined cervical 

diameters 
Percentage of sexual  

dimorphism 
Lower canine 14.33% 
Upper canine 10.22% 

Lower first incisor 9.91% 
Lower first molar 9.73% 

Lower second premolar 6.81% 
Lower first premolar 5.74% 
Upper first incisor 5.68% 

Lower second incisor 4.83% 
Upper first premolar 4.45% 

Upper first molar 4.12% 
Upper third molar 4.10% 

Upper second molar 3.10% 
Upper second incisor 2.81% 
Lower second molar 2.51% 

Upper second premolar 2.44% 
Lower third molar -2.36% 

 
Table 23. Percentage of sexual dimorphism for combined cervical diameters 

in descending order (Spitalfields sample). 

 
5.2.2 The Bocage and Coimbra sample 
 

Permanent coronal diameters 

The percentage of sexual dimorphism in the permanent coronal diameters 

range from 14.40% for the buccolingual diameter of the lower canine, to 

2.05% for the buccolingual diameter of the lower second incisor. There were 

also no negative percentages of sexual dimorphism. Again, the most 

dimorphic diameter was from a lower tooth, but overall the upper diameters 

were more dimorphic, with a mean percentage of sexual dimorphism of 

7.42%, compared to 6.44% for the lower diameters. Interestingly, the coronal 

buccolingual diameters were slightly more dimorphic than the mesiodistal 

diameters, with a mean percentage of 7.16%, compared to 6.72%.  
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Diameter Male mean 

(mm) 
Female mean 

(mm) 
% of sexual 
dimorphism 

MDU1 8.44 7.83 7.79 
BLU1 7.27 7.02 3.56 
MDU2 6.30 5.84 7.87 
BLU2 6.51 6.19 5.16 
MDU3 7.51 6.95 8.06 
BLU3 8.65 7.78 11.18 
MDU4 6.56 6.19 5.97 
BLU4 8.67 8.11 6.91 
MDU5 6.32 5.92 6.75 
BLU5 9.10 8.44 7.81 
MDU6 10.62 9.78 8.59 
BLU6 11.12 10.43 6.61 
MDU7 9.85 8.95 10.05 
BLU7 11.30 10.06 12.32 
MDU8 8.83 8.59 2.79 
BLU8 10.80 10.07 7.24 

 

Table 24. Percentage of sexual dimorphism for permanent upper coronal 

diameters (Bocage/Coimbra sample). 

 
Diameter Male mean 

(mm) 
Female mean 

(mm) 
% of sexual 
dimorphism 

MDL1 5.16 4.92 4.87 
BLL1 5.98 5.86 2.05 
MDL2 5.66 5.39 5.01 
BLL2 6.33 6.15 2.93 
MDL3 6.54 6.10 7.21 
BLL3 8.26 7.22 14.40 
MDL4 6.74 6.25 7.84 
BLL4 7.52 7.03 6.97 
MDL5 6.81 6.44 5.74 
BLL5 8.22 7.56 8.73 
MDL6 10.94 10.36 5.59 
BLL6 10.18 9.61 5.93 
MDL7 10.71 9.94 7.74 
BLL7 9.96 9.33 6.75 
MDL8 10.41 9.85 5.68 
BLL8 9.74 9.23 5.52 

 
Table 25. Percentage of sexual dimorphism for permanent lower coronal 

diameters (Bocage/Coimbra sample). 
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When the diameters were combined to give a percentage of dimorphism for 

each tooth, the highest score was for the upper second molar (11.19%), 

followed by the lower canine (10.81%) and the upper canine (9.62%). The 

least dimorphic tooth was also the lower second incisor (3.46%). 

 

Tooth/combined coronal  
diameters 

Percentage of sexual  
dimorphism 

Upper second molar 11.19% 
Lower canine 10.81% 
Upper canine 9.62% 

Upper first molar 7.60% 
Lower first premolar 7.41% 

Upper second premolar 7.28% 
Lower second molar 7.25% 

Lower second premolar 7.24% 
Upper second incisor 6.52% 
Upper first premolar 6.44% 

Lower first molar 5.76% 
Upper first incisor 5.68% 
Lower third molar 5.60% 
Upper third molar 5.02% 
Lower first incisor 3.97% 

Lower second incisor 3.46% 
 

Table 26. Percentage of sexual dimorphism for combined coronal diameters 

in descending order (Bocage/Coimbra sample). 

 

Permanent cervical diameters 

The percentage of sexual dimorphism in the permanent cervical diameters 

ranged from 19.76% for the mesiodistal diameter of the lower canine to 4.47% 

for the buccolingual diameter of the lower second incisor. There were no 

negative percentages of sexual dimorphism in the cervical diameters. 

Although the 2 highest scoring diameters were from lower teeth: the 

mesiodistal lower canine diameter and the mesiodistal lower second 

premolar, the upper diameters were slightly more sexually dimorphic overall 

with a mean percentage of 11.99%, compared to 11.18% for the lower 

diameters. The mesiodistal diameters were also more dimorphic overall than 

the buccolingual diameters.   
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Diameter Male mean 
(mm) 

Female mean 
(mm) 

% of sexual 
dimorphism 

MDU1 6.45 5.78 11.59 
BLU1 6.55 6.18 5.99 
MDU2 4.79 4.24 12.97 
BLU2 5.91 5.43 8.84 
MDU3 5.87 4.97 18.10 
BLU3 8.26 7.18 15.04 
MDU4 4.83 4.31 12.06 
BLU4 8.23 7.43 10.76 
MDU5 4.95 4.27 15.93 
BLU5 8.75 7.77 12.61 
MDU6 8.05 7.22 11.50 
BLU6 10.62 9.56 11.09 
MDU7 7.83 6.97 12.33 
BLU7 10.90 9.39 16.08 
MDU8 6.94 6.50 6.76 
BLU8 10.47 9.49 10.33 

 

Table 27. Percentage of sexual dimorphism for permanent upper cervical 

diameters (Bocage/Coimbra sample). 

 
Diameter Male mean 

(mm) 
Female mean 

(mm) 
% of sexual 
dimorphism 

MDL1 3.51 3.16 11.08 
BLL1 5.69 5.37 5.96 
MDL2 3.92 3.58 9.50 
BLL2 6.07 5.81 4.47 
MDL3 5.42 4.61 19.76 
BLL3 7.96 6.94 14.70 
MDL4 5.03 4.40 14.32 
BLL4 7.01 6.31 11.09 
MDL5 5.36 4.49 19.38 
BLL5 7.51 6.90 8.84 
MDL6 8.99 8.18 9.90 
BLL6 8.99 8.38 7.28 
MDL7 9.22 8.24 11.89 
BLL7 8.83 8.03 9.96 
MDL8 9.09 8.29 9.65 
BLL8 8.76 7.88 11.16 

 
Table 28. Percentage of sexual dimorphism for permanent lower cervical 

diameters (Bocage/Coimbra sample). 
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The lower and upper canines were the most sexually dimorphic teeth overall 

(when the diameters were combined), scoring 17.23% and 16.57% 

respectively. The next most dimorphic tooth was the upper second premolar 

(14.27%) followed by the upper second molar (14.21%). The least dimorphic 

tooth was the lower second incisor (6.99%). 

 

Tooth/combined cervical  
diameters 

Percentage of sexual  
dimorphism 

Lower canine 17.23% 
Upper canine 16.57% 

Upper second premolar 14.27% 
Upper second molar 14.21% 

Lower second premolar 14.11% 
Lower first premolar 12.71% 
Upper first premolar 11.41% 

Upper first molar 11.30% 
Lower second molar 10.93% 
Upper second incisor 10.91% 

Lower third molar 10.41% 
Upper first incisor 8.79% 
Lower first molar 8.59% 
Upper third molar 8.55% 
Lower first incisor 8.52% 

Lower second incisor 6.99% 
 

Table 29. Percentage of sexual dimorphism for combined cervical diameters 

in descending order (Bocage/Coimbra sample). 

 

Deciduous coronal diameters 

The percentage of sexual dimorphism in the deciduous coronal diameters 

ranged from 17.09% for the buccolingual diameter of the lower first premolar, 

to -11.82% for the mesiodistal diameter of the upper first incisor. The lower 

first premolar percentage is unusually high, and this is not reflected in its 

cervical counterpart (7.60%). As the cervical diameters have tended to show 

consistently higher levels of sexual dimorphism this result may also be the 

due to random sampling factors, although the t-test result was statistically 

significant (p=0.003). All the incisor diameters had negative percentages of 

sexual dimorphism that ranged from -11.82% to -1.21% for the mesiodistal 

diameter of the upper second incisor.  
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In this case the lower diameters had a slightly mean percentage of 

dimorphism (2.32%) than the upper diameters (2.17%), and the buccolingual 

diameters were slightly more dimorphic (2.76%) than the mesiodistal 

diameters (2.72%). Given the range, however, of the coronal dimorphism 

percentage, these mean values may be of limited use in expressing the 

sample as a whole.  

  

Diameter Male mean 
(mm) 

Female mean 
(mm) 

% of sexual 
dimorphism 

DMDU1 5.93 6.11 - 2.95 
DBLU1 4.91 5.09 - 3.54 
DMDU2 4.89 4.95 - 1.21 
DBLU2 4.63 4.98 - 7.03 
DMDU3 6.50 6.24 4.17 
DBLU3 5.97 5.69 4.92 
DMDU4 6.99 6.42 8.87 
DBLU4 8.34 7.93 5.17 
DMDU5 8.90 8.25 7.87 
DBLU5 9.57 9.08 5.39 

 

Table 30. Percentage of sexual dimorphism for deciduous upper coronal 

diameters (Bocage/Coimbra sample). 

 
Diameter Male mean 

(mm) 
Female mean 

(mm) 
% of sexual 
dimorphism 

DMDL1 3.58 4.06 - 11.82 
DBLL1 3.67 3.83 - 4.17 
DMDL2 4.48 4.68 - 4.27 
DBLL2 4.28 4.43 - 3.38 
DMDL3 5.66 5.65 0.06 
DBLL3 5.79 5.38 7.62 
DMDL4 7.78 6.89 12.92 
DBLL4 6.92 5.91 17.09 
DMDL5 9.60 9.27 3.55 
DBLL5 8.56 8.11 5.55 

 
Table 31. Percentage of sexual dimorphism for deciduous lower coronal 

diameters (Bocage/Coimbra sample). 

 

Finally, when the diameters were combined to give a percentage of 

dimorphism for each tooth, the highest scoring tooth was also the lower first 
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premolar (15.05%), albeit with a considerably higher percentage than that 

obtained from the cervical diameters (8.72%). The other deciduous premolars 

all display higher levels of sexual dimorphism than the canines using the 

coronal diameters. The incisors all have negative percentage of sexual 

dimorphism, the least dimorphic tooth being the lower first incisor.  

 

Deciduous Tooth/ 
combined coronal diameters 

 Percentage of sexual dimorphism 

Lower first premolar 15.05% 
Upper first premolar 7.02% 

Upper second premolar 6.63% 
Lower second premolar 4.55% 

Upper canine 4.54% 
Lower canine 3.84% 

Upper first incisor -3.25% 
Lower second incisor -3.83% 
Upper second incisor -4.12% 

Lower first incisor -7.80% 
 

Table 32. Percentage of sexual dimorphism for combined deciduous coronal 

diameters in descending order (Bocage/Coimbra sample). 

 

Deciduous cervical diameters 

The percentage of sexual dimorphism in the deciduous cervical diameters 

ranged from 12.53% for the buccolingual diameter of the upper second 

incisor, to -8.51% for the mesiodistal diameter of the upper first incisor. It is, 

however, worth noting that that the mean difference of the buccolingual 

diameter of the upper second incisor did not register as statistically significant 

(p=0.170) in the independent samples t-test, and this particularly high 

percentage of sexual dimorphism is more likely due to random sampling 

factors rather than a true reflection of the actual dimorphism of the diameter. 

The other high percentages were those of the mesiodistal lower first premolar 

diameter (9.83%), the buccolingual upper canine diameter (9.57%), and the 

buccolingual diameter of the upper second premolar (9.20%), and these mean 

differences did register as statistically significant in the t-test. There were 

three diameters with negative percentages of sexual dimorphism, all from 

incisor diameters. 
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The upper diameters were again more dimorphic than the lower diameters 

with a mean percentage of sexual dimorphism of 4.66%, compared to 3.62% 

for the lower diameters (although the high percentage for BLU2 will have 

contributed to this).  

The buccolingual diameters were considerably more dimorphic than the 

mesiodistal diameters, with a mean percentage of 6.96% compared to 2.37%. 

 

Diameter Male mean 
(mm) 

Female mean 
(mm) 

% of sexual 
dimorphism 

DMDU1 4.30 4.70 - 8.51 
DBLU1 4.26 4.03 5.71 
DMDU2 3.47 3.46 0.29 
DBLU2 4.13 3.67 12.53 
DMDU3 4.77 4.57 4.38 
DBLU3 5.15 4.70 9.57 
DMDU4 5.25 5.03 4.37 
DBLU4 7.22 6.86 5.25 
DMDU5 6.40 6.17 3.73 
DBLU5 8.55 7.83 9.20 

 

Table 33. Percentage of sexual dimorphism for deciduous upper cervical 

diameters (Bocage/Coimbra sample). 

 
Diameter Male mean 

(mm) 
Female mean 

(mm) 
% of sexual 
dimorphism 

DMDL1 2.68 2.82 - 4.96 
DBLL1 3.19 3.00 6.33 
DMDL2 2.91 3.10 - 6.12 
DBLL2 3.73 3.65 2.19 
DMDL3 4.48 4.27 4.91 
DBLL3 4.96 4.62 7.36 
DMDL4 6.48 5.90 9.83 
DBLL4 5.38 5.00 7.60 
DMDL5 7.44 7.08 5.08 
DBLL5 6.90 6.64 3.92 

 

Table 34. Percentage of sexual dimorphism for deciduous lower cervical 

diameters (Bocage/Coimbra sample). 

 

When the diameters were combined to give a percentage of dimorphism for 

each tooth, the highest scoring tooth was the lower first premolar (8.72%), 
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followed by the upper canine (6.98) and the upper second premolar (6.47%). 

The next most dimorphic tooth was the upper second incisor (6.28%), 

although this can, however, probably be attributed to sampling factors, and in 

reality it is likely that the lower canine (6.14%) is the more dimorphic tooth. 

The least dimorphic tooth was the lower second incisor (-1.97%) and this was 

consistent with the permanent teeth. 

 

Deciduous Tooth/ 
combined cervical diameters 

 Percentage of sexual dimorphism 

Lower first premolar 8.72% 
Upper canine 6.98% 

Upper second premolar 6.47% 
Upper second incisor 6.28% 

Lower canine 6.14% 
Upper first premolar 4.81% 

Lower second premolar 4.50% 
Lower first incisor 0.69% 
Upper first incisor -1.4% 

Lower second incisor -1.97% 
 

Table 35. Percentage of sexual dimorphism for combined deciduous cervical 

diameters in descending order (Bocage/Coimbra sample). 

 

5.2.3 The Windover sample 
 
The percentage of sexual dimorphism for the upper diameters ranged from 

12.56% for the mesiodistal diameter of the second molar to 6.45% for the 

mesiodistal diameter of the first molar. The lower diameters ranged from 

16.29% for the mesiodistal diameter of the canine to 5.31% for the 

buccolingual measurement of the third molar. There were also no negative 

percentages of sexual dimorphism in the Windover sample.  Although again it 

is possible that morphological sexing techniques based on body size and 

general skeletal robustness may be a factor here, the Windover sample is not 

being compared with the historical samples, so this does not affect any results 

in this study. The lower diameters were the more dimorphic with an average 

score of 10.06%, compared to 9.77% for the upper diameters. Overall the 
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mesiodistal diameters were very slightly more dimorphic than the buccolingual 

diameters with scores, on average, of 10.24% and 9.59% respectively.  

 
Diameter Male mean 

(mm) 
Female Mean 

(mm) 
% of Sexual 
Dimorphism 

MDU1 6.55 6.12 7.02% 
BLU1 6.8 6.16 10.38% 
MDU2 5.71 5.15 10.87% 
BLU2 6.66 5.92 12.5% 
MDU3 6.55 5.97 9.72% 
BLU3 8.46 7.74 9.30% 
MDU4 5.62 5.07 10.84% 
BLU4 8.69 8.16 6.50% 
MDU5 5.47 4.95 10.50% 
BLU5 8.59 7.76 10.69% 
MDU6 8.75 8.22 6.45% 
BLU6 11.49 10.66 7.79% 
MDU7 8.87 7.88 12.56% 
BLU7 11.57 10.44 10.82% 
MDU8 8.05 7.38 9.08% 
BLU8 10.75 9.66 11.28% 

 

Table 36. Percentage of sexual dimorphism for upper cervical diameters 
(Windover sample). 

 
Diameter Male mean 

(mm) 
Female Mean 

(mm) 
% of Sexual 
Dimorphism 

MDL1 3.95 3.59 10.02% 
BLL1 5.73 5.24 9.35% 
MDL2 4.51 4.06 11.08% 
BLL2 6.22 5.77 7.79% 
MDL3 6.28 5.40 16.29% 
BLL3 8.10 7.13 13.60% 
MDL4 5.65 5.05 11.88% 
BLL4 7.39 6.79 8.84% 
MDL5 5.67 5.24 8.21% 
BLL5 7.34 6.71 9.39% 
MDL6 10.26 9.44 8.69% 
BLL6 9.53 8.81 8.17% 
MDL7 10.34 9.07 14.00% 
BLL7 9.59 8.59 11.64% 
MDL8 9.83 9.22 6.62% 
BLL8 9.51 9.03 5.31% 

 
Table 37. Percentage of sexual dimorphism for lower cervical diameters 

(Windover sample). 
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When the diameters for each tooth were combined, the most dimorphic tooth 

was the lower canine (14.95%) followed by the lower and upper second 

molars which scored 12.82% and 11.69% respectively. The least dimorphic 

tooth was the lower third molar (5.58%). 

 
Tooth/combined cervical  

diameters 
Percentage of sexual  

dimorphism 
Lower canine 14.95% 

Lower second molar 12.82% 
Upper second molar 11.69% 
Upper second incisor 11.68% 

Upper second premolar 10.60% 
Lower first premolar 10.36% 
Upper third molar 10.07% 
Upper first incisor 9.68% 

Upper canine 9.51% 
Lower second incisor 9.43% 

Lower second premolar 8.80% 
Lower first incisor 8.70% 

Upper first premolar 8.67% 
Lower first molar 8.43% 
Upper first molar 7.12% 
Lower third molar 5.58% 

 
 

Table 38. Percentage of sexual dimorphism for combined cervical diameters 

in descending order (Windover sample). 

 

 

 

 

 

 

 

 

 

Figures 1 and 2 below show the percentages of sexual dimorphism of each 

tooth for the three samples. 
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Figure 11.  Percentage of sexual dimorphism for each tooth. Cervical 

diameters – Upper teeth 
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Figure 12. Percentage of sexual dimorphism for each tooth. Cervical 

diameters – Lower teeth 

 
5.3 Scatterplots 
 
Scatterplots for each of the samples indicate the relative distribution of the 

male and female measurements for each tooth, and the overlap between the 
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two. The mesiodistal diameters are represented on the ‘X’ axis, and the 

buccolingual diameters on the ‘Y’ axis. These scatterplots can be found in 

appendix D. 

 

5.3.1 The Spitalfields sample 
 
The scatterplot graphs are for each tooth using coronal and cervical diameters 

respectively. None of the plots show a distinct bimodal distribution although 

the degree of overlap varies. The coronal canine plots have the most distinct 

male/female zones of distribution reflecting the levels of dimorphism 

consistently seen in this tooth and the negative dimorphism of the upper 

molars and lower first premolar can be clearly be seen in the overlapping 

distribution of the scatterplots. Again, the cervical canine plots have the most 

distinct male/female distribution, and the negative dimorphism of the lower 

third molar is reflected in the scatterplot. 

 

 
 

5.3.2 The Bocage and Coimbra sample 
 
These scatterplots graphs are for the relative tooth diameters from the 

Bocage/Coimbra sample.  

Again, none of the plots show a distinct bimodal distribution, and the extent of 

male/female overlap also varies between teeth. The canine plots, both coronal 

and cervical also tend to have the most distinct male/female zones of 

distribution. The cervical diameters consistently show less male/female 

overlap than the coronal diameters. The negative percentages of dimorphism 

in the deciduous incisors can also be clearly seen in the distribution of the 

scatterplots.   For example, in the cervical diameters of the deciduous upper 

first incisor, although the male children tend to have larger buccolingual 

diameters, the female children have larger mesiodistal measurements, 

resulting in a small negative percentage of sexual dimorphism (-1.4%).  

Similar distributions can be seen throughout the deciduous incisors.  
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5.3.3 The Windover sample 
 
The appendix shows scatterplot graphs for the Windover sample and although 

again there is no completely clear cut bimodality, the patterns are similar to 

that of the Bocage/Coimbra sample. Once again, however, it is not possible to 

directly compare these samples as one is historical and the other 

archaeological and therefore morphologically sexed. The least distinct zones 

of male/female distribution can be seen in the lower third molar, upper second 

incisors and upper first premolars, and the greatest in the lower canine, lower 

second premolar and lower first molar. The scatters for the lower teeth are 

generally more distinct than those of the uppers. The unknown sex subadults 

are, as is to be expected, scattered throughout. 

 

 
5.4 Discriminant Function Analysis 
 
Discriminant function analysis has been applied to all data sets. Discriminant 

functions have been applied to the Spitalfields sample in order to assess the 

relative effectiveness of coronal and cervical diameters in sex assignment. 

The discriminant functions applied to the known sex sample of adults and 

subadults from the Bocage and Coimbra Collections have been used to link 

the dimorphism of the adult dentition with that of the subadults, and finally, 

discriminant functions have been used to assign sex to the Windover sample 

of unknown sex subadults with those created from the known sex adult 

sample. Only diameters with statistically significant mean differences (in this 

case, the male mean being greater than the female mean) were chosen in 

order to more accurately classify sex. 

 

5.4.1 The Spitalfields sample 
 
The diameters used in these discriminant functions were chosen on the basis 

of the statistical significance of the male and female mean differences as 

indicated by the 2-tail significance of the t-tests. In total, 30 discriminant 

functions have been created. The functions are derived from the entire 

sample of 25 males and 25 females of historically known sex, which were 
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chosen from the known sex collection (968 individuals) on the basis of the 

quantity and quality of teeth remaining in the dental arcade, with the intention 

of directly comparing the classification effectiveness of the coronal and 

cervical diameters. The 18 coronal and cervical diameters that had significant 

mean differences have been used as well as a further 11 combinations of 

these diameters. The results are briefly summarised in the tables below 

(Table 39-42). 

Coronal Diameter Percentage Correctly Classified 
Blu1 73.9% 

Blu2 74.1% 

Blu3 78.6% 

Bll3 76.0% 

Mdl3 84.0% 

Mdu3 71.4% 

 

Table 39. Discriminant function classification results using coronal diameters 

(Spitalfields sample). 

Cervical Diameter Percentage Correctly Classified 
Blu1 73.9% 

Blu2 74.1% 

Blu3 78.6% 

Bll1 68.0% 

Bll3 84.0% 

Bll5 62.9% 

Bll6 86.4% 

Mdu3 72.4% 

Mdu6 66.7% 

Mdl1 76.0% 

Mdl3 80.0% 

Mdl6 63.6% 

 

Table 40. Discriminant function classification results using cervical diameters 

(Spitalfields sample). 
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Combined Coronal Diameters  Percentage Correctly Classified 

Blu3 + Mdu3 78.6% 

Blu1 + Blu2 78.3% 

Blu1 + Blu2 + Blu3 + Mdu3 78.3% 

Bll3 + Mdl3 84% 

Blu3 + Mdu3 + Bll3 + Mdl3 67.9% 

Blu1 + Blu2 + Blu3 + Mdl3 + Mdu3 80% 

 

Table 41. Discriminant function classification results using combined coronal 

diameters (Spitalfields sample). 

 
Combined Cervical Diameters  Percentage Correctly Classified 

Blu3 + Mdu3 72.4% 

Blu1 + Blu3 87.0% 

Bll3 + Mdl3 80.0% 

Blu3 + Mdu3 + Bll3 + Mdl3 80.0% 

Bll1 + Bll3 + Bll5 + Bll6 + Mdl1 + Mdl3 

+ Mdl7 

88.0% 

Mdl3 + Bll3 + Mdl6 + Bll6 84.0% 

 
Table 42. Discriminant function classification results using combined cervical 

diameters (Spitalfields sample). 

. 
 
 
5.4.2 The Bocage and Coimbra sample 
 
Discriminant function analysis has been applied to adult diameters with 

statistically significant male and female mean differences in order to assess 

which diameter, or combination of diameters, will classify sex most accurately.   

These functions have then been applied to the subadults with mixed dentition 

(who were entered as ‘sex unknown’) in order to link permanent dimorphism 

with deciduous dimorphism. The functions created from the individuals with 
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mixed dentition were then used to classify the individuals with deciduous 

dentition. To estimate possible misclassification rates the ‘leave one out’ or 

‘cross-validation’ method has been applied to all the functions in which the 

discriminant function is derived from n – 1 sample members, and then used to 

classify the sample member left out. This is then repeated throughout the 

sample, leaving out a different member each time (Landeau and Everitt, 

2004:321-322). In order to increase the accuracy (although not necessarily 

the success rate) the cross-validated functions have been used to classify the 

subadults. 

 

Tables 43-51 show a summary of results from the discriminant function 

analysis. The tables show the number of cases analysed for each 

combination of diameters, the significance of the Wilks’ Lambda test, the 

relative percentage original grouped cases correctly classified as males or 

females, and the percentage of cross-validated grouped cases correctly 

classified. The Wilks” Lambda significance is the probability that the 

discriminant function is doing better than chance, and, therefore less than 

p=0.05. 

 
Diameters No. of 

cases 
Wilks’ 

Lambda 
(sig) 

% 
Correctly 
classified 

male 

% 
Correctly 
classified 

female 

Cross- 
validated 

% 
correctly 
classified 

Mdu1/blu1 53 0.000 72% 71.4% 71.7% 
Mdu2/blu2 71 0.000 63.6% 76.3% 70.4% 
Mdu3/blu3 58 0.000 92.6% 93.5% 93.1% 
Mdu4/blu4 64 0.000 66.7% 85.3% 76.6% 
Mdu5/blu5 51 0.000 88% 80.8% 84.3% 
Mdu6/blu6 95 0.000 81.3% 74.5% 77.9% 
Mdu7/blu7 50 0.000 84.6% 79.2% 82.0% 
Mdu8/blu8 19 0.010 81.8% 62.5% 73.7% 

 

Table 43. Discriminant Function Summary. Upper cervical diameters 

(Bocage/Coimbra Sample). 
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Diameters No. of 
cases 

Wilks’ 
Lambda 

(sig) 

% 
Correctly 
classified 

male 

% 
Correctly 
classified 

female 

Cross- 
validated 

% 
correctly 
classified 

Mdl1/bll1 67 0.000 68.6% 71.9% 70.1% 
Mdl2/bll2 68 0.001 63.6% 80.6% 72.5% 
Mdl3/bll3 60 0.000 79.2% 91.7% 86.7% 
Mdl4/bll4 61 0.000 82.8% 78.1% 80.3% 
Mdl5/bll5 67 0.000 83.3% 90.9% 87% 
Mdl6/bll6 95 0.000 82.4% 75.6% 79.2% 
Mdl7/bll7 48 0.000 84% 79.2% 81.6% 
Mdl8/bll8 20 0.007 80% 70% 75% 

 

Table 44. Discriminant Function Summary. Lower cervical diameters 

(Bocage/Coimbra Sample). 
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Diameters No. of 

cases 
Wilks’ 

Lambda 
(sig) 

% 
Correctly 
classified 

male 

% 
Correctly 
classified 

female 

Cross- 
validated 

% 
correctly 
classified 

CMdu1/blu1 50 0.000 54.2% 78.6% 67.3% 
CMdu2/blu2 64 0.009 53.3% 71.4% 63.1% 
CMdu3/blu3 57 0.000 77.8% 80% 78.9% 
CMdu4/blu4 63 0.001 53.5% 76.5% 65.6% 
CMdu5/blu5 49 0.000 66.7% 80% 73.5% 
CMdu6/blu6 94 0.000 70.2% 83% 76.6% 
CMdu7/blu7 52 0.000 82.1% 83.3% 82.7% 
CMdu8/blu8 19 0.054 90.9% 62.5% 78.9% 

 

Table 45. Discriminant Function Summary. Upper coronal diameters 

(Bocage/Coimbra Sample). 

 

Diameters No. of 
cases 

Wilks’ 
Lambda 

(sig) 

% 
Correctly 
classified 

male 

% 
Correctly 
classified 

female 

Cross- 
validated 

% 
correctly 
classified 

CMdl1/bll1 61 0.151 58.1% 56.7% 57.4% 
CMdl2/bll2 62 0.022 58.6% 72.7% 66.1% 
CMdl3/bll3 55 0.000 73.7% 91.7% 85.5% 
CMdl4/bll4 58 0.000 70.4% 74.2% 72.4% 
CMdl5/bll5 44 0.000 68.2% 77.3% 72.7% 
CMdl6/bll6 93 0.000 74% 69.8% 72% 
CMdl7/bll7 47 0.000 66.7% 65.2% 66% 
CMdl8/bll8 19 0.263 55.6% 80% 68.4% 

 

Table 46. Discriminant Function Summary. Lower coronal diameters 

(Bocage/Coimbra Sample). 
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Diameters No. of 

cases 
Wilks’ 

Lambda 
(sig) 

% 
Correctly 
classified 

male 

% 
Correctly 
classified 

female 

Cross- 
validated 

% 
correctly 
classified 

Dmdu1/blu1 6 0.269 66.7% 33.3% 66.7% 
Dmdu2/blu2 7 0.432 100% 33.3% 71.4% 
Dmdu3/blu3 24 0.020 86.7% 77.8% 83.3% 
Dmdu4/blu4 26 0.100 69.2% 61.5% 65.4% 
Dmdu5/blu5 46 0.000 87.5% 72.7% 80.4% 

 
Table 47. Discriminant Function Summary. Deciduous upper cervical 

diameters (Bocage/Coimbra Sample). 

 

Diameters No. of 
cases 

Wilks’ 
Lambda 

(sig) 

% 
Correctly 
classified 

male 

% 
Correctly 
classified 

female 

Cross- 
vaildated 

% 
correctly 
classified 

Dmdl1/bll1 3 0.301 66.7% 33.3% 66.7% 
Dmdl2/bll2 10 0.224 100% 75% 90% 
Dmdl3/bll3 20 0.029 75% 75% 75% 
Dmdl4/bll4 32 0.003 85% 58.3% 75% 
Dmdl5/bll5 43 0.064 71.4% 72.7% 72.1% 

 

Table 48. Discriminant Function Summary. Deciduous lower cervical 

diameters (Bocage/Coimbra Sample). 

 
Diameters No. of 

cases 
Wilks’ 

Lambda 
(sig) 

% 
Correctly 
classified 

male 

% 
Correctly 
classified 

female 

Cross- 
validated 

% 
correctly 
classified 

Dmdu3/blu3 
Dmdu5/blu5 

24 
24 

0.014 86.7% 77.8% 83.3% 

 

Table 49. Discriminant Function Summary. Combined deciduous canine and 

second premolar upper cervical diameters (Bocage/Coimbra Sample). 
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Diameters No. 

of 
cases 

Wilks’ 
Lambda 

(sig) 

% 
Correctly 
classified 

male 

% 
Correctly 
classified 

female 

Cross-
Validated 

% total 
correctly 
classified 

CDmdu1/blu1 3 0.472 66.7% 33.3% 50% 
CDmdu2/blu2 5 0.851 100% 0% 60% 
CDmdu3/blu3 22 0.303 84.6% 33.3% 63.6% 
CDmdu4/blu4 24 0.056 54.5% 76.9% 66.7% 
CDmdu5/blu5 43 0.006 65.2% 70% 67.4% 

 

Table 50. Discriminant Function Summary. Deciduous upper coronal 

diameters (Bocage/Coimbra Sample). 

 
Diameters No. of 

cases 
Wilks’ 

Lambda 
(sig) 

% 
Correctly 
classified 

male 

% Correctly 
classified 

female 

Cross- 
validated 

% correctly 
classified 

CDmdl1/bll1 3 0.136 100% 100% 66.7% 
CDmdl2/bll2 8 0.511 75% 50% 62.5% 
CDmdl3/bll3 18 0.056 90.9% 57.1% 72.2% 
CDmdl4/bll4 23 0.007 100% 37.5% 73.9% 
CDmdl5/bll5 38 0.051 60% 55.6% 57.9% 

 

Table 51. Discriminant Function Summary. Deciduous lower coronal 

diameters (Bocage/Coimbra Sample). 

 

Once again, the cervical diameters performed consistently better than the 

coronal diameters.  

 

Permanent diameters 

The cross-validated percentages of correctly classified individuals using 

cervical diameters ranged from 93.1% of 58 individuals for the upper canine to 

70.1% of 67 individuals for the lower first incisor. The Wilks’ Lambda 

significance was below p=0.05 for all the discriminant functions created using 

these diameters. 

The cross validated percentage for the coronal diameters ranged from 82.7% 

of 52 individuals for the upper second molar to 57.4% (little better than 
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guessing) for the lower first incisor. The Wilks’ Lambda significance was 

above p=0.05 for 3 of these discriminant functions. 

Deciduous diameters. 

The most successful discriminant function used the cervical upper canine 

diameters, and correctly classified 83.3% (of 24 cases). This was followed by 

the cervical upper second premolar (80.4%), and both the lower canine and 

first premolar correctly classified 75% of cases. All these functions had Wilks’ 

Lambda significance below p=0.05.  

A combination of the upper canine and second premolar cervical diameters 

also correctly classified 83.3% of 24 cases.  

It is worth noting that although the cervical lower second incisor diameters 

apparently correctly classified 90% of 10 cases, the high Wilks’ Lambda 

significance (p=0.224), the negative mean difference of the mesiodistal 

diameter (-0.19) and the negative male mean discriminant function value (-

0.533) all indicate that this may not be a reliable discriminant function.  

The percentage of correct classification for the coronal diameters were all 

lower than those of the cervical diameters, and ranged from 73.9% of cases 

for the lower first premolar to 50% for the upper first incisor. The lower canine 

scored 72.2%, compared to 63.6% for the upper canine.  

 

The next step in this pilot study was to use the discriminant functions from the 

adults, (and therefore ‘known sex’) to classify the subadult individuals (who, in 

an archaeological assemblage, will be of ‘unknown sex’). Please note that 

only the cervical diameters have been used in these functions due to their 

consistently more dimorphic performance in the other data analysis. 

 

Firstly, a new data set was created. All the individuals aged 17 years and 

under were changed in the biological sex column of the SPSS spreadsheet 

from either male (1) or female (2), to unknown (3).  

Several discriminant functions using the permanent tooth diameters were then 

created to assess which best classified the unknown sex cases. The 

classification results were checked for accuracy using the original known sex 

data set. The results of these discriminant functions are summarised in table 

52 below. 
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Diameter/s No. of 
unknown 

cases 

Wilks’ 
Lambda 

(sig.) 

No. 
unknown 
Correctly 
classified 

No. 
unknown 

incorrectly 
classified 

% 
unknown 
correctly 
classified 

Mdu3/Blu3 23 0.000 21 2 91.31% 
Mdl3/Bll3 31 0.000 28 3 90.32% 

Mdu3/Blu3 
Mdl3/Blu3 

23 0.000 21 2 91.31% 

Mdu6/Blu6 
Mdl6/Bll6 

63 0.013 50 13 79.4% 

Mdu3/Blu3 
Mdu6/Blu6 
Mdl3/Bll3 
Mdl6/Bll6 

21 0.11 17 4 80.96 

Mdu5/Blu5 
Mdu6/Blu6 
Mdl5/Blu5 
Mdl6/Blu6 

15 0.006 15 3 80% 

Mdu6/Blu6 
Mdu7/Blu7 
Mdl6/Bll6 
Mdl7/Bll7 

10 0.65 8 2 80% 

 

Table 52. Percentage of ‘unknown’ cases correctly classified using permanent 

teeth (Bocage/Coimbra Sample). 

 

Finally, results of these functions were used to create another data sheet that 

included the subadults classified as male or female using the permanent 

teeth, and the 6 ‘unknown’ cases from the original data set, with only 

deciduous teeth.  

More discriminant functions were then created using deciduous diameters. As 

a proportion of the subadults had mixed dentition, it was possible to assess 

which deciduous diameters would most accurately classify the unknown sex 

cases based on the classifications from the permanent teeth. The 

classification results of the unknown sex cases were also checked for 

accuracy using the original data set.  

The results of these are summarised in the table below. Please note that only 

those diameters with a classification accuracy of 75% or more have been 

reported. 
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Diameter/s No. of 
unknown 

cases 

Wilks’ 
Lambda 

(sig.) 

No. 
unknown 
Correctly 
classified 

No. 
unknown 

incorrectly 
classified 

% 
unknown 
correctly 
classified 

DMdu3/DBlu3 4 0.054 3 1 75% 
DMdu5/DBlu5 6 0.001 5 1 83.3% 
DMdu5/DBlu5 
DMdl5/DBll5 

5 0.053 4 1 80% 

DMdu5/DBlu5 
DMdl5 

5 0.017 5 0 100% 

 

Table 53. Percentage of ‘unknown’ cases correctly classified using deciduous 

teeth (Bocage/Coimbra Sample). 

 

5.4.3 The Windover sample 
 
Using the method established with the Bocage/Coimbra sample, discriminant 

functions were created from the morphologically sexed adult Windover 

sample to assess the sex discriminatory effectiveness of the adult tooth 

diameters. Although there are disadvantages in using a reference sample that 

is based upon osteological observation rather than historical documentation 

these are far outweighed by using a reference sample that is from the 

population which is being studied, especially when that population is so far 

removed in time from any possible historical reference sample. This is 

highlighted by Ousley and Jantz (1996: 19), who caution against applying the 

Forensic Data Bank used by FORDISC 2.0 to individuals whose “race or 

ethnic group is not represented in the reference sample” (Ubelaker et al, 

2002). 

Also, it must be taken into account that the purpose of this part of the study is 

not to assess the levels of sexual dimorphism in the Windover sample as a 

whole, but to link the dimorphism of the morphololgically sexed adult sample 

with the unsexed subadult sample. Initally, however, descriptive statistics 

were applied to all the diameters of the adult sample, and various discriminant 

functions created.  
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It must be noted that although both mesiodistal and buccolingual diameters 

for each tooth were used in the discriminant functions, the stepwise method 

was used in all cases, and, as such, only the most effective diameter has 

been used to create these functions and reported below. When you have a lot 

of predictors the ‘stepwise’ method automatically selects the best variable to 

use in the function. The method starts with a model that doesn’t include any of 

the predictors, and then, at each step, the predictor with the largest F to Enter 

value that exceeds the entry criteria is added to the model (SPSS, IBM, 

2013). In all but two cases, the upper first incisor and the upper first molar, the 

mesiodistal diameter was used in the stepwise analysis. The only anomaly is 

the lower second premolar where, despite using the stepwise method, both 

diameters were used in the analysis.  

The results are summarized in detail in tables 54-55 below. Again, the relative 

percentage of the original grouped cases and cross validated cases correctly 

classified are reported as is the Wilks’ Lambda (value and significance). Also 

reported are the Chi Square, the Eigenvalues and the Standardised Canonical 

Discriminant Function Coefficients.   

The relatively large Wilks’ Lambda in all functions and associated significance 

of p=0.000 in all but two cases (the mesiodistal diameter of the upper second 

incisor p=0.018, and the lower third molar p=0.030) suggest that the functions 

discriminate well and it is unlikely that the differences have arisen by chance 

or random sampling factors. These diameters also had the lowest percentage 

of correctly classified individuals when cross validated (52.6% and 56.3% 

respectively, so little better than chance).  

The discriminant function coefficients, all p=1.00 (except for the slight 

anomaly of the lower second premolar p=0.629/0.587) indicate the 

measurements used are providing reliable classifications. 

The highest cross validated percentage of classification were for the 

mesiodistal diameter of the upper second molar and the mesiodistal diameter 

of the lower first molar at 88.9% and 86.8% respectively. The lowest 

percentage was that of the upper second incisor at 52.6%.  
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Diameter No. of  
Cases 

Wilks’ 
Lambda 

 

Chi-
Square 

Wilks’ 
Lambda 

(Sig) 

Canonical 
Correlation 

(Eigenvalues) 

Standardised 
Canonical 

Discriminant 
Function 

Coefficients 

% 
Correctly 
Classified 

Male 

% 
Correctly 
Classified 

Female 

Cross 
Validated 

% 
Correctly 
Classified 

BLU1 19 .655 6.970 .008 .587 1.00 66.7 70 68.4 
MDU2 15 .018 5.616 .018 .602 1.00 33.3 100 52.6 
MDU3 40 .569 20.563 .000 .656 1.00 80 90 82.5 
MDU4 36 .669 13.485 .000 .576 1.00 75 76.5 75.7 
MDU5 51 .656 20.420 .000 .586 1.00 79.2 85.2 82.4 
BLU6 48 .612 22.357 .000 .623 1.00 72 88 80 
MDU7 54 .490 36.699 .000 .714 1.00 84.6 92.9 88.9 
BLU8 45 .643 18.759 .000 .597 1.00 68.2 91.3 80 

 
Table 54. Summary of discriminant function – Permanent upper teeth (Windover sample). 

 

Diameter No. of  
Cases 

Wilks’ 
Lambda 

 

Chi-
Square 

Wilks’ 
Lambda 

(Sig) 

Canonical 
Correlation 

(Eigenvalues) 

Standardised 
Canonical 

Discriminant 
Function 

Coefficients 

% 
Correctly 
Classified 

Male 

% 
Correctly 
Classified 

Female 

Cross 
Validated 

% 
Correctly 
Classified 

MDL1 32 .587 15.710 .000 .643 1.00 90 64.3 75.6 
MDL2 36 .661 13.890 .000 .583 1.00 78.9 78.9 78.9 
MDL3 54 .361 52.513 .000 .800 1.00 82.8 92 87 
MDL4 47 .595 23.125 .000 .637 1.00 80.8 81 80.9 
MDL5/BLL5 49 .718 15.208 .000 .531 .629/.587 88.5 82.6 83.7 
MDL6 38 .456 27.892 .000 .738 1.00 86.4 87.5 86.8 
MDL7 52 .490 35.291 .000 .714 1.00 80.60 81.8 81.1 
MDL8 47 .899 4.715 .030 .317 1.00 79.3 26.3 56.3 

 
Table 55. Summary of discriminant function – Permanent lower teeth (Windover sample). 
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In order to assign sex to the maximum number of subadults with mixed 

dentition (n=27) the mesiodistal diameter of the lower first molar has been 

used to create the base line to classify individuals as male or female. On this 

basis 13 male and 14 female subadults have been identified, with age at 

death estimates ranging from 4-5 years to 12-18 years. The scatterplot below 

(Figure 103) shows a roughly bimodal distribution between the male and 

female subadults. 

 

 
 

Figure 13. Scatterplot of lower first molar (Windover subadult sample). 
 

A new data set has been created consisting solely of subadults (n=46), 

including the 27 individuals to whom sex has been assigned using the 

mesiodistal diameter of the lower permanent first molar. Due to a lack of 

variables it was only possible to create discriminant functions with four 

deciduous teeth: the upper first and second premolars and the lower second 

incisor and canine. The results of these are summarised below in table 56.  
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Diameter No. of  
Cases 

Wilks’ 
Lambda 

 

Chi-
Square 

Wilks’ 
Lambda 

(Sig) 

 
Eigenvalue 

Standardised 
Canonical 

Discriminant 
Function 

Coefficients 

% 
Correctly 
Classified 

Male 

% 
Correctly 
Classified 

Female 

Cross 
Validated 

% 
Correctly 
Classified 

DMDU4 11 .225 6.721 .010 3.453 1.00 66.7 81.8 88.9 
DMDU5 9 .674 2.955 .086 .483 1.00 75.0 66.7 70.0 
DBLL2 9 .106 3.360 .067 8.390 1.00 100 100 100 
DMDL3 10 .798 1.470 .225 .254 1.00 75.0 60.0 67.7 

	
	

Table 56. Summary of discriminant function – Deciduous teeth (Windover sample).
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Again, in order to maximise the number sex assignments of the subadult 

sample the mesiodistal diameter of the upper first premolar was used to 

create the function. It must be noted that although 100% of cross validated 

grouped cases were correctly classified using the lower incisor, this was 

based on only four original grouped cases, and may well have been the result 

of random sampling factors. In an effort to check the consistency of the 

results, functions were created from all the diameters from each individual to 

ensure all returned the same sex assignment, which they did. Table 57 below 

details these results including the burial number and the estimated age at 

death. It also shows the individuals with whom it was possible to make the link 

between the permanent lower first molar and the deciduous premolar. 

 

Burial 
No. 

Age 
(Yrs) 

MDL6 DMDU4 DMDU5 DBLL2 DMDL3 

23 5-6  F    

36 6-8 M M M M  

51 4-6  F    

56 4-6  F    

63 6-8 M   M M 

66 (66A) 8-12 M    M 

66.1 (66B) 8-11 F F F   

66.3 (66D) 12-18 F     

66.4 (66E) 3-6  F    

67 12-15 F     

70 4-6  F    

73 7 F F F  F 

75 7-9 F     

77 9-11 M  M   

79 13-15 M     

84 9-12 F     

85 3-5  F    

86 11-13 M     

90 11-12.5 M     
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Burial 
No. 

Age 
(Yrs) 

MDL6 DMDU4 DMDU5 DBLL2 DMDL3 

98 4-5 F F F F F 

100 2-4  M    

113 9.5 F F F  F 

116 10-13 M     

122 16-17 F     

129 18 M     

132 6-6.5 M M   M 

133 10.5-11.5 F     

134 2.5-3  F    

139 2-3  F    

141 4-5  F    

144 7-8.5 M M M  M 

150 12-14 M     

156 9-12 F     

164 5-7 F F F F F 

265 7-9 F     

429 8-10 F F F  F 

501.4 11-13 M     

502.2 (502C) 3-6  M    

 

Table 57. Subadult burials showing estimated age at death and sex 

classification (Windover sample). 

 
It was possible to, with a reasonable degree of certainty, assign sex to 

another 11 subadult individuals without the permanent first molar, using 

deciduous tooth diameters, increasing the number to 38 individuals in total. 
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5.5 Summary of results 
 

The initial phase of this study was important in order to check the sex 

assignment efficacy of the cervical diameters, which were needed for the 

Windover sample due to the dental wear in the adult sample. No studies have 

previously been published that directly compare coronal and cervical 

diameters in this way (Hillson, personal communication), and the second 

phase of the study was important as it was necessary to test the proposed 

method of sexing subadults on a known sex sample to prove it worked. 

 

As this research was untaken in three phases, the results will be discussed 

phase by phase 

 

5.5.1 The Spitalfields Sample 

 

This direct comparison of coronal and cervical tooth diameters has shown that 

cervical diameters record higher levels of sexual dimorphism than their 

coronal counterparts. This phase of the project aims to assess these relative 

levels of sexual dimorphism.  

The cervical diameters used in this particular study consistently showed 

higher levels of dimorphism than the coronal diameters, and this can be 

clearly seen in the mean differences for both the upper and lower diameters. 

There were negative mean differences for both the coronal and cervical 

diameters indicating that the female diameters were, on average, larger than 

the male diameters. However, there were eight negative mean differences 

between the coronal diameters compared to four between the cervical 

diameters. The negative mean differences between the cervical buccolingual 

diameters of the upper third molar (-0.011mm) and the lower third molar (-

0.053mm), and the cervical mesiodistal diameter of the upper second incisor 

(-0.009mm), were all too small to have been detected during recording. 

The independent samples t-test for the comparison of means showed 

statistically significant differences between the male and female means for 

both the cervical and coronal diameters. There were, however, considerably 
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more statistically significant differences between the cervical diameters than 

the coronal diameters. There were twelve cervical diameters with statistically 

significant differences at the level of less than, or equal to p=0.05, compared 

to only six coronal differences that registered at this level of significance. The 

cervical diameters also generally had a higher level of significance than the 

coronal diameters. For example, both the mesiodistal and buccolingual 

diameters registered highly significant mean differences (p=0.00), compared 

to the mean differences of the respective coronal diameters (p=0.013 and 

p=0.001). In fact, none of the coronal mean differences registered as highly 

significant. The only coronal mean differences that had higher levels of 

significance than the cervical counterparts were those of the upper second 

incisor and canine which had two-tail significance of p=0.33 and p=0.004 

respectively, compared to p=0.04 and p=0.006 for the corresponding cervical 

diameters.  

Only three of the coronal diameters used to create discriminant functions had 

a classification accuracy of over 75%, and these were all canine diameters. 

The cervical diameters generally score higher discriminant function 

percentages than the coronal diameters, both individually and when 

combined. In total, six of the individually tested cervical diameters score 

higher than 75%. The highest individual score is 87% for the buccolingual 

diameter of the upper first incisor, and this falls just outside the 12% margin of 

error that is accepted when sexing skeletons using the morphology of the 

skull, pelvis and long bones. Another particularly high individual cervical score 

is 86.4% for the buccolingual diameter of the lower first molar. The table 

below shows a direct comparison of the coronal and cervical dimorphism 

percentages.
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Coronal 
Diameter 

% of Sexual Dimorphism 

MDU1 1.60 
BLU1 6.68 
MDU2 -1.41 
BLU2 5.18 
MDU3 5.96 
BLU3 7.34 
MDU4 0.82 
BLU4 1.30 
MDU5 1.08 
BLU5 0.26 
MDU6 -1.05 
BLU6 -1.48 
MDU7 -4.62 
BLU7 3.72 
MDU8 4.53 
BLU8 -5.03 
MDL1 0.89 
BLL1 1.67 
MDL2 4.16 
BLL2 3.21 
MDL3 10.47 
BLL3 7.88 
MDL4 -2.07 
BLL4 -0.35 
MDL5 1.71 
BLL5 3.37 
MDL6 1.52 
BLL6 1.45 
MDL7 1.68 
BLL7 -0.44 
MDL8 3.08 
BLL8 0.37 
 

 
 
Cervical 
Diameter 

% of Sexual Dimorphism 

MDU1 0.16 
BLU1 11.20 
MDU2 -0.21 
BLU2 5.83 
MDU3 12.42 
BLU3 8.01 
MDU4 2.89 
BLU4 6.01 
MDU5 0.04 
BLU5 4.84 
MDU6 5.84 
BLU6 2.39 
MDU7 2.24 
BLU7 3.95 
MDU8 8.31 
BLU8 -0.11 
MDL1 11.06 
BLL1 8.76 
MDL2 7.14 
BLL2 2.52 
MDL3 15.85 
BLL3 12.81 
MDL4 9.16 
BLL4 1.55 
MDL5 6.47 
BLL5 7.14 
MDL6 10.58 
BLL6 8.87 
MDL7 1.91 
BLL7 3.10 
MDL8 -4.11 
BLL8 -0.61 

 
Table 58. Percentage of Sexual 

Dimorphism of Coronal Diameters 

(Spitalfields sample).  

Table 59. Percentage of Sexual 

Dimorphism of Cervical Diameters 

(Spitalfields sample).
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5.5.2 The Bocage and Coimbra Sample 

 

The percentages of sexual dimorphism for both the coronal and cervical 

diameters in these collections are particularly high, and as such this cannot be 

taken as representative of the dimorphism in the collections as a whole and 

may well be due to random sampling factors. Although the sampling strategy 

was to some extent random, it was also based on the preservation, number 

and quality of the teeth, and, given the size of the collections it is quite 

possible that the levels of dimorphism would be reduced if data from a larger 

sample were included.  

However, these particularly high levels of sexual dimorphism for some of the 

diameters (up to 19.76% for the cervical mesiodistal diameter of the upper 

canine) made it necessary to recheck the data. The outliers shown in the box 

plots (see appendix) were rechecked. An ‘outlier’ is a case that is over 1.5 

times more or less than the interquartile range, and so cases with a 

particularly high distribution on the scatterplots (beyond the male/female 

zones of distribution) were also identified. The electronic data was then 

checked against the hard copy data to eliminate error in data entry as a 

possible reason for these anomalies.  

No errors were found in the data entry, but in several instances the same 

case numbers were identified as being either outliers, or having an unusual 

distribution on the scatterplots for several of the tooth classes, with 

abnormally high percentages of sexual dimorphism. As the large (or in some 

cases small) diameters for these cases were consistent across several tooth 

classes it has been concluded that these high percentages are probably not 

the result of errors in measurement, but that the sample selected contains 

some individuals with particularly large or small teeth.  

The cervical diameters again performed consistently better than the coronal 

diameters. However, the efficacy of cervical diameters, certainly in permanent 

teeth has been established with the Spitalfields sample and the purpose of 

this phase of the study was to establish a method with which to sex subadult 

human remains. 

As the most of the subadult sample had at least some permanent teeth, 

notably the lower first molar, which scored particularly well in the Spitalfields 
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sample, it was possible to assign sex to the majority of the sample on this 

basis alone. 

It was decided that, as the coronal diameters had scored consistently lower in 

both samples for percentage of sexual dimorphism and discriminant function 

classification, only the cervical diameters would be used to assign sex to the 

subadults.  

The canines were the most effective teeth in the discriminant function using 

the ‘unknown’ sex cases, scoring 91.31% and 90.32% for the uppers and 

lowers respectively. When the uppers and lowers were combined the score 

was 91.31%, and this is higher than the 12% margin of error that is accepted 

when sexing adult remains using skeletal morphology.  

However, the canine is a relatively late developer in the juvenile dentition, 

emerging somewhere around 11 years of age, and only a small number of 

cases (31) could be assigned sex on this basis. It was therefore necessary to 

explore other diameters and combinations of diameters to maximize the 

number of individuals to whom it was possible to assign sex. The teeth able to 

assign sex to the most cases were the first molars, which erupts around 6 

years of age and is therefore present throughout the period of mixed dentition, 

and using a combination of the upper and lower first molar diameters it was 

possible to assign sex to 63 of the subadult cases with a 79.4% success rate. 

 

5.5.3 The deciduous teeth 

 

The percentages of sexual dimorphism in some of the deciduous teeth were 

also high (up to 17.09% for the coronal buccolingual diameter of the lower first 

premolar) although not as markedly as those of the permanent diameters. 

Conversely, some of the percentages were high negatives, such as the 

coronal mesiodistal diameter of the lower first incisor (-11.82%). 

The data was rechecked in the same way as the permanent data, and again 

no data entry error was identified. Also, in several instances the same case 

numbers were identified as being outliers or having unusual distributions on 

the scatterplot for different tooth classes. The small number of deciduous 

teeth in some tooth classes may also have been a contributing factor to these 

anomalies.  
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Although some of the individual coronal diameters had a higher percentage of 

sexual dimorphism, the cervical diameters displayed generally higher and 

more evenly spread levels of dimorphism. The cervical percentages of sexual 

dimorphism ranged from -8.51% to 12.53%, compared to -11.82 to -17.09% 

for the coronal diameters.  

By adding together the mesiodistal and buccolingual diameters, dividing by 

two and then applying Garn’s (1967) formula to calculate the percentage of 

sexual dimorphism overall for each tooth the most dimorphic tooth using 

either type of tooth diameter was the mandibular first premolar, which scored 

8.72% using cervical diameters, and 15.05% using coronal diameters. 

This has been reported in several other studies. Black (1978) found 3.15% 

sexual dimorphism in the coronal buccolingual diameter of this tooth, and 

Margetts and Brown (1978) reported the highest score of 5.81% for the same 

diameter in a study of deciduous teeth in Australian Aboriginals. These 

percentages, however, are considerably lower than those identified in this 

study. 

The upper canine was the second highest scoring tooth using the cervical 

diameters, with the lower canine in fifth place, and the upper and lower 

canines scored lower percentages than all the premolars using the coronal 

diameters. In a study by De Vito and Saunders (1990), the highest levels of 

dimorphism were found in the lower canine coronal mesiodistal diameter 

(6.44%), and this is higher than the 4.91% reported in this study.  

The least dimorphic deciduous teeth in this study were the incisors. One of 

the upper, and two of the lower cervical diameters and all of the coronal 

diameters had negative percentages of dimorphism. The lower second incisor 

was the least dimorphic tooth using cervical diameters (-1.97), and the lower 

first the least dimorphic using coronal diameters (-7.80%). Margetts and 

Brown (1978) reported the lowest level of dimorphism in a maxillary incisor 

diameter, as did Farmer and Townsend (1993), the latter, however, also 

reported the highest level of dimorphism in the lateral maxillary incisor (3.4%). 

Another study (Axelsson and Kirveskari, 2008) also reported the largest 

percentages of sexual dimorphism in the lower incisors, and it would seem 

that dimorphism in the incisors varies somewhat. It is also worth noting that 

the abovementioned studies were conducted using dental casts of living 
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children. In burial/archaeological contexts, the small size of deciduous incisors 

means they are prone to loss in the recovery process, and, therefore, this 

study may not be representative of levels of sexual dimorphism in the incisors 

as a tooth class.  

Although not the most dimorphic teeth, the upper second premolars scored 

well, with combined diameter percentages of 6.47% and 6.63% for the 

cervical and coronal measurements respectively. The lower second premolars 

were slightly less dimorphic, scoring 4.50% and 4.55% for cervical and 

coronal diameters respectively. 

 

5.5.4 Discriminant function analysis 

 

Discriminant function analysis was also applied to the deciduous tooth 

diameters. The cervical diameters scored higher in sex discriminatory 

effectiveness percentages for almost all the combined diameters except that 

of the upper first premolar.  

 

Although, again, not the most dimorphic tooth, the upper canine scored the 

highest levels of sex discriminatory effectiveness (83.3%) in the ‘known sex’ 

data. When combined with the upper second premolar the score was also 

83.3% (n=24).  

 

The upper second premolar alone (n=46) scored 80.4%, and this was crucial 

to creating the discriminant function that would classify the maximum number 

of cases with deciduous teeth only (n=6), and, therefore, of ‘unknown sex’. 

The upper second premolar diameters correctly classified 83.3% of 6 cases, 

and a combination of all upper and lower diameters correctly classified 80% 

(n=5).  

 

A combination of both maxillary and the lower mesiodistal diameters of the 

second deciduous premolar correctly classified 100% of unknown sex cases 

(n=5). 
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5.5.5 The Windover Sample 
 

Due to the extreme state of dental attrition displayed by many of the adult 

cases in the Windover sample (see Figure 104 and 105 below) it was decided 

to rely on cervical diameters alone as the basis for assigning sex to the 

subadult sample. Extreme dental wear is not uncommon in prehistoric 

populations and has often precluded dental metrics using coronal diameters. 

 

 
 

Figure 14. Burial 158. Dental attrition in a 40 – 50 (Maturus) year old male 

from Windover (Stoodly, 1999:105). 
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Figure 15. Burial 69. Dental attrition in a > 50 (Senilis) year old male from 

Windover (Stoodly, 1999:105). 

 

In an unpublished paper (Colby, 1996) two prehistoric populations from the 

Gulf of Mexico were dentally analysed using cervical crown diameters. These 

populations had not previously been analysed because the severe dental 

attrition in the samples prevented the use of coronal crown diameters. Colby 

found that the patterns of sexual dimorphism encountered did not conform to 

previous trends. The levels of dimorphism were particularly high, 8.24% for 

the mesiodistal diameters and 8.45% for the buccolingual diameters, on 

average, and also that the dimorphism was not centred in the canines but in 

the posterior teeth (Colby, 1996). 

 

Outliers were also identified and can be seen in the scatterplots for the 

permanent teeth, tending to be large rather than small. These were checked 

for data entry error in the same manner as the outliers in the Bocage/Coimbra 

sample and again the results were found to be accurate. The adults in the 

Windover sample, both male and female are generally skeletally robust, 
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although in some cases there is a marked cranial dimorphism, which may well 

be reflected in the teeth (Figure 106). 

 

 
 

Figure 16. Burial 157 and 152. Marked cranial sexual dimorphism in a 40-50 

(Maturus) year-old female and a >50 (Senilis) year old male from Windover 

(Stoodly, 1999:105). 

 

The percentages of sexual dimorphism were again higher overall for the 

mesiodistal diameters than their buccolingual counterparts. This contradicts a 

study by Garn et al. (1966b). This study identified higher levels of sexual 

dimorphism in buccolingual diameters and attributed this to differences in 

tooth morphology, with male teeth being generally more square in occlusal 

form than female teeth (Garn et al 1966b). The lower canine was more 

dimorphic than the upper using both types of measurements, and this is also 

well documented (Garn et al. 1967d).  Note the prominent lower canines in 

the mandible of the male above (Figure 106). Another trend reported by Garn 

and his colleagues (Garn et al. 1966b) was that of the mesiodistal diameter of 

the mandibular canine being more dimorphic than the buccolingual diameter. 

This trend was borne out in this study with the diameters scoring 16.29% and 
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13.60% respectively. Although the lower canine was the most dimorphic tooth 

overall, it was not followed by the upper canine, as demonstrated by ‘canine 

field theory’ (Keisler, 1990). 

In fact, the next two most dimorphic teeth were the lower, and then upper 

second molars. Garn and colleagues (1966a) also reported that the second 

molar is a particularly dimorphic tooth, an observation also made by Colby 

(1996) in her study of prehistoric Gulf populations (also using cervical 

diameters). Colby also reported high levels of dimorphism in the cervical 

diameters of the premolars in her 1996 study, contradicting a Garn study 

(using coronal diameters) that found them to be the least dimorphic teeth 

(Garn et al. 1967d). In this study the upper second premolar and lower first 

premolar have scores of 10.60% and 10.36% respectively, higher than the 

upper canine (9.51%).  

The mesiodistal diameters were the most effective in the discriminant function 

classification, as indicated by the use of the stepwise method, which, 

whatever combinations of diameters are entered into the function, only uses 

the best diameter. Although the canines had high classification scores, the 

highest score was that of the upper second molar (88.9%). The mandibular 

canine scored the second highest (87.0%) but this was only marginally higher 

than the lower first molar (86.8%). Again, it was important to maximize the 

number of subadults included in the discriminant function, so the lower third 

molar has been used in the discriminant function, and on this basis 27 

subadults have been classified as either male or female, with estimated age 

at death between 5-7 years and 12-18 years and a new data set consisting 

solely of subadults (n=46) has been created.  

Discriminant function analysis has been applied to all the deciduous 

diameters, but (as mentioned above) it was only possible to create 

classification functions with the mesiodistal diameters of the upper first and 

second premolars, the buccolingual diameter of the lower second incisor and 

the mesiodistal diameter of the mandibular canine. Although the lower incisor 

scored higher in sex discriminatory effectiveness (100%) than the upper first 

premolar (88.9%) this was based on only four original grouped cases as 

opposed to nine, and the 100% score may well be the result of random 

sampling factors. On the basis of the deciduous first premolar it has been 
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possible to assign sex to a further 11 subadult individuals, 38 in total or 82.6% 

of the Windover subadult sample. 
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6.0 DISCUSSION 
 
This section of the paper attempts to compare the physiological and cultural 

aspects of the subadult burials with the biological sex assignment from 

chapter 5, and established data sets concerning the adult burials.  

In total, it was possible to assign sex to 23 female subadults and 15 male 

subadults using the permanent lower first molar and the deciduous upper first 

premolar, giving a 39.5%: 60.5% male: female sex ratio. It was not possible to 

assign sex to eight individuals from the total subadult sample (n=46) due to 

lack of diameters for the particular teeth that were used to create the 

discriminant functions, and, as such, this disparity between girls and boys is 

not intended to represent the mortality rates of either sex, but is the result of 

the limitations of the available data. It is also worth bearing this in mind when 

assessing sex ratios of boys and girls discussed in the following chapter.  

 

 

6.1 Differential Health between the Sexes 
 
In a study of differential health between the adult population from the 

Windover site (Wentz et al. 2006) differences were identified in the health of 

the sexes using the Western Hemisphere Health Index (WHHI) (Steckel and 

Rose, 2002). Using the standards set down by the WHHI the adults from 

Windover were assessed on nine separate criteria: quality of life and length of 

life, and skeletal indicators such as stature and robusticity, infection, dental 

health, enamel hypoplasias, trauma, degenerative joint disease and cribra 

orbitalia/porotic hyperostosis. The sample consisted of 35 females and 43 

males and the male sample outscored the female sample in 6 of the 9 

categories indicating that the men at Windover had, in general, a better, 

healthier life than their female counterparts (Wentz et al. 2006). 

 

It is obviously not possible to assess the subadult population in quite the 

same manner, however, 60.5%, or 23 of the 38 individuals assigned sex in 

this study displayed some sort of skeletal pathology, and these pathologies 

and their occurrence will be discussed in detail below.  
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This chapter, however, makes no attempt to make assumptions about the 

health of the subadults of the Windover population as a whole and is solely 

concerned with discussing whether or not the male children in the study 

sample had a healthier life than female children, or vice versa. The difficulties 

of making inferences about the health of a living population by studying the 

dead are well known. By definition, a skeletal sample is a subset of individuals 

who died at a certain age and were therefore less healthy than their living 

counterparts (Wood et al, 1992:349). It is also not possible to make 

assumptions about the prevalence of any particular disease in a population 

based on the prevalence in a cemetery context as it will always be higher in 

the cemetery context as death itself is selective (Wood et al, 1992:349).  

It must also be taken into account that palaeoethnobotanical evidence 

suggest that the Windover pond was in use seasonally, from late summer to 

the early autumn (Newsom, 2002: 208) and as such the burial assemblage is 

not representative of the community as a whole, but of who died there at the 

time. 

 

 

It was not possible for the author to identify and record the subadult 

pathology, and the all the details and distribution of these pathologies within 

the study sample are taken from the unpublished site database which was 

compiled during the original excavations. This was kindly provided by Dr Glen 

Doran (Dickel and Doran, unpublished).  

 

 

Table 60 below summarises the subadult burials, the sex assigned to them 

and their pathology, which is discussed in further detail in the following 

section. 
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Burial 

No. 

Estimated  
Age 
(years) 

Biological 
Sex 
Classification 

Pathology 

23 5-6 F Cribra orbitalia 
36 6-8 M Cribra orbitalia 
51 4-6 F N/A 

56 4-6 F N/A 

63 6-8 
M 

Periostitis in 4 ribs 

66 (A) 8-12 M N/A 

66.1 (B) 8-11 
F 

N/A 
66.3 (D) 12-18 F N/A 
66.4 (E) 3-6 F N/A 
67 12-15 F N/A 
70 4-6 F Spondylolsis (S1 separated 

neural arch), mild Cribra Orbitalia 
73 7 F N/A 
75 7-9 F Fracture of isheo-pubic ramus, 

periostitis/lysis, hyperostosis, 
cribra orbitalia 

77 9-11 M Spiral fracture of right tibia, 
cloaking periostitis, hyperostotis, 
cribra orbitalia 

79 13-15 M Cribra orbitalia, linear enamel 
hypoplasia 

84 9-12 F Periostitis in tibia and fibulae. 
Major lysis of elbow, calcaneus 
and phalanges (possible soft 
tissue cancer?) 

85 3-5 F Cribra orbitalia 
86 11-13 M N/A 
90 11-12.5 M Infection/Lysis of metacarpal, 

Lysis of distal metatarsals, 
periostitis, osteomyelitis  

98 4-5 F Periostitis of tibiae, femora and 
ulna, cribra orbitalia 

100 2-4 M N/A 
113 9.5 F Periostitis of left foot and fibula 
116 10-13 M Periostitis of fibulae and nasal 

area 
122 16-17 F Hyperostosis, linear enamel 

hypoplasia, caries 
129 18 

M Hyperostosis, linear enamel 
hypoplasia, caries 
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Burial 

No. 

Estimated  

Age (Yrs) 

Biological 
Sex 
Classification 

Pathology 

132 6-6.5 M Cribia orbitalia 
133 10.5-11.5 F 

Periosiitis of fibulae, 
osteomyelitis of 5th metatarsal, 
marked cribra orbitalia 

134 
2.5-3 

F Healed fracture of left clavicle 

139 2-3 F N/A 

141 4-5 F N/A 

144 7-8.5 M Periostitis, cribia orbitalia 

150 12-14 M Linear enamel hypoplasia, cribra 
orbitilia 

156 9-12 
F 

Linear enamel hypoplasia, sacral 
spina bifida 

164 5-7 F N/A 

265 7-9 F N/A 

429 (A) 8-10 F Cribra orbitalia 

501.4 
(E) 

11-13 M 
Cranial depression fracture 

502.2 
(C) 

3-6 M N/A 

	
Table 60. Summary of subadult pathology 

 

 

6.1.1 Cribra orbitalia 
 
In total 13 of the 46 subadult individuals used in this study showed the 

skeletal indicators of cribra orbitalia (28.3%), or 34.2% of the 38 individuals to 

whom it was possible to assign sex (Dickel and Doran, unpublished).  

Cribra orbitalia is associated with diet, notably iron deficiency anaemia, 

malnutrition and scurvy.  However, blood loss due to injury, chronic disease, 

infectious disease and parasitic gut infections are also all strongly associated 
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with the occurrence of this condition (Roberts and Manchester, 1997: 166). 

The skeletal manifestations of cribra orbitalia are characterised by holes in the 

bone surface of the orbital roofs and can include the thinning of the outer table 

of the skull, and a thickening of the diploe between the two skull tables 

resulting in external lesions, particularly on the parietal and occipital bones, 

and this form of the condition is known as porotic hyperostosis. The orbital 

lesions can appear alone, or both forms of lesion can appear together, 

although vault lesions do not tend to occur without the orbital lesions. These 

skeletal changes are the result of the body trying to produce more red blood 

cells to compensate for a lack of iron (Roberts and Manchester, 1997: 167).  

Iron is absorbed through the intestines from foodstuffs such as red meat, and 

shellfish, but is much harder to absorb from plant foods. In fact, some 

phytates found in nuts, cereals and legumes can actively inhibit the absorption 

of iron from other foodstuffs such as meat and fish (Larsen, 1997:29).  Dietary 

and artefactual evidence from the Windover site has shown that fish certainly 

played a part in the diet of the Windover people, but not all fish have high iron 

contents. White fish in particular has a low iron content of around 0.5 mg per 

100g, and it may be that the fish available in the riverine environment had a 

low iron content. Environmental evidence from the Windover pond also 

indicates that the site was used on a seasonal basis, from the late summer to 

early autumn (Newsom, 2002) and it is possible that this migratory lifestyle led 

to seasonal fluctuations in resources which may have been enough to cause 

periods of malnutrition in the subadult population (Wentz, 2004: 226). 

Diet, however is not believed to be the only cause of iron deficiency anaemia. 

An example of this can be found in a study of 400 crania from Californian fish-

dependent Native Americans living in both prehistoric and historic times. 

Analysis of the crania showed that a fish based, and, therefore, iron rich diet, 

categorically did not prevent the occurrence of anaemia, and this supports the 

theory that diet is not the only cause of skeletally manifested anaemia 

(Walker, 1986: 499-503).  

There is significant evidence for infectious disease being a major factor in the 

causes of iron deficiency anaemia. It is thought that as a response to intrusive 

pathogens the body withholds the iron the pathogens require to survive and 
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reproduce in the body, which in turn, makes the body iron deficient (Roberts 

and Manchester, 1997: 167).  

Parasitic infections can also result in severe iron deficiency (Larsen, 1997: 

29). Schistosomiasis or ‘snail fever’ is caused by contact with fresh water in 

tropical and sub-tropical conditions and has a worldwide distribution. Infection 

with the parasite causes an immunological response when the eggs lodge in 

the liver, intestines and urogenital tract (Larsen, 1997:30) and living in close 

proximity to water may have exposed the Windover subadults to sources of 

parasitic infection (Wentz, 2004: 226). Hookworm disease results from the 

ingestion of the hookworm larvae, and the loss of blood can be severe as the 

worm extracts blood from the intestinal wall. Hookworms are also spread 

worldwide, and they have been linked with iron deficiency anaemia (Larsen, 

1997: 30).  

Wentz also notes the severe dental attrition in the adult sample from 

Windover, suggesting this indicates a large quantity of grit in the diet, which, 

in turn, could act as a means of infection from soil-transmitted parasites 

(Wentz, 2004: 226). 

The study of differential health between the sexes at Windover (Wentz et al. 

2006) found significantly higher rates of cribra orbitalia and porotic 

hyperostosis in the female sample compared to the male sample. This is 

something that has been widely documented, and has been attributed 

variously to reproductive functions, intensive labour demands and, 

importantly, differential access to resources (Wentz et al. 2006). 

However, in the subadult sample used in this study the numbers of boys and 

girls exhibiting the skeletal signs of cribra orbitalia were almost equal: six boys 

and seven girls, with one male approximately, 18 years of age exhibiting the 

signs of hyperostosis, but not cribra orbitalia.  Given that there are eight more 

girls in the sub-sample that was assigned sex in this study, it would seem that 

the causes of this condition may not be due to dietary inequality or differential 

access to resources during childhood, but the result of other factors. 
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6.1.2 Periostitis 
 
In total ten individuals from the subadult sample (21% of 46 individuals) 

displayed the skeletal manifestation of periostitis, an inflammation of the 

periosteum. The periosteum is a membrane that covers all external bone 

surfaces (except those covered by articular cartilage) and forms bone, to 

enable bones to grow circumferentially in the case of subadults, or in 

response to physical strain in the case of adults (Waldron, 2009: 115). It is a 

two-layered structure, the outer layer consisting of fibrous connective tissue, 

and the inner layer consisting of bone forming cells and will react to any form 

of stimulus by forming new bone (Waldron, 2009: 20). Periostitis is a basic 

inflammatory response to either bacterial infection or localized traumatic injury 

(Larsen, 1997: 83), or as a reaction to periods of physiological ‘stress’ within a 

population such as malnutrition or decreased immune systems (Wentz, 2004: 

220). The infection, injury or ‘stress’ stimulates the osteoblasts within the 

subperiosteum resulting in lesions that are characterised as osseous plaques 

or irregular patches of elevated bone with demarcated margins. The unhealed 

form of a periosteal lesion consists of loosely organised woven bone, but once 

healed the new bone is incorporated into the normal cortical surface and is 

smooth, although may remain undulating and somewhat inflated (Larsen, 

1997: 83). Periostitis (or periosteal new bone formation) is often found in the 

skeleton, and the most common site is the middle or distal tibia. In the mid 

shaft of the tibia it is usually the result of repeated minor trauma, and at the 

distal tibia (ankle) it probably results from the movement of the distal 

tibiofibular joint. However, periosteal new bone growth observed in growing 

subadults should be considered as physiological, rather than pathological, 

until proved otherwise (Waldron, 2009: 116).  

The Windover subadult sample lacked typical skeletal manifestations of 

systemic infectious diseases such as tuberculosis, even though there was 

quite a high occurrence of bone inflammation (Wentz, 2004: 221). Also, none 

of the bone inflammation seemed to be linked to traumatic injury (although 

Wentz states that the possibility of traumatic injury that did not manifest itself 

in the skeleton cannot be ignored). Therefore, the relatively high incidence of 
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periostitis can be attributed to either non-specific infections or nutritional 

deficiencies (Wentz, 2004: 223). 

Once again, the study of differential health between the sexes at Windover 

(Wentz et al. 2006) found significantly higher rates of skeletally manifested 

infection (periostitis) in the adult female sample compared to the male sample. 

This, however, is not the case in the subadult sample used in this study. 

There were equal numbers of periostitis incidence: five boys and five girls 

exhibit the symptoms, suggesting that there was little inequality in levels of 

health and nutrition between boys and girls during childhood. 

 

6.1.3 Osteomyelitis 
 
Two individuals from the subadult sample of 46 (4.3%) exhibited the 

symptoms of osteomyelitis (Dickel and Doran, unpublished). Osteomyelitis is 

also an infection of the bone, and as with periosteal reaction, the affected 

bone takes on a woven porous appearance in its unhealed form. However, 

where periosteal infection is very rarely fatal as it is restricted to a localized 

area of bone, osteomyelitis can result in death if the infection spreads via the 

circulatory system to other vital organs (Larsen, 1997: 84). Osteomyelitis is a 

term for any infection that affects not only the periosteum, but the bone 

marrow cavity as well, resulting in the inflammatory destruction of the bone 

itself. The infection can be transmitted in three ways: via the bloodstream; 

directly from another adjacent infected or overlying organ; or via skin 

penetrating injuries such as animal bites or compound fractures (Waldron, 

2009: 84). The most common bacteria to cause osteomyelitis are 

Staphylococcus aureus, which are pyogenic, or pus producing bacteria, which 

causes localized skin infections that can then infect other organs including the 

skeleton (Waldron, 2009: 85). This bone infection is most commonly found in 

children between the ages of 3 years and 15 years. The most common site for 

the infection is again the tibia, although osteomyelitis favours the proximal end 

of the bone because of the abundance of capillaries that supply the growth 

plate. Once inside the medullary cavity, the bacteria multiply rapidly, 

producing pus, and causing the bone to become inflamed and enlarged. 

Drainage holes called cloacae may form in the shaft of the bone, and the pus 



	 139	

eventually drains through the overlying soft tissue. During this process, the 

periosteum reacts by forming thick new bone around the infection site 

(Waldron, 2009: 84). Disruption of the blood supply to the cortex, or from the 

main nutrient artery, can also result in necrosis, with pieces of dead bone from 

the cortex being deposited in the medullary cavity (Waldron, 2009: 85). 

Osteomyelitis is an altogether more serious condition than periostitis 

discussed above. Untreated it can persist resulting in osteolysis, fractures and 

damage to the growth plate. Adults are found in archaeological skeletal 

assemblages who may well have suffered the condition for many years. It 

can, however, over time, cause malignant changes in the sinus tract and can 

also affect the kidneys, and both of these complications are likely to be fatal. It 

can also spread infection to other internal organs including the brain and 

meninges, which would be rapidly fatal (Waldron, 2009: 87). 

There are equal numbers affected by osteomyelitis in the study sample. There 

is one male individual, burial 90, aged between 11 and 12.5 years, and one 

female individual, burial 133, aged between 10.5 and 11.5 years, so again it is 

not possible to make inferences about differential health. However, the 

severity of this condition does mean it could possibly have been responsible 

for the early demise of these individuals. 

 

6.1.4 Linear enamel hypoplasia (LEH) 
 
There were five subadult individuals (10.9% of the subadult study sample) 

with linear enamel hypoplasia, or LEH (Dickel and Doran, unpublished). This 

is a deficiency of enamel thickness that disrupts the contour of the crown 

surface and is initiated during the enamel matrix secretion. Linear enamel 

hypoplastic defects (also known as ‘furrow-type defects’) are arranged in a 

band around the tooth crown and represent episodic disruptions to the 

formation of enamel during crown development (Hillson, 1996: 165). Enamel 

hypoplasia tends to affect the anterior teeth, specifically the cervical and 

middle thirds of tooth crowns (Larsen, 1997: 46). Enamel hypoplasias are 

often termed ‘stress indicators’, and although there are many possible causes, 

they are usually categorised into two groups: childhood illness, or dietary 

deficiencies (Roberts and Manchester, 1997: 58).  
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Three of the individuals with LEH were male, and two females. There was 

only one incidence of dental caries in the study sample, from burial 129, an 18 

year old female, who also had linear enamel hypoplasia, and one incidence of 

a dental abscess from burial 132, a male child aged between 6 and 6.5 years. 

The incidence of linear enamel hypoplasia was very similar between the 

sexes when the adult sample was assessed suggesting that males and 

females experienced similar levels of health and nutrition during childhood 

development, and adult females had a higher incidence of dental caries whilst 

adult males experienced more dental abscesses (Wentz et al. 2006: 4).  

 

6.1.5 Trauma 
 
There were four incidences of trauma in the subadult study sample (8.7%) 

(Dickel and Doran, unpublished), and three of these were well healed at the 

time of death (Wentz, 2004: 221), so cannot be considered a contributing 

factor. A well healed fracture of the ischiopubic ramus was observed in burial 

75, a female aged between 7 and 9 years, although fractures of the pelvis are 

rare in both archaeological and modern contexts (Waldron, 2009: 149). This 

individual also had evidence of bone infection, (periostitis), although not at the 

site of the fracture, cribra orbitalia and hyperostosis. 

Another female, aged between 2.5 to 3 years had a well-healed fracture 

towards the proximal end of the clavicle. There was no other evidence of 

skeletal pathology observed on this specimen.  

A healed depression fracture was observed on the cranium of burial 501e, a 

male aged between 11 and 13 years. A depression fracture is typically caused 

by a blow to the skull, that forces the table (or tables), of the skull inwards 

(Waldron, 2009: 139). This type of fracture can have the obvious serious 

complication of damage to the brain, but in this case the ante mortem healing 

of the fracture indicates that it was not a contributing factor in the death of the 

individual. There was also no other skeletal pathology observed on this 

specimen. 

The remaining fracture from the subadult sample was a pathological spiral 

fracture of the right tibia observed in burial 77, a male aged between 9 and 11 

years. A spiral fracture is caused by a twisting force and winds around the 
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shaft, or long axis, of the affected bone (Waldron, 2009: 139). The tibia and 

fibula of this individual were affected by ‘cloaking’ periostitis (an extreme form 

of new bone growth in reaction to infection) and the fracture was unhealed at 

the time of death. This individual also suffered from cribra orbitalia and 

hyperostosis. 

Once again, there are equal numbers of male and female subadults affected 

by trauma, and it would seem that at least three of the reported traumas were 

the result of childhood accidents, although it is likely that the infection in the 

tibia weakened the bone structure and was therefore a contributing factor in 

the spiral fracture.  

In the study of differential health between the adults (Wentz et al. 2006: 3), 

males showed a slightly higher incidence of trauma than females, but there is 

no suggestion that this was connected to interpersonal violence, but was 

instead the result of accidental injury, and it has been suggested that the 

higher incidence amongst males reflects higher levels of activity, such as 

travelling and food procurement. Arm trauma, particularly ulna fractures were 

the most common form of injury, although females had significantly more 

trauma to the hand bones. It is suggested that this could be associated with 

the processing of hides or plant foods, or the manufacture of textiles (Wentz 

et al. 2006: 3). 

 

 6.1.6 Spondylolysis 
 
There was one case of spondylolysis in the subadult study sample. 

Spondylolysis is technically a vertebral fracture, but may have its roots in a 

congenital weakness of the spine (Roberts and Manchester, 1997: 78). The 

condition results in the separation of a single vertebra into two parts: the 

neural arch, and the body of the vertebra. The most usual site for this 

condition is the fifth lumber vertebra, but in this case, it is sited in the first 

sacral vertebra of a female individual (burial 70) aged between 4 and 6 years. 

In adults, this type of fracture is often the result of strenuous physical activity, 

or acute trauma, such as a fall from a great height, (Waldron, 2009: 153), but 

there may also be environmental or genetic factors as some families seem to 
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have a high incidence of this condition (Waldron, 2009: 151). Mild cribra 

orbitalia was also observed in burial 70. 

 

 
 
 
6.1.7 Spina Bifida 
 
The spinal defect, spina bifida, was observed in two individuals (Dickel and 

Doran, unpublished). This condition has associations with anencephaly, and 

also has a strong genetic component. In its most severe form the spinal cord 

may be actually be exposed on the outside of the body, and this extreme form 

would, in antiquity, have resulted in death shortly after birth (Roberts and 

Manchester, 1997: 36). There are lesser degrees of this condition, however, 

known as spina bifida occulta, where the posterior parts of the vertebra 

(usually the sacrum) do not form, leaving the spinal canal exposed. This is 

easily identified in skeletal remains, but in life this defect would have been 

covered by cartilage and membrane, and the individual would often have 

been able to function quite normally (Roberts and Manchester, 1997: 36). 

One individual, burial 156, a female between 9 and 12 years of age displayed 

the sacral form of this condition with no other skeletal complications. The 

other individual however, had a more severe form of the disorder. Burial 66D, 

a female aged between 12 and 18 years, had separated neural arches from 

the third lumbar vertebra to the second sacral vertebra. This seems to have 

resulted in various associated pathologies such as scoliosis and bone 

inflammation of the lower limbs, severe atrophy of the long bones (possibly 

due to partial paralysis?) and the loss of the right foot (Wentz, 2004: 225).  A 

disability of this severity would have required a great deal of care from other 

members of the community, especially in a society that appears to have been 

seasonally transient.  

To sum up there does not seem to be any gender based differences between 

the general health and nutrition of the subadults at Windover. There was a 

near equal distribution of acquired health problems between the male and 

female subadults, despite the larger number of girls in the sample to whom it 
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was possible to assign sex. This is, in some way borne out by the assessment 

of the adult sample. Although at the time of death the male sample outscored 

the female sample for six of the nine categories assessed, the category that 

indicated developmental health, enamel hypoplasia, suggest that in childhood 

the male and female sample experienced similar levels of general health and 

nutrition (Wentz et al. 2006: 3). 

 

6.2 Material Culture 
 
This section does not intend to discuss the entire burial assemblage in detail 

but instead focuses on the grave goods that were associated with the 

subadult study sample. It also compares the biological sex of the subadults 

with that of the adults with the same artefact type in an attempt to see if the 

subadults were engendered in the same way as the adults. 

 

Table 61 below summarises the subadult sample to whom it was possible to 

assign sex and their associated burial assemblages. 
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Burial 

No. 

Estimated  

Age (Yrs) 

Biological 
Sex 
Classification 

Burial Assemblage 

23 5-6 F None 

36 (A) 6-8 M Commingled 

51 4-6 F None 

56 4-6 F None 

63 6-8 M None 

66 (A) 8-12 M Commingled 

66.1 
(B) 

8-11 F Commingled 

66.3 
(D) 

12-18 F Commingled 

66.4 
(E) 

3-6 F Commingled 

67 12-15 F None 

70 4-6 F None 

73 7 F Fabric ‘Type II’  

75 7-9 F Fabric ‘Type III’ 

77 9-11 M None 

79 13-15 M None 

84 9-12 F None 

85 3-5 F Turtle shell container, wooden 
pestle, antler pressure flaker,  

86 11-13 M Fabric ‘Type III’ 

90 11-12.5 M Bone/antler tools or fragments x 
14, modified faunal teeth x 3, 
lithic biface, flat snare element 
(or flax beater), cane snare 
trigger, seed cache, fabric ‘Type 
III’, fabric ‘type V’  

98 4-5 F None 

100 2-4 M None 
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Burial 

No. 

Estimated  

Age (Yrs) 

Biological 
Sex 
Classification 

Burial Assemblage 

113 9.5 F Fabric ‘Type III’, fabric ‘Type IV’ 

116 10-13 M Fabric ‘Type III’ 

122 16-17 F None 

129 18 M None 

132 6-6.5 M None 

133 10.5-11.5 F Fabric ‘Type IV’ 

134 2.5-3 F Bird bone tube, turtle shell 
container 

139 2-3 F Beads/Necklace, fabric ‘Type 
III’ 

141 4-5 F None 

144 7-8.5 M None 

150 12-14 M  Wooden bowl, wooden pestle, 
bottle gourd, fabric ‘Type III’, 
fabric ‘Type IV’ 

156 9-12 F Bead, fabric ‘Type III’ 

164 5-7 F Shark tooth tool 

265 7-9 F None 

429 (A) 8-10 F Commingled 
    
501.4 
(E) 

11-13 M Commingled 

502.2 
(C) 

3-6 M Commingled 

 
Table 61. Summary of the burial assemblage of the subadult study sample to 
whom it was possible to assign sex. Please note that artefacts from 
commingled burials have not been included. 
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6.2.1 Atlatl hooks/cups 
 

There were five atlatl hooks/cups recovered in association with four adult 

male burials (burial 91, 95, 114, and 155) and one multiple burial (burial 36 A-

H) containing adult females and subadults. The artefacts are all manufactured 

from deer antler and have cup shaped bodies and a drilled socket and tang. 

There is no evidence of adhesive and it is likely they were attached to the 

atlatl shaft with a twisting motion (Penders, 2002: 99). The multiple grave 

contained three adult females, and four subadults below the age of 1 year, 

and therefore too young to be assigned sex using the method in chapter 5. 

However, the remaining subadult, (36A) aged between 6 and 8 years, was 

classified as male using discriminant function analysis, and, given that the 

other four were recovered from male graves it is possible that this artefact 

was associated with this male subadult individual. It is however, equally 

possible that the artefact is associated with an adult female or unsexed 

subadult, and as such, it is not possible to specify definite gender associations 

for this type of artefact this classification . 

 

 
6.2.2 Atlatl weights/handles/club heads 
 

Five atlatl weights/handle/club heads were recovered exclusively from male 

burials (burial 91, 95, 118, 123, and 155). These were manufactured from 

white-tailed deer antler and the placement in the burials suggests they 

functioned as a weight or a handle with a possible secondary function as a 

club head. Another such artefact was recovered from a multiple burial (burial 

66) and was manufactured from a manatee rib, and it was not possible to 

associate the artefact with a specific individual. The manatee rib artefact was 

much larger than those made of deer antler and it is also not clear whether it 

was a functioning tool (Penders, 2002: 101). Burial 66 contained the remains 

of between four and five subadult individuals, and it was possible to assign 
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sex to four of these (66C had no crania). Three of the individuals were 

classified as female using the discriminant function analysis, and although 

one individual (66A), aged between 8 and 12 years, was classified as male, it 

is again not possible to define the gender associations of these artefact types.  

 

6.2.3 Antler tine projectile points 
 

In total six antler tine projectile points were recovered. These points were 

manufactured from white-tailed deer and were socketed and probably 

mounted on wooden shafts. There is no sign of adhesive or cordage, and they 

were probably secured by a twisting action. One projectile point (from burial 

102) was actually deeply embedded in the ilium of the adult male, with no sign 

of healing, who was also missing cervical vertebrae and a cranium. As 

Penders points out, this was unlikely to have been an accident (Penders, 

2002: 102). Two of these artefacts were associated with male burials (burial 

59 and 102), and one with a subadult burial 105, which was not in the study 

sample, and one came from commingled burial 36. Two others were 

recovered from non-burial contexts. Unfortunately, the unsexed subadult 

burial and commingled burial make it impossible, once again, to infer definite 

gender associations for these artefacts.  

 

6.2.4 Barbed projectile points 
 

Three barbed projectile points were recovered, two from the burial of an adult 

female (burial 103) and one from a subadult burial (burial 90). These are also 

all manufactured from deer antler and all shafts are rectangular in cross 

section and unilaterally single barbed. The two complete specimens (from 

burial 103) have pitch residue on the shaft ends, and impressions in the pitch 

suggest they were mounted on wooden shafts. The points could then have 

been hafted onto spear shafts and used to hunt small animals, birds or fish 

(Penders, 2002: 103). The other example of this artefact was recovered from 

subadult burial 90. This burial had the largest grave assemblage of the entire 

sample, and will be discussed as a whole later in this section. Discriminant 

function analysis classified burial 90 as a male (based on the lower first 
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molar), so it would seem that the barbed projectile points do not have a clear-

cut gender association.  

 

6.2.5 Bird bone tubes 
 

Five bird bone tubes were recovered, four from adult female burials (burial 

103, 121 and 143), and one from a subadult burial (burial 134). The tubes 

were all manufactured from the humeri of large birds, probably pelicans, 

which were then shaped and smoothed by scraping and grinding. Three of the 

tubes were decorated with geometric zoned hachure and diamond patterns. 

The function of these tubes is not entirely clear. They were not found in the 

head or neck of the graves, so it is unlikely they were used as beads. Other 

possible functions are smoking tubes or use for medicinal or shamanistic 

purposes. Similar artefacts have been identified as needle cases from 

European Palaeolithic contexts (Penders, 2002:106-107). The subadult 

individual from burial 134 (aged between 2 to 3 years) was classified as 

female using discriminant function analysis, so it is possible these artefacts 

were associated with female tasks or activites. 

 

6.2.6 Bone, shell and seed necklaces/beads 
 

These artefacts were recovered from four burials. One was the burial of an 

adult female, around 21 years of age (burial 138) and the others from 

subadult burials (burial 139 and 156) and a commingled burial (burial 99A-F). 

Burial 138 contained a necklace that consisted of 18 fish vertebrae (probably 

from the same catfish), which had been drilled in the centre. There were also 

two other necklaces in this burial: one made from 24 Sabal palm seeds and 

the other from 10 ground shells. Burial 139 (a subadult around 2 years of age) 

was buried with a necklace consisting of 43 shell beads and 13 Sabal palm 

beads, also all perforated. There was a single catfish vertebra bead 

associated with a subadult around 10 years of age (burial 156) and an antler 

bead was recovered from burial 99 (Penders, 2002: 107). This burial 

consisted of six commingled adult individuals, three of whom were female, 

one was male and the other two were of indeterminate sex. There was no 
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direct association between the bead and a specific individual in the comingled 

grave. Discriminant function analysis did, however, classify both the subadult 

individuals as female so again, although it is possible that the necklaces and 

beads are exclusively female artefacts, the commingled burial makes it 

impossible to infer this with certainty.  

 

6.2.7 Turtle shell containers 
 

Five turtle shells were recovered. Three were from adult female burials (burial 

numbers not available) and two subadult burials (burial 85 and 134). They 

were all manufactured from the shells of common pond turtles, and were 

classified as ‘containers’ because of striations on the interior surfaces and the 

fact that the shell in burial 85 was found in association with a large double-

headed wooden pestle. Other turtle remains were recovered from the pond, 

but these had other skeletal elements and did not have the interior striations. 

It is suggested that these containers were either used as day-to-day 

containers, or contained offering placed within the burials (Penders, 2002: 

108-109). Both the subadult burials were classified as female using 

discriminant function analysis. It is possible that these artefacts are 

exclusively female artefacts.  

 

6.2.8 Antler pressure flakers 
 

Six artefacts categorized as antler pressure flakers were recovered. One was 

from an adult female burial (burial 121), one from an adult male burial (burial 

154) and three were recovered from subadult burials (burial 85, 90 and 502). 

The other was not from a burial context. These tools were manufactured from 

sawn antler tine, and three still had white chert and shell microflakes 

embedded in the tips (Penders, 2002: 109). Discriminant function classified 

subadult burial 85 as female (approximately 4 years of age), and subadult 

burial 90 as male (11-12.5 years of age). Burial 502 was not in the study 

sample, but was commingled, consisting of subadults, a possible female and 

three adults of indeterminate sex, and it would seem that there are no clear 

gender divisions associated with these tools. 
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6.2.9 Shaft straightener 
 

There was only one of these artefacts recovered and that was from burial 90, 

a male between 11 and 12 years of age. The tool was manufactured from a 

flat section of antler beam and the edges on two sides have been notched 

with a chert flake or knife and the wear patterns around the hole and 

surrounding tool surface indicate it may have been used as a shaft 

straightener (Penders, 2002: 109). As this is the only tool of this kind in the 

assemblage the possible gender associations are unknown.  

 

 
 
6.2.10 Shark teeth tools 
 

Eight shark teeth tools were recovered and categorised into two tool classes: 

gravers/scrapers and drills. These tools were recovered from three male 

burials (burial 145, 154 and 158, one female grave (burial 121) and two 

subadult burials (burial 90 and 164). The other two were not from burial 

contexts. Three of the teeth are from Lemon sharks and one is from a Tiger 

shark. The remaining four are from the Carcharhinidae order. They were 

probably mounted on wooden handles with cordage and adhesives. Three of 

the specimens have been identified as gravers/scrapers, four as drills, and it 

was not possible to identify a tool type for the remaining one (Penders, 2002: 

110). One of the subadults (burial 90) was classified as male by the 

discriminant function analysis, and the other (burial 164) as a female. Again, it 

seems there are no clear gender divisions associated with this tool type. 

 
6.2.11 Mammal canine gravers/burnishers 

 

Nine of these tools were recovered, four of which were from opossums, and 

five from the Canidae family. There were seven recovered in association with 

adult male burials (burial 68, 119, 258, 405 and 432), and two were in 

subadult burial 90 (classified as a male aged between 11 and 12.5 years of 
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age). The teeth were removed from the mammal jaws and then probably 

coated with pitch and attached to a wooden or antler handle. The crown of the 

tooth could either be ground down and used as a burnishing tool or left intact 

and used as a gouge. It is possible that they were used as gouges first, and 

burnishers once the tip had worn (Penders, 2002: 111). These tools seem to 

have definite male gender associations. 

 

6.2.12 Bevelled tipped ulna burnishers/awls 
 

There were also nine bevelled tipped tools recovered, manufactured from 

mammal ulnae. One was from an adult male burial (burial 119), three were 

from an adult female burial (burial 121), one was in subadult burial 90 and two 

were recovered from commingled burials, one of which consisted of female 

remains, and one subadult remains. The commingled subadult remains were 

not in the study sample. One specimen was made from a fox ulna, four from 

members of the Canis genus, and the others from members of the Felidae 

family (probably bobcat) (Penders, 2002: 112). There does not seem to be 

any gender divisions associated with these tools.  

 
6.2.13 Hollow-point radii tools 
 

Six of these nine tools were associated with adult male burials (burial 87, 114 

and 152) and two could not be directly associated with an individual, although 

424 may have been associated with burial 131, a 65 year old male. One tool 

was recovered from commingled burial 36. The tools were either 

manufactured from the radii of bobcats or members of the Canid genus. The 

radii all have the medullary cavity exposed at the tip, and several of the hollow 

tips contain what may be pitch residue and above the tips, the shafts have 

been ground to form depressions, presumably to enable a firmer grip 

(Penders, 2002: 113).  Once again, although the discriminant function 

analysis classified one of the burials in commingled grave 36 as male 

(between 6 and 8 years of age) the multiple individuals mean it is not possible 

to assign definite gender associations to this tool type.  
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6.2.14 Bone pins, awls and battens (and fragments) 

 

There were 13 artefacts in these categories, which also include a variety of 

fragments. They came from one adult male burial (burial 58), two adult female 

burials (burial 53 and 121) and one commingled burial. Three of these tools 

were recovered from subadult burial 90. The exact functions of these tools are 

not clear, but many of them may have been used in weaving (Penders, 2002: 

115). There are no clear gender associations with these tools.  

 
6.2.15 Lithic tools 
 

Only one limestone and six chert artefacts were recovered from the Windover 

pond. Two of these were from adult male burials (burial 154 and 158) and the 

other from subadult burial 90. The other 3 chert artefacts were not associated 

with burials, and it is possible that the limestone artefact was brought in with 

fill sand in 1982 (Penders, 2002:117-118). The burial associations suggest 

that the chert artefacts were also considered male task related items. 

 

6.2.16 Untyped bone tool fragments 
 
There were six artefacts that were too small or fragmented to be categorised 

more specifically than ‘untyped’. One of these artefacts was recovered from a 

burial consisting of an adult male and female (burial 68). One was from a 

burial containing three individuals: an adult male, adult female and a subadult, 

about 2 years of age (burial 69), but this subadult was not in the study 

sample. Another artefact was recovered from a single adult male burial (burial 

92) and the other three specimens were from general excavation contexts and 

not associated with burials (Penders, 2002: 116). 
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6.2.17 Tools/artefacts not represented in subadult burials 
 

Although subadults were not as well represented as adults with burial 

assemblages, the subadults with multiple artefacts in their assemblage, most 

notably burials 85, 90 and 134, meant that subadults were represented in 

most of the tool/artefact categories. In some cases, due to the generally small 

numbers in the tool/artefact categories the subadult individuals had a 

relatively high percentage of items in the category. There were however, a 

few categories in which subadults are not represented, and these are 

discussed briefly here.  

A single bone dagger or hairpin was recovered from a general excavation 

context containing unaffiliated, isolated skeletal material, and was not directly 

associated with any individual burial, either adult or subadult. It was 

manufactured from the shaft of a deer femur or tibia, which was split and 

shaped. It has a drilled perforation at one end and is the only artefact of this 

type to be recovered from the pond (Penders, 2002: 107).  

Deer ulna gouges/butchery tools were only recovered from adult burials: four 

adult male burials (burial 111, 119, 154 and 158), and one adult female burial 

(burial 121). These were all manufactured from white-tailed deer and some 

have ground tips that are different from the ulna tools manufactured from 

other species, presumably representing a different task specialisation 

(Penders, 2002: 111).  

Another single artefact was categorised as a bone ‘needle’. This item was 

recovered from the burial of an adult male (burial 92) and was the only 

artefact of its type. It is manufactured from a Canidae fibula, and is similar in 

construction to the hollow radii awls, but much smaller and more delicate 

(Penders, 2002: 113). 

Another type of tool not represented in the subadult burials are categorised as 

‘worked antler tine perforators or punches’. Three of these were recovered 

from an adult male burial (burial 158), and one was found in association with 

unaffiliated bone fragments. All these items were manufactured from white-

tailed deer antler (Penders, 2002: 115). 

Modified deer metapodials were also not represented in subadult burials. The 

seven artefacts of this type were recovered from three adult male graves 
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(burial 119, 120 and 154) and one adult female grave (burial 121). One was 

recovered from a general context and was not associated with a burial. The 

metapodials are all from white-tailed deer and show marks relating to the 

disarticulation and butchery process, although their function as tools is not 

clear (Penders, 2002: 117). 

 

 
6.2.18 Burial 90 
 
Burial 90, a subadult aged between 11 and 12.5 years had the largest burial 

assemblage and greatest diversity of the entire Windover sample. This burial 

also included the remains of a neonate enclosed in a fabric drawstring bag. 

Burial 90 was found with 22 formal artefacts: fabric, 14 bone or antler tools, 3 

modified faunal teeth, 1 lithic biface, a flat snare element, a cane snare 

trigger, and a seed cache. This individual was classified as male using the 

discriminant function analysis, and the burial included several artefacts that 

were only associated with adult male burials, such as the lithic biface, and 

mammal canine gravers and burnishers. 
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Artefact  

Category 

Adult  

male  

burials 

(n) 

Adult  

Female 

burials 

(n) 

Commingled 

Burials 

(n) 

Subadult 

Male 

burials 

(n) 

Subadult 

Female 

Burials 
(n) 

Gender 

Association 

Atlatl 
hooks/ cups 

4 
 

1 
  

Uncertain  

Atlatl 
weights/ 
handles/ 
clubheads 

5 
 

1 
  

Uncertain 

Antler tine 
projectile 
points 

2 
 

1 
  

Uncertain 

Barbed 
projectile 
points 

 
2 

 
1 

 
None 

Bird bone 
tubes 

 
4 

  
1 Female 

Bone, shell 
and seed 
necklaces/ 
beads 

 
1 1 

 
2 Uncertain 

Turtle shell 
containers/ 
wooden 
mortar 

 
3 

 
1 2 None 

Pestles 
   

1 1 None 

Antler 
pressure 
flakers 

1 1 1 1 1 None 

Shaft 
straightener 

   
1 

 
Unknown 

Shark teeth 
tools 

3 1 
 

1 1 None 

Mammal 
canine 
gravers/ 
burnishers 

5 
  

1 
 

Male 
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Artefact  

Category 

Adult  
male  
burials 

(n) 

Adult  
Female 
burials 

(n) 

Commingled 
Burials 

(n) 

Subadult 
Male 
burials 

(n) 

Subadult 
Female 
Burials 
(n) 

Gender 

Association 

Bevelled 
tipped ulna 
burnishers/ 
awls 

1 1 2 1 
 

None 

Hollow 
point radii 
tools 

3 
 

1 
  

Uncertain 

Bone pins, 
awls and 
battens 

1 2 1 1 
 

None 

Lithic tools 2 
  

1 
 

Male 

Stakes 4 3 
  

1 None 

Perforated 
wood and 
cordage 
composition 

   
1 

 
Unknown 

Cut and 
planed stick 

 
1 

   
Unknown 

Bottle 
gourd 

   
1 

 
Unknown 

Untyped 
bone tool 
fragments 

1 
 

2 
  

Uncertain 

Fabric 
‘Type I’ 

1 
    

Unknown 

Fabric 
‘Type II’ 

 
1 

  
1 Possible 

Female 

Fabric 
‘Type III’ 

6 3 
 

4 4 None 

Fabric 
‘Type IV’ 

3 3 
 

1 2 None 

Fabric 
‘Type V’ 

   
1 

 
Unknown 
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Table 62. Gender Association of Artefacts from Windover cemetery. 

 

Table 62., above, shows the categories of grave goods, numbers of adult and 

subadult, male, female and commingled graves from which artefacts were 

recovered and the possible gender associations of each type. Where artefacts 

were recovered from commingled graves the gender is considered ‘uncertain’, 

and where only one example of a type was found, ‘unknown’. The ‘Type II’ 

fabric is considered to be ‘possibly female’ as only 2 examples were 

recovered. 
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6.3 Textiles 
 
Subadults were well represented in the ‘textile’ category, with 45% being 

buried with some form of textile. The different categories of textile are 

discussed in detail in chapter 3, and here the sex of the adults and subadults 

will be compared. 

 

6.3.1 Type I: Close simple twining, paired S twist wefts 
 
All 5 specimens of this type came from a single burial, 92, an adult male, and 

no subadults were associated with this type (Andrews, Adovasio et al, 

2002:136). 

. 

6.3.2 Type II: Close simple twining, trebled S twist wefts 
 
One of these specimens was associated with the face of burial 38, an adult 

female. The other three specimens were associated with subadult burial 73 

(around 7 years of age). This textile appears to have covered the entire body, 

from chin to feet, above and below the body (Andrews, Adovasio et al, 

2002:136). Discriminant function analysis classified this subadult individual as 

female, which may indicate that ‘Type II’ is a female associated textile type, 

although the small number of specimens in this textile category mean that it is 

difficult to infer this with certainty. 

 

6.3.3 Type III: Close diagonal twining, paired S twist wefts 
 
This type is the largest sample category with 33 specimens representing a 

possible 26 different forms, including two drawstring bags, one of which 

contained a neonate in burial 90. Type III was found in direct association with 

the remains of six adult males (burial 91, 95, 102, 114, 118, and 131), and 

three adult females (burial 103, 117 and 157). It was also found in association 

with nine subadults (Andrews, Adovasio et al, 2002:136). Discriminant 
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function analysis classified four of these as male (burial 86, 90, 116 and 150), 

and all in their early teens, and four as female (burial 75, 113, 139, and 156). 

The female age ranges were somewhat wider, ranging from 2 to 3 years 

(burial 139) to 9 to 12 years (burial 156). Subadult burial 137 was not in the 

study sample. Type III does not appear to have any definite gender 

associations.  

 

6.3.4 Type IV: Close diagonal twining, trebled S twist wefts 
 
Type IV consists of 22 specimens, probably representing 14 different forms. 

Five of the specimens were associated with adult males (burial 92, 94, and 

131), eight were associated with adult females (burial 82, 93 and 104) and 

eight specimens were associated with three different subadult burials 

(Andrews, Adovasio et al, 2002:136). Discriminant function analysis classified 

one of the subadult burials as a male (burial 150), aged between 12 and 14 

years, and two as female (burial 113 and 133), aged 9.5 years, and between 

10.5 and 11.5 years respectively. Again, there does not appear to be any 

definite gender association with Type IV textiles. 

 

6.3.5 Type V: Simple plaiting /balanced plain weave 
 
There is only one specimen of Type V textile and this was recovered from the 

pelvic area of burial 90, a male individual aged between 11 and 12.5 years. 

The fineness of regularity of this specimen suggests that it may have been a 

garment produced on a hanging frame or loom (Andrews, Adovasio et al, 

2002:144). 

 

6.4 Modified Wooden Artefacts 
 
The most common modified wooden artefacts were in the form of wooden 

stakes. Many of these were shaped and polished, and some were driven 

through the bone-bearing stratum into the deposits below. However, although 

about 22% of the total burials (23% female, 25% male and 18% subadults) 

were buried in the vicinity of such stakes, it has proved extremely problematic 
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to associate a stake with a particular individual burial. Stakes were found near 

all the major burial clusters, but some were as far away as 85 cm from the 

nearest burial, and some were equidistant from several individuals (Dickel, 

2002: 80). Dickel hypotheses that the stakes do not relate to individuals, but 

demarcate burial clusters, perhaps relating to clans or lineages and no stakes 

appear to have been driven through an earlier burial and the burials do not 

appear to have been intercut (Dickel, 2002: 80). There are a small number of 

stakes that have been associated with individual burials, and some other 

modified wooden artefacts, and these are discussed below. 

 
6.4.1 Stakes 
 
Stakes were given definite associations with three adult females (burial 83, 

117 and 124) and four adult males (burial 94, 107, 120, and 142). Burial 94 is 

notable in that the three stakes in the burial were so tightly placed around the 

cranium that it was effectively pinned in the peat sediment. There were three 

stakes associated with subadult burial 89, but this individual was not in the 

study sample, and a debarked stake was in contact with the cranium of 

subadult burial 129. This individual, aged about 18 years was classified as 

male using discriminant function analysis. There does not, however, appear to 

be any gender associations with the positioning of these stakes. There were 

another seven stakes associated with human remains, but these were 

disarticulated scatters of bone, rather than discrete inhumations (Adovasio, 

Hyland et al, 2002:169). 

 

6.4.2 Perforated cylinders 
 
There were two perforated wooden cylinders recovered, both of unknown 

function. One was recovered from a disarticulated bone scatter, and the other 

was recovered by machine during the 1984 field season (Adovasio, Hyland et 

al, 2002:176). 
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6.4.3 Perforated wood and cordage composition 
 
This was a unique specimen recovered in direct association with burial 90, a 

subadult individual aged between 11 and 12.5 years, who is classified as 

male using discriminant function analysis in chapter 5. Several functions have 

been suggested for this complex construction. One suggestion (Andrews, 

2002, 178) is that it is a spring snare designed to trap animals with a 

tightening noose. Another is that it is a tchuringa or ‘bullroarer’, a device used 

in ritual ceremonies, but ethnographically these have only been reported from 

Archaic contexts in the far west of North America, and another (slightly more 

mundane) suggestion is that it is a ‘flax beater’ or a device for beating 

Palmetto (Adovasio, Hyland et al, 2002: 178). 

 

6.4.4 Wood rod/fore shaft 
 
This item is well smoothed and finished with an evenly mitred end presumably 

designed to fit in the shaft of a composite tool. This item was also recovered 

from a disarticulated scatter of bone (Adovasio, Hyland et al. 2002: 178). 

 

6.4.5 Cut and planed stick 
 
This item was recovered from an adult female burial (burial 125) and although 

it has clearly been anthropogenically modified it is undecorated and its 

function or functions are unknown (Adovasio, Hyland et al. 2002: 180). 

 

6.4.6 Mortar and pestle 
 
Two pestles and one wooden mortar were recovered, both from the burials of 

subadults. One pestle was in association (on top of) with a turtle shell 

‘container’ which had striations on the interior surface indicative of use. This 

artefact was in burial 85, a four-year-old individual, who was classified as 

female by discriminant function analysis in chapter 5. The pestle and mortar 

are both manufactured from live oak, and there are marks indicative of use on 

the inside of the mortar, and grooves on the outside that suggest cordage 
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may have been wrapped around to strengthen the bowl (Adovasio, Hyland et 

al. 2002: 182). This pair of artefacts was recovered from burial 150, a 

subadult aged between 12 and 14 years old who was classified as male by 

discriminant function analysis. This suggests that mixing of foods (or maybe 

medicines) was not necessarily a female occupation. 

 

6.4.7 Bottle gourd 
 
Whilst not strictly modified wood burial 150, aged between 12 and 14 years 

and classified as male using discriminant function analysis was associated 

with a bottle gourd (minus the neck and seeds) which was beneath the 

skeleton but above the fabric in which the body was wrapped. It is thus 

inferred that the bottle gourd was included as a funerary object, and may have 

been used as a container or a rattle of some sort (Newsom, 2002: 203).  
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6.5 Palaeoethnobotanical Samples 
 
In total, three abdominal samples were taken from subadults and another 

three samples were taken from grave fill in situ. The results are discussed 

briefly below. It is worth noting that due to the essentially random sampling 

strategy there is not much that can be inferred from the assigned sex of the 

subadults. Also, that many of the seeds (especially the Amaranthaceae and 

sawgrass) and faunal remains identified may be intrusive, and have come 

from the pond matrix itself.  

 
6.5.1 Abdominal sample from burial 129 
 
Burial 129 is a subadult individual about 18 years of age and was classified as 

male using discriminant function analysis. The sample contained 45 seeds 

consisting of 44 Amaranthaceae seeds and 1 sawgrass seed. There were 

also 2 charcoal fragments, 2 whole fish bones and 2 fragments of bone that 

were either turtle or human (Newsom, 2002:306). 

 
6.5.2 Abdominal sample from burial 134 
 
Burial 134 is a subadult about 2 years of age. This individual was classified as 

female using discriminant function analysis. The sample contained 221 seeds 

in total, which consisted of 196 Amaranthaceae seeds, 21 Sawgrass seeds, 1 

Nymphacae seed, 2 smartweed seeds and 1 grapeseed. Also present in the 

sample were 11 fragments of charcoal, 10 whole fish bones and 95 fragments 

of unidentified faunal bone (Newsom, 2002:306). 

 
6.5.3 Abdominal sample from burial 156 
 
Burial 156 is a subadult aged between 9 and 12 years and this individual was 

also classified as female using discriminate function analysis. The sample 

contained 493 seeds in total, which consisted of 429 Amaranthaceae seeds, 

42 sawgrass seeds, 1 button brush seed, 1 swamp dogwood seed, 12 wax 

myrtle seeds, 5 Nymphacae seeds and 3 unidentified seeds. The sample also 
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contained leaf fragments with a crenate margin, which have been tentatively 

identified as Ilex vomitoria or yapon, which is a potentially medicinal plant (see 

chapter 3) and the individual in burial 156 suffered from sacral spina bifida. 

There were also 14 charcoal fragments, 9 whole bones including fish turtle 

and water snake and 16 faunal bone fragments (Newsom, 2002:306). 

 

6.5.4 Burial fill samples 
 
Burial 85 is between 3 and years old and was classified as female using 

discriminant function. A maypop seed was found in this sample (Newsom, 

2002:307). 

Burial 90 is between 11 and 12.5 years old and was classified as male using 

discriminant function. A persimmon seed and pericarp was found in this 

sample (Newsom, 2002:307). 

Burial 150 is between 12 and 14 years old and was classified as male using 

discriminant function analysis. A bottle gourd was found in this burial (see 

7.4.7) as were 3 seeds consisting of 2 Nymphacae and 1 wax myrtle 

(Newsom, 2002:308). 

 

6.6 Summary 

 

There is little in these results to suggest that the Windover population was 

strongly engendered. The gender associations that have been suggested by 

the results in this chapter have been determined on the basis of whether or 

not a particular artefact appeared exclusively in male or female burials. As, 

however, the assemblage is relatively small, these associations are by no 

means conclusive. 

This analysis has also been hampered, to an extent, by the commingled 

burials. These burials meant that it was impossible to ascribe certain gender 

associations to 6 of the artefact categories examined. It was also not possible 

to ascribe gender associations to a further 6 categories as there was only one 

example of these particular artefact types. There were no clear gender 

associations with regard to the food remains from the abdominal samples, 
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something which is borne out by the original analysis of the adult sample 

(Newsom, 2002:208). 

In fact, it was only possible to tentatively suggest that 2 types were associated 

with male tasks or activities and 1 type with female ones: the lithic tools and 

canine graver or burnishers appear to be exclusively male artefacts, and the 

bird bone tubes female ones. The remaining artefact types are distributed 

between both adult and subadult, males and females. The majority of the 

artefact types examined were distributed between the age groups, with only 6 

categories not represented in subadult graves.  

Also, there did not seem to be much age distinction within the subadult group 

with very young children (burials 85, 134 and 139) receiving burial treatment 

similar to their older counterparts. 
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7.0 CONCLUSION 
 
In this, the final section of this study, the results will be briefly assessed. 

 

It is important to remember that the initial phase of this research was not 

intended to assess the levels of sexual dimorphism in the Spitalfields 

Collection as a whole, but to directly compare the effectiveness of coronal 

crown diameters versus cervical crown diameters, and the levels of sexual 

dimorphism in the cervical diameters do not reflect those found in the 

odontometric study undertaken by the Spitalfields project. This is probably 

due to the selective sampling, based upon the quantity and quality of teeth 

remaining in the dental arcade, which was necessary to obtain the required 

data for this project. Instead the purpose of this phase of the study was to 

directly compare the levels and patterns of sexual dimorphism in maximum 

coronal crown diameters with those of cervical crown diameters. 

The cervical crown diameters consistently show higher levels of sexual 

dimorphism than the corresponding coronal crown diameters, and there is 

distinctly more male/female overlap and less statistically significant mean 

differences in the coronal diameters. However, in many cases, similar 

patterns of dimorphism are displayed. For example, the lower canine 

diameters are the most dimorphic for both the coronal and cervical diameters 

and the pattern of buccolingual diameters exceeding the dimorphism of the 

corresponding mesiodistal diameters, or vice versa, are equal for both data 

sets indicating that the different diameters are recording the same patterns of 

dental morphology. The initial phase of research, using the Spitalfields 

sample, was vital to this study, as without the use of cervical diameters it 

would not have been possible to assess the Windover sample, due to the 

severe dental attrition in the adult sample. The Spitalfields Collection has 

provided an invaluable resource with which to fully investigate the levels of 

sexual dimorphism and efficacy of cervical crown diameters. 

 

Again, the next phase of this study was not intended to assess the levels of 

sexual dimorphism in the Bocage/Coimbra Collections, but to investigate a 

method with a subadult sample of known sex (which could therefore be 
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checked for accuracy) that could then be applied to an unknown sex subadult 

collection. All the functions used on the subadult samples were derived from 

the adults in the same collections. Although the levels of dimorphism in the 

cervical diameters from the Bocage and Coimbra samples considerably outdid 

the levels of dimorphism in the other samples (see figures 1 and 2 in chapter 

5) the data was checked and found to be accurate, and this may well again be 

due to the sampling strategy (based on quality and quality of teeth) needed to 

acquire the necessary data set. The deciduous teeth also scored particularly 

well both for percentage of sexual dimorphism and discriminant function 

classification, and although the final sample of known sex subadults with 

deciduous teeth was very small, this pilot study has been undoubtedly 

successful, classifying 100% of the ‘unknown’ known sex subadults. 

It was not possible to use coronal diameters for the Windover sample as the 

majority of the adult teeth were so badly worn there were no remaining points 

of measurement. However, the cervical diameters performed well when 

assessed for percentage of sexual dimorphism, and the adult teeth followed 

some of the trends identified by Garn and his colleagues during the Fels 

Growth Study in the 1960’s. The adult teeth also followed trends reported by 

Colby (1996, unpublished) in which she used cervical diameters to assess a 

prehistoric North American Gulf sample, notably the high levels of dimorphism 

in the premolars, something not reported by Garn and colleagues using 

coronal diameters (Garn et al 1967d). The stepwise method was used 

throughout the discriminant function analysis, and this made it possible to 

isolate the most effective diameters for classification purposes. It was possible 

to assign sex to 27 of the subadult sample using the mesiodistal diameter of 

the third molar with 86.8% of cross validated grouped cases correctly 

classified and this was only marginally below the 13% disagreement found 

when the adult sample was morphologically sexed using femur and humerus 

head versus nonmetric pelvic and cranial morphology (Dickel, 2002: 75).  This 

discriminant function assigned sex to subadults with an estimated age at 

death of between 5 to 7 years and 12 to 18 years. The next discriminant 

function, again using the stepwise method to identify the most efficient 

diameter, used the mesiodistal diameter of the upper first premolar and on 

this basis, it was possible to assign sex to a further 11 subadults with 88.9% 
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of cross validated grouped cases correctly classified, a higher percentage 

than was achieved when sexing the adults using the metric and nonmetric 

methods. The youngest of the subadults it was possible to assign sex to, was 

between 2 and 3 years old. In total, it was possible to assign sex to 82.6% of 

the Windover subadult study sample. 

The general health of the subadult sample was assessed, by using the newly 

assigned sex classifications and comparing them with incidences of 

pathology, including cribra orbitalia, porotic hyperostosis, periostitis, (or bone 

infection), osteomyelitis, linear enamel hypoplasia and trauma. 

The results showed that there was very little inequality in the general health of 

the subadult sexes that were represented in the pond, although this 

observation is not intended to be representative of the health of the living 

Windover population (Wood et al, 1992). 

There were six males and seven females with the skeletal manifestations of 

cribra orbitalia, and one male with porotic hyperostosis (without the symptoms 

of cribra orbitalia) (Dickel and Doran, unpublished).  

Equal numbers of male and female subadults, five males and five females, 

showed symptoms of periostitis, and one male and one female displayed the 

more serious form of bone infection, osteomyelitis (Dickel and Doran, 

unpublished). 

Three male and two female subadult individuals had linear enamel 

hypoplasia, and one female subadult had dental caries, whilst one male 

subadult had a dental abscess Dickel and Doran, unpublished).  

This was very similar in distribution to the adult sample where the incidences 

of linear enamel hypoplasia were equal between the sexes, suggesting that 

males and females had experienced similar levels of health and nutrition 

during childhood development. Adult females also had a higher incidence of 

dental caries whilst adult males experienced more dental abscesses (Wentz 

et al. 2006: 4).  

There were two female subadults with well-healed fractures, and one male 

subadult with a healed fracture. The other male individual had a pathological 

fracture; probably the result of a bone infection and this was not healed at the 

time of death (Dickel and Doran, unpublished).  
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One of the fundamental aims of this study was to compare the biological sex 

of the subadults with their burial assemblages, and the sex of the adults who 

had similar items to see if the subadults were engendered in death in the 

same way as the adults. This was not quite straightforward; as several of the 

artefact categories were recovered from multiple graves so could not be 

definitely associated with the subadult in the grave. For example, four of the 

atlatl cups/hooks were recovered from adult male burials and one was from a 

multiple grave consisting of adult females and subadults most of whom were 

too young to be assigned sex., making it impossible to say with certainty that 

this was a male associated artefact. 

A similar situation was encountered with the atlatl weights/handles/clubs 

category. Five were recovered from adult male burials, and another from a 

multiple subadult burial. Three of the subadults were classified as female, and 

one was as male, so again it was not possible to assign definite gender 

associations. 

The antler tine projectile points were exclusively associated with adult males, 

and one was also recovered from multiple burial 36, possibly part of a hunting 

assemblage that included the atlatl cup/hook (Penders, 2002: 100).  

The barbed projectile points did not appear to have any clear gender 

associations as two were recovered from adult female burials and one from 

the large assemblage with burial 90, a male aged between 11 and 12,5 years. 

It may well have been the case that both men and women used these points 

to hunt small, birds and fish (Penders, 2002: 103), whilst larger prey was 

hunted by males with the equipment described above. 

Four bird bone tubes were recovered from adult female burials and one from 

a subadult burial who was also classified as female using the discriminant 

function. Although the function of these tubes is not known it has been 

suggested that these tubes may have been part of some sort of shamanistic 

ritual (Penders, 2002: 106-107) and given the exclusively female association 

of these artefacts these rituals may have been performed by females..This 

could be a similar female role to those played by women at the slightly later 

Archaic shell mound sites of the south east, where burials indicate that some 

women were shamans, and had leadership roles in the rituals of their 

communities (Classen, 1997:67-68).  
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The necklaces and beads were all associated with adult females two 

subadults who were also classified as female, and one was recovered from a 

commingled context.  

The turtle shell containers were also associated with three adult females and 

two subadults who were classified as female using the discriminant function 

analysis, indicating a female association for these artefacts.   

The antler pressure flakers were distributed between adult male and female 

burials, and subadult burials, one of which was classified as male, and one 

female, and it appears there are no clear gender divisions with this artefact.  

As there was only one shaft straightener recovered from the whole site, in 

burial 90, a male subadult, it is not really possible to speculate on the gender 

associations of this artefact. 

The sharks’ teeth tools were recovered from both male and female adult 

graves, and male and female subadult burials, again indicating that there 

were no clear gender associations with this artefact. 

The mammal canine gravers/burnishers were all associated with adult male 

burials, or burial 90, a male subadult, and therefore seem to have definite 

male gender associations.  

The bevelled tipped burnishers/awls were also distributed between adult male 

and female graves. There was one in burial 90 and two in comingled graves, 

one of which consisted of adult females, and one of subadults who were not in 

the study sample. These artefacts can also be considered to be associated 

with both genders. 

Hollow point radii tools were associated with adult males, and one item was 

recovered from the comingled burial 36 (discussed above). Given the other 

burial associations these tools can be considered to be male task related 

items.  

The bone pins, awls and battens also do not seem to have clear gender 

associations as they are distributed between adult male and female burials, a 

comingled burial and burial 90 (a male subadult). 

The small quantity of lithic tools seems to have definite male gender 

associations, as they were either recovered from adult male burials, or burial 

90, a male subadult.  
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All the Type I textiles came from a single adult male burial so it is not really 

possible to assign gender associations to this textile type.  

Type II textiles were recovered from an adult female burial and a subadult 

burial that was classified as female, so it can be posited that this textile type is 

a female associated textile. 

Type III textiles were the largest sample category and were distributed 

between adult males and females, and equal numbers of male and female 

subadults and this textile type does not appear to have any gender 

associations. Textile Type IV also does not have gender associations as it is 

distributed between male and female adults and subadults. 

There was only one example of Type V (in burial 90) so again it is not 

possible to speculate on the gender association of this textile type. 

There was no definite gender association with the stakes as those that were 

associated with specific burials were distributed between male and female 

burials. 

Two wooden pestles were recovered, one with a turtle shell container from a 

female subadult burial, and one with a wooden mortar from a burial that was 

classified as male (burial 150). This may suggest that mixing of foods (or 

maybe medicines) was not necessarily a female occupation. 

It was not possible to make any assumptions about gender associations from 

the results of the palaeoethnobotanical analysis. 

In a similar study Hamlin (2001) compares the morphologically sexed adult 

Windover sample with their particular grave assemblages. She divides the 

artefacts into six functional categories as follows: domestic, fabricating and 

processing, hunting-related and weaponry, ornaments, other, and unmodified 

materials (Hamlin, 2001: 125). She acknowledges the problem of the 

commingled burials, and also has 26 individuals of unknown sex in her data 

set aged between 0 and 15 years (burial numbers not available) (Hamlin, 

2005: 88). In general, the artefact gender associations are similar to those 

identified in this study. There are, however, some discrepancies.  

Only adult females were associated with barbed projectile points (Hamlin, 

2005: 90). This study however places one such artefact in burial 90, that of a 

11 – 12.5 year old boy. 
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The turtle shell containers, thought to be used for food or medicine 

preparation (Penders, 2002: 109) were found in association with 3 adult 

females and 2 female subadults (burial 85 also contained a wooden pestle). A 

wooden pestle and mortar and a modified bottle gourd however, was found in 

burial 150, that of a male aged 12-14 years. It may well be the case, as 

Hamlin suggests, that preparation of food stuffs was a solely female and 

subadult occupation (Hamlin, 2005: 90), or it may mean that these activities 

were not strictly gendered.  

The adult Windover population do not, in general, seem to have rigid gender 

divisions, and this is also apparent in the subadult sample.  

Age also does not seem to be an important factor in the distribution of the 

grave goods. The turtle shell containers, for example, were distributed 

between 3 adult female graves and 2 of the youngest subadult burials to 

whom it was possible to assign sex: burials 85 and 134, aged approximately 

3-5 years and 2.5-3 years respectively. Burial 134 also contained the only bird 

bone tube recovered from the subadult burials. 

It is difficult to directly compare Windover with other sites as it is unique. It is 

however possible to looks at other general trends concerning women and 

their roles in society that emerge from the Archaic period. 

Classen (1997) suggests that female work roles intensified in the transition 

from the Pleistocene to the Holocene with the demise of megafauna and a 

consequent adaptation to reliance on smaller game and more intensive use of 

flora. This change in subsistence may well account for in the increased range 

of food processing equipment found in the early Archaic, and would have 

meant women had an increased role in the production and maintenance of 

equipment, as well as in the procurement and processing of resources 

(Classen, 1997: 68). It is also likely that this change in subsistence would 

have involved subadults having a more active role in the day to day life of the 

community. This may well explain why women at Windover are buried with a 

similar range of tools and equipment as their male counterparts, something 

that is reflected in the subadult assemblages.  

Sassaman (1992) points out that gender is a primary social variable of the 

labour process in foraging societies that indicates the sexual division of 
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labour, and when gender specific technology exists it can tell us about the 

organisation of domestic livelihood (Sassaman, 1992:72).  

There is very little gender specific technology at Windover, and this may well 

imply that women and subadults were as active participants in everyday 

subsistence as men. 
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APPENDIX C – WINDOVER SAMPLE  
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