
� � � � � � 	 
 �� � �

� � � 	 � 
 � � �� � � � � � � �
 � �� 
 � � � �� � � � ��� � � � 
 � � �
 � �� � � � � � �
� � � �� 
 � � �� � 
 � 
 � � 
 � � �� �� � � � 	 �� � � 	 � � 
 �
 � � � �

� 
 � � �� � 
 � � ��� 	 � �� � � � � �
 � ��� � � �� 
 � � � 
 � � ��� 
 � 
 �
� � 
 � 
 � � ��� � � � � 
 � � � �� � � �	 � � �� 	 �� � � � � � �
 � �� � 
 � � 	 �

� � � � �
 � � � � � ��� � � � � � �� � � � � � � �� � � � � � � �� � � �� 	 � � � � �
� 	 � � � �� �� � � 	 � � 
 �
 � � � ��� � � �� � � ��� 
 � � �� � 
 � �� � � � �� � �

�� � � �� � 	 � �
����

 � � 
 � � � � � 
 � � �� 
 ��� � � �� � � �

� �� 
 � � � � �� � �� � ��� � � � � � �
 � � �� � 
 � � 	 �  � � � � � �! � � � � � � � � "� � �  ��� � � � � �  
#� � � � � � $ %"& � ' � �� � �� �� � � ( � � � � �! � �( � � � � � � �) �� � � � � �
� � � �� � � #� � $� � � � �$�
 �&� �� � � � � 
 � � 	 �  �"� � � � � �! � � � � � � � � "� � �  � #� �
� � � � $ %"& * *+%, "	 � � � � ' �  � ' � #� � ' � 
 � �- � �! � � � �� � �� ��. � � $�� � $
�
 � � � � �� � � ���� � � � � $�� � $� � �� �� � �� � �� � ��� � � � � � �
 � � �� � 
 � � 	 �  
� � � � � �! � � � � � � � � "� � �  ��� � � � � �  #� � � � � � $ %"& � ' ( � � � � �! �
( � � � � � � �) �� � � � � �  � ' "

/ � � � �� � $�$� �� 0&01�&2�03�,3�&%�24

) �� 5��� ��� � � 
 � � 	 �  
 $�"
 � � $�� "� � �  , &212 2%14

http://hdl.handle.net/10454/4356


 

University of Bradford e Thesis  

This thesis is hosted in Bradford Scholars – The University of Bradford Open Access 
repository. Visit the repository for full metadata or to contact the repository team 

  
© University of Bradford. This work is licenced for reuse under a Creative Commons 

Licence. 

 

https://bradscholars.brad.ac.uk/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/


Diachronic Effects of Bio-Cultural Factors 

on Stature and Body Proportions 

in British Archaeological Populations. 

Marianne SCHWEICH 

PhD 

2005 



Diachronic Effects of Bio-Cultural Factors 

on Stature and Body Proportions 

in British Archaeological Populations. 

The impact of living conditions, socio-economic, nutritional, and 

health status on growth, development, maximum attained statureq 

and physical shape in archaeological skeletal population samples. 

Marianne SCHWEICH, BSc, MSc 

Submitted for the degree of 

Doctor of Philosophy 

Department of Archaeological Sciences 

University of Bradford 

2005 



UNIVERSITY OF BRADFORD 

The copyright of this thesis (including any photographs and 
diagrams it contains, unless otherwise stated) belongs to the author. 
All persons consulting the thesis must read and sign a declaration to 
show that they recognise this fact. 

The thesis is made available on the understanding that the person 
consulting it will not make it available to any other person and not 
reproduce, publish in any form, quote or make a copy of either the 
whole or any part of it without prior permission in writing of the 
Librarian of the University of Bradford. 

COPY 1 

This copy may not leave the Library 

in any circumstances. Copy 2 is 

available for loan to other libraries, 

but not to individuals. 

/4-337S, 3 

BD 034562563 4 
1111111111111111111111111111111111111111111111111 



Abstract 

Humans, like all animal species, are subject to Bergmann's (1847) and 

Allen's (1877) environmental rules which summarize physical adaptations to the 

natural environment. However, humans are in addition cultural animals and other 

bio-cultural factors such as social, economic and political status, general health, 

and nutrition, have a noticeable influence on stature and body proportions. 

Importantly, socio-economic status has a powerful influence on stature, which has 

been used to elucidate status differences in past societies (Bogin and Loucky, 

1997; Floud et al., 1990; Schutkowski, 2000a). Furthermore, bio-cultural factors 

influence all dimensions of the human body, including weight, relative limb 

length, and relative length of the different limb segments. Given minimal 

migration and shared natural environments, all populations in this study, coming 

as they do from the last 2000 years of English history, should demonstrate similar 

morphology (c. f Ruff, 1994) if climatic variables were the only influence on 

stature and body proportions. 

In order to assess such bio-cultural factors in individuals from 

archaeological populations, skeletal populations from sites such as known 

leprosaria and medieval hospitals, rural and urban parish cemeteries, victims from 

the battle of Towton in A. D. 1461, and individuals from monastic cemeteries were 

analysed. The osteometric data from these populations were assessed for within 

and between population variability and indicate effects of bio-cultural factors on 

attained body proportions and stature. The results indicate a strong relationship 

between bio-cultural factors and body proportions, body mass index, prevalence 

of pathologies, sexual dimorphism, secular trend, and general stature from Roman 

times to the post-medieval period. The usefulness of stature, weight, and physical 
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indices as markers of the bio-cultural environment is demonstrated. The main 

findings include: a greater sensitivity to external stressors in the males rather than 

the females of the analysed populations, rendering male statures more susceptible 

to varying bio-cultural conditions; a potential for very tall stature has existed in 

the analysed populations but was only realised. in very high status individuals in 

medieval times, and from the beginning 20'h century with better socio-economic 

conditions for the population at large; a less stratified socio-political environment, 

as in the late Anglo-Saxon period resulted in taller average male statures that a 

more stratified one, such as the medieval Nation-States; and medieval monastic 

institutions could have high status, e. g., the Gilbertines, or lower status, such as 

the mendicant orders, while leprosaria had the lowest status of all. 
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1. Introduction 

"The neutral or presumed 'ideal' state is considered as those conditions 

and behaviour patterns that permit the organism to attain its fullest 

phenotypic state, and that also permit its highest rate of successful 

reproduction consistent with its fullest genotypic potential" (Gilbert, 

1985). 

In order to assess within and between population variations caused by 

factors other than bio-geographical ones, the model adopted in this thesis 

identifies three main mechanisms of human adaptation: first, genetic adaptation - 

changes to the human genotype over evolutionary timescales providing 

adaptation at the species level, mainly as a response to environmental conditions; 

second, ontogenetic adaptation - changes to the human phenotype over one or 

more generations providing adaptation at the population level to growth and 

development due to bio-cultural conditions; third, physiological adaptation - 

acclimatization at the individual level to, for example, a different habitat 

(Frisancho, 1993) Schell, 1995). The basic concepts used with this model are 

represented by the following extra-somatic factors: factors associated with the 

bio-cultural environment-that is, any effects on human growth and development 

resulting from cultural, social, and economic practices in the widest sense, as 

opposed to factors associated with the bio-geographical environment-that is, 

any effects on human growth and development resulting from or caused by, inter 

alia, climate, ecology, latitude (Brooke Thomas, 1948; Mazess, 1975; Pearson, 

2000; Schell, 1995; Underwood, 1975). 
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The aim of this thesis is to assess stature and body proportions as related 

to bio-cultural factors, such as socio-economic status, diet, and health, via growth 

and development in archaeological populations. Therefore, ontogenetic 

adaptation is considered a physical response to bio-cultural factors. This response 

will be positive, i. e., the maximum potential for growth and development of an 

individual will be achieved, if the individual lives under advantageous bio- 

cultural conditions. Conversely, such an adaptation will be negative, i. e., the 

maximum potential will not be achieved, if the individual lives under detrimental 

bio-cultural conditions. In other words, in the absence of pathologies that have a 

direct effect on growth, growth is a response to bio-geographical and bio-cultural 

environmental factors (Bogin, 1999b; Bogin, 2001; Eveleth and Tanner, 1990; 

Gilbert, 1985; Larsen, 1997; Schell, 1995). Moreover, bio-geographical and bio- 

cultural factors interact in many ways, producing feedback systems between 

genetic, ontogenetic, and physiological adaptation (Eveleth, 1979). These 

interactions are illustrated in Figure 1.1, a simplified flowchart of extrinsic 

effects on growth and development. Thus, the maximum potential for growth and 

development is filtered through both bio-geographical and bio-cultural factors. 

The interaction of these factors determines whether the individual achieves their 

maximum potential for growth, i. e., the maximum stature attainable under 

beneficial bio-cultural factors within the prevailing bio-geographical factors, or 

whether their growth will be stunted. It is important to note that the maximum 

potential for growth is obviously different for each individual, as it is strongly 

linked with parental stature and other intrinsic factors. Furthermore, it has to be 

mentioned that in the present context, the factors of the bio-geographical 

environment are controlled by selecting populations from the same geographic 
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area, England. Indeed, it is argued that within England variations in genotype and 

bio-geographical environment are of a lesser magnitude than variations in the 

bio-cultural environment, especially for the time period considered here (see also 

below). 

Maximum potential for 

growth and development 

Filtered through: % 

Bio-geographical Bio-cultural factors, 

factors, e. g.: Interaction e. g.: 

Climate * SES 

Ecology 9 Health status 

Latitude * Nutrition 

Effects of interaction beneficial II Effects of interaction detrimental 

Maximum growth potential 

achieved; normal growth 

Maximum growth potential not 

achieved; stunted growth 

Figure I. I. Simplified flowchart of the effects of bio-geographical and bio- 

cultural factors on growth and development. SES is socio-economic status. 

The biological status of human populations mirrors their adaptation to 

contemporary living conditions (Wolanski and Siniarska, 2001). The bio- 

geographical factors of climate and altitude, as well as the bio-cultural. factors of 

social, economic, and political status, make up those living conditions. 
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Consequently, the biological status of human populations, past and present, is an 

indicator of socio-economic status, reflecting living conditions, health, and 

access to resources (Tanner, 1978), in shortý the bio-cultural environment. As 

mammals, Homo sapiens sapiens responds and adapts to the natural environment 

(what is called here the factors of the bio-geographical environment, because 

they are part of the natural world) as posited by Bergmann's (1847) and Allen's 

(1877) rules. Bergmann's rule concerns the general relationship of body mass to 

surface area; as mass increases, surface area decreases proportionately. Since 

body heat is lost at the surface, a high mass/surface ratio allows for greater heat 

retention and reduced heat loss. Allen's rule states that shorter appendages with 

high mass/surface ratios are adaptive in colder climates because they minimise 

heat loss, in hotter climates, long appendages with increased surface/mass ratio 

are adaptive because they promote heat loss (Jurmain et al., 2000). However, 

Homo sapiens sapiens is also a cultural animal, and cultural adaptations (placed 

among bio-cultural factors here, because they have been created by the 

interaction of our biology and physiology with our complex cultural behaviour) 

modify and interact with biological adaptations. Many factors, including social, 

economic and political status, general health, nutrition, psychological well-being, 

and level of education interact with climate and altitude and, together, have a 

noticeable influence on stature and body proportions (Bogin, 1999b). Thus, the 

bio-cultural environment has a powerful influence on stature attainment and can 

therefore be used to elucidate status and lifestyle differences in past societies. 

Interestingly, studies relating physical features and the bio-cultural 

environment in modem-day populations (Bogin, 1995; Bogin, 2001; Bogin and 

Loucky, 1997; Brodar, 1978; Dah1mann and Petersen, 1977; Grabowska, 2001; 
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Iwanowsky, 1925; Katzmarzyk et al., 1999), and in archaeological populations 

(Formicola and Giannecchini, 1999; Goodman, 1998; Kirchengast and Winkler, 

1991; Robb et al., 2001; Schutkowski, 1995; Schutkowski, 2000a; Schutkowski, 

2000b; Schutkowski et al., 1999; Wurm, 1986) suggest that similar influences are 

at work, regardless of time period or origin of populations. Furthermore, the 

general patterns of subadult growth in archaeological populations is similar to 

that in living populations, and therefore, detrimental bio-cultural conditions in 

past populations can be inferred based on the results of studies on living people 

or populations (Larsen, 1997). Therefore, it can be argued that the methodology 

and the biological analogy adopted here are valid (Schweich and Knilsel, 2003; 

Schweich and KnUsel, 2004b). In other words: "nothing differentiates skeletons 

of 25 ky ago from modem inhabitants of Paris [or Britain]" (Frayer, 1984). 

1.1. General considerations 

Some important concepts, such as the process of human growth and 

development, the maximum potential for stature, maximum attained stature, and 

body proportions will now be discussed. All the factors of the bio-geographical 

and bio-cultural environment affect the whole body and all body systems. For 

example, varying proportions are caused by varying growth patterns, especially 

of limbs and limb segments, and differences in bio-geographical and bio-cultural 

factors will result in differences in growth patterns as determined by epiphyseal 

fusion rates. So, shorter limbs probably represent poorer nutritional status, 

especially during the period of intensive growth. If this is true, different body 

proportions may be related to different environments and represent 

developmental adjustments (Wolanski and Siniarska, 2001). The present research 
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will concentrate mainly on the effects of bio-cultural factors on the skeletal 

system as related to growth and development. 

Those aspects of the osteological paradox pertaining to pathology 

prevalences ((Wood et al., 1992); but see also (Cohen, 1997; Saunders and 

HoPPa, 1993), need to be briefly addressed here. It is clear that skeletal remains 

with long-standing pathological conditions represent the survivors, and that the 

weakest members of a community died of such pathologies before any skeletal 

features could develop. Obviously, individuals who suffered from acute 

conditions resulting in death will be missed here as well as in any other study 

using pathologies of human skeletal remains. However, in the present context, 

especially long-standing, chronic pathologies are important, as they reflect a 

long-standing, 'chronic' detrimental bio-cultural status, and detecting and 

understanding the influences of such a bio-cultural status is one of the main 

objects of this thesis. Acute diseases which kill before any bone changes can 

form, such as, plague (Margerison and KnUsel, 2002), often do not discriminate 

solely on the basis of the bio-cultural environment. 

One way to circumvent the osteological paradox is to concentrate on 

growth and development, a feature shared by all individuals, while only a 

minority will possess chronic pathological lesions. In general, measures of 

growth and growth potential are better indicators for overall population health 

than the relatively few pathological conditions that affect the skeleton. 

1.1.1 A brief overview of human growth and development 

The first stage in the human life cycle consists of prenatal life, with 

embryogenesis occurring from conception to the l2th week in utero, rapid growth 
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in length from the 4h to the 6h lunar month, and rapid increase in weight from 

the 7h lunar month to birth. The postnatal stage of the cycle comprises the 

neonatal period from birth to 28 days, which sees the most rapid rate of postnatal 

growth and maturation. Infancy lasts from the second month to weaning, usually 

by 36 months of age. The growth rate is still rapid, but with a deceleration 

towards the end of this period. The amount and rate of growth during the first six 

months is usually very similar for most infants, whatever their bio-cultural 

environment, possibly because breast-feeding supplies all the nutrients and 

immunity an infant needs. After six months of age, when breast-feeding is no 

longer sufficient and other infant foods are used as supplements, growth 

variations related to bio-cultural environment, and perhaps growth stunting, start 

to appear. If at this stage nutrition and health status are improved, the infant may 

still catch up in size. Otherwise, the differences in stature caused by a detrimental 

(or advantageous) bio-cultural environment will soon become irreversible. 

Childhood, with a moderate growth rate, lasts from age three to age seven. 

Towards the end of childhood, some children apparently experience a small 

increase in growth velocity, called the mid-growth spurt. The pattern of growth 

during childhood is very similar for all well-fed and healthy children, but the 

factors of the bio-cultural environment may influence the amount and rate of 

growth. The juvenile period starts around ages seven to ten for girls and twelve 

for boys; the growth rate declines once more, and juveniles of this age grow at 

the slowest rates since birth. The pattern of juvenile growth is predictable and 

stable, even if a juvenile is shorter than average because of a detrimental bio- 

cultural environment. Any differences in stature or weight observed in the 

juvenile stage were established before age seven. Puberty, an event of short 
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duration, occurs at the end of the juvenile period. It is marked by a dramatic 

increase in the secretion of sex hormones. Adolescence lasts for about five to 

eight years from the onset of puberty. It is a time of rapid acceleration in growth, 

and the adolescent growth spurt in stature and weight occurs. This is also when, 

through the influence of the various sex hormones, the growth patterns of girls 

and boys start to diverge, with boys being delayed compared to girls. Thus, 

sexual dimorphism in stature is mainly the result of the delay in the onset of the 

adolescent growth spurt and the greater intensity of the spurt in boys. It is also 

interesting to note that males respond more quickly and with greater variety to 

external stressors than do females. This difference between males and females 

will be important in the interpretation of the present research. After this last 

growth spurt, the adult stage begins, from when the epiphyses of the long bones 

fuse to the end of child-bearing years; growth in height stops and maximum adult 

stature is attained. In populations from an advantageous bio-cultural 

environment, this would be about age 18 to 20. In a detrimental bio-cultural 

environment, however, especially if an individual suffers from undernutrition or 

disease, growth in stature may continue up to age 26. Even though such 

individuals grow for longer, they still do not achieve a stature similar to that of 

more privileged age mates; they still end up shorter. The last stage in the human 

life cycle is old age and senescence (Bogin, 1999a; Bogin, 1999b; Bogin, 2001; 

Harrison et al., 1988; Sinclair, 1989; Tanner, 1978; Ulijaszek et al., 1998; 

Wolanski and Siniarska, 2001). This stage is characterised by a reduction in 

stature, a phenomenon that can be accommodated in stature reconstruction 

protocols. In the present study, however, no correction for age-related stature loss 

was made, as only the maximum attained stature was relevant. 
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1.1.2. Stature 

Stature is one of the most variable and complicated distance measures of 

the human body. It is the result of long-term adaptations and short-term 

ontogenetic adjustments. In a living person, it is influenced by ethnicity, climate, 

altitude, secular change, sex, age, social class, time of day, and many other 

factors (Larsen, 1997). Furthermore, the different components of stature, i. e. 

height of the cranium, length of the vertebral column, femoral and tibial lengths, 

and articulated talus and calcaneus height, vary independently from each other. 

Therefore, it seems futile to expect any mathematical stature estimation method 

to take all these variables into account, and produce accurate results for any one 

population. A highly precise stature estimation can be achieved by using an 

anatomical method, such as that of Fully (Fully, 1956). This method comprises 

measurements of every component of stature, i. e. cranial height, heights of the 

vertebral bodies, femur and tibia lengths, and height of the articulated talus and 

calcaneus, and thus incorporates the variations of individual body segments into 

the stature estimation. The obvious drawback of Fully's method is the need for a 

complete skeleton (Frisancho, 1993; Pretty et al., 1998) and, therefore, the 

method's use for archaeological populations is limited. 

Only sex and ethnicity can be taken into account with the numerous 

regression formulae, while other factors influencing stature, such as socio- 

economic status, are ignored (Ming, 1988). it is possible that the generally 

large standard errors of the different regression formulae are, at least partly, the 

result of the unpreventable omissions of important factors like socio-economic 

status. A further bias is introduced if regression formulae are derived from socio- 
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economically homogenous groups, such as soldiers, students, or anatomical 

collections, and then applied to socio-economically heterogeneous groups. Thus, 

the study of body proportions in preference to stature is not only more 

informative, but also prevents the misrepresentation of individuals because 

important factors are unquantifiable. 

However, despite their many drawbacks (Jantz, 1992; Jantz et al., 1994; 

Jantz et al., 1995), Trotter's (1970) equations have been used here, mainly to 

ensure consistency and comparability, and because they are widely used. Fully's 

anatomical method could not be used, as most analysed skeletons were too 

fragmented. 

1.1.3. Proportions and indices 

Body proportions are variable between individuals from the same 

population as well as between populations. If a bone maintains a constant 

proportional relationship with stature throughout the range of statures, it is called 

isometric. If a bone is relatively shorter in a taller individual, it is negatively 

allometric; positive allometry occurs when a bone is relatively longer in a taller 

individual, as is often the case for the tibia. Comparing the proportions of males 

bom between 1840 and 1919 from the Terry Anatomical Collection currently 

housed in the Department of Anthropology, Smithsonian Institution, Washington 

D. C. with World War II male casualties born between 1915 and 1926, it was 

found that the upper limb is always close to isometric, the femur is weakly 

positively allometric, while the tibia and fibula reveal an increasingly strong 

positive allometry from the earlier to the later sample. In general, the tibia is the 

most variable limb segment, and the distal limb segments are more variable than 
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the proximal ones. However, in females, the distal segments of both limbs are 

equally variable, while in males the tibia is relatively more variable than the 

radius. Furthermore, between populations, the tibia is probably the most variable 

segment, and both distal segments are more variable than the proximal segments 

(Holliday and Ruff, 2001; Meadows and Jantz, 1995; Schweich, 2000; Ulijaszek 

et al., 1998). 

The growth of most parts of the body follows the pattern for general 

growth in size. Growth slows down in the first years of life. Different parts of the 

body have different maturity gradients and some are closer than others to adult 

proportions from birth. The upper parts of the body, especially the head, which 

does not show the standard growth pattern, are closer to adult proportions than 

lower parts; the growth of the postcranial skeleton is delayed relative to that of 

the cranium and mandible. In the postcranial skeleton, growth in length of the 

long bones is completed first, even though limbs and limb segments possess a 

lower percentage of adult length at birth than the head or the trunk, for example. 

Upper limbs are more developed than lower limbs during growth and distal 

segments more than proximal segments. This is known as the cranio-caudal 

maturity gradient, which is manifested already in the early embryo. At 

adolescence, distal segments precede proximal segments in growth velocity. The 

foot reaches peak growth velocity about six months before the leg which in turn 

reaches peak growth velocity earlier than the thigh does. The maturity gradient in 

the upper limb follows the same pattern. Pelvic and shoulder girdle bones reach 

adult size before the diameters of long bones and at about the same time as the 

tru. nk. Some body parts show a developmental overshoot. Relative sitting height 

reaches adult values before puberty and falls to a minimum around peak height 
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velocity before increasing to adult proportions. Furthermore, the leg length can 

vary up to 7 cm in children of the same stature, while in adults of the same sex 

and stature it can vary up to 12 cm. The arm and forearm may vary by up to 4 cm. 

each at a given sitting height. Adult stature may be attained by 18 years, but 

breadths such as the bi-acromial breadth may increase until the mid-twenties. 

Furthennore, the increase in skeletal robusticity, indicated by increasing long 

bone diameters, continues into adult life (Humphrey, 1998; Marshall, 1977; 

Norgan, 1998; Prokopec, 2001; Schweich, 2000; Ulijaszek et al., 1998). 

If this development of the different parts of the body is disturbed, two 

populations from roughly the same time and place, for example, will attain 

different body proportions, as they may have been exposed to different bio- 

cultural environments (Tanner, 1978). Males and females also respond 

differently to environmental changes, as do individuals of differing ancestries. 

For example, African-American and European-American US adults with the 

same stature tend to have different body proportions. If the samples with similar 

statures are matched for environmental determinants of growth, a genetic cause 

(c. f, p. 1) for these differences in body proportions seems likely. Improvements 

in nutrition, health care and sanitation also influence growth, in general, and 

body proportions, in particular (Bogin, 1999b; Bogin et al., 2001; Holliday and 

Ruff, 2001; Meadows Jantz and Jantz, 1999; Schweich, 2000). 

The study of body proportions relates different physical measures to each 

other, expressing them in indices-that is, the shorter measurement as a 

percentage of the larger measurement. Indices are not directly measurable but 

have to be calculated from primary measurements of limb segments or long 

bones. Indices give the relative length of one body segment to another. Both 
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measures can be sequential in the same vertical dimension, as for the crural index 

of femur and tibia. Reference and percentage measures can be parallel in the 

same dimension, like the humerofemoral index or cover two dimensions, vertical 

and horizontal, as for the claviculohumeral index. Some indices do not relate 

only unidimensional measures with each other; the body mass index, for 

example, covers the relation between one-dimensional stature and three- 

dimensional weight. In this latter case, the square root of the stature estimation is 

used to equalize the different dimensionalities; the squaring of the stature ensures 

that there is no simple positive correlation between stature and weight 

(KnuBmann, 1988a; Knul3mann, 1988b; KnuBmann, 1996; Schweich, 2000). 

. 
The most important indices are the inten-nembral index, the crural index, 

the brachial index and the humerofemoral index. The intermembral index reflects 

the length of the upper limb relative to the lower limb; the higher the index, the 

longer the upper limb. When limb length is standardised for height, a limb with a 

relatively small value is disproportionately small. The humerofemoral index 

reflects the length of the humerus relative to the femur. The crural and brachial 

indices indicate the length of the distal segment relative to the proximal segment 

in the lower and upper limbs, respectively. There is a slight tendency for crural 

and brachial indices to increase with overall limb length, but there is also a high 

variability in the amount which proximal and distal segments contribute to total 

limb length. A limb with a small distal segment compared to the proximal one is 

distally abbreviated. However, it cannot be assumed that distal abbreviation and 

limb abbreviation are related. In both sexes, the tibial length is more variable 

than the femoral length. In ontogenetic terms, the value of the intermembral 

index decreases from neonate to adult, the crural index either remains the same 
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or increases slightly, and the brachial index decreases, reflecting the very low 

adult brachial indices (Aiello and Dean, 1990; Holliday, 1999; Porter, 1999a; 

Schweich, 2000). From this, it can be inferred that delayed union of the distal 

epiphyses of the tibia and perhaps the fibula, or possibly a late growth spurt, 

could lead to increased length of the distal lower limb segment. All populations 

exhibit a moderate sexual dimorphism for the crural index, with males having a 

higher index than females. This may be related to the broader pelvis of females, 

where the femur must be relatively longer than in males for the knees to stay in 

close proximity to one another. Hence, distal abbreviation cannot be substituted 

for limb abbreviation in modem populations, and crural and brachial indices 

cannot be used to evaluate the length of the limb relative to the body. However, 

there is no such sexual dimorphism in the brachial index (Porter, 1999a; 

Schweich, 2000). 

Furthermore, brachial and crural indices and total limb length tend to 

decrease as one moves away from the equator, which seems to agree with Allen's 

rule that predicts that longer extremities with a higher surface area will be found 

in hotter climates. However, it is possible that, for the lower limb at least, 

biomechanical factors, including architectural alterations such as bowing, might 

influence the proportions of the limb and its segments as much as climate. Also, 

brachial and crural indices are largely genetically controlled, as differences are 

evident early in foetal life. Children of migrants to climatically different regions 

tend to retain their ancestors' proportions, even though stature may well increase 

(Holliday, 1999; Porter, 1999a; Schweich, 2000). 
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1.2. A genetic cause for growth variation? 

'The distinction between environment and heredity is a man-made one 

and evolution makes or ignores it according to the laws of Darwin rather 

than Aristotle' (Tanner, 1978). 

Adult stature and proportions are determined by the maximum potential 

for stature, by congenital effects such as uterine environment, which can affect 

growth for many years after birth and even transgenerationally (Bogin, 1999b), 

and by the various bio-geographical and bio-cultural environmental factors 

which are discussed below (1.3 Factors of the bio-geographical environment, and 

1.4 Factors of the bio-cultural environment). The term 'maximum potential for 

growth' means that each individual has a genetically (or rather congenitally) 

determined upper limit to stature and proportions. The environment provides 

stimuli that encourage or impede the expression of this maximum potential. 

Therefore, if the environmental factors are inadequate, the maximum potential 

for growth will never be reached. Adult stature and proportions are highly plastic 

and are influenced by many diverse factors (Kaplan, 1954). As already 

mentioned, the bio-geographical and especially the bio-cultural environment 

have a very strong influence on growth and development; they are the main 

determinants of final stature and proportions. In this context, maximum potential 

stands for maximum attainable stature with the inherited genotype, given the best 

possible bio-cultural environment. In this sense even adults who have reached 

their maximum potential may still be short, e. g., if their parents were relatively 

short (Bogin, 1999b; Bogin et al., 2001; Frisancho, 1993; Kaplan, 1954). 
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The true genetic component of adult stature is, on average, negligible 

compared to the environmental component, especially factors of the bio-cultural 

environment. Thus, the maximum potential for stature of each individual is 

predetermined from the individual inherited genotype, but people living in a 

detrimental bio-cultural environment will not be able to achieve their maximum 

potential (Kaplan, 1954). This interaction between genetics and environment is 

non-linear; its effects are not additive but multiplicative (Tanner, 1978). 

Maximum achieved adult stature is mainly the result of socio-economic status, 

diet, and general health status. Individuals who enjoyed an adequate diet and 

good health during their growth period achieve their genetic growth potential. 

Those who had a poor diet and bad health often do not (Larsen, 1997; Roberts 

and Cox, 2003). The main effects of the genotype on growth are related to 

growth velocity, age at menarche, and the timing and magnitude of the various 

growth spurts, all of which reflect the fundamental plan of growth (Towne et al., 

2002). Thus, the genetic control of shape and physical proportions is much 

stronger than that of stature. Differences in proportions between the various 

qthnic groups are mainly due to effects of the bio-geographical environment 

(Tanner, 1978). A population that has lived for a long time in a given 

environment has physically adapted to it. It is, however, impossible to determine 

to what degree genetic factors influence this physical adaptation to the (bio- 

geographical) environment, quite simply because growth is an extraordinarily 

complicated process that, as already mentioned, consists of many different 

aspects and is influenced by a large number of effects, which all interact in a 

feedback system. If a group or an individual from such an environmentally well- 

adapted population were to change environments, e. g., by migration, their 
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descendants would eventually adapt physically to the new environment. This 

effect can be seen in many migrant populations and their offspring; there is often 

a notable stature difference between parents and children due to an improved bio- 

cultural environment (see for example Bogin, 1999a; Golden, 1996; Hulse, 1981; 

Kaplan, 1954). Physical changes due to a change in the bio-geographical 

environment (e. g., from a linear to a more stocky shape) would require many 

generations. The bio-cultural effects on the statures of the children of migrants 

contradict the 'small but healthy' argument, which states that the smaller average 

stature of many Third World populations is a genetic adaptation to poverty and 

the associated adverse bio-cultural conditions because smaller bodies require less 

food to survive. That this 'small but healthy' argument is a fallacy is shown by 

the fact that somebody who is short and thin because they grew up in a poor 

third-world country, for example, would still be able to produce much taller and 

heavier offspring if they migrated to a rich Western country. If such short stature 

were a real genetic adaptation, the observable differences in statures; between 

migrants and their offspring would take more than one generation to occur. 

Furthermore, an adverse bio-cultural environment does not only cause stunted 

growth, but also impaired work capacity, impaired cognitive development, 

impaired school performance, all indicative of poor biological adaptation (Bogin, 

200 1). Furthermore, variation in stature is mostly due to variation in the length of 

the distal segment of the lower limb, the tibia; retardation in the growth of the 

lower limb, however, is a clear indication of a detrimental bio-cultural 

environment. Like all other skeletal stress indicators, short stature is related to 

quality of life and does not represent a physical adaptation (Bogin, 1995; Bogin 

and Loucky, 1997; Tanner, 1978). 
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There are family patterns of growth; the closer the genetic relationship, 

the more similar the growth pattern, since growth and adult stature and 

proportions are partly controlled by polygenic inheritance from the parents. The 

concepts of 'genetically short' and 'genetically tall' are related to such family 

patterns of growth. When both parents are relatively short, their offspring is 

likely to be relatively short as well, even if they live in an adequate bio-cultural 

environment. The same applies to relative tallness (Harrison et al., 1988; Larsen, 

1997; Tanner, 1978). However, this should not be seen as genetic, but rather as 

congenital, short or tall stature and, as such, subject to change over generations. 

Furthermore, there have been cases of monozygotic twins reared apart, where 

one twin was exposed to detrimental bio-cultural conditions. In such cases 

considerable differences in stature developed, showing the dominant cffect of 

(bio-cultural) environmental factors on the growth and development of 

individuals (Eveleth and Tanner, 1990). In general, there is some genetic control 

over individual stature, but there is no genetic explanation for the average stature 

of a population. Differences between populations in adult stature and proportions 

are due to the interactions between their various gene pools and environments, 

the latter still having a major effect compared to the former (Johnston, 1986). In 

other words, a genetic/congenital component of stature only has a major effect on 

an individual level, but when population averages are studied, as in the present 

thesis, the bio-geographical and especially the bio-cultural environment 

supersede any genetic determinants of stature. It is very difficult, however, to 

quantify the relative importance of heredity and environment in controlling 

growth and resulting physique under any given circumstances (Bogin, 1999b; 

Bogin and Loucky, 1997; Preece, 1996; Tanner, 1978; Underwood, 1975). 
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1.3. Factors of the bio-geographical environment 

The bio-geographical environmental factors affecting growth and 

development include, among many others, climatic factors such as ambient 

temperature, amount of min or sunshine, ecological setting, and latitude. 'Mere 

were obvious climatic variations over the two millennia during which the 

populations analysed in this thesis lived, such as the 'Little Optimum' (AD 700- 

1300) and the 'Little Ice Age' (AD 1550-1850) (Bell and Walker, 1992). 

However, these variations did not last long enough to affect stature and 

proportions directly, but had an effect through their related bio-cultural factors, 

such as greater or lesser availability of food, better or worse harvests, higher or 

lower prevalence of infectious diseases, etc. The factors' directly related to the 

bio-geographical environment would therefore not have played a major role in 

stature and proportional variation in the populations under discussion. 

Differences in growth, and thus in stature, between Europeans, Africans, 

and Asiatics are the results of adaptation to the different ecological conditions in 

which each group evolved. Unlike stature and proportional differences due to 

factors of the bio-cultural environment, they arise from selection over many 

generations, not from an immediate effect on individual children. As such they 

are evolutionary adaptations (Pearson, 2000; Sinclair, 1989; Tanner, 1978). 

People living in very hot or very cold climates must undergo some functional 

adjustments to maintain thermal balance. These include means of heat dissipation 

or conservation. In general, when homeostasis is disturbed by some external 

stress, the organism must resort to either biological (Allen, 1877; Bergmann, 

1847) or cultural responses to function normally. Homo sapiens sapiens, as a 
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homeothermic organism, has developed mechanisms that facilitate the gain or 

loss of heat to the environment. Statistical evidence supports a relationship 

between adult stature and proportions with Bergmann's and Allen's rules quoted 

above. There are negative relationships between body weight and mean annual 

temperature, as well as between sitting height and temperature. Body surface 

area tends to increase from cold to hot climates. This indicates that in colder 

climates people weigh more and have shorter legs for any given stature. Pygmy 

populations seem to be exceptions to these general rules; however, their small 

stature may be a result of the tropical rainforests they commonly inhabit. The 

high humidity in such an environment limits the effectiveness of sweating for 

heat dissipation, and the smaller body mass of these populations would minimise 

heat retention (Bogin, 1999b; Chiarelli, 2003a; Eveleth and Tanner, 1990; 

Frisancho, 1993; Harrison et al., 1988; Holliday, 1997; KnuBmann, 1996; Mayr, 

1956; Roberts, 1953; Ruff, 1994; Schell and Knutsen, 2002; Schreider, 1975; 

Shea and Bailey, 1996). 

Fourier's law of heat flow states that the rate of heat loss per minute is 

directly proportional to body surface and to the difference between core 

temperature and environmental temperature, and inversely proportional to the 

thickness of the body shell. Thus, the greater the surface area and the thinner the 

barrier between core and exterior, the greater the heat loss; in other words, in a 

hot climate people tend to be relatively light with a narrow trunk and relatively 

long limbs; they have a low body mass and a large body surface area. However, 

when body size increases, surface area does not increase at the same proportion 

as body weight. A tall, heavy individual has a lower surface area/weight ratio 

than a short, light individual; and a tall, lean individual has a greater surface 
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area/weight ratio than a short, stocky individual. Also, heat production is nearly 

proportional to body weight, and the heavier the individual, the greater the heat 

production. Furthermore, in hot environments, heat dissipation is crucial to avoid 

hyperthermic stress. If the ambient temperature is higher than the skin 

temperature and evaporative and radiation-convection heat loss is high, a high 

surface area/weight ratio is adaptive; conversely, if the ambient temperature is 

lower than skin temperature, a low surface area/weight ratio is advantageous. 

Moreover, a thick body shell, e. g. a high amount of subcutaneous fat, prevents 

heat loss and decreases the surface area/weight ratio. Studies on Bantus, 

Bushmen, and Australian Aborigines show that these populations are generally 

leaner and lighter, with a higher surface area/weight ratio than Europeans; in 

general, populations inhabiting tropical climates during growth develop 

relatively leaner and longer extremities, and relatively shorter and narrower 

trunks, than populations growing up in temperate or cold climates (Eveleth and 

Tanner, 1990; Frisancho, 1993; Harrison et al., 1988; KnuBmann, 1996; Schell 

and Knutsen, 2002). 

Biological responses to cold stress are more complex than those of heat 

stress adaptation and involve mechanisms of heat production and conservation. 

Wind velocity, humidity, and duration of exposure to cold are factors that must 

be taken into account when considering cold stress. Cold stress can be acute or 

chronic; severe cold stress for short periods of time is classed as acute cold 

stress, chronic cold stress occurs when moderate cold stress is experienced for 

prolonged periods of time. In a cold environment, heat retention is important to 

avoid bypothermia, and people tend to be relatively heavy with a large trunk and 

relatively shorter limbs, they have a high body mass and a smaller body surface 
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area. The most important factors in individual variability in cold tolerance 

include surface area and insulation. Size and shape of an individual determine 

cold stress tolerance. Because the body surface area per unit of weight is greater 

in smaller individuals, a smaller individual in a cold environment has to produce 

relatively more body heat than a larger individual to maintain homeostasis. Since 

women usually have lower body weight than men, they have a higher surface 

area to weight ratio; thus heat loss is greater and heat production less in women 

than in men. An individual's age, physical fitness, amount of subcutaneous fat, 

and body surface area to weight ratio determine tolerance to cold stress. Despite 

a higher amount of subcutaneous fat, females are less tolerant to cold stress than 

males, due to their relatively higher surface area and relatively lower weight than 

males (Bogin, 1999b; Eveleth and Tanner, 1990; Frisancho, 1993; Harrison et al., 

1988; KnuBmann, 1996; Roberts, 1953; Schell and Knutsen, 2002). 

1.4. Factors of the bio-cultural environment 

There are many different factors of the bio-cultural environment that can 

influence growth and development, and therefore co-determine stature and body 

proportions. The most important of these factors, those with the greatest effect on 

growth and development, are socio-economic status, diet, and general health. 

Other factors of the bio-cultural environment include socio-political status, 

parental (and especially maternal) education, urban or rural lifestyle, population 

density, access to resources, and workload, inter alia. It is important to realise 

that all these factors are strongly associated and interact with each other, none of 

them has an effect on growth and development on their own and, therefore, they 

cannot be considered in isolation; they are indeed synergists, and it is their 
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combined effects, with more or less input from each one, that influence growth 

and development. Also, differences in stature and/or proportions between 

geographic population variants are not only caused by genetic differences, since 

especially stature is more variable between different social classes of one 

population than between the highest social classes of different populations 

(Eveleth, 1979; Waldron, 1989; Wolanski and Siniarska, 2001). Therefore, the 

bio-cultural, as well as the bio-geographical environment, moderate and 

influence stature attainment. In other words, some differences between 

phenotypes (e. g., skin, hair, eye colour) are linked to different genotypes, but it is 

submitted here that differences in stature and proportions between (and within) 

populations from similar environments-that is, differential growth and 

development between and within such populations-could be expected to be 

linked to bio-cultural factors, and are thus an ontogenetic form of adaptation 

(Tanner, 1978; Wolanski and Siniarska, 2001). Thus, bio-cultural factors may 

contribute to more variable living conditions between social units than does 

geographic proximity. Long established populations are relatively well adapted 

to their environment (i. e., by genetic adaptation) and retain a stable phenotype as 

long as the bio-cultural factors in which they are living remain adequate 

(Eveleth, 1979; Schell, 1995). However, as bio-cultural factors can be beneficial 

or detrimental, stature and proportions vary accordingly. Increased stature, for 

example, does not represent better adaptation, but adjustment to good nutrition, 

absence of disease, etc. As such, increased stature is a consequence of adequate- 

to-optimal bio-cultural factors within a given environment (Eveleth and Tanner, 

1990). Stature is a very sensitive indicator of socio-economic changes, but the 

biological status of a population cannot be identified by a single trait. Therefore, 
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stature will be supported here by other indicators, such as body weight and 

proportions for archaeological populations (Meadows and Jantz, 1995; Schweich 

and Knilsel, 2004b; Wolanski and Siniarska, 2001). 

Furthermore, given the nature of bio-cultural factors, children born into a 

wealthy family will very likely have different proportions and statures from 

children born into low class families (Bogin, 1999b; Floud et al., 1990). In other 

words, the concept of congenital short stature has to be kept in mind, as does the 

fact that, even if families move from a disadvantageous environment into a more 

favourable one, their children will not reach the same stature as children who 

have always lived in the favourable environment due to the deprivations they 

suffered in early life (Bogin and Loucky, 1997). 

1.4.1. Socio-economic status 

Socio-economic status can be defined as the position of an individual or 

group of individuals or a family within the larger social structure of their society, 

as well as their relative wealth. Relative social position and relative wealth are 

inseparably connected, usually one determines the other. Socio-economic status 

of a family is often indicated by occupation and education of the parents, as well 

as by lifestyle factors such as housing conditions. Socio-economic status is used 

as a proxy for the adequacy of the bio-cultural environment to promote 

satisfactory growth and development. Importantly, the socio-economic status of 

an individual or a family is also strongly associated with rural or urban residence, 

quantity and quality of food available, access to health care, access to clean 

drinking water, crowded or spacious living conditions, education, and even 

workload. Differences in stature due to differences in socio-economic status are 

24 



found in Europe at least from the Bronze Age onwards (Marchi and Borgognini 

Tarli, 2002), that is, within any social system higher than band level. It is 

important, however, to keep in mind that socio-economic status is a cultural 

construct determined by attitudes and behaviours of people, not a biological fact 

(Bogin, 1999b; Bogin, 2001; Ferro-Luzzi, 1982; Harrison et al., 1988; Johnston, 

1986; Knul3mann, 1996; Roche and Sun, 2003; Tanner, 1978). Thus, in assessing 

the living conditions of past populations, socio-economic status, diet, and health 

are not three of many distinct entities-even though they are considered 

individually here-but the three most important aspects of the overall bio- 

cultural environment, three aspects ofjust one cultural phenomenon. 

A large number of studies have shown a link between socio-economic 

status and growth (Alves Neves and Costa, 1998; Bogin and Loucky, 1997; 

Bogin et al., 2002; Floud et al., 1990; Fogel et al., 1983; Hatch and Willey, 1974; 

Henneberg and Van Den Berg, 1990; Isaac, 1996; Prince, 1995; Robb et al., 

2001; Schutkowski, 1995; Schutkowski, 2000b; Schutkowski et al., 1999; 

Schweich, 2000; Steckel, 1995; Steegmann, 1985; Steegmann, 1991; Wolanski 

and Siniarska, 2001; Wurm, 1983). The results of such studies unanimously 

show a better overall growth and a taller stature for middle to higher status 

people than for lower status people. In general, children from a higher socio- 

economic background tend to be larger at all ages than children from a lower 

socio-economic background, whose skeletal maturation is often delayed. 

Furthermore, the differences in stature and weight between groups with similar 

socio-economic status but different ethnic background are smaller than 

differences between groups with similar ethnicity but differing socio-economic 

status (Bogin, 1999b; Eveleth and Tanner, 1990; Harrison et al., 1988; Van Loon 
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et al., 1986). Socio-economic status, like all environmental effects, seems to 

affect the growth of boys, from birth to 5 years of age, more than the growth of 

girls of the same age (Eveleth and Tanner, 1990; Roche and Sun, 2003; Rona, 

1982). 

Stature differences between socio-economic classes are established in 

early childhood. Higher status families usually have children with a higher mean 

birth weight, and fewer babies with a birth weight below 2.5 kg, even though the 

purely economic aspect does not seem as important as the provision of a home 

with regular, adequate, and balanced meals, sufficient sleep and exercise, 

hygienic living conditions, and fewer siblings. Higher status mothers tend to be 

taller and better nourished, among other things, than mothers of lower status, 

implying a vicious circle, which is not easy to break. Indeed, lower status 

mothers tend to be shorter, their diet and health status overall and during 

pregnancy tend to be poorer, they are more likely to smoke or use drugs or 

alcohol, prenatal care is often diminished or absent, they are more likely to be 

under 17 or over 35 years of age, and they and their partner are more often 

unemployed. Their families also tend to be larger, resulting in a lesser parental 

investment into any one child. These mothers then tend to have babies with a 

lower birth weight, and/or who are small for gestational age. Such 'small for 

gestational age' babies are more prone to diseases; their nutrition after weaning is 

often less adequate, either because of lack of access to various foods, lack of 

ftinds to buy food, because diseases/infections impair their nutritional uptake, or 

because of a poor parental, and especially maternal, education. Thus, these 

babies usually have stunted growth; their mental and physical development may 

be delayed and/or impaired, features that reduce their chances later for a good 
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education and an improvement of their status and living conditions. Stunted 

growth increases the likelihood that these children themselves will have children 

small for gestational age and/or of lower than average birth weight. That way, the 

vicious circle is completed and poverty has been recycled (Bielicki, 1998; Bogin, 

1999b; Bogin, 2001; Cameron, 1996; Eveleth, 1986; Eveleth and Tanner, 1990; 

Ferro-Luzzi, 1982; Floud et al., 1990; Harrison et al., 1988; Johnston, 2002; 

Martorell and Habicht, 1986; Roche and Sun, 2003; Sinclair, 1989; Tanner, 

1978). 

1.4.2. Diet and nutrition 

Nutrition is essential for growth, that is, for the increase in size and mass 

of the constituents of the body. Nutrition can be defined as the process by which 

an organism takes in and transforms extraneous solid and liquid substances 

necessary for maintenance of life, growth, normal organ function, and energy 

production. However, food choice and sufficient food intake to allow the growth 

potential to be achieved are strongly influenced by socio-economic and political 

systems, and the vast majority of modem cases of malnutrition can be traced 

back to these, and to inequitable distribution of resources and gender 

discrimination (Eveleth and Tanner, 1990; Frisancho, 1981; Norgan, 2002; 

Underwood, 1975). Also, chronic marginal malnutrition is the most frequent 

form of stress in the bio-cultural environment. Children living in detrimental bio- 

cultural conditions are more often extremely short than extremely thin. Different 

degrees of stunting were found to be associated with different risks. Therefore, 

stature has been used as a proxy indicator of nutritional status, and the prevalence 

of protein-energy malnutrition in modem populations is assessed using 
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anthropometric indicators, especially height. for-age and weight-for-age (Ferro- 

Lu7A, 1982; Golden, 1996; Huss-Ashmore et al., 1982; Roberts and Cox, 2003; 

Stinson, 2000). This latter indicator is best assessed by body mass index (BMI); 

in adults a BMI of 18-20 indicates mild starvation, 16-18 is moderate starvation, 

and a BMI below 16 is a sign of severe starvation necessitating hospital 

treatment (Sinclair, 1989). Deleterious and/or advantageous'effects of nutrition 

on growth have been observed in archaeological populations (King and 

Ulijaszek, 1999). In sub-adults, inconsistencies in age determined from dental 

features and age determined from epiphyseal closure or diaphyseal lengths may 

indicate environmental stress, such as inadequate nutrition or recurrent infectious 

disease. This is because dental maturation is less affected by environmental stress 

than long bone growth (Stini, 1985). 

The basal or resting metabolic rate (BMR) is used to assess human energy 

needs. During growth, the amount of energy expended in basal metabolism is 

higher because of high cell multiplication rates; it is also high in women during 

pregnancy and lactation. Furthermore, living in a hot or cold environment adds 

energetic requirements. Ile nutrient intake required for healthy growth and 

function depends upon age, sex, physical activity, temperature, and health status. 

The main energy sources in human food are fat, carbohydrates, and protein; 

protein-energy malnutrition is the most common and important nutritional 

deficiency because it can slow down or even stop growth completely. In protein- 

energy malnutrition, bone turnover rates increase with removal exceeding 

deposition. Thus, the skeletal response to nutritional stress is increased bone 

resorption and decreased bone formation resulting in a net bone loss. The result 

of this skeletal response is a retardation in long bone growth and delayed 
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maturation, a slowed increase in diameter of long bones and slower formation of 

new bone, and the use of existing bone substance to maintain other tissue or 

organs (Bergmann and Bergmann, 1986; Bogin, 2001; Harrison et aL, 1988; 

Holliday, 1986; Martinet al., 1985; Roche and Sun, 2003; Wurm, 1984). 

The highest amount of energy is provided by fat (about 38 kJ/g in 

energy), while carbohydrates and proteins each provide about 17 kJ/g each. 

Carbohydrates provide the major energy source'for most populations, but a 

significant protein intake and some fat intake is essential. Also, it has been 

suggested that intake of at least some unsaturated fats may be necessary for 

normal growth and development. The requirement for protein involves the need 

for nitrogen and a variety of amino acids, which cannot be synthesised by the 

body. Tbus, only an appropriate combination of plant proteins, or protein from 

animal sources, provides the needed amino acid complex for the body to use the 

dietary protein. In addition, various minerals, such as calcium, zinc, magnesium, 

manganese, iron, and iodine, as well as the vitamins A, 112j, C, and D are 

necessary for normal growth and development. Deficiency of a single nutrient, 

such as zinc for example, may result in stunted growth; and linear growth is 

mainly associated with protein content but not energy content of the diet. 

Insufficient protein delays the formation of new bone matrix; disturbances in 

calcium metabolism alter the mineralization rate of the new bone matrix. A diet 

low in calcium, iron, and protein puts great nutritional stress on the skeletal 

system, especially if combined with the increased demands of childbearing and 

lactation or the rapid growth of early childhood (Bergmann and Bergmann, 1986; 

Ferro-Luzzi, 1982; Harrison et al., 1988; Holliday, 1986; Huss-Ashmore et al., 
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1982; KnuBmann, 1996; Martin et al., 1985; Norgan, 2002; Roche and Sun, 

2003; Sinclair, 1989; Wurm, 1982). 

Foetal malnutrition represents one of the major risk factors for stunted 

growth, but also for protein-energy malnutrition, especially in populations where 

perinatal care facilities are suboptimal and where nutritional requirements in 

early infancy are not adequately met (Huss-Ashmore et al., 1982; Ncyzi, 1982). 

Prenatal growth is retarded in populations living in poor socio-economic 

conditions, especially when the diet consists mainly of carbohydrates (poor 

protein quality) and does not exceed 2000 calories per day. In well-nourished 

populations birth weight averages 3300g to 3500g (the median birth weight in the 

USA in 1997 was 3350g), and fewer than 8% of births are below 2500 g. 

Newborns with a birth weight below 2500g are classified as Low Birth Weight 

infants; the causes for low birth weight include prematurity, slow growth during 

gestation, genetic causes or multiple births. In four rural Guatemalan villages, 

circa 40 % of all newborns weighed less than 2500 g, II% of these were bom 

prematurely. Birth weight generally decreases during acute famines and seasonal 

food shortages, while provision of additional food or supplements during 

pregnancy has a generally positive effect on birth weight (Eveleth and Tanner, 

1990; Frisancho, 1993; Stinson, 2000). Foetal malnutrition is caused by foetal 

factors such as genetic defects or infections, by placental factors such as 

anomalies of site and form of the placenta and the umbilical cord, and by 

maternal factors such as undernutrition, genetically short mother, and low social 

status. The prognosis for infants malnourished in utero depends not only on 

duration, timing, and severity of the intrauterine restriction, but also on 

immediate postnatal care and especially on nutrition (Brandt, 1982). However, 
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growth stunting occurs most often during or shortly after weaning, when or if a 

nutritionally inadequate substitute for breast milk, such as high-starch and low- 

protein foods, is used (Eveleth and Tanner, 1990; Stinson, 2000). 

Nutritional inadequacies also have a strong impact on the growth of 

children, and under- or malnutrition in the form of nutrient deficiencies is a 

primary cause for inadequate growth rates (Harrison et al., 1988; Tanner, 1978). 

The first year after birth is crucial, the overall period where children are most at 

risk is from birth to 5 years of age; during this time, the system is extremely 

sensitive to stress or perturbation. It is also the time of high growth velocities and 

nutritional needs, and- the potentially dangerous period of weaning. Growth 

retardation during the first two years is most severe in infants with low birth 

weight, and the likelihood of later catch-up growth is severely reduced. However, 

if the stunting is not too severe, if malnutrition is acute but not chronic, and if the 

child is removed from the environment causing the stunting, catch-up growth 

may well occur (Eveleth and Tanner, 1990; Golden, 1996; Larsen, 1997; Norgan, 

2002; Sinclair, 1989; Stinson, 2000; Tanner, 1978). At the population level, 

stunted growth has been observed in conditions of food shortages, civil unrest 

and war. Thus, when food becomes limited, one of the earliest responses of the 

body is to retard growth. Growth is completely arrested when the daily energy 

intake falls below 330 kJ/kg bodyweight. On the other hand, improved nutrition 

has been linked to improved growth and to the secular trend in the Western 

hemisphere (Norgan, 2002; Tanner, 1978). Populations subject to chronic 

undernutrition exhibit slow growth during childhood and adolescence, a late 

adolescent growth spurt, a retardation in skeletal maturity, and a prolonged 

period of growth. Under favourable growth conditions, adult height is achieved 
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at age 22 to 24 for males and 20 to 22 for females. Despite the lengthening of the 

growth period by 10%, achieved adult height is reduced by 10% because of the 

generally slower growth rate in undernourished populations (Frisancho, 1993). 

However, body proportions do not seem as affected by mal- or undernutrition as 

is stature, skeletal maturation is not as affected as skeletal stature, and body 

shape is more resistant than body height to nutritional stress and even disease. 

Crural and brachial indices, for example, seem to be quite constant, while the 

relative growth of feet and hands is more affected. Apparently, physical 

dimensions closest to maturity are most delayed because available resources are 

mostly used by the body on segments that still have a greater growth distance to 

cover (Eveleth and Tanner, 1990; KnuBmann, 1996; Sinclair, 1989; Tanner, 

1978). Up to age 10, the delay in skeletal maturation averages 20%; however, 

during adolescence the delay does not exceed 10%. As can be seen, this delay in 

maturation coincides with the later age of attainment of adult stature (Frisancho, 

1993). This means that prolonged poor conditions delay growth to the extent that, 

as epiphyses fuse, the lack of long bone growth is reflected in reduced adult 

stature. The skeletal reaction to under- or malnutrition in adults consists mainly 

of loss in width, thickness, and constitution of cortical and trabecular bone. 

Stature and proportions are not affected, as all growth has ceased (Martin et al., 

1985). 

Of course, diet can and does have positive effects on growth and 

development, producing a net positive increase in stature (Wing and Brown, 

1979). In a study on the different biological adaptations of the Polish population 

to different living conditions, Wolanski and Siniarska (2001) found that the 

tallest and heaviest individuals were found in the heavily industrialised region of 
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Silesia. They attribute this to a greater consumption of foods rich in animal 

proteins, as well as higher incomes and a tendency towards greater body size in a 

polluted enviromnent. 

1.4.3. Health 

Health and nutrition are strongly interrelated, as sick children (and adults) 

often have poor appetite leading to reduced food intake. There may also be 

disease-related malabsorption of nutrients, or limited food intake due to some 

sort of physical obstruction. In addition, poorly nourished children are more 

susceptible to infection, thus reducing the body's ability to absorb essential 

nutrients, which may result in growth stunting. Especially malnutrition and 

infection are frequently associated and often result in a vicious circle of infection 

leading to malnutrition and malnutrition predisposing to infection. The logical 

conclusion here would be that preventing infections would lead to improved 

growth in childhood (Briend, 1998; King and Ulijaszek, 1999; Larscn, 1997; 

Preece, 1998; Sinclair, 1989; Underwood, 1975). 

Relatively minor diseases, such as measles, antibiotic-treated middle ear 

infection, or pneumonia, have minimal effects on the growth of well-nourished 

modem-day children; with a less adequate diet, children's growth may be slowed 

down but followed by catch-up growth as soon as the disease is cured (Tanner, 

1978). Chronic systemic diseases, however, such as hypothyroidism, 

hypergonadism, diabetes, kidney disease, asthma, as well as congenital heart 

disease, renal disorders, brain tumour, Cushing's syndrome, gastrointestinal 

disorders like chronic inflammation, inadequate ingestion, mal-absorption, 

anorexia, severe vomiting or diarrhoea, and intestinal parasitism can cause 
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growth stunting. Chronic severe inflammation of one or more organs as 

encountered in juvenile rheumatoid arthritis, for example, may lead to poor 

general growth. In juvenile rheumatoid arthritis there may be locally increased 

growth in or around inflamed joints, but this usually occurs unilaterally and thus 

would not affect stature. Conditions that lead to tall stature include 

hypogonadism and thyrotoxicosis. Abnormal function of the pituitary gland 

during growth can lead to gigantism (hyperpituitarism) when it produces too 

much growth hormone; or dwarfism (hypopituitarism) when it produces too 

little. Hyperpituitarism. in adults results in acromegaly with the accompanying 

coarse features of the face, hands, and feet. Hypopituitarism affects the skeleton 

only during the growth period; except for osteoporosis, it does not have any 

effects on the adult skeleton. Some of these conditions, e. g., congenital heart 

disease or chronic renal failure, would obviously not be encountered in the 

archaeological record-even if they were identifiable from skeletal remains- 

because they would not have been compatible with life (Brook, 1998; 

KnuBmann, 1996; Ortner, 2003; Preece, 1998; Sinclair, 1989; Tanner, 1978; 

Walker-Smith, 1998). Genetic conditions affecting growth and development, 

such as Down's syndrome, Marfan's syndrome, achondroplasia, Turner's 

syndrome, or Klinefelter's syndrome, inter alia, (Cummings, 1994; Preece, 2002; 

Sinclair, 1989) will not be considered here since they are not linked with either 

the bio-cultural or the bio-geographical environment, but are 'accidents' of 

ontogeny. 

In archaeological populations, stunted growth has been related to 

systemic infectious disease, indicated by periosteal lesions. It also has been 

suggested that inflammation would result in increased production of cortisol, a 
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major natural glucocorticoid, that causes growth stunting (King and Ulijaszek, 

1999; Larsen, 1997). Furthermore, children short for age were found to have a 

higher frequency of stress indicators such as porotic hyperostosis or dental 

enamel hypoplasia than children tall for age (Larsen, 1997). 

The conditions considered in chapter 5.3. Paleopathological Data will 

now be discussed briefly. They are: diffuse idiopathic skeletal hyperostosis 

(DISH), gout, dental enamel hypoplasia, cribra orbitalia, porotic hyperostosis, 

rickets, scurvy, and non-specific infection or periostitis. These conditions have 

been singled out because they can be used as indirect indicators of either a 

beneficial or a deleterious bio-cultural environment, DISH and gout having been 

linked with 'good living; dental enamel hypoplasia, non-specific infection or 

periostitis, cribra orbitalia, porotic hyperostosis, rickets, and scurvy being 

indicators of deficiency diseases and/or stress indicators (Larsen, 1997). It should 

also be kept in mind that any of these conditions or symptoms can occur 

together, and that some are linked, like dental enamel hypoplasia and rickets, for 

example. 

DISH occurs twice as often in males as in females, and after the age of 65 

about 10% of individuals are affected. In this disease, excessive amounts of bone 

are produced at the anterior longitudinal ligament of the spine, at joint margins 

and entheses. This excessive bone production results in a candle wax-like ftision 

of the spine (limited to the right side in the thoracic area), and osteophytic spurs 

at the entheses and around major joint margins. Typically, the vertebral facet 

joints, the costo-vertebral joints, the sacro-iliac joints, and the intervertebral 

spaces are not affected by DISH. Although the specific aetiology of DISH is 

unknown, it appears to be associated with a rich diet and lack of exercise leading 
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to obesity and late-onset diabetes; interestingly, individuals suffering from DISH 

are found more often at monastic or other high-status cemeteries than in the 

general population (Ortner, 2003; Roberts and Manchester, 1995; Rogers, 2000). 

Gout is characterised by the accumulation of sodium urate crystals in the 

body, especially in cartilage, para-articular connective tissues, and bone marrow. 

The crystal deposition in cartilage forms circumscribed tophi filled with the 

crystals and leads to degenerative joint disease (DJD) and secondary 

osteoarthritis. These tophi are most commonly seen in the metatarso-phalangeal 

joint of the first pedal digit. It usually appears after the age of 40, and 90% of 

affected patients are male. There may be a genetic predisposition, but gout also 

appears to be associated with excessive alcohol intake and a diet rich in red meat 

(Ortner, 2003; Roberts and Manchester, 1995). 

Hypoplastic lines or grooves in the enamel of the permanent dentition- 

especially on the labial surfaces of incisors and canines-are indicative of a 

disruption of enamel formation in childhood; they develop while the dental 

crowns are forming, before the age of 6 years. Thus, the quality of adult enamel 

provides a record of childhood stress episodes. As one of many stress indicators, 

dental enamel hypoplasia may be caused by infectious disease such as congenital 

syphilis or tuberculosis, the typical childhood illnesses like measles, metabolic 

disorders such as rickets, endocrine disorders, or nutritional deficiencies. Tbus, 

dental enamel hypoplasia is a non-specific indicator of systemic physiological 

stress, and there is a connection between a disadvantageous bio-cultural 

environment and the frequency of dental enamel hypoplasia (Goodman et al., 

1984; Huss-Ashmore et al., 1982; Larsen, 1997; Lewis and Roberts, 1997; 

Ortner, 2003; Roberts and Manchester, 1995; Rose et al., 1985). It has been 
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observed that in the Mexican highlands children with dental enamel hypoplasia 

have reduced weights- and heights-for-age and tend to live in a disadvantageous 

bio-cultural environment compared to children without dental enamel 

hypoplasia. Accordingly, there is a direct relationship between dental enamel 

hypoplasia and socio-economic status with its associated health and nutritional 

deficiencies (Larsen, 1997; Mays, 1998). The months following weaning seem to 

be the most sensitive time for the formation of dental enamel hypoplasia, 

especially if weaning food like gruel puts an undue amount of stress on an 

infant's system. This seems to confirm the nutritional aspect in the aetiology of 

dental enamel hypoplasia (Larsen, 1997; Ortner, 2003; Roberts and Manchester, 

1995). It has to be mentioned here that, although the recommended procedure for 

the analysis of dental pathologies is to record lesions such as dental enamel 

hypoplasia as number of defects per individual tooth or number of teeth affected 

per number of observable teeth, in the context of this thesis (especially in chapter 

4.3. Paleopathological Data) only the number of individuals affected by dental 

enamel hypoplasia. was recorded. Since dental enamel hypoplasia is used here as 

an indicator of stress and detrimental bio-cultural conditions, only presence or 

absence in an individual is of interest. 

Cribra orbitalia has been linked to genetic or acquired anaemias, but 

cannot be said to be pathognomonic. Genetic anaemias include thalassaernia and 

sickle cell anaemia, acquired anaemia such as iron deficiency anaernia is a 

response to inadequate nutrition or debilitating disease. Other conditions that 

have been linked to cribra orbitalia (and/or porotic hyperostosis) include 

infectious, neoplastic, and metabolic disease, as well as excessive blood loss 

through injury or menstruation, parasitic infection of the intestines and, in 
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children, low birth weight and chronic diarrhoea. Furthermore, studies have 

shown that there is an increased mortality in individuals with cribra orbitalia. 

Cribra orbitalia affects the orbital roofs of the frontal bone of the cranimn and is 

caused by an expansion of the haernatopoietic marrow space perforating the 

outer table of the bone. Unlike porotic hyperostosis, cribra, orbitalia is commonly 

seen in British archaeological populations (Goodman et al., 1984; Huss-Ashmore 

et al., 1982; Larsen, 1997; Lewis and Roberts, 1997; Martin et al., 1985; Ortner, 

2003; Roberts and Manchester, 1995). Like cribm orbitalia, porotic hyperostosis 

of the cranium is most commonly linked to-but not necessarily evidence of- 

genetic or acquired anaemia. In general, the aetiology associated with porotic 

hyperostosis, as well as cribm orbitalia, is a result of multiple stressors (Larsen, 

1997). Porotic hyperostosis usually affects the outer table of the parietals, and in 

severe cases the frontal and possibly the occipital (Goodman et al., 1984; Ortner, 

2003). In the context of this thesis, only acquired anaemias such as iron 

deficiency anaemia are relevant, since genetic anaemias like thalassaemia (most 

prevalent around the Mediterranean, in the Middle East, and the Far East) or 

sickle cell anaemia (most prevalent in West, Central, and East Africa) are not 

generally found in native British populations (Roberts and Manchester, 1995). 

Rickets in early childhood (occurring mainly from about 6 months to 2 

years of age; osteornalacia being the adult counterpart) is the consequence of a 

lack of vitamin D, resulting in inadequate mineralization and 'softening' of 

growing bones. It is caused by insufficient dietary intake of vitamin D and its 

precursors, as well as insufficient exposure to the ultraviolet spectrum of 

sunlight. As insufficient exposure to sunlight can result from crowded living 

conditions and/or atmospheric pollutants, rickets became a major problem with 
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the Industrial Revolution, approximately from the 17'h to the 19'h century. 

Evidence for rickets before the 17'h century is very rare, which makes vitamin D 

deficiency a disease of civilisation. Areas most affected by rachitic changes are 

the rapidly growing elements of the skeleton, especially the osteocartilaginous 

junctions of the ribs, the distal metaphyses of femur, radius and ulna, and the 

proximal humerus. In active rickets growth is slowed down, severe cases show 

characteristic bending deformities of the long bones due to static and dynamic 

stresses (e. g., an infant beginning to crawl or walk). If such deformities are 

minor, they can disappear with healing, major deformities, however, are 

permanent. Especially early childhood rickets affects growth, rickets developing 

in later childhood or adolescence, or the adult form, osteornalacia, are more 

likely to produce severe mechanical deformities, often resulting from stress 

fractures (Ortner, 2003; Roberts and Manchester, 1995) 

Scurvy, like rickets, is a deficiency disease, and is caused by prolonged 

insufficient intake of vitamin C. Vitamin C is necessary for resistance to 

infection, for the absorption of iron, and the normal formation of body tissues, 

especially collagen. Insufficient intake of vitamin C causes diminished or absent 

bone matrix formation; the rapid growth period in infancy is particularly 

susceptible to its effects. Infantile scurvy is rarely observed before the age of 4 

months and reaches maximum prevalence between 8 and 10 months of age. As 

with rickets, the skeletal changes caused by scurvy are worst in the most rapidly 

growing parts of the skeleton and both are nutritional deficiency diseases. 

Because of the inadequate bone matrix formation, calcified cartilage septa 

accumulate on the metaphyseal side of the growth plate instead of fully formed 

bone; this, in addition to a thinner than normal bony cortex, can result in 
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fractures, haemorrhage, and dislocation of the epiphysis. Scurvy generally leads 

to haemorrhage, either spontaneously or following minor trauma, on the external 

cranial vault, at the attachment sites and the general area covered by the 

temporalis muscle, from the gums, in the orbital roofs, at the costochondral joints 

of the ribs, and into the major long bone joints, especially those of the lower 

limb; the skeletal response to such haemorrhages is new bone formation, 

especially in adults. Massive scorbutic subperiosteal haemorrhages, usually 

beginning at the level of a fractured metaphysis, are often observed in the 

wcight-bearing long bones of the lower limb in infants (Ortner, 2003; Roberts 

and Manchester, 1995). 

Non-specific infection-periostitis, osteomyelitis, osteitis-is a general 

response to abnormal stimuli, such as infectious agents or trauma. In non-specific 

infection the pathological process includes bone destruction, pus formation, and 

simultaneous bone repair in the form of new bone formation. This results in 

pitting and irregularity of the bone surface, and possibly the formation of a pus- 

filled abscess inside the bone. In severe cases, a sequestruin and involucruni may 

form. The bacteria causing such non-specific infections, mostly staphylococci, 

streptococci, and pneumococci, reach the bone either via the bloodstream from a 

primary infection site (such as tonsillitis, middle-ear infection, or bronchitis; 

common in pre-antibiotic times) or direct trauma to the bone providing bacterial 

access. In pre-antibiotic times, bacteraernia and septicaernia spreading from a 

primary infection site would commonly have caused a secondary infective 

process only on a single bone of immature individuals, while multiple bones 

were often affected in adult cases. Of course, it has to be kept in mind that such 

bone changes take time to develop and that such ýnfectious processes were, in 
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general, chronic but affected individuals recovered rather than died from the 

infection. Thus, the most severe infections remain unobservable in the skeletal 

record because affected individuals succumbed to them before bony changes 

could form (see discussion of the 'osteological paradox' above, p. 6). Of the 

general infectious conditions mentioned above, periostits, especially if located on 

the tibia, is one of several stress indicators, since it alludes to the nutritional and 

immune status of the host (Goodman et at., 1984; Lewis and Roberts, 1997; 

Ortner, 2003; Roberts and Manchester, 1995). 

From this summary of the main factors of the bio-geographical and the 

bio-cultural environment, it is obvious that none of them acts in isolation. It has 

to be kept in mind that these factors interact with one another and none of them 

influence growth and development, and thus stature and body proportions, on 

their own; rather they affect growth and development in any and all possible 

combinations. Thus, no distinct environmental effect will be singled out as 

causing the stature and proportional variations of the populations under 

consideration in this thesis; such variations will be regarded as related to the 

general bio-cultural environment in which the various populations lived. 

1.5. The bio-cultural environment in Britain 

In this section, the bio-cultural enviromuent in Britain, especially as 

related to diet and health, will be discussed. The general conditions in Britain, 

and particularly in England, will be discussed here, the more site- or population- 

specific infonnation can be found below, in Chapter 3, Materials. The overall 

time period considered has been broken up according to notable historic dates. 

The Roman period includes the populations from the various sites within the 
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modem city of Gloucester (Gloucester sites and Kingsholm) and from Baldock, 

Hertfordshire; the Anglo-Saxon period those from Eccles, Kent; and Raunds, 

Northamptonshire; the Middle Ages comprise the populations from Fishergate, 

York; Langthome, London; St-Helen's-on-the-Walls, York; St Giles, North 

Yorkshire; Blackfriars, Gloucester; Towton, North Yorkshire; and Chichester, 

West Sussex (although this latter site is dated ffh 
- 18th centuries, it is assigned 

to the Middle Ages because of its decline in the post-medieval period); and the 

post-medieval period consists of the populations from Hickleton, South 

Yorkshire, and St Martin's, Birmingham (see also Figure 3.1 in 3. Materials). 

1.5.1. Roman Britain (AD 43 -a 450) 

The Romans invaded Britain in AD 43 under Aulus Plautius, on the 

orders of Emperor Claudius. Ilie Roman legions begin to leave Britain from AD 

401 during the rule of the West Roman Emperors Honorius (AD 395-423) and 

Valentinian III (AD 425-455), this process took almost 50 years, until c. AD 450 

(Castleden, 1994; Fredouille, 1992; Kinder and Hilgemann, 1993). 

'Me rural population of Roman Britain has been estimated at about 3.6 

million, the urban population about 250,000, and the army consisting of about 

125,000 people, at the height of the Roman period. From the beginning of the 

Roman period, there were changes in settlement patterns and an increase in 

social differentiation. Coins were introduced and imports became more varied 

(e. g., wine, olive oil, garum fish sauce, figs, dates), agriculture was intensified, 

industries flourished, especially in southern and eastern Britain, which was under 

direct control of Rome. With rural settlement patterns, there was some continuity 

from the Iron Age. Roman Britain was also characterised by the development of 
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villas (n. b., villa in Latin means 'country house' (Goelzer, 1966)). Villa 

complexes were large-scale farms and often quite extensive. True urban centres 

(civitates for non-Roman citizens; municipia for allies of Rome; coloniae, such 

as Gloucester and Kingsholm, for people with Roman citizenship; vici were 

smaller urban centres) were also introduced by the Romans, replacing the proto- 

urban hillforts and oppida of the Iron Age. The administration was based on the 

tribal arrangement in the late pre-Roman Iron Age. In all conquered territories, 

Rome generally ensured that the native hierarchy held on to their power and 

collected the taxes. The infrastructure of Roman towns was planned; paved 

streets were laid out on a grid system dividing the town into regular insulae. The 

typical buildings of a Roman town included the forum (a square/meeting place 

surrounded by offices and shops on two or three sides) with a basilica (a town 

hall and law court), a theatre and/or amphitheatre, a circus, temples, bathhouses, 

a controlled water supply, sewers and latrines, restaurants, wine and fast-food 

shops, and brothels. Such urban centres proved beneficial for trade and safety, 

but may also have had the public health problems related to large crowds of 

people, despite the good sanitation (Richmond, 1955; Roberts and Cox, 2003). 

Agricultural innovations, such as drainage of land, allowed larger areas to 

be cultivated and land exploitation to be intensified. Agricultural tools and 

equipment were improved, new ones, such as a heavier plough with coulter and 

share, and corn drying ovens were introduced. The main crops were wheat and 

barley; cattle, sheep, pigs, horses, wild boar, domestic fowl, deer, fish, rye, oats, 

beans, peas, turnips, carrots, parsnips, cabbage, celery, blackberries, raspberries, 

strawberries, milk, and honey also contributed to the diet. Vines were introduced. 

The basic staple diet consisted of porridge, bread, and pasta, supplemented by 
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meat, fish, fruit, and vegetables (Brothwell and Brothwell, 1969; Roberts and 

Cox, 2003). 

Technology became more sophisticated and of greater range, industries 

flourished. The range of activities included building, agriculture, the manufacture 

of goods such as metalwork, textiles, leather and pottery, and shop keeping 

(butchers, bakers, fishmongers). Lead, tin, coal, gold, iron, copper, salt, and clay 

for pottery were exploited, supporting industries such as pottery production, glass 

making, smithies, tanneries, and so on (Richmond, 1955; Roberts and Cox, 

2003). 

During Roman times in Britain, there seems to have been a rise in dental 

disease, anaernia, joint disease, trauma, sinusitis, rib periostitis, congenital and 

neoplastic diseases, and obstetric problems. Infections increased, and new ones, 

such as leprosy, tuberculosis, osteitis, and septic arthritis appear. New joint 

diseases include Reiter's syndrome, gout, ankylosing spondylitis, and DISH. 

Lead poisoning from the lead water pipes may have been a problem. Scurvy, 

rickets, and osteomalacia are first seen. Average male stature is 169 cm; average 

female stature is 159 cm (Roberts and Cox, 2003). 

1.5.2. The Anglo-Saxon period (a AD 450 - 1066) 

In about 450, King Vortigem invited the Angles into Britain, in order to 

help defend the country against its enemies. The Saxons followed some 30 years 

later. This was the beginning of the Anglo-Saxon period, which lasted until the 

Norman Conquest in 1066 AD (Castleden, 1994; Kinder and Hilgemann, 1993). 

During the Anglo-Saxon period, peasants were reasonably well fed. 

Women, however, suffered from iron deficiencies triggered by poor nutrition and 
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frequent pregnancies and births. Furthermore, social class and ethnic origin 

influenced food consumption patterns (Pearson, 1997). In Anglo-Saxon society, 

animal foods had the highest status, but cereals, mainly barley but also wheat, 

rye, and oats, were far more significant nutritionally. The staple foods were 

bread, beer, and pottage (i. e., cereals or pulses boiled with vegetables or other 

flavourings), vegetables such as leeks, onions, garlic, cabbage, turnips, beets, 

carrots, and parsnips were mainly used as flavourings. Native nuts and fruits, 

such as apples, pears, plums, cherries, blackberries, raspberries, and strawberries 

were also eaten. Although grapes were still grown, most wine was imported from 

the continent. Mead, made from honey, was also consumed. Milk from cows, 

sheep, and possibly goats was mainly used for butter and cheese production, and 

together with chicken, duck and goose eggs would have been the most 

concentrated sources of protein. Pigs, cows, sheep, goats, chicken, ducks, geese, 

and wild fowl would also have been slaughtered, to provide red meat mainly for 

the upper classes of society, and bacon and possibly sausages for the rest. On fast 

days in the later, Christianised, Anglo-Saxon period, fish including oysters and 

eel were consumed. Imported pepper was mostly used in medicines, but would 

not have been widely available for seasoning. Salt was imported as well, and 

used as a preservative and essential nutritional component (Brothwell and 

Brothwell, 1969; Lapidge et al., 1999; Pearson, 1997; Roberts and Cox, 2003). 

From the early Anglo-Saxon period, Roman farmland seems to have been 

maintained, but evidence for unbroken continuity of individual settlements from 

Roman Britain is scarce. Settlements were dispersed, prosperous towns declined, 

the number of known settlements dramatically decreased, and population 

numbers fell. Roman water supply and waste disposal mechanisms were lost. 
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Woodland was still managed, metal, wooden, glass, and pottery objects still 

produced, but the extensive industries of the Roman period were not continued. 

The general population was very rural, living in small sunken-house structures 

(Grubenhauser) or halls, urban centres developed only later. From the second 

half of the Anglo-Saxon period, settlement patterns indicate a substantial 

increase in number of communities and population and development of towns, as 

well as expansion into previously unexploited regions (Lapidge et al., 1999; 

Roberts and Cox, 2003). 

Social stratification increases through the 6h and 7h centuries with the 

development of small kingdoms. Anglo-Saxon society of the 8h and 9h centuries 

comprised several social classes reflecting status or identity, and based on 

property holding and fees paid. There were three orders: those who fought, those 

who prayed, and those who worked; or in other words slaves, unfree and half- 

free cottagers, freedmen, rent-paying tenants, free farmers, and landed nobility. 

By then, trade also increased and was concentrated in new urban centres. The 

influence of the Church was strengthened; after the conversion it became a large 

landowner and promoted literacy in Latin and Greek (Dyer, 2002; Roberts and 

Cox, 2003). 

In the Anglo-Saxon period, infectious, neoplastic, congenital disease, and 

spondylolysis seem to increase. Numbers of trepanations, mostly showing signs 

of healing, as well as identified obstetric fatalities, also increase. However, 

anaemia rates, general dental disease, joint disease, trauma, and osteochondritis 

dissecans decline. Weapon injuries and decapitation continue as before. Average 

stature increases to 172 cm for males and 161 cm. for females (Roberts and Cox, 

2003). 
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1.5.3. Medieval Britain (AD 1066 - 1536) 

The conquest of England by Duke William of Normandy after the Battle 

of Hastings in AD 1066 marks the beginning of the Middle Ages proper, which 

last until the Dissolution of the Monasteries by Henri VIII in AD 1536 (Bloch, 

1994; Castleden, 1994; Kinder and Hilgemann, 1993). 

During the medieval period, towns and countryside developed in response 

to the new feudal socio-political system introduced by the Normans. The 

population grew but eventually reached a crisis point when food supplies became 

insufficient for the majority. The 13 th to 15th centuries were a time of crisis 

beginning in the 13th century with wars, decades of famine, visitation of the 

Black Death in the 14th century and other outbreaks of plague, dysentery, and 

sweating sickness. The population fell by about 35% to 50% (Titow, 1962). 

Many large towns declined while smaller ones lost their urban character. Some 

rural settlements were abandoned; and there was a general urban decline towards 

the end of the Middle Ages. Ports, however, continued to thrive and new ones 

developed as overseas trade became more important. Medieval industries 

included clay and lime kilns, mining and metal processing and working, cloth 

making, tanning, agriculture, stone quarrying and working, glass working, wood 

working, and many more. Towards the end of the period, land tenure was 

reorganised and the standard of living generally improved (Dyer, 2002; Roberts 

and Cox, 2003; Titow, 1962). 

During the Middle Ages, a different urban social stratification developed, 

with merchants, citizens and burgesses gaining in importance. Sex and social 

class had an impact on socio-economic status, and socio-economic status was the 
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most significant variable affecting health. Many poorer men were as uneducated 

and disenfi-anchised as most women, and there was often no strict division of 

labour. However, even though women did not have any political power, some 

were very successful economically, especially after the Black Death had 

eliminated a large proportion of the workforce. Furthermore, in rural areas 

landowners still had a substantial legal and economic control over their 

workforce; this even went far enough to control marriages. The growth of 

common law exercised in the king's courts, however, introduced the 

development of a state in which a single authority guaranteed the security and 

property rights of its citizens (Bennett, 1988; Dyer, 2002; Frantzen, 1994; Knusel 

and Boylston, 2000; Leyser, 1995; Roberts and Cox, 2003). 

The staple diet of most medieval people consisted of bread and ale, which 

was supplemented by meat and fish, depending on income, and nuts, berries, 

apples, pears, and fungi, depending on seasonal availability. Medieval peasants 

mainly subsisted on bread, porridge, and ale; porridge becoming ever more 

important with decreasing socio-economic status. The poorest peasants subsisted 

on water and vegetables. Better-off peasants would have had pigs and cows, and 

thus access to milk, butter, cheese, bacon, and meat. Also, chicken and geese 

were kept for eggs and meat. Fish, especially herring, and shellfish were an 

important part of the diet, due to the Church's prohibition of meat consumption 

on certain days. The peasants would also have grown vegetables, such as leeks 

and cabbage. The diet of high-status individuals, monastic as well as secular, 

consisted of generous allowances of bread, ale and wine, meat, and fish; most 

would also have had access to a legal source of wild game. Exotic food items, 

such as oranges, pomegranates, spices, sugar, and wine were imported. Certain 
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foods, such as wheat, beef, sheep, pork, rabbits, swans, pigeons, capons, 

peacocks, spices, salt, and ale were favoured in monasteries. In theory, however, 

before the 15'h century Benedictine monks were not allowed to eat meat but 

could eat fowl or fish. Unless they were ill Cistercians were not allowed fish 

until the 14'h century and then only in certain circumstances. Augustinians had to 

abstain from meat until the mid 12th century. In general, uppcr-class diets did 

present certain health hazards, as they were deficient in vitamins but excessively 

large (Brothwell and Brothwell, 1969; Dyer, 1998; Harvey, 1993; KnOsel and 

Boylston, 2000; Pearson, 1997; Roberts and Cox, 2003). 

In the Middle Ages morbidity and morality fluctuated greatly. The main 

causes of morbidity of the wealthier part of society were often related to their 

dietary habits. The large amounts of alcohol consumed must have caused liver 

disease. Renal malfunction would have been exacerbated by the large protein 

intake. DISH, an apparent occupational hazard for obese monks for example 

(Waldron, 1989), seems to have occurred in a disproportionately large number of 

individuals. Varicose ulcers, called morbus in tibia by the medieval sources, 

were apparently common. Epidemics and sporadic warfare were also major 

causes of morbidity and mortality. The first cases of gallstones and treponemal 

disease (possibly syphilis) appear in the archaeological record. The most dreaded 

cause of mortality in the later Middle Ages must have been the plague. 

Tuberculosis and leprosy are other major killers of the time; also mentioned in 

contemporary sources are sweating sickness, frenzy, fever, and hernia. Crowded 

conditions and lack of hygiene must have been relatively common in the general 

medieval urban population. Mean statures in the Middle Ages decreased slightly 
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from the Anglo-Saxon period to 159 cm for females and 171 cm for males 

(Harvey, 1993; Pearson, 1997; Roberts and Cox, 2003). 

1.5.4. The Post-Medieval period (AD 1536 - 19'h century) 

The dissolution of the monasteries in 1536 marks the end of the medieval 

period. It is also the time of the Reformation, of the Renaissance and Humanism, 

and of a huge influx of riches into mainly Spain, Portugal, and Britain from the 

recently 'discovered' New World (Castleden, 1994; Kinder and Hilgemann, 

1993; Strathern, 2005). The I 9th century is used here, admittedly arbitrarily, as 

the end of this long period summarised as post-medieval, simply because the 

most recent of the populations analysed for this thesis is St Martin's from 

Birmingham, dated to the 18'h and 19th centuries. 

Rural settlement underwent a series of changes in the post-medieval 

period. Some farmsteads and nucleated settlements were abandoned; holdings 

could be amalgamated; enclosure, which took place from the 16th to the 19'h 

centuries, could lead to depopulation and desertion. On the other hand, new 

settlements appeared in previously marginal lowlands opened up by improved 

agricultural practices. Transport was improved; the medieval road systems, still 

used in the 17th and 18'h centuries, were transformed in the mid 190' century with 

the introduction of turnpikes. Canal systems were constructed and exploited from 

the late 18th century, navigable rivers were improved. Water transport was further 

transformed with the introduction of the steam engine, which in turn led to the 

construction of new harbours and enlargement of existing ones. Railways 

appeared about this time. Markets and commerce, distribution and availability of 

a wide range of items, and mobility of people with their gene-pools and 
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pathogens, were facilitated by this new transport technology (Plumb, 195 1; 

Roberts and Cox, 2003; Thompson, 1950). 

At the turn of the 16'h century, towns were mainly small, but the urban 

population increased in the following centuries. Increasing population density 

caused problems of water supply and waste disposal. Also, town areas became 

specific to particular occupations causing problems of trade waste disposal and 

pollution. The new northern industrial cities were often similarly specialised, 

often accompanied by a polluted air and water supply. In such towns, working 

conditions were appalling, child labour was worse than ever before, and housing 

and sanitation were inadequate. In the less deprived areas, stone or brick-built 

houses gradually replaced the medieval timber-fi-amed buildings and the wattle- 

and-daub structures, especially in London after the Great Fire in 1666. Towns 

and cities expanded and, in the second half of the 18'h century, slums were 

cleared. Cities such as London had two halves, one for the poor workers and one 

for the wealthier classes. Poor families often lived in a single unventilated room, 

including cellars and attics. The better-quality urban housing, however, was 

connected to piped water and sewers by the early 19'h century (Ashley, 1967; 

Plumb, 195 1; Roberts and Cox, 2003; Thompson, 195 0). 

In the late 16th century industry was still mainly small-scale, dispersed 

and rural, with few exceptions. After that, industry became more mechanised; 

with the Industrial Revolution, steam driven pumping equipment led to deeper 

and more efficient mines; metals of all kind were produced and worked on a 

large scale, as were textiles; more and more building materials were needed for 

the growing towns and cities. New industries, e. g., those involving chemicals, 

appeared (Plumb, 195 1; Roberts and Cox, 2003; Thompson, 1950). 
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Famines still occurred, and malnutrition was a problem throughout post- 

medieval times, especially for those living in the crowded urban centres. For the 

poor, diet during the first half of this period remained largely unchanged from the 

medieval diet. Improved transportation eventually improved the distribution of 

foods. But it was the introduction of the potato in the 17'h century that proved 

particularly important; together with bread and tea it became a staple food of the 

working class. Other new exotic foods were introduced and slowly became 

widely accessible and cheaper, and thus supplemented the foods previously 

available (Plumb, 1951; Roberts and Cox, 2003; Thompson, 1950). 

The ma or killers in the post-medieval period were probably bubonic 

plague, and respiratory and gastric diseases. From the 18'h century, smallpox 

became increasingly virulent; the crowded living conditions led to measles, 

diphtheria, tuberculosis; typhus, anaernia, rickets, typhoid, syphilis, cholera, 

leprosy, whooping cough, scarlet fever, tetanus, rabies, non-specific infections, 

neoplastic disease, osteoporosis, Paget's disease, congenital conditions, liver 

disease, but also DISH and gout due to dietary excess, were a problem. During 

the last century of the post-medieval period, human health was probably at an all- 

time low, with the lowest life expectancy ever, especially for the urban poor. 

However, some notable medical advances were made, from which the general 

population eventually profited. Throughout the period, male mean statures 

ranged from 168 to 174 cm, and female mean statures from 156 to 164 cm. The 

medical advances include the discovery of the blood circulation by William 

Harvey in 1628, the discovery of a treatment for scurvy by James Lind in 1754, 

smallpox inoculations by Edward Jenner in 1788, the public health act of 1847 

promoting better hygiene, the development of pasteurisation by Louis Pasteur in 
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1860, and the discovery of x-rays by Wilhelm Conrad Roentgen, among many 

others (Kohn, 1998; Roberts and Cox, 2003). 

1.6. The secular trend for increased adult stature 

There is evidence in the Western World for a positive secular trend for 

stature approximately from the late 19'h - early 20th century onwards. However, 

in some poorer parts of the world there is also evidence for a stationary or even a 

negative secular trend before and during the modem era. Industrialised 

populations tend to become progressively taller and mature earlier than non- 

industrialised populations. Even though epiphyseal fusion occurs earlier in 

industrialised populations, the achieved adult height is taller than in non- 

industrialised populations because of a faster growth rate. Achieved adult height 

has increased by about I cm. per decade. The positive secular trend has been 

linked to increased consumption of fat and protein-rich animal food and 

improved health care, and is generally confined to industrialised populations; it is 

considered to relate to the material conditions of life and occurs in groups with a 

high socio-economic status. A stationary or negative secular trend would be 

associated with a detrimental and/or deteriorating bio-cultural environment. 

However, there seems to be a certain 'levelling' effect of the positive secular 

trend even in industrialised countries, since this trend is more pronounced in the 

offspring of short rather than tall individuals. This may indicate that the short 

stature of the parent generation was related to disadvantageous conditions mainly 

of the bio-cultural environment. Thus, given adequate conditions, the offspring 

of short individuals from a disadvantageous environment is more likely to reach 

their maximum potential for stature. However, in such a situation the increase in 
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stature often lags behind an increase in weight, since stature reflects the bio- 

cultural environment of both the individual and their parents (in an 

intergenerational effect), while weight reflects only recent events. On the other 

hand, populations undergoing a deterioration of socio-economic conditions 

exhibit a negative secular trend, which leads to the hypothesis that achieved adult 

stature is greatly influenced by the conditions in which the individual grows and 

develops (Bogin, 1999b; Eveleth, 2001; Eveleth and Tanner, 1990; Henneberg 

and Van Den Berg, 1990; Johnston, 2002; Katzinarzyk and Leonard, 1998; 

Larsen, 1997; Roche and Sun, 2003; Steegmann, 1985; Susanne, 1985; Tobias, 

1975; Tobias, 1985; Van Wieringen, 1986; Wunn, 1984). 

Data obtained from the populations under discussion allows an analysis 

of stature trends in the last two millennia. In these populations, an absence of, or 

a negative, secular trend for stature can be explained by changes in the bio- 

cultural environment, especially concerning health and nutritional status (Larsen, 

1997). Once such changes would have crossed a certain threshold, the well- 

known positive secular trend initiated, especially considering that stature is a 

dynamic phenotypic trait that is very responsive to the bio-cultural environment 

during growth. Although studies of the recent secular trend rely on documentary 

evidence, e. g., from conscripts or prison inmates, osteornetric data can be used to 

assess stature, body proportions, and body mass index of those archaeological 

populations for which no documentary data exists, in order to determine the 

timing of trends in the past. Body proportions such as crural and intermembral 

indices are especially important here since the growth rate in length, and 

especially that of the lower limbs, has increased dramatically; therefore the 

secular trend can be described as a recent lengthening of the lower limb, 
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especially its distal segment, the tibia (Bogin, 1999b; Eveleth, 2001; Frisancho, 

1993). 

It is suggested here that our species may always have had an intrinsic 

potential for a secular trend for stature, long before the end of the nineteenth 

century. That the secular trend in stature is observable only from approximately 

the beginning of the twentieth century is because about that time quality and 

quantity of nutrition and especially health care-with the discovery of 

antibiotics, new surgery techniques, and the decline of epidemics-increased 

dramatically. Therefore, there was a potential for a secular-trend-like event 

before the end of the nineteenth century, but the conditions of the bio-cultural 

environment prevented its incipience. High status individuals from the Middle 

Ages, for example the Holy Roman Emperors Charlemagne and Heinrich IV, as 

well as Beatrix von Burgund, the wife of Friedrich I Barbarossa, who grew up in 

extremely advantageous bio-cultural environments, achieved and even surpassed 

modem-day statures, BMIs, and proportions. Such positive bio-cultural 

conditions were available to the general population only very much later; and 

once they were, the secular trend took off. Industrialisation was and still is an 

important variable in the bio-cultural environment; despite its many negative 

aspects (especially in the 19th century: pollution, child labour, socio-economic 

decline of the working class) it eventually allowed access to better health care, 

reduction of infectious diseases, better and more varied nutrition, better 

sanitation, and so on (Bogin, 1999b; Eveleth, 2001; Frisancho, 1993; Larsen, 

1997; Stini, 1975; Styne and McHenri, 1993; Van Wieringen, 1986). Therefore, 

it is suggested that the secular trend is not a new phenomenon, but that the 

potential for a secular trend was always a part of the physical make-up of our 
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species (Bogin, 1995; de Beer, 2004; Schweich, in press; Schweich and Knilsel, 

2003; Styne and McHenri, 1993). 

1.7. Sexual dimorphism 

Sexual dimorphism - that is, the differences in physical shape and 

measurements between men and women, is a well recognized but often 

misunderstood phenomenon. For example, a change in the amount of sexual 

dimorphism has been used to argue for replacement of the male population in the 

post-Roman or early Anglo-Saxon period in Britain (Leyser, 1995). Sexual 

dimorphism has been seen as the result of random fluctuations, differences in 

mate choice, or again replacement of the male population (Marchi and 

Borgognini Tarli, 2002). Strangely enough, this latter study, of two Italian 

Magna Graecia burial grounds from the 70' to the 4h centuries BC, ignores socio- 

economic indicators, such as good health conditions and nutritional status of 

those populations, evidence of few and slight dental enamel hypoplasias, 

indications of an advanced agricultural economy, few and minor signs of 

periostitis, and does not link these observations with the fact that they also have 

the largest amount of sexual dimorphism of any skeletal population from that 

area (Marchi and Borgognini Tarli, 2002). Another study denies a link between, 

for example, polygyny, hunting, agriculture, variation in marriage practices, or 

sexual selection, and sexual dimorphism, and instead argues for a link with 

nutritional status, sexual division of labour, and parental investment (Holden and 

Mace, 1999). Finally, sexual dimorphism has been linked to increased male 

aggressiveness and dominance, due to testosterone, in a gregarious hierarchical 

species. Incidentally, this increased male aggressiveness is also held responsible 
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for a change in mating position from dorsal-ventral to ventml-vcntml (Chiarelli, 

2003b). 

Sexual dimorphism can be explained by a trend towards generally larger 

physical proportions of males, female adaptation to childbirth, and differences in 

male and female growth patterns (Jablonski et al., 2002; KnuBmann, 1988b; 

Sjovold, 1988; Stini, 1985; Stinson, 2000). Indeed, today there is an average 

difference between male and female stature of between 5% and 12% (Bogin, 

1999b), and an average difference of between 5% and 15% in male and female 

body weight (Greil, 1998). The growth differences are said to result from 

hormonal differences between males and females, especially in the levels of 

testosterone and oestrogen (Crockford, 2002; Mays, 1998; Sinclair, 1989). The 

largest genetic contribution to the differences in stature was found at the time of 

peak growth velocity in both sexes (Locsch et al., 1995). Sex differences, 

consistent with a predominant role of oestrogen in accelerating skeletal 

maturation in females, were found to relate to growth velocities and skeletal 

maturation (Loesch et al., 1995; Stini, 1985). In general, however, the genetic 

basis for sexual dimorphism remains poorly understood (Towne et al., 2002). 

Even at the foetal stage, differences in ossification and maturation can be found, 

with females having an advance of ten to fifteen weeks over males (Jones et al., 

1986). Furthermore, variations in the crural index can be found already at the 

foetal stage, males having a higher brachial index, and thus a relatively longer 

forearm than females (Tanner, 1978). Such proportional differences are retained 

into adulthood, with males having generally higher brachial and crural indices, 

and longer lower limbs for stature, while females have on average longer necks, 

higher sitting heights, a larger neurocranium, and of course a wider pelvis for 
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stature (KnuBmann, 1996). Thus, sexual dimorphism already occurs in many 

parts of the skeleton that complete their growth prior to adolescence (Scheuer 

and Black, 2000). However, there is generally no major difference in length 

measurements between the sexes, until girls reach the adolescent growth spurt 

about two years earlier than boys, when they tend to become taller. Despite this 

initial disadvantage, males eventually grow taller than females because their 

growth stops later, for example in the United States at about 21 years of age for 

males versus 18 years of age for females (Bogin, 1999b; Cameron, 2002; 

Hauspie, 2002; Marshall and Tanner, 1986; Sinclair, 1989; Stini, 1985; Tanner, 

1978). 

Of course, the amount of sexual dimorphism in a population varies in the 

various ethnicities/ancestries of the human species (KnuBmann, 1996). Various 

studies found changes in the amount of sexual dimorphism in accordance with 

secular increase in stature. For example, beginning in the late 19'h century, the 

amount of sexual dimorphism decreased in Czechoslovakia and Sweden, but 

increased in Poland and the Netherlands (Van Wieringen, 1986). In a study on 

Bengali children, it was found that boys reach peak growth velocity 1.9 years 

later than girls, at ages fairly similar to those in Western populations. However, 

the average stature of Bengali boys at the start of the adolescent growth spurt was 

129 cm., while that for British boys of the same age was 138 cm. Furthermore, 

adult British women were found to be about II cm taller than their Indian 

counterparts, with 7 cm. of this difference due to a difference in prepubertal 

growth and 4 cm to a greater adolescent gain in British girls (Hauspie and 

Dasgupta, 2001). In European populations, it was found that, at age 8, the largest 

sexual dimorphism was found in samples from Zurich and Bergen, the smallest 
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in samples from Brussels and Bilbao. In several African populations, only a 

small amount of sexual dimorphism in stature and in weight for stature was 

found, and the children, especially the boys, in these populations grow for a 

considerably longer time than their European counterparts. This longer growth 

time of males, in particular, results in a generally low sexual dimorphism. In 

Asiatic populations, on the other hand, the dimorphism in adult statures is fully 

established by 16 years of age (Eveleth and Tanner, 1990; Tobias, 1975). 

However, other factors also influence human growth and thus sexual 

dimorphism. Of these, the most important are: the female biological buffering, 

i. e., the greater and more effective immune response to infectious disease in 

women than in men, due to the selective pressure of the hazards of pregnancy 

and childbirth and sex-related differences in physiology (Ortner, 1998); as well 

as socio-economic factors (Borgognini Tarli and Repetto, 1986). 

The environmental component of sexual dimorphism has received 

attention because of its potential as an indicator of nutritional and 

epidemiological stress, among other things. Thus sexual dimorphism can be a 

valid indicator of socio-economic conditions or change in past populations 

(Borgognini Tarli and Repetto, 1986). Stature and health, for example, have 

often been associated. One study found a linear association between stature and 

illness for males, with the shortest males having the worst health and tallest men 

the best. Among females, however, no such linear association could be found. 

Indeed, when limiting long-standing illness was considered, both tall and short 

women showed equally poor health (Silventoinen et al., 1999). Another study 

analyzing the various factors affecting growth in several groups of Mexican 

women found that socio-economic factors were responsible for differences in 
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growth and development of the lower limbs, thus affecting the statures of adult 

women in 80% of cases, while the remaining 20%, corresponding to trunk 

breadth and upper limb length, was explained as adaptations to ecological 

conditions (Gurri and Dickinson, 1990). A strong relationship between sexual 

dimorphism and nutritional status also exists. It has been shown that sexual 

dimorphism is lower in societies with inadequate levels of nutrition. However, 

highest and lowest degrees in sexual dimorphism in stature were found in 

societies with high protein availability, demonstrating that there cannot be any 

simple one-to-one relationship between human growth, male and female, and an 

external factor, such as nutrition (Gray and Wolfe, 1980; Stini, 1975). This is 

also indicated by the fact that a high male sensitivity to environmental stressors 

was found for the prenatal period, but not so much for the postnatal period 

(Stinson, 1985). However, it has been demonstrated that sexual dimorphism is 

not constant because the two sexes respond differently to all kinds of 

environmental changes. Also, if nutritionally challenged, male growth decreases 

more than female growth; general proportionality, though, is seldom affected 

(Hall, 1978; Stini, 1975; Stini, 1985; Storey, 1998). Thus, it can be accepted that 

the extent of sexual dimorphism in a population indicates the extent of bio- 

cultural, i. e., socio-economic, nutritional, and/or health related stressors a 

population is exposed to, even if it is impossible to point to one single causative 

factor (Schweich and KnUsel, 2004a). 

A low degree of sexual dimorphism can be expected in populations living 

under inauspicious conditions. A secular trend towards increased sexual 

dimorphism was found among the San people as their socio-economic 

circumstances improved (Tobias, 1975). Also, variation in males contributes 
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more to the extent of sexual dimorphism than variation in females, and this more 

constant female shape would be one result of female biological buffering. This 

buffering seems to be an evolutionary balancing act, countering the risks 

associated with pregnancy, childbirth and lactation, with an enhanced response to 

infection and a greater resistance to morbidity (Hall, 1978; Ortner, 1998; Stini, 

1975; Stini, 1985). Thus, if all things are equal and if males and females are 

exposed to the same stressors at the same time, male stature would be more 

affected than female stature (Armelagos, 1998; Saunders and Barrans, 1999; 

Sinclair, 1989; Sinclair, 1991; Storey, 1998). 

Apart from inadequate nutrition, disease load is one of the major stressors 

any population can be exposed to. Even so, the immune response of females to 

infectious disease is greater and more effective than the male response because of 

inherent sex-related differences in physiology. Also, differential access to food 

based on sex does not imply differences in disease prevalence between the sexes 

(Ortner, 1998). Of the diseases considered below, DISH or Forestier's disease, 

associated with obesity and diabetes, is a little more common in males. Gout, 

associated with excessive alcohol intake and a diet rich in protein, affects males 

twenty times more often than it does females (Roberts and Manchester, 1995). 

There seems to be some indication that dental enamel hypoplasia, an indicator of 

nutritional or illness stress during childhood, is more often found in males, 

supporting the hypothesis that growing males are more susceptible to stress than 

females (Ortner and Theobald, 1993). Harris lines of arrested growth in long 

bones, representing periods of nutritional stress or disease during childhood, 

seem to be generated more often in females (Aufderheide and Rodriguez-Martin, 

1998). Cribra orbitalia, a symptom of metabolic disease, possibly anaemia, seems 
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to occur slightly more often in females, while the related condition, porotic 

hyperostosis, is seen slightly more often in males (Stuart-Macadam, 1998). For 

childhood rickets, no differences related to sex can be demonstrated, because of 

the difficulty in determining the sex of immature skeletons, but the related adult 

condition, osteomalacia, is most often seen in females (Ortner, 2003). Scurvy, on 

the other hand, seems to have a greater effect on males (Stuart-Macadam, 1989). 

Males also seem to suffer more from osteoarthritis (Larsen, 1997), spina bifida 

(Turkel, 1989), spondylolysis and spondylolisthesis (Kennedy, 1989), and 

vertebral compression fractures (Merbs, 1989), although some of these 

conditions may be more physical activity than sex related. 

2. Materials 

The populations used in this thesis are described in this chapter. The 

information about pathologies (except for the stature and weight data, which 

have been calculated by the author), as well as all the archaeological information 

about the different sites was compiled from published material and unpublished 

recording forms and site records, as far as available. Table 2.1 gives a summary 

of the populations used, in approximate chronological order (approximate 

because of the heavy bias towards medieval populations, and their overlapping 

time periods), with name and type of site, period, and numbers of males and 

females. 

Figure 2.1 is a map of England showing the location of the various 

populations or samples. It also should be emphasised that the numbers of 

individuals in Table 2.1 represent only those individuals used in the present 

research, not total numbers of individuals recovered from each site. The criteria 
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for selection of individuals depended on the presence of measurable limb bones, 

individuals with only fragmented or missing long bones were disregarded in the 

present analysis. For individuals with some fragmented or missing long bones, 

(a' was used to note a bone or portion of bone absent and T was used to note a 

bone too fragmented to obtain usable measurements. Also, only individuals in 

which the lower limb bones and all other stature components were completely 

fused, and who had therefore stopped growing in height, were used. The details 

of the data can be found in Appendix 1 on the accompanying CD. Furthermore, 

even though age has been recorded for the sake of completeness, the various 

populations and samples have not been split into age categories, and no 

correction for age-related stature loss has been made, as only maximum attained 

adult stature is of interest here. The numbers of female and male individuals 

below refer to individuals complete enough for measurements to be taken, not all 

females or males in the respective populations (Table 2.1 and Figure 2.1). 
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Table 2.1. Summary of the analysed populations and individuals. 

Sitefindividual Code Type Period M F T 
Gloucester sites, 
Gloucestershire 

G Settlement cemeteries 14" centuries 7 6 13 

- Kingsholm, 
Gloucester 

K Settlement cemetery 3"-4n centuries 12 19 31 

Baldock, 
Hertfordshire 

BA Settlement cemetery e-5tn centuries 34 34 68 

Eccles, Kent E Settlement cemetery 6, n-7n centuries 38 28 66 

Charlemagne Holy Roman Emperor AD 742-814 10 

Raunds, R Settlement cemetery 1 0M., 1M centuries 55 46 101 
Northamptonshire 
Heinrich IV Holy Roman Emperor AD 1050-1106 101 

Fishergate, York F4 St Andrew's church I V%1 2u' centuries 33 15 48 
parish cemetery (period 4) 

- Beatrix von Empress, wife of c. AD 1143-1184 0 1 1 
Burgund Friedrich I Barbarossa 
Langthome, Essex L4ne Cistercian monastic/lay AD 1135-1230 17 0 17 

northeast cemetery (period 4) 
Langthome, Essex L4nw Cistercian monastic/lay AD 1135-1230 7 0 7 

northwest cemetery (period 4) 
Langthome, Essex L5ne Cistercian monastic/lay AD 1230-1350 94 9 103 

northeast cemetery (period 5) 
Langthome, Essex L5nw Cistercian monastictlay AD 1230-1350 5 0 5 

northwest cemetery (period 5) 
Langthome, Essex M Cistercian monastic/lay AD 1230-1350 5 0 5 

intramural burials (penod 5) 
Fishergate, York 176i Gilbertine monastictlay 12"'-1 4u' centuries 69 23 92 

intramural burials (period 6) 
Fishergate, York He Gilbertine monastictlay 12u'-14u' centuries 39 3 42 

eastern cemetery (period 6) 
Fishergate, York F6s Gilbertine monastictlay 12'"-14 centuries 33 9 42 

southern cemetery (period 6) 
St-Helen's-on-the- SH Urban parish cemetery AD 930-1550 92 75 167 
Walls, York 
Langthome, Essex L6ne Cistercian monastic/lay AD 1350-1540 11 0 11 

northeast cemetery (period 6) 
Langthome, Essex L6i Cistercian monastictlay AD 1350-1540 10 0 10 

intramural burials (period 6) 
St Giles, North SG Rural hospital cemetery AD 1160-1422 16 9 25 
Yorkshire 
Blackfriars, B Dominican monastictlay AD 1246-1539 32 26 58 
Gloucester cemeterv 
Towton, North T _ Battlefield victims, mass AD 1461 37 0 37 
Yorkshire grave 
Chichester, West C Urban hospital 121n_j Elm centuries 171 78 249 
Sussex cemetery 
Hickleton, South H Rural parish cemetery 14'n-19'n centuries 8 8 16 
Yorkshire 
St Martin's, SIVIV Urban parish cemetery, I 8P-1 9n centuries 31 26 57 
Birmingham vault graves 
St Martin's, SMnv Urban parish cemetery, 1 8'n-1 g, n centuries 48 32 80 
Birmingham earth-cut graves 
Total 906 447 1353 
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Figure 2.1. Location of the populations from Table 2.1. 

The following is a description of each site or population, with numbers of 

females and males in brackets, and the available archaeological and historical 

background. 

2.1. Gloucester (6 females, 7 males) 

Three sites from Gloucester have been compiled into a single sample. 

This was done firstly because they all date from the same period, late Roman, but 

also because only few individuals from the different Gloucester sites are curated 

at Bradford University and thus easily accessible. 
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The first site is a multi-period site. Features from prehistory to the Roman 

Claudio-Neronian period (i. e., I" century AD) were found. There was a Colonia 

(Roman civilian settlement for military veterans) burial ground, dated to the 

second to fourth centuries, containing 23 burials. The nails of wooden coffins 

survived but no grave goods or personal items were found. Other finds included 

early medieval pottery and late- to post-medieval bedding trenches. 

The second site consisted of features from the first and second centuries, 

and a burial ground dated to the second to mid-fourth centuries. There is a mix of 

cremations and inhurnations. Two oak coffins and one tombstone fragment (L 

VALERIUS AURELIUS VET LEG XX) indicate the presence of military burials 

in the area. Most burials were supine in coffins, but seven burials were in a 

crouched position, and there were seven cremation um burials. A number of 

burials contained grave goods, including pots, coins, and jewellery. 

The third site contained three enclosure ditches and pits as well as 

possible domestic structures dating from the late Iron Age. Domestic buildings 

from the mid-first to mid-second centuries indicate continuity, a well from the 

end of the second century and a6m wide drove-way were also uncovered. In the 

third and fourth centuries, the land was divided into large D-shaped and smaller 

rectangular enclosures; there was gravel quarrying which was back-filled in the 

mid-fourth century, as well as seven burials (Roberts, 1990; Robinson, 200 1). 

2.2. Kingsholm (19 females, 12 males) 

A third to fourth century burial ground existed on this site. There were a 

total of 58 burials, in five different alignments. The pottery recovered from the 

gave fills ranged from the first to the fourth centuries. Few grave goods were 
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recovered, some fourth century coins and a fourth century bone comb. One group 

of north-south oriented graves probably dates to a period before the fourth 

century, pottery in other graves suggest that they are not earlier than late third to 

fourth centuries. The later burials had the widest range of grave goods and were 

thus very probably not Christian. Coffins are more common in the later burials; 

one of the coffins had comer stones. Tbree burials were capped by sandstone 

roof tiles (Robinson, 2001). 

2.3. Baldock (34 females, 34 males) 

Excavations in 1968-1972 revealed an extensive pre-Roman and Roman 

settlement area and cemetery. The main settlement is dated from mid I" century 

BC to 4th century AD; it never seems to have been a fort and, despite the size and 

importance of the settlement, was never walled. Its archaeological importance 

lies in the fact that it is one of the few Roman towns that have developed from an 

earlier settlement. Extensive excavations have produced a rich collection of 

associated artefacts. The richest burials belong to the early Flavian period (i. e., 

I't century AD). Throughout the occupation of the site, the burials had been 

arranged in well-defined cemeteries with offerings and appropriate ritual. The 

end of occupation is marked by unceremonious burials in the tops of wells, 

suggesting the end of a settlement and social disruption (Isaac, 1996; Stead and 

Rigby, 1986). 

2.4. Eccles (28 females, 38 males) 

The site of Eccles had been occupied from the Anglo-Saxon period at 

least. The cemetery was established after the destruction of a close-by Roman 
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villa in the 50' century. All age groups were represented; individuals were buried 

in shallow rectangular pits, usually in an extended supine position or lying on 

one side. Several finds of grave goods from the earlier pagan Saxon graves, an 

ornamented bone ring, a comb, a pin, a loop-and-plate buckle, and a pottery 

vessel, suggest a starting date of not earlier than 650 AD. The majority of the 

burials in this cemetery are the later Christian burials in the upper layers of the 

cemetery, they are from any date after 650 AD (Manchester and Elmhirst, 1980; 

Myrodias, 1994). 

2.5. Raunds (46 females, 55 males) 

Archaeological evidence suggests the existence of a Saxon domestic 

settlement, established in the Oh century. In subsequent centuries it was enclosed 

by ditches, and a church was built in the late 9d' or early I O'h century. In the I O'h 

century, ditches were cut to define a graveyard, with the earliest graves adjacent 

to the church. This area was dominated by a possible 'founder's grave, ' number 

5283 (Boddington, 1996: 46), with a highly decorated cover stone and possibly a 

stone cross at the head end. The graveyard subsequently expanded to the north, 

east, and south. Most burials were interred in earth graves, some in wooden 

coffins, more rarely in stone coffins. Most burials had stones arranged around the 

grave to provide the body with protection and support. By the late II th or early 

12ýh century, a larger church was built, but burial in the graveyard seems to have 

ceased shortly after its construction. In the 12th or perhaps 1P century, the 

church was converted into one of the main buildings of a manor house, which 

became disused by the late 15th century and marks the end of the site occupation 

(Boddington, 1996). 
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2.6. Fishergate (period 4: 15 females, 33 males; period 6 intramural [6i]: 23 

females, 69 males; period 6 southern cemetery [6s]: 9 females, 33 males; period 

6 eastern cemetery [6e]: 3 females, 39 males) 

The archaeological development at the Fishergate site, York, is divided 

into ten periods, the first one being the natural subsoil, the second one 

comprising I' to 4kcentury Roman agricultural activities, and period 10 a 

modem glass factory in operation from c. 1900 to 1984. The burials at the site 

took place over a period of at least 500 years, in period 4 (11 th to 12th centuries) 

and period 6 (12th to 14th centuries). Recovery of the skeletons was not 

complete as the excavation was limited by existing buildings. The burials from 

period 4 were those of the St Andrews Parish cemetery, and included a group of 

skeletons with blade injuries who may have been interred at the same time 

(Stroud and Kemp, 1993). In this period the cemetery was used by the lay 

population of York. There was some evidence of wooden coffins and one 

possible gravestone. Period 6 relates to the cemetery of the Gilbertine Priory of 

St Andrew (Stroud and Kemp, 1993), and was the burial ground for members of 

the nobility, the higher ecclesiastical community, and the well-to-do male and 

female citizens of York. This period is subdivided into three distinct areas: 

intramural burials (referred to as period 6i), where wealthy benefactors, their 

families, and high-ranking ecclesiastics would have been buried, the Eastern 

cemetery (referred to as period 6e) of the canons, cloistered clerics dealing in 

Church Law, and the Southern cemetery (referred to as period 6s) of the lay 

brethren and cloistered monks who had not been ordained as priests. The 

Gilbertines were founded by St. Gilbert of Sempringham. in the first half of the 
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12th century. They were a uniquely English order with ties to the Augustinian 

and Cistercian orders (Lawrence, 2001; Schweich and KnUsel, 2003). 

2.7. Langthorne (9 females; 149 males, of which 17 from period 4 north-eastern 

cemetery [4ne], 7 from period 4 north-western cemetery [4nw], 94 from period 5 

north-eastern cemetery [5ne], 5 from period 5 north-western cemetery [5nw], 5 

from period 5 intramural [5i], II from period 6 north-eastem cemetery [6ne], and 

10 from period 6 intramural [6i]) 

The Cistercian monastery of St Mary Stratford Langthome was founded 

in AD 1135 as a daughter house of the abbey of Savigny in Normandy. Like all 

the other houses of the Savigniac Order, Stratford Langthorne was absorbed into 

the Cistercian Order in AD 1147. The monastery quickly acquired great wealth 

and became one of the most important Cistercian houses in England. In AD 1267 

Henry III received the pope's legate at Stratford Abbey and made peace with the 

barons there. During the Peasants Revolt of AD 1381 the abbey was amongst the 

religious houses targeted by the insurgents; its goods were stolen and its charters 

burned. In the late 14'h century the abbey was damaged by flood and Richard Il 

took it upon himself to restore the buildings. At the time of Dissolution the net 

annual income of the abbey was valued at L511 and the house was suppressed 

with the larger monasteries in AD 1538. Following the Dissolution the site was 

granted to Sir Peter Mewtas who let the buildings fall into ruin. By the end of the 

18th century, all traces of the abbey had disappeared, including the foundations 

which had been dug out by Thomas Holbrook to be used for building stone. By 

the early twentieth century the site had disappeared beneath railway sidings, a 

sewage works and small factory buildings (Barber et al., 2004; Kerr et al., 2005). 

70 



The monastery was excavated from 1973-1994 for the London 

Underground Limited Jubilee Line Extension Project. Large parts of the 

monastic church, cemetery and related buildings were recorded. The chronology 

of this site was divided into eight periods, from 'Geology and natural 

topography' as period 1 to period 8 'Later development 1650-1900'. The 

excavated burials, 647 in total, are from period 4, 'Foundation and development 

1135-1230', period 5 'Expansion 1230-1350', and period 6 'Late monastic and 

dissolution 1350-1538" (Barber et al., 2004; White, 2000). 

Due to the very low number of females compared to males in this 

population, the females are considered as a single group and not split into period 

and location like the males. In fact, there is one female from period 4ne, one 

from period 4nw, 5 from period 5ne, and one from period 5i. Therefore, in any 

male/female comparison hereafter, all females will be grouped and compared 

with the males from period 5ne, since the majority of females are from this 

period. 

2.8. St-Helen's-on-the-Walls (75 females, 92 males) 

Like Fishergate, this cemetery could not be completely excavated. There 

were five different phases for the church of St-Helens-on-the-Walls, dated from 

the IOh to the l6d' centuries. The cemetery was used by the relatively poor 

parishioners of St-Helens-on-the-Walls. The burials were situated both inside the 

church and in the surrounding graveyard. Burials in wooden coffins were rare, 

the remains of only five were encountered, and all were intramural and belonged 

to the fifth phase of the church. Evidence for shroud pins, in the form of bronze 

pins or green stains on the skeletons, was more abundant than were coffins. 
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Furthermore, some bodies may have been wrapped in old clothes instead of 

actual shrouds. No evidence for grave markers was found. The site is 

characterized by a low expectation of life, with 27% of the sample dying as 

children and only 9% living beyond 60 years; and at all ages over 35, men 

outnumbered women (Dawes and Magilton, 1980). 

2.9. St Giles (9 females, 16 males) 

St Giles was a small rural medieval hospital, founded sometime before 

1181, and it has to be noted that the skeletal sample is from a hospital cemetery 

and therefore very probably heterogeneous with both higher- and lower-status 

individuals interred. It was originally a house for 'infirm brothers', but by the 

late 13th century it also looked after women and children. Two of the burials were 

priests, identified by a mortuary chalice and paten as grave inclusions (skeleton 

numbers 1280 and 1423, Appendix 1.9 on the accompanying CD). One 

individual was buried away from the other graves and may have been a criminal 

or a suicide victim (skeleton number 1710, Appendix 1.9 on the accompanying 

CD) (Chundun, 1992). 

2.10. Blackfriars (26 females, 32 males) 

The Dominican monastery of the Gloucester Blackfriars was established 

in 1239. The site had been purchased by the friars for the sum of forty marks that 

were provided by the king. In a document from 1277, the number of 30 friars is 

mentioned. This rose to 3040 friars in the 140' century, but fell to one prior and 

six friars in the early 16th century. At the time of the convent's dissolution in 

1538, the friars had apparently been reduced to a state of severe poverty. The 
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cemetery associated with the friary is first documented in 1246. It was probably 

used throughout the friars' occupation, with the majority of the burials occurring 

in the 14'h and 15'h centuries. There is some evidence that an area of the cemetery 

may have been set aside for the burial of friars, although they shared the 

cemetery as a whole with wealthy benefactors and other lay people (Walker, 

1993). 

2.11. Towton (3 7 males) 

The Towton sample is unusual in that the exact date of death of these 

individuals is known, 29 March 1461, Palm Sunday; and the manner of death of 

these individuals, battle trauma, can be inferred with a high degree of accuracy. It 

is a heterogeneous all-male sample of 37 or 38 individuals, drawn from the 

general populace, aged between 16 and 50 years at death. The osteologically 

observable diversity in age, stature, and physique is far greater in this sample 

than it would be in any later military sample, when a standing army existed. T'he 

battle of Towton was one of many battles during the Wars of the Roses (AD 

1455-1487) between the Houses of York and Lancaster, it was also reputedly the 

bloodiest battle ever fought on English soil, with considerable numbers of 

casualties. The combatants at Towton might have been coerced into combat by 

their Lords, but some at least may well have had previous combat experience. 

Physically these combatants must have been very tough and resilient, which is 

confirmed by their bone morphology; some were scarred from previous battles. 

Some grave goods were excavated with the human remains, such as potsherds, 

iron and copper alloy objects, three silver finger rings, some faunal remains, and 

a worked bone object. Essentially, the individuals from this sample were tossed 
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unceremoniously into a pit in un-consecrated ground (Boardman, 2000; Boylston 

et al., 2000; Burgess, 2000; Fiorato, 2000; Knilsel, 2000; Knilsel and Boylston, 

2000). 

2.12. Chichester (78 females, 171 males) 

This site is the cemetery of the medieval leprosarium and hospital of St 

James and St Mary Magdalene at Chichester. It had been founded before 1118, to 

care for eight leper brethren. The function of the hospital was not only, or maybe 

not mainly, to segregate lepers from society, but to pray for king, country and 

benefactors. It was last mentioned as a leprosarium in a will from 1418. By 

1442, when the only recorded expulsions took place, most inmates were married 

and, in 1540, sisters as well as brethren were admitted. By the end of the 17th 

century there was only one inmate and the hospital slowly ceased to function. In 

1705, the buildings were described as ruinous; the chapel was used as a barn. The 

last recorded use was in 1755 as a convalescent home for smallpox sufferers. The 

hospital was destroyed by fire in 1781. The occupants of the cemetery were 

firstly the lepers and staff from the hospital, benefactors, and secondly the 

inmates of the almshouse, of both sexes and all ages. Individual burials had 

mostly been in wooden coffins, some with stones around the head. There were no 

traces of grave markers, and few finds were recovered from the graves. If the 

hospital occupied the same site during all of its existence and if inmates were 

usually, if not always, buried in its cemetery, then it can be assumed that burials 

from the early 12th to the 15th century should be predominantly male, i. e., 

brethren, masters and benefactors, some of those showing signs of advanced 

leprosy. From the 16th to the 17th centuries, a change would have taken place in 
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the cemetery population, when the hospital became an almshouse, and women 

were officially admitted. However, women and children may well have been 

interred in the cemetery before this period. 

The site was excavated in 1986-7 and in 1993. Of the 44 burials 

excavated in 1993,16 males (39 %) and one female (25 %) exhibited signs of 

rhino-maxillary changes associated with leprosy, 15 males (38 %) and one 

female (25 O/o) had symptoms of leprosy in the hands and feet. Possible signs of 

leprosy were found in 13 males (33 %) and one female (25 %). Symptoms of 

leprosy were found in 83 (24 O/o) of the 351 individuals excavated in 1986-7. 

Seventy-two percent of these lepers were male, 13 % were female, and 15 % 

were unsexed. Life expectancy of the Chichester hospital cemetery population 

was about 28 years at birth (Lee and Magilton, 1989; Nicoll, 2000; Schweich, 

2000; Ward, 1996). 

2.13. Hickleton (8 females, 8 males) 

Hickleton is a rural parish in South Yorkshire. Proximity of the village of 

Hickleton to a waterway and a network of major roads promoted trade and 

communication. Hickleton was first mentioned in the Domesday Book of A. D. 

1086. From archaeological excavations in 1983 the foundation of the parish 

church, then a single-celled stone structure, could be dated to approximately 

A. D. 1150. The Hickleton parish cemetery burials were dated to between the 

14th and 19th centuries. In the 14'h century, bad harvests resulting from cold 

weather and the plague of A. D. 1349 devastated the population. During the 15th 

century, prosperity seems to have returned to Hickleton. After the Reformation, 

available information indicates only that the church fell into disrepair, and it is 
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possible that, from this period onwards, times were as good or as bad for the 

population of Hickleton as for any other village population (Dabell, 1999; 

Schweich, 2000). 

2.14. St Martin's (vault sample: 26 females, 31 males; earth-cut graves sample: 

32 females, 48 males) 

The St Martin's churchyard in Birmingham City Centre was excavated 

between May and November 2001, prior to the new Bullring development 

affecting this area. A total of 857 human burials, mainly dated to the late 18"' and 

19th centuries, were recorded. The majority of these burials were in simple 

wooden coffins in earth-cut graves, with much intercutting. Thirty five brick- 

lined graves and vaults, mostly containing multiple burials, were also recorded. 

The dating puts this sample firmly into the period of the Industrial Revolution, 

with its associated pollution, overcrowding, and, for the majority of the 

population, low socio-economic status. During the 19 th century, the area around 

St Martin's was renowned for its markets, but also for the street preachers, 

barrow boys, and soap box orators, all contributing to a fairground atmosphere 

around the church (Brickley and Buteux, In press). 

In addition to these populations which have been analysed by the author, 

published long bone measurements for the Holy Roman Emperors Charlemagne 

(Quirin, 1991; Schleiffing and Koch, 1988), Heinrich IV, and Beatrix von 

Burgund, the wife of the Holy Roman Emperor Friedrich I Barbarossa (Henke, 

1985; Quirin, 1991) have been used for comparative purposes. 
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2.15. Charlemagne (742-814) 

Charlemagne, the son of Pepin III the Short and Bertha, was King of the 

Franks from 768 to 814, and Holy Roman Emperor from 800 to 814. He was one 

of the most influential figures in history; his reign reflected the ideal of kingly 

rule and was commemorated in song and epic (the Chansons de Geste). After the 

death of his father Pepin, Charlemagne shared power with his brother Carloman, 

because of the Frankish custom of dividing possessions equally among the 

surviving children of a warrior, until the death of the latter in 771. The 

competition between the two brothers was intense, and nearly erupted into civil 

war on several occasions. After having gained sole control over the Franks, 

Charlemagne united a vast domain and embarked on campaigns to ensure his 

political position and to lay the foundations for a Christian empire. These 

campaigns took him to Lombardy in 774; from 775 to 777 he waged war against 

the pagan Saxons in order to subdue and Christianise them. After this, he 

launched an unsuccessfid campaign into Spain. The retreat was a disaster after a 

bloody attack by the Basques; the Chanson de Roland is based on it. 

Furthermore, the Saxon rebellion remained a problem, but after campaigns in 

782,783,784, and 785, the Saxon king Witukind surrendered and the Saxon 

people were permanently absorbed into the Carolingian empire. 

Except for a successful siege of Barcelona in 800-801 and raids into 

southern Italy, Charlemagne concentrated on the German territory and expanded 

Frankish influence in the Danube valley. In 788, he made Bavaria part of his 

empire, he occupied Istria in 789, followed by a series of campaigns from 791 to 

796 against the Avars and the Slavs. Ultimately, his domain stretched from the 

Spanish march along the Pyrenees through France, Italy, Switzerland, and 
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Germany to the Balkans. Europe had not been this unified since the days of the 

Roman Empire and the Pax Romana (Figure 2.2). 

Charlemagne was a life-long patron of the church, and on Christmas Day 

800, Pope Leo III crowned Charlemagne Emperor of the West in St Peter's 

Basilica in Rome. Charlemagne resided at Aachen from 794 because of its 

curative thermal springs, making it the heart of his administration and of his 

cultural and political endeavours. His court became the centre of the Carolingian 

renaissance, attracting theologians, church leaders, writers, and intellectuals, men 

such as Alcuin and Einhard. Charlemagne was illiterate but he encouraged 

learning and faith. He spoke several languages, including Latin, and was versed 

in theological debate as well as the study of mathematics and astronomy. He was 

an ardent defender of Christian ideals, but was also famously lenient. 

Charlemagne's empire quickly disintegrated after his death on 28 January 

814 in Aachen; it was the strength of his character that had held his empire 

together during his lifetime. Einhard described him as tall and strong, very 

impressive even in advanced age when his hair was silver and he had become 

corpulent. He was deeply mourried by his court (Bunson, 1995; Einhard and 

Notker, 1969; Halphen, 1995; Pirenne, 1970; Schleiffing and Koch, 1988; 

Tierney and Painter, 1983). 

78 



Europe in 800 

N,, 
hnp, 

pl- North c5) 

IN 
Sea F-t RI 

Baltic 'ONTHUMBRIA 

Sea 

11 SAXONY i 
". "bs 

Bulg- Atlantic USTRASIA 

Ocean 
h, A, a, NEUSMIA 

Moravians Magyar, 
KHAZAR 

FRANKISH ýIAVARJA 'KHANAII 
PANNONIA EMPIRE /(. &RI%IHLA 

AQUrTAINE BULGAR 

GALICIA 
BURGUNDY KIIANATE Black Sea 

STA STA I, - ly opo UMAYYAD 

0" 

ý 

EMIRATE 

Aý I 

lid 

]. stands 

A(; H[, ABII),, ' 

IDRISID EMIRAIE Cyp-, 

CALLPHA IT L 
r"Ww 

a era 
11 ean 

ABBASID CALIPI I 

Figure 2.2. 'rhe Frankish Empire of Charlemagne in 800 (Source: Bunson, 1995: 

xiv). 

2.16. Heinrich IV (1050-1106) 

Son of'Emperor I leinrich III and Agn&s de Poilou, Heinrich IV was king 

of Germany from 1056 and Holy Roman Emperor from 1084. Ile was only six 

years old when he inherited the throne and his mother and the archbishops 

Adelbert and Anno were his regents and guardians. His reign was tainted by the 

long and bitter conflict with the papacy over the question of lay investiture; after 

having been excommunicated, this conflict was only resolved by his penance at 

Canossa in 1077. Heinrich had acknowledged the authority of' the pope 

concerning the question of investiture in 1073 but reversed himself in 1075 and 

appointed bishops, incurring the condemnation of Pope Gregory VII. Ile deposed 
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the pontiff in 1076 but Gregory retaliated by excommunicating Heinrich, forcing 

him to recant in 1077 at Canossa, where he had to endure a humiliating penance. 

The German nobles were infuriated and elected another king, Rudolf von 

Schwaben, starting a civil war in 1080. Heinrich was excommunicated once 

more but this time he invaded Italy and deposed Pope Gregory in 1084. He put 

the antipope Clement III on the papal throne and Gregory died in exile. However, 

the successors of Gregory, the German nobles, and his own sons Conrad and 

Heinrich V continued to oppose Heinrich. After his abdication in 1105, Heinrich 

IV died suddenly at Lfte in August 1106 (Bunson, 1995; Davis, 1988; Heer, 

1990; Quirin, 1991; Tierney and Painter, 1983). 

2.17. Beatrix von Burgund (c. 1143-1184) 

Beatrix was the daughter and heiress of Rainald III von Burgund and 

Agnýs von Oberlothringen, married Friedrich I Barbarossa. in 1156 after his 

divorce from his first wife Adela von Vohburg. The rich provinces of Burgundy, 

Savoy, and Provence were her dowry, thus providing Friedrich I with access to 

Italy, the centre of his political interests. On the 9 October 1156, Beatrix was 

crowned as queen; on I August 1167 she was crowned as empress in Rome. The 

chronicles describe her as being of medium stature, with shiny golden hair, a 

beautiful face, and white perfectly formed teeth. She was intelligent, well 

educated, quite religious, devoted to her husband, and of a friendly modest 

disposition. She had eleven (maybe even twelve) children, which may be the 

reason for her early death. Beatrix may well have had some influence on her 

husband's politics from the background, but she probably did not have any 
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official influence. She was buried in the cathedral at Speyer (Ranke et al., 1972; 

Tierney and Painter, 1983; www. genealogie-mittelalter. de, n. d. ). 

3. Methods 

All bones were measured by the author, using an osteometric board, 

spreading callipers and a protractor. The lengths taken in centimetres were 

measured to the nearest millimetre; those taken in millimetres were taken to the 

nearest tenth of a millimetre. The recommendations by (Brduer, 1988) (1988) for 

measurements were followed; the number of the specific measurement and the 

page numbers in (BrAuer, 1988) (1988) are given in brackets after each of the 

following descriptions. For ulna (1: 204), radius (1: 201), humerus (1: 199) and 

fibula (1: 222), maximum length parallel to the shaft was taken. The maximum 

length of the clavicle (1: 197) was measured as the greatest distance between the 

sternal and acromial ends of the clavicle. Maximum obtainable length was used 

for the femur (1: 216), in most cases this was measured from the medial condyle 

to the femoral head. For the trochanteric length (4: 217), the axis of the femoral 

shaft was measured from the bicondylar plane to the tip of the greater trochanter 

(Figure 3.1. a). For the bicondylar angle (30: 219) the femur was placed on its 

posterior surface, both condyles were aligned along the fixed vertical side of an 

osteometric board, a thin string was stretched such that it crossed the 

intercondylar groove at its deepest point as well as the visible medial edge of the 

greater trochanter; the medial angle between the axis of the femoral shaft (the 

string) and the transverse plane (the condyles against the vertical board) was then 

read from a protractor (Figure 3.1. b). These two measurements were eventually 
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only used for the reconstruction in Figure 5.1.1, but are included in Appendix I 

on the accompanying CD. The femoral head diameter (18: 219) was measured in 

the sagittal plane parallel to the epiphyseal line of the femoral head. Tibial length 

(1: 220) was measured from the medial malleolus to the lateral condylar plateau 

in a plane parallel to the shaft. The measurements are listed in cm I'Or the bone 

lengths and the stature estimations, in mm for the femoral head breadth, and in 

kg for the weight estimations. Eventually not all measurements taken were useful 

in the present context, only femoral, tibial, humeral, and radial lengths, as well as 

fiemoral head diameter were used, but all other data collected are included in 

Appendix I on the accompanying CD. 

Figure 3.1. Trochanteric length (a) and bicondylar angle (h) ol'the ICIIILII'. 

The regression lon-nulae by Trotter (1970: Table 28 p. 77) Using the 

1'emur and the combined femur and tibia for white males and females were used 

for stature estimations. Despite the drawbacks ot"Frotter's method (Boylston et 

al., 2000-, Jantz et al., 1994) but see also (Boylston et al., 2000), and the fact that 

it is based on 20" century populations, it was used here because it is widely used 
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for more recent skeletal populations (Boylston et al., 2000; Dawes and Magilton, 

1980; Stroud and Kemp, 1993) and even for Upper Paleolithic hominins 

(Holliday, 2002b), as well as to ensure comparability with such other reports or 

publications. Fully's (195 6) much more accurate method was not used here, as it 

requires a virtually complete skeleton, which is rarely the case in archaeological 

populations. Weight was estimated using the formulae for white males and white 

females by Ruff et al. (1991: Table 4 p. 406). These formulae were used in 

preference to others as they only require the measurement of the femoral head 

diameter, unlike other weight estimation methods which require, for example, a 

measurement of the bi-iliac diameter (Ruff et al., 2005; Ruff, 2000), another 

measurement difficult to obtain in often very fragmented archaeological 

skeletons, or estimate weight from stature (Porter, 1995), which would introduce 

a circular argument. Furthermore, comparisons between the various weight 

estimation methods did not show substantial discrepancies between them 

(Auerbach and Ruff, 2004; Holliday, 2002a). Ten percent were subtracted from 

the individual results following the advice by Ruff et al. (1991: 411) for the use 

of their formulae with earlier populations. It has to be noted that these latter 

formulae estimate weight at the end of growth in stature, at around 18 to 20 years 

of age. It remains to say that only indices, stature, and weight estimations 

calculated from elements of the left side of the body were used for analysis and 

interpretation. However, for the sake of completeness, measurements (and 

indices) were taken from both body sides, and can be found in the original data 

(see Appendices I and 2 on the accompanying CD). 
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v 

The following indices were calculated: 

o Brachial index: maximum radius length * 100 / maximum humerus length 

(BrIlucr, 1988: 229; Schwartz, 1995: 332). 

o Intermembral index: maximum humerus and radius lengths * 100 / maximum 

femur and tibia lengths (Brauer, 1988: 230; Schwartz, 1995: 332). 

o Crural index: maximum tibia length * 100 / maximum femur length ((Brquer, 

1988: 229; Schwartz, 1995: 332). 

9 Humerofemoral index: maximum humerus length * 100 / maximum femur 

length (BrAuer, 1988: 230; (Schwartz, 1995). 

* Brachiocrural index (tibio-radial-index): maximum radius length * 100 / 

maximum tibia length (Brauer, 1988: 230). 

* Relative lower limb length (adapted for use on bones from KnuBmann, 

1988: 274): added maximum lengths of femur and tibia * 100 / stature 

estimation (from regression formulae for femur, in Trotter, 1970). 

e Body mass index: weight estimation (from regression formulae for femoral 

head, in: Ruff et al. 1991: 406) * 10000 / stature estimation2 (from regression 

formulae for combined femur and tibia, in: Trotter, 1970) (adapted from 

KnuBmann, 1988: 277). 

Furthermore, from the published material it was apparent that the remains 

of Beatrix von Burgund were very fragmentary; the only measurement relevant 

in the present case is that of her right humerus, 31.4 cm. Based on this 

measurement a stature estimation of 163.47 cm (Trotter, 1970) was obtained. For 

Charlemagne, the femoral head diameter had to be estimated from the femoral 

length. This was deemed possible as there is a correlation between femoral 
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lengths and femoral head diameters. Based on measurements of 685 male 

individuals from all populations, with both a femoral length measurement and a 

femoral head measurement, a regression formula was developed: y=0.6204x + 

20.345 (Figure 3.2). Although it was not needed in the present context, the 

formula for females was calculated as y=0.656x + 15.152, based on 309 

measurements with the same criteria as for males. 
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Figure 3.2. Femoral head diameter by femoral length of all males. Red lines are 

mean and 95% confidence lines, black lines are fit lines for Charlemagne. 

Finally, paleopathological data from published and unpublished skeletal 

reports were gathered. Those were, firstly, the prevalences of DISH and gout in 

the analysed populations, to be used together with statures and weights of more 

than two standard deviations above the population average as indicators of a 

beneficial bio-cultural environment. Secondly, the prevalences of dental enamel 
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hypoplasia, cribra orbitalia, porotic hyperostosis, rickets, scurvy, and non- 

specific infections were recorded, to be used together with statures and weights 

of more than two standard deviations below the population average as indicators 

of a detrimental bio-cultural environment. 

4. Results 

4.1. Intra-observer error 

The intra-observer error, i. e. the accuracy of measurement, was tested on 

the Towton population, according to the recommendations by (Brduer and 

KnuBmann, 1988) (1988: 138). The first measurements were taken as part of the 

research questions asked with this project. The second measurements were taken 

several (± 6) months later, and concerned only one length measurement, the 

maximum lengths of the right and left femora, and one diameter measurement, 

the right and left femoral head diameter, and right and left bicondylar angles. 

Table 4.1.1 gives the averages of the first and second measurements and the 

mean difference. Details and individual measurements can be found in Appendix 

I on the accompanying CD. Furthermore, throughout and after data collection all 

measurements were constantly controlled for unusual figures, following the 

recommendations by Brauer and KnuBmann (1988: 138). 

As can be seen from Table 4.1.1, the mean differences for all 

measurements are relatively small. The greatest differences between the two 

measurements are 0.15 cm for the left femur and 0.2 min for the femoral heads. 

These are very small differences between two measurements, and like all 

observed differences well below the tolerance limits of I nun for measurements 

taken in millimetres, and three to five millimetres for most other postcranial 
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measurements (Brduer and KnuBmann, 1988): 137). Therefore, the measurements 

taken for this research project are considered to be reasonably accurate and 

reliable. 

Table 4.1.1. Mean differences in first and second measurements, testing for intra- 

observer error; Min is minimum, Max is maximum. The units are given in the 

table. 

Element Mean Min Max 

right femur, cm 46.21 41.6 51.7 

2nd measure, cm 46.13 41.5 51.6 

difference, cm 0.08 0.1 0.1 

left femur, cm 46.64 42 52.2 

2nd measure, cm 46.49 41.9 52.1 

difference, cm. 0.15 0.1 0.1 

right femoral head, mm. 49.81 44.7 54.7 

2nd measure, mm 49.83 44.9 54.7 

difference, mm -0.02 -0.2 0 

left femoral head, mm. 50.56 44.5 55 

2nd measure, nun 50.64 44.7 54.9 

difference, mm -0.08 -0.2 0.1 

right bicondylar angle, degrees 99.31 96 102 

2nd measure, degrees 98.90 95 101 

difference, degrees 0.41 1 1 

left bicondylar angle, degrees 99.93 96 107 

2nd measure, degrees 100.16 96 106 

difference, degrees -0.23 0 1 

87 



4.2. General considerations 

All statistical tests were performed using SPSS version I I. A 

Kolmogorov-Smirnov test was performed on sub-samples of the analysed 

populations, based on all individuals split by site and sex, to assess the 

distribution for the variables crural index, brachial index, humerofemoral index, 

brachiocrural index, intermembral index, stature estimation from femoral length, 

stature estimation from combined femoral and tibial. lengths, weight estimation, 

relative lower limb length, and body mass index (Appendix 4.3 on the 

accompanying CD). The results indicate that, for several variables, there were 

not enough valid cases in the male sub-samples from Langthorne 4nw and 

Langthorne 5i, as well as the female sub-samples from Fishergate 6e and St 

Giles. Therefore, for statistical analyses, the male sub-sample from Langthorne 

4nw was combined with the males from Langthorne 5nw, and the males from 

Langthorne 5i with the males from Langthorne 6i, in both cases because the 

samples are from the same locations, the north-western cemetery and intramural 

burials, respectively. The female sample from Fishergate 6e was combined with 

the females from Fishergate 6s because they originate from the same period 6: 

12th-14th centuries, and both are extramural burials. The females from St Giles 

were combined with the females from Chichester, as both are medieval hospital 

sites (Table 4.2.1). No other samples were changed in any way; the individual 

values were controlled and any unusual figures checked and corrected, but 

otherwise no values were altered in any way. The results of a second 

Kolmogorov-Smirnov test on the distribution of the above mentioned variables 

by site and sex, with the combined samples (Appendix 4.4 on the accompanying 
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CD), showed that all variables of all sub-samples were normally distributed, and 

further statistical tests could be performed. 

Table 4.2.1. The samples as used for the statistical tests. 

Sample number Site Sitecode Sex 
1 Gloucester G F 
2 Gloucester G M 
3 Kingsholm K F 
4 Kingsholm K M 
5 Baldock Ba F 
6 Baldock Ba M 
7 Eccles E F 
8 Eccles E M 
10 Raunds R F 
11 Raunds R M 
13 Fishergate 4 R F 
14 Fishergate 4 R M 
15 Langthome 4ne We M 
16 Langthorne 4nw/5nw L4nw/L5nw M 
17 Langthome L F 
18 Langthorne 5ne Une M 
19 Fishergate 6i F6i F 
20 Fishergate 6i F6i M 
21 Fishergate 6e Re M 
22 Fishergate 6e/6s F6e/F6s F 
23 Fishergate 6s 176s M 
24 St Helen's SH F 
25 St Helen's SH M 
26 Langthorne 6ne 1-6ne M 
27 Langthome 6i/6i L5VL6i M 
28 Blackfriars B F 
29 Blackfriars B M 
30 Towton T M 
31 St Giles/Chichester SG/C F 
32 St Giles SG M 
33 Chichester C M 
34 Hickleton H F 
35 Hickleton H M 
36 ST Martin's vault SMv F 
37 ST Martin's vault SMV M 
38 St Martin's earth-cut SMnv F 
39 St Martin's earth-cut SMnv M 
Also used. 

Charlemagne Cm M 
Heinrich IV H IV M 
Beatrix von Burgund BvB F 
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A one-way ANOVA test with groups based on the analysed individuals, 

split by sex and site with the above mentioned combinations was performed 

(Table 4.2.2). The results indicate differences between groups for all tested 

variables, namely crural index, brachial index, humerofemoral index, 

brachiocrural index, intermembral index, stature estimated from femoral length, 

stature estimated from combined femoral and tibial lengths, weight estimation, 

relative lower limb length, and body mass index between groups. 

Table 4.2.2. One-way ANOVA test. 

Sum of df Mean F Sig. 
Squares Square 

Crural index Between Groups 361.789 36 10.050 1.876 
. 
002 

Within Groups 3545.614 662 5.356 
Total 3907.402 698 

Brachial index Between Groups 591.982 36 16.444 2.951 
. 
000 

Within Groups 2663.266 478 5.572 
Total 3255.248 514 

Humerofemoral Between Groups 270.103 36 7.503 1.685 
. 
008 

index Within Groups 2730.075 613 4.454 
Total 3000.178 649 

Brachiocrural Between Groups 867.328 36 24.092 4.331 . 000 
index Within 2263.894 407 5.562 

Total 3131.223 443 
Intermembral Between Grou ps 303.354 36 8.426 2.807 

. 
000 

index Within Groups 900.501 300 3.002 
Total 1203.855 336 

Stature femur Between Grou ps 36087.010 36 1002.417 34.084 
. 
000 

Within Groups 28528.203 970 29.411 
Total 64615.213 1006 

Stature femur Between Grou ps 23418.635 36 650.518 22.467 
. 
000 

tibia Within Groups 19167.832 662 28.954 
Total 42586.466 698 

Weight femoral Between Group s 34625.752 36 961.826 20.372 
. 
000 

head Within Groups 57459.510 1217 47.214 
Total 92085.262 1253 

Relative lower Between Group s 95.459 36 2.652 2.605 
. 
000 

limb length Within Groups 673.959 662 1.018 
Total 769.418 698 

Body mass index Between Group s '288.035 36 8.001 1.733 
. 
006 

Within Groups 3037.227 658 4.616 
Total 3325.262 694 
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A Tukey HSD Post Hoc test was also performed (Table 4.2.3 and 

Appendix 4.5 on the accompanying CD), and provided information on which 

groups differed for which variable. All differences found between the groups 

enumerated in Table 4.2.1 were significant at the 0.05 level. For the most part, 

the expected differences in stature, estimated from femur and combined femur 

and tibia, and weight were found between the male and female groups, with a 

few notable exceptions. Interestingly, no differences in humerofemoral index 

were found between any groups, contradicting the results of the ANOVA test. 

The results for male and female statures can be seen in Figure 4.2.1. The 

graph shows the median, interquartile range, one standard deviation, and outlicrs 

for the analysed population samples and individuals in approximate 

chronological order. The red and green vertical lines represent modem averages 

for females and males aged 25 to 35 years old, respectively. A younger age 

category, in this case 16 to 24 years old, was not chosen as it includes individuals 

whose growth is not completed, while an age category of 35 to 45 years old 

might include individuals already showing signs of age-related stature changes 

(Department of Health, 2004). 

Figure 4.2.2 gives the results for male and female weights, with median, 

interquartile range, one standard deviation, and outliers for the analysed 

population samples and individuals, again in approximate chronological order. 

The descriptive statistics for male and female statures and weights can be found 

in Table 4.2.3. Again, the red and green vertical lines represent modem averages 

for females and males, respectively (Department of Health, 2004). 
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Figure 4.2.1. Statures of the analysed populations in chronological order. Bars in 

boxes are the median, boxes are the interquartile range, vertical bars are one 

standard deviation, circles are outliers. The site codes are as in Table 4.6.1. The 

red and green vertical lines represent, respectively, average English female 

(163.1 cm) and male (176.9 cm) statures of individuals aged 25 to 35 years, 

measured in 2003 (Department of Health, 2004). 
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Figure 4.2.2. Weights of the analysed populations in chronological order. Bars in 

boxes are the median, boxes are the interquartile range, vertical bars are one 

standard deviation, circles are outliers. The site codes are as in Table 4.6.1. The 

red and green vertical lines represent, respectively, average English female (69.4 

kg) and male (82.7 kg) weights of individuals aged 25 to 35 years, measured in 

2003 (Department of Health, 2004). 
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Table 4.2.3. Descriptive statistics for male and female statures and weights. 

Legend: Sft is stature, Wth is weight, Val is value, Min is minimum, Max is 

maximum, Std Dev is standard deviation, Var is variance. 

Site Sex Val N Range Min Max Mean Std. 
Error 

Std. 
Dev 

Var 

Baldock F Sft 11 13.76 150.64 164.40 157.8309 1.4198 4.70900 22.175 
Wfh 30 5.17 59.46 64.63 61.0320 

. 
2111 1.15635 1.337 

M Sft 16 14.17 160.01 174.18 167.7125 . 
9474 3.78967 14.362 

Wfh 31 38.37 55.07 93.44 70.7829 1.5395 8.57166 73.473 
Blackfriars F Sft 6 10.98 151.89 162.87 156.8483 1.7926 4.39101 19.281 

Wfh 18 3.53 59.17 62.70 61.1239 
. 
2033 

. 
86253 

. 
744 

M Sft 16 19.37 160.92 180.29 170.9381 1.4791 5.91645 35.004 
Wfh 23 40.03 51.27 91.30 72.1022 1.8195 8.72599 76.143 

Charlemagne M Sft 1 
. 
00 188.09 188.09 188.0900 

Wfh 1 
. 
00 85.03 85.03 85.0267 

Chichester F Sft 43 18.62 148.42 167.04 157.7993 
. 
6381 4.18463 17.511 

Wfh 71 4.75 58.62 63.37 60.3504 . 1267 1.06755 1.140 
M Sft 87 36.14 153.77 189.91 168.0551 

. 
6610 6.16559 38.015 

Wfh 150 51.15 43.96 95.11 69.6550 
. 
7884 9.65558 93.230 

Eccles F Sft 8 25.02 148.97 173.99 159.0138 2.8397 8.03199 64.513 
Wfh 24 5.71 57.66 63.37 60.8617 

. 
2726 1.33567 1.784 

M Sft 8 29.12 161.83 190.95 172.2625 3.4146 9.65801 93.277 
Wfh 31 42.02 50.35 92.37 70.8810 1.9922 11.0926 123.034 

Fishergate 4 F Sft 10 16.82 144.94 161.76 155.3380 1.7471 5.52475 30.523 
Wfh 15 4.17 58.24 62.41 60.3120 

. 
3170 1.22761 1.507 

M Sft 20 20.41 163.00 183.41 172.2690 1.3937 6.23274 38.847 
Wfh 31 21.16 64.97 86.13 73.0461 1.0751 5.98596 35.832 

Beatrix von 
Burgund 

F 
Sft 1 

. 
00 163.47 163.47 163.4740 

Fishergate F Sft 3 6.53 151.20 157.73 155.4133 2.1102 3.65489 13.358 
6e Wfh 3 1.55 59.15 60.70 60-0600 

. 
4674 

. 
80951 

. 
655 

M Sft 21 21.58 160-14 181.72 170.1810 1.4555 6.66976 44.486 
Wfh 38 27.85 57.36 85.21 71.4534 1.1035 6.80225 46.271 

Fishergate 6i F Sft 12 16.26 152.45 168.71 159.7558 1.2727 4.40877 19.437 
Wfh 23 5.04 57.75 62.79 60.4457 

. 
2186 1.04821 1.099 

M Sft 43 18.33 161.44 179.77 169.1191 . 
6907 4.52903 20.512 

Wfh 66 29.69 59.03 88.72 72.2174 . 
8764 7.11999 50.694 

Fishergate 6s F Sft 4 9.59 154.67 164.26 161.8625 2.3975 4.79500 22.992 
Wfh 9 2.95 59.24 62.19 60.7500 . 

3563 1.06894 1.143 
M Sft 21 17.42 160.92 178.34 168.6538 . 

9427 4.31982 18.661 
Wfh 31 31.21 56.44 87.65 71.5177 1.3542 7.53963 56.846 

Gloucester F Sft 4 8.76 153.56 162.32 158.2150 1.8587 3.71735 13.819 
Wfh 4 1.80 60.68 62.48 61.3375 . 

4067 
. 
81349 

. 662 
M Sft 2 1.04 168.85 169.89 169.3700 . 

5200 
. 
73539 

. 541 
Wfh 6 21.31 63.75 85.06 72.0200 3.3990 8.32588 69.320 

Heinrich IV M Sft 1 
. 
00 184.97 184.97 184.9700 

Wfh 1 
. 
00 78.06 78.06 78.0600 

Hickleton F Sft 6 12.93 154.67 167.60 161.2733 1.7025 4.17016 17.390 
Wfh 7 3.49 59.17 62.66 60.7200 . 4301 1.13783 1.295 

M Sft 8 16.77 156.37 173.14 167.7125 2.0574 5.81907 33.862 
Wfh 8 16.90 62.53 79.43 69.8775 2.0981 5.93421 35.215 

Kingsholm F Sft 6 12.37 147.72 160.09 154.4150 2.0494 5.01996 25.200 
Wfh 13 3.22 58.42 61.64 60.2062 . 

3187 1.14921 1.321 
M Sft 3 14.95 163.78 178.73 169.1100 4.8194 8.34738 69.679 

Wfh 9 21.92 62.53 84.45 71.4622 2.8108 8.43244 71.106 
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Table 4.2.3. Continued. 

Site Sex Val N Range Min Max Mean Std. 
Error 

Std. 
Dev 

Var 

Langthome M Sft 6 7.67 170.02 177.69 173.3567 1.1381 2.78779 7.772 
4ne Wfh 17 27.10 57.96 85.06 74.2076 1.6773 6.91566 47.826 
Langthome M Sft 4 18.98 164.56 183.54 172.5225 4.1489 8.29788 68.855 
4nw Wfh 7 34.10 62.84 96.94 77.1471 4.2933 11.3590 129.027 
Langthome M Sft 2 2.47 168.85 171.32 170.0850 1.2350 1.74655 3.050 
5i Wfh 5 13.55 68.01 81.56 71.7860 2.5490 5.69974 32.487 
Langthome M Sft 57 21.58 162.22 183.80 170.9733 

. 7105 5.36450 28.778 
5ne Wfh 94 28.92 69.03 87.95 71.2215 

. 
6838 6.63017 43.959 

Langthome M Sft 4 8.71 163.91 172.62 168.0050 1.8173 3.63458 13.210 
5nw Wfh 5 21.16 59.49 80.65 68.6220 3.8014 8.50027 72.255 
Langthorne M Sft 7 14.30 165.73 180.03 171.0043 2.2145 5.85907 34.329 
6i Wfh 10 18.87 60.86 79.73 71.8790 2.0514 6.48703 42.082 
Langthorne M Sft 7 17.29 163.65 180.94 171.7843 2.4505 6.48345 42.035 
6ne Wfh 11 23.90 59.94 83.84 72.9391 2.1231 7.04152 49.583 
Langthome F Sft 5 4.72 158.15 162.87 160.6200 1.0137 2.26669 5.138 

Wfh 9 1.73 60A3 61.86 61.0356 . 1906 
. 
57175 

. 
327 

Raunds F Sft 19 23.07 151.06 174.13 159.8574 1.2323 5.37142 28.852 
Wfh 43 4.55 58.97 63.52 60.4412 

. 
1692 1.10970 1.231 

M Sft 28 19.76 161.05 180.81 170.6375 
. 
8918 4.71897 22.269 

Wfh 54 47.95 47.46 95.41 70.0902 1.2799 9.40560 88.465 
St Martin's F Sft 21 22.80 143.55 166.35 157.7148 1.3902 6.37061 40.585 
earth-cut Wfh 32 3.46 58.86 62.32 60.4059 

. 1619 
. 
91565 

. 
838 

M Sft 33 22.88 158.19 181.07 172.2024 
. 9116 5.23671 27.423 

Wfh 48 33.94 58.73 92.67 71.5265 1.1373 7.87936 62.084 
St Martin's F Sft 18 22.79 145.22 168.01 158.4233 1.1689 4.95929 24.595 
vault Wfh 25 4.31 57.95 62.26 59.8880 

. 
1972 

. 
98619 

. 
973 

M Sft 22 10.66 164.17 174.83 169.7305 
. 
6735 3.15920 9.981 

Wftl 30 35.77 50.05 85.82 66.2713 1.5912 8.71554 75.961 
St Giles F Sft 2 2.78 160.79 163.57 162.1800 1.3900 1.96576 3.864 

Wfh 7 2.57 59.95 62.52 61.3443 . 3916 1.03606 1.073 
M Sft 5 7.02 160.27 167.29 165.1580 1.2728 2.84608 8.100 

Wfh 15 23.14 57.66 80.80 65.3980 1.6601 6.42942 41.338 
St Helen's F Sft 33 25.44 145.08 170.52 155.1933 

. 
9765 5.60937 31.465 

Wfh 75 5.68 57.82 63.50 60.7993 . 
1252 1.08462 1.176 

M Sft 45 20.41 160.40 180.81 167.9171 . 
7702 5.16652 26.693 

Wfh 92 42.93 52.94 95.87 73.3196 . 8475 8.12907 66-082 
Towton M Sft 23 20.93 162.09 183.02 172.7330 1.2078 5.79264 33.555 

Wfh 33 30.75 58.88 89.63 75.5691 1.5052 8.64684 74.768 

Male and female statures are quite variable, with female stature generally 

lower than male stature, as would be expected. However, for some populations 

like St Giles, male and female statures differ much less than for others, such as 

for example Fishergate 4. Looking at the weight data in Figure 4.2.2, it is 

apparent that female weights do not vary as much as male weights; indeed 

female weights seem much more stable than male weights. 
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Figures 4.2.3 and 4.2.5 show mean male and female statures, 

respectively. Figures 4.2.4 and 4.2.6 show the z-scores of the same data. In these 

graphs, the population samples or individuals are ordered according to increasing 

mean stature. For the males, St Giles has the lowest mean stature (165.16 cm), 

while the sample with the highest mean stature is Langthome 4ne (173.36 cm) 

and the individuals with noticeably the highest statures are Heinrich IV (184.97 

cm) and Charlemagne (188.09 cm). For the females the lowest mean stature is 

found at Kingsholm (154.42 cm), and the highest at St Giles (162.18 cm) and for 

Beatrix von Burgund (163.47 cm). Also, the graph for females has been given the 

same y-axis scale as the graph for males, to facilitate visual comparison. 
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Figure 4.2.3. Male mean statures in ascending order. 
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Figure 4.2.4. Z-scores of the male mean statures. 
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Figure 4.2.5. Female mean statures in ascending order. 
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Figure 4.2.6. Z-scores of the female mean statures. 

Mean male and female weights can be seen in Figures 4.2.7 and 4.2-9, 

with their respective z-scores in Figures 4.2.8 and 4.2.10. The 

populations/samples/individuals are ordered as in Figures 4.2.3 and 4.2.5, and the 

y-axis in Figure 4.2.7 has again the same scale as that in Figure 4.2.9, for ease of 

comparison. It is obvious that male and female mean weights do not follow the 

same pattern of increase as male and female mean statures. Indeed, for the males, 

St Giles has the lowest weight (65.40 kg) and Langthome 4nw (77.15 kg), 

Heinrich IV (78.06 kg) and Charlemagne (85.03 kg) have the highest weights; 

but unlike for average statures, there is no consistent increase here. In other 

words an increase in mean stature is not associated with a correspondent increase 

in mean weight. The mean female weights (Figure 4.2.9) also do not increase 

with increasing stature; they also show very little variation between the 

population samples, as was already evident from Figure 4.2.2. These differences 
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and variations between male and female statures and weights will be further 

discussed in chapters 4.4. Secular trend, and 4.5. Sexual dimorphism. 
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Figure 4.2.7. Male mean weights, populations/individuals ordered according to 

increasing stature. 
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Figure 4.2.8. Z-scores of the male mean weights. 
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Figure 4.2.9. Female mean weights, populations/individuals ordered according to 

increasing stature. 

2 

1.5 

1 

0.5 

0 

-0.5 

-2 

!e '0 '01 e 

eo 
If 

op , e, p oj . (a. 
-: 51 

Figure 4.2.10. Z-scores of the female mean weights. 

In addition, the males of all analysed populations were grouped first 

according to period and second according to social groups/units. The grouping 

according to period resulted in the following: 
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" Roman: Gloucester sites, Kingsholm, and Baldock; 

" Anglo-Saxon: Eccles, and Raunds; 

" Medieval: Fishergate samples, Langthorne samples, St Helen's, St Giles, 

Blackfriars, Towton, and Chichester; 

" Post-Medieval: Hickleton and the St Martin's samples. 

The groups according to social unit were as follows: 

" Settlement/parish: Gloucester sites, Kingsholm, Baldock, Eccles, Raunds, 

Fishergate period 4, St Helen's, Hickleton, and the St Martin's samples; 

" Monastic/lay: all Langthorne samples, the Fishergate period 6 samples, 

and Blackfriars; 

" Hospital: St Giles and Chichester; 

" Battlefield: Towton. 

Figures 4.2.11 and 4.2.12, and Tables 4.2.2 and 4.2.3 show the average 

male statures by period and social group, respectively. For this purpose, only 

males were considered as male stature is more sensitive to bio-cultural factors 

than female stature, as discussed in Section 1.7 Sexual dimorphism, above. 

ANOVA tests performed on these groups can be found in 4.6 Statistical analyses, 

and in Appendices 4.1 and 4.2 on the accompanying CD. The period with the 

lowest average male stature was the Roman period. The subsequent Anglo-Saxon 

period had the highest average male stature. Average statures declined again 

during the medieval period, although not as much as during the Roman period. In 

the final post-medieval period, average male statures increased again to almost 

the level of the Anglo-Saxon period (Figure 4.2.11). 
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Looking at average male statures by social group shows the lowest 

average male statures at the hospital sites, and the highest for the battlefield 

sample, while the settlement/parish and monastic/lay samples had very similar 

average male statures, mid-way between the fonner two groups (Figure 4.2.12). 

Table 4.2.4. Male averages by period. RLL is relative lower limb length, BMI is 

body mass index. 

Period Stature Weight RLL BMI 

Roman 168.07 71.08 47.91 25.47 
Anglo-Saxon 171.00 70.38 48.64 24.57 
Medieval 169.65 71.67 48.14 24.68 
Post-Medieval 170.77 69.54 48.35 23.75 

Table 4.2.5. Male averages by social group. RLL is relative lower limb length, 

BMI is body mass index. 

TVDe I Stature Weiaht RLL BMI 

Settlement/parish 169.98 71.30 48.27 24.52 
Monastic/lay 170.27 71.91 48.24 24.67 
Hospital 167.90 69.27 47.84 24.25 
Battlefield 172.73 75.57 48.59 25.75 
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Figure 4.2.11. Average male statures by period. 
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Figure 4.2.12. Average male statures by social group. 

ANOVA and Tukey Post Hoc tests on the variables stature, weight, 

relative lower limb length, and body mass index were performed on the groups 

by period and social unit mentioned in 4.2. General considerations, and 

represented in Figures 4.2.11 and 4.2.12 for statures. The results of the ANOVA 

test on the groups according to period are presented in Table 4.2.6, the results of 

the ANOVA test on groups according to type of settlement can be found in Table 

4.2.7. 

From Table 4.2.6, it can be seen that there are significant differences (at 

the 0.05 level) between groups based on time periods for relative lower limb 

length and body mass index, but not for stature or weight. However, for groups 

based on type of cemetery (Table 4.2.7), there are differences significant at the 

0.05 level between all groups for all variables, except for body mass index. 

Social unit, in this case, is related to status and hence to bio-cultural 

environment, unlike the grouping based on time periods. 
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Table 4.2.6. ANOVA test on all male samples grouped according to period. 

ANOVA 

Sum of 
Squares df Mean Square F Sig. 

Stature Between Groups 181.693 3 60.564 1.924 . 125 
Within Groups 15234.596 484 31.476 
Total 15416.289 487 

Weight Between Groups 427.230 3 142.410 2.027 
. 109 

Within Groups 59098.391 841 70.272 
Total 59525.621 844 

Relative lower limb length Between Groups 11.463 3 3.821 3.442 
. 
017 

Within Groups 537.293 484 1.110 
Total 548.756 487 

Body mass index Between Groups 63.920 3 21.307 3.636 
. 
013 

Within Groups 2818.385 481 5.859 
Total 2882.305 484 

Table 4.2.7. ANOVA test on all male samples grouped according to social unit. 

ANOVA 

Sum of 
Squares df Mean Square F Sig. 

Stature Between Groups 577.101 3 192.367 6.274 
. 
000 

Within Groups 14839.188 484 30.659 
Total 15416.289 487 

Weight Between Groups 1397.078 3 465.693 6.738 
. 000 

Within Groups 58128.543 841 69.118 
Total 59525.621 844 

Relative lower limb length Between Groups 16.582 3 5.527 5.027 
. 
002 

Within Groups 532.174 484 1.100 
Total 548.756 487 

Body mass index Between Groups 43.929 3 14.643 2.481 
. 060 

Within Groups 2838.376 481 5.901 
Total 2882.305 484 

The results of the Post Hoc tests for stature can be found in Table 4.6.6 

for groups based on period, and Table 4.6.7 for groups based on social unit. The 

tables with all tested variables, stature, weight, relative lower limb length, and 

body mass index, can be found in Appendices 4.1. and 4.2., on the accompanying 

CD. 
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Table 4.2.8. Tukey's Post Hoc for male average statures grouped by period. 

Groups: I is Roman, 2 is Anglo-Saxon, 3 is Medieval, 4 is Post-Medieval. 

Multiple Comparisons 

Dependent Variable: Stature 
Tukey HSD 

Mean 
Difference 95% Confidence Interval 

(1) Period (J) Period (I-J) Std. Error Sig. Lower Bound Upper Bound 
' 12 -2.9286 1.54053 . 229 -6.9001 1.0427 

3 -1.5799 1.25873 . 592 -4.8249 1.6651 
4 -2.6990 1.41368 . 225 -6.3435 . 9454 

- 21 2.9286 1.54053 . 229 -1.0428 
F 9001 

3 1.3487 . 97973 . 515 -1.1770 3.8744 
4 . 2296 1.17217 . 997 -2.7923 3.2514 

31 1.5799 1.25873 . 592 -1.6651 4.8249 
2 -1.3487 . 97973 . 515 -3.8744 1.1770 
4 -1.1191 . 76496 . 461 -3.0912 . 8529 

41 2.6990 1.41368 . 225 -. 9454 6.3435 
2 -. 2296 1.17217 . 997 -3.2514 2.7923 
3 1.1191 . 76496 . 461 -. 8529 3.0912 

Table 4.2.9. Tukey's Post Hoc for male average statures grouped by social unit. 

Groups: I is settlement/parish, 2 is monastic/lay, 3 is hospital, 4 is battlefield. 
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Multiple Comparisons 

Dependent Variable: Stature 
Tukav HSD 

Mean 
Difference 95% Confidence Interval 

(1) SG (J) SG (1, J) Std. Error Sig. Lower Bound Upper Bound 
12 -. 2906 . 57342 . 957 -1.7689 1.1877 

3 2.0782* . 70639 . 018 . 2571 3.8992 
4 -2.7573 1.22423 . 111 -5.9133 . 3988 

21 
. 2906 . 57342 . 957 -1.1877 1.7689 

3 2.3688* . 70451 . 005 . 5526 4.1850 
4 -2.4667 1.22315 . 183 -5.6199 . 

6866 
31 -2.0782* . 70639 . 018 -3.8992 -. 2571 

2 -2.3688* . 70451 . 005 -4.1850 -. 5526 
4 -4.8354* 1.29084 . 001 -8.1632 -1.5077 

41 2.7573 1.22423 . 111 -. 3988 5.9133 
2 2.4667 1.22315 . 183 -. 6866 5.6199 
3 4.8354* 1.29084 . 001 1.5077 8.1632 

*- The mean difference is significant at the . 
05 level. 

There are no statistically significant differences in average statures 

between the groups based on period (Table 4.2.8). There are, however, 

differences in average statures significant at the 0.05 level between groups based 

on social units, namely between the hospital group and every other social unit 

(Table 4.2.9). There are also differences significant at the 0.05 level between the 

Anglo-Saxon and medieval groups for relative lower limb length, and between 

the Post-Medieval groups and the Roman and Medieval groups for body mass 

index. For the groups based on social units, there are additional differences 

significant at the 0.05 level for weight between the settlement/parish group and 

hospital and battlefield, and between the hospital group and all three other 

groups. Differences significant at the 0.05 level for relative lower limb length are 

found between the hospital groups and all the others, and for body mass index 

between the hospital and battlefield groups (Appendix 4.2 on the accompanying 

CD). 
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Figures 4.2.13 and 4.2.14 represent the mean lengths for the major long 

bones, femur, tibia, humerus, and radius, for the male and female samples, 

respectively. The populations or individuals are again ordered according to 

increasing stature; the y-axes in both graphs have again been given the same 

scale, for easier visual comparison. Within the male samples, St Giles has the 

lowest average bone lengths, except for average radius length (24.03 cm); the 

average radius length is lowest for the St Martin's vault males (23.69 cm) and the 

males from Langthome 6i (23.74 cm). The highest bone lengths are again found 

for Heinrich IV and Charlemagne, and also for the Langthome male samples 

(Figure 4.2.9). 
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Figure 4.2.13. Male mean bone lengths, populations/individuals ordered 

according to increasing stature. 

The female sample from St Giles has the highest average femur (44.18 

cm) and radius lengths (24.80 cm); while the females from Fishergate 6s have the 

highest average tibial length (35.28 cm), and the females from Langthorne (31.36 
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cm), Eccles, and Gloucester (both 31.18 cm) have the, on average, longest 

humeri. The females from Fishergate 6e have the shortest average femoral and 

humeral lengths (40.40 cm), the St Helen's females have the shortest average 

tibia (32.59 cm), and the females from the St Martin's earth-cut graves sample 

have the shortest average radius (21.18 cm) (Figure 4.2.14). 
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Figure 4.2.14. Female mean bone lengths, populations/individuals ordered 

according to increasing stature. 

The mean values for crural, brachial, humerofemoral, brachiocrural, and 

intermembral indices for the males, ordered by increasing stature, can be seen in 

Figure 4.2.15. The same data for females, also ordered by increasing stature, is 

presented in Figure 4.2.16. The descriptive statistics for these indices are in 
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Table 4.2.10. The straight lines are modem values for male and female 

Caucasians for these indices (Aiello and Dean, 1990; Porter, 1999a; Porter, 

1999b), except for the brachiocrural index, for which no modem value could be 

found. 

All male mean indices show only small variations, with some notable 

exceptions. Langthorne 6i has the lowest mean crural index (76.85), and 

Gloucester (81.34), Kingsholm (81.54), Raunds (81.38), and Heinrich IV (81.40) 

have the highest values (Figure 4.2.11). The male crural indices vary around the 

modem value of 79.8. 

The brachial index of Charlemagne is notable (65.12), in that it is 

extremely low, especially if compared to the modem average of 73.4. Given 

these results for some of Charlemagne's indices, the primary data from the 

publication (Schleifring and Koch, 1988) and the data as recorded for this thesis 

were rigorously controlled, and no error in the data based on the published 

material, or in the calculation of the indices, was found. Therefore, as long as the 

published measurements are accurate, it has to be assumed that these indices for 

Charlemagne are valid. The St Martin's earth-cut graves sample has the next- 

lowest mean brachial index (71.82), while Langthorne 4nw has the highest mean 

brachial index (78.66). 

The humerofemoral index for Charlemagne is extremely high (80.98), 

again, especi ly when compared to the modem average of 72.8, and compared 

to the mean values of the other population samples or individuals, but, as 

explained above, must be considered valid. Thus, from his values for brachial 

and humerofemoral index, it seems that Charlemagne had unusually long humeri. 

The next-highest humerofemoral indices are observed for the Langthome 
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samples 4nw (73.71) and 5nw (73.63); Heinrich IV (69.96) and Hickleton 

(70.16) have the lowest hurnerofernoral indices. 

For the intermembral index, Charlemagne stands out, again (73.96), 

compared to the modem average of 70.3. Although his intermembral index is not 

as extremely different from the other values, it is still the highest by far. The next 

highest intermembral index is found in Langthome 4nw (72.02), while Heinrich 

IV (67.20), the St Martin's vault sample (67.86), and Eccles (68.36) have the 

lowest values. 
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Figure 4.2-15. Indices of the male samples, populations/individuals ordered 

according to increasing stature. 

Compared to the male mean indices, the female mean indices seem more 

stable, with much less variation between the populations/samples (Figure 4.2.16). 

The Fishergate samples 6s and 6e have the highest mean crural indices (82.18 

and 81.99, respectively), Hickleton and St Helen's the lowest (79.10 and 79.54, 

respectively). All crural indices for the female sub-samples are higher than the 
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modem average of 78.2. Kingsholm had the highest mean brachial index (74.54), 

Blackffiars the lowest (71.57), and the modem value is 72.6. Langthome has the 

highest mean humerofemoral index (74.23); Baldock (70.49), Fishergate 6i 

(70.3 1), St Giles (70.63), Hickleton (70.60), and St Martin's vault burials (70.56) 

the lowest; the modem average is 70.9. Langthome has the highest brachiocrural 

(68.37) and intermembral indices (72.32), St Martin's vault burials the lowest 

(brachiocrural index 62.60, intermembral index 66.78). The modem average 

female intermembral index is 68.8. Unfortunately, the St Giles skeletons were in 

such a fragmented state that no usable measurements could be obtained for 

calculating female brachial, brachiocrural, and intermembral indices. 
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Figure 4.2.16. Indices of the female samples, populations ordered according to 

increasing stature. 



Table 4.2.10. Descriptive statistics for male and female indices. 

Legend: Ind is index, Min is minimum, Max is maximum, Std Dev is standard 

deviation, Var is variance, ci is crural index, bi is brachial index, hfi is 

humerofemoral index, bci is brachiocrural index, imi is intermembral index. 

Site I Sex Ind N Range Min Max Mean Std. Std. Var 

Baldock F ci 11 7.75 78.00 85.75 81.0364 
. 7112 2.35869 5.563 

bi 7 9.73 69.69 79.42 74.0743 1.2443 3.29203 10.837 
hfi 9 7.18 65.71 72.89 70.4889 

. 
7711 2.31322 5.351 

bci 7 7.55 60.33 67.88 64.4029 1.0814 2.86122 8.187 
imi 6 4.96 65.45 70.41 67.6867 

. 
7985 1.95598 3.826 

M ci 16 5.86 75.15 81.01 79.1269 
. 
4010 1.60411 2.573 

bi 6 7.15 71.67 78.82 75.6800 
. 
9683 2.37190 5.626 

hfi 12 6.44 69.18 75.62 72.4900 . 5596 1.93846 3.758 
bci 10 7.84 66.09 73.93 69.2540 

. 
6755 2.13597 4.562 

imi 6 7.06 67.81 74.87 71.1083 
. 9196 2.25259 5.074 

Blackfriars F ci 6 4.74 78.97 83.71 80.5733 . 6899 1.68991 2.856 
bi 8 5.30 69.38 74.68 71.5688 

. 
6077 1.71897 2.955 

hfi 6 10.45 67.22 77.67 72.7467 1.4311 3.50555 12.289 
bci 4 6.40 62.57 68.97 66.3850 1.5067 3.01340 9.081 
imi 2 

. 08 68.54 68.62 68.5800 
. 
0400 

. 
05657 

. 
003 

M ci 16 4.99 76.29 81.28 78.6856 
. 
3887 1.55484 2.418 

bi 13 9.51 68.55 78.06 73.9323 
. 
7130 2.57061 6.608 

hfi 12 8.14 69.52 77.66 72.3125 
. 
6861 2.37668 5.649 

bci 11 6.95 63.99 70.94 68.0773 
. 
6292 2.08684 4.355 

imi 10 5.34 67.78 73.12 70.1490 
. 
5604 1.77203 3.140 

Charlemagne M ci 1 
. 
00 80.79 80.79 80.7910 

bi 1 
. 
00 65.12 65.12 65.1200 

hfi 1 
. 
00 80.98 80.98 80.9793 

bci 1 
. 
00 65.27 65.27 65.2681 

imi 1 
. 
00 73.96 73.96 73.9583 

Chichester F ci 43 11.65 73.77 85.42 79.7267 . 
3723 2.44118 5.959 

bi 19 13.94 68.33 82.27 73.6842 
. 
7378 3.21620 10.344 

hfi 34 9.81 67.39 77.20 70.9932 
. 3819 2.22691 4.959 

bci 19 9.47 60.83 70.30 66.0705 
. 
5478 2.38781 5.702 

imi 13 5.95 65.74 71.69 69.0485 
. 
4528 1.63246 2.665 

M ci 87 13.39 72.49 85.88 79.4928 
. 
2866 2.67299 7.145 

bi 75 13.13 69.37 82.50 75.0267 . 
2633 2.28051 5.201 

hfi 89 10.72 66.24 76.96 71.3200 
. 
2234 2.10733 4.441 

bci 58 10.29 62.30 72.59 67.6164 . 
3038 2.31370 5.353 

imi 54 8.41 64.52 72.93 69.6789 
. 
2454 1.80318 3.251 

Eccles F ci 8 7.22 77.58 84.80 81.3063 
. 
9248 2.61583 6.843 

bi 10 6.71 70.39 77.10 73.5150 
. 
6463 2.04368 4.177 

hfi 10 5.98 69.62 75.60 72.7010 
. 
6066 1.91835 3.680 

bci 7 6.11 62.53 68.64 65.5186 
. 
7954 2.10447 4.429 

imi 5 3.30 68.19 71.49 70.0640 
. 
5494 1.22839 1.509 

M ci 8 7.75 75.79 83.54 80.4838 
. 
8984 2.54119 6.458 

bi 6 4.82 73.91 78.73 75.5617 
. 
7263 1.77898 3.165 

hfi 5 7.76 67.30 75.06 70.6600 1.4865 3.32388 11.048 
bci 5 5.89 63.58 69.47 66.7180 

. 
9585 2.14338 4.594 

imi 2 5.28 65.72 71.00 68.3600 2.6400 3.73352 13.939 
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Table 4.2.10. Continued. 

Site Sex Ind N Range Min Max Mean Std. 
Error 

Std. 
Dev 

Var 

Fishergate 4 F ci 10 6.01 77.28 83.29 80.1150 . 6155 1.94633 3.788 
bi 8 3.18 71.82 75.00 73.3875 . 4623 1.30761 1.710 
hfi 12 7.77 67.42 75.19 70.6442 . 6180 2.14093 4.584 
bci 6 4.92 63.34 68.26 65.6117 . 6955 1.70353 2.902 
imi 5 3.07 66.75 69.82 68.0800 . 5603 1.25286 1.570 

M ci 20 8.25 76.94 85.19 80.5870 . 4870 2.17811 4.744 
bi 14 6.73 71.47 78.20 74.7879 . 6082 2.27553 5.178 
hfi 18 7.02 68.35 75.37 71.9289 . 4924 2.08920 4.365 
bci 14 8.63 62.53 71.16 67.2350 . 6601 2.46994 6.101 
imi 9 4.95 65.98 70.93 69.2511 . 6280 1.88402 3.550 

Fishergate 6e F ci 3 2.20 80.77 82.97 81.9933 . 6470 1.12055 1.256 
bi 1 . 00 73.22 73.22 73.2200 
hfi 2 2.55 69.23 71.78 70.5050 1.2750 1.80312 3.251 
bci 1 . 00 63.91 63.91 63.9100 
imi 1 . 00 68.22 68.22 68.2200 

M ci 21 13.50 73.95 87.45 80.5276 . 7370 3.37736 11.407 
bi 24 6.96 72.33 79.29 75.8313 . 3839 1.88087 3.538 
hfi 28 8.93 67.05 75.98 71.6282 . 3837 2.03016 4.122 
bc! 16 6.14 65.21 71.35 68.5906 . 4715 1.88587 3.556 
imi 14 6.02 67.24 73.26 70.3686 . 4057 1.51803 2.304 

Fishergate 6i F ci 12 5.29 78.15 83.44 80.1467 . 4668 1.61709 2.615 
bi 7 2.96 72.39 75.35 73.5486 . 3819 1.01037 1.021 
hfi 8 3.28 69.40 72.68 70.3113 . 3829 1.08299 1.173 
bci 7 6.89 62.20 69.09 65.3157 . 9762 2.58290 6.671 
imi 6 4.75 66.18 70.93 67.8533 . 6564 1.60789 2.585 

M ci 43 9.82 75.17 84.99 79.7753 . 3337 2.18853 4.790 
bi 30 8.36 71.47 79.83 75.3237 . 3715 2.03465 4.140 
hfi 40 7.12 67.61 74.73 71.8260 . 2735 1.72977 2.992 
bci 31 8.91 63.34 72.25 67.8452 . 4177 2.32549 5.408 
imi 26 4.84 67.47 72.31 70.0642 . 2952 1.50518 2.266 

Fishergate 6s F ci 4 4.74 79.36 84.10 82.1800 1.0055 2.01097 4.044 
bi 4 1.07 72.40 73.47 73.0275 . 2267 . 45331 . 205 
hfj 5 3.74 69.07 72.81 71.3960 . 7276 1.62700 2.647 
bc! 2 4.54 62.33 66.87 64.6000 2.2700 3.21026 10.306 
imi 2 3.15 66.71 69.86 68.2850 1.5750 2.22739 4.961 

M ci 21 9.63 74.89 84.52 79.5686 . 5492 2.51660 6.333 
bi 12 9.08 70.18 79.26 75.1217 . 6903 2.39117 5.718 
hfi 16 6.52 69.54 76.06 71.6044 . 3960 1.58385 2.509 
bci 14 4.77 65.41 70.18 67.3614 . 4073 1.52405 2.323 
imi 9 3.98 68.90 72.88 69.6400 . 4154 1.24624 1.553 

Gloucester F ci 4 6.57 78.14 84.71 80.2950 1.5029 3.00578 9.035 
bi 3 2.01 71.80 73.81 73.0000 . 6121 1.06024 1.124 
hfi 3 8.57 68.37 76.94 72.8167 2.4792 4.29414 18.440 
bci 3 2.09 64.58 66.67 65.7367 . 6136 1.06275 1.129 
imi 3 5.52 66.71 72.23 69.6333 1.6018 2.77446 7.698 

M ci 2 3.39 79.65 83.04 81.3450 1.6950 2.39709 5.746 
bi 3 8.46 70.93 79.39 75.1567 2.4422 4.23000 17.893 
hfi 3 1.99 71.67 73.66 72.7800 . 5859 1.01474 1.030 
bci 2 1.54 68.89 70.43 69.6600 . 7700 1.08894 1.186 
imi 2 1.02 71.18 72.20 71.6900 . 5100 . 72125 . 520 
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Table 4.2.10. Continued. 

Site Sex Ind N Range Min Max Mean Std. 
Error 

Std. 
Dev 

Var 

Heinrich IV M ci 1 
. 
00 81.40 81.40 81.4000 

bi 1 
. 
00 74.24 74.24 74.2400 

hfi 1 
. 
00 69.87 69.87 69.8700 

bci 1 
. 
00 63.81 63.81 63.8100 

imi 1 
. 
00 67.20 67.20 67.2000 

Hickleton F ci 6 7.83 75.06 82.89 79.1017 1.0602 2.59706 6.745 
bi 6 5.56 70.43 75.99 73.3933 

. 
9821 2.40554 5.787 

hfi 5 6.38 67.39 73.77 70.5940 1.0611 2.37262 5.629 
bcil 6 8.48 59.52 68.00 65.0783 1.2277 3.00712 9.043 
imi 4 2.04 66.85 68.89 68.0150 

. 
4596 

. 
91918 

. 
845 

M ci 8 4.35 77.38 81.73 79.4863 
. 
5660 1.60092 2.563 

bi 7 4.80 73.19 77.99 75.7329 
. 
6666 1.76370 3.111 

hfi 7 2.95 69.15 72.10 70.1614 
. 
3993 1.05656 1.116 

bc! 7 6.91 63.49 70.40 67.1371 
. 
8335 2.20532 4.863 

imi 7 4.73 66.63 71.36 68.8243 
. 
5705 1.50944 2.278 

Kingsholm F ci 6 5.93 77.36 83.29 80.0383 
. 
8204 2.00949 4.038 

bi 7 8.26 70.89 79.15 74.5429 1.1027 2.91754 8.512 
hfi 4 2.91 69.50 72.41 70.9000 

. 
5961 1.19222 1.421 

bci 8 11.41 62.68 74.09 65.8725 1.2746 3.60511 12.997 
imi 3 5.20 67.94 73.14 69.9433 1.6153 2.79786 7.828 

M ci 3 
. 
94 81.03 81.97 81.5433 

. 
2748 

. 
47596 

. 
227 

bi 4 5.29 73.03 78.32 76.3650 1.2004 2.40076 5.764 
hfi 2 

. 
97 71.40 72.37 71.8850 

. 
4850 

. 
68589 

. 
470 

bci 2 3.27 66.67 69.94 68.3050 1.6350 2.31224 5.346 
imi 2 2.01 69.27 71.28 70.2750 1.0050 1.42128 2.020 

Langthome M ci 6 10.01 74.84 84.85 80.2333 1.4664 3.59188 12.902 
4ne bi 8 7.07 72.70 79.77 76.2288 

. 
7798 2.20549 4.864 

hfi 10 6.29 69.03 75.32 71.6790 
. 
6382 2.01819 4.073 

bci 5 9.13 64.54 73.67 67.7820 1.5481 3.46168 11.983 
imi 5 4.71 68.07 72.78 70.1860 

. 
7688 1.71905 2.955 

Langthome M ci 4 7.64 75.22 82.86 80.5925 1.8031 3.60610 13.004 
4nw bi 1 

. 
00 78.66 78.66 78.6600 

hfi 1 
. 
00 73.71 73.71 73.7100 

bci 2 2.03 67.94 69.97 68.9550 1.0150 1.43543 2.060 
imi 1 

. 
00 72.02 72.02 72.0200 

Langthome 5i M ci 2 2.59 78.85 81.44 80.1450 1.2950 1.83141 3.354 
bi 2 

. 
77 73.72 74.49 74.1050 

. 
3850 

. 
54447 

. 
296 

hfi 1 
. 
00 71.96 71.96 71.9600 

bci 1 
. 
00 69.55 69.55 69.5500 

imi 0 
Langthome M ci 57 9.41 74.52 83.93 79.2584 

. 
2851 2.15280 4.635 

5ne bi 24 10.22 69.30 79.52 74.8967 
. 
4770 2.33696 5.461 

hfi 42 8.11 68.26 76.37 71.7143 
. 
3350 2.17116 4.714 

bci 23 8.10 62.30 70.40 67.3348 
. 
4580 2.19643 4.824 

imi 17 6.17 66.82 72.99 69.6829 
. 
3806 1.56917 2.462 

Langthome M ci 4 2.52 79.50 82.02 80.2975 . 5888 1.17769 1.387 
5nw bi 4 3.37 73.01 76.38 74.6550 

. 
6883 1.37663 1.895 

hfi 4 3.91 71.73 75.64 73.6250 . 8085 1.61704 2.615 
bci 4 4.22 65.17 69.39 67.4050 

. 
9092 1.81832 3.306 

imi 3 3.31 69.56 72.87 71.1400 . 
9585 1.66009 2.756 
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Table 4.2.10. Continued 

Site Sex Ind N Range Min Max Mean Std. 
Error 

Std. 
Dev 

Var 

Langthome 6i M ci 7 3.23 75.44 78.67 76.8457 . 4448 1.17677 1.385 
bi 5 7.70 68.64 76.34 72.8800 1.3311 2.97654 8.860 
hfi 6 1.95 70.09 72.04 71.1817 

. 2986 . 73148 
. 535 

bci 5 5.03 65.32 70.35 67.7900 
. 
8028 1.79519 3.223 

imi 4 1.27 69.06 70.33 69.4975 
. 
2947 

. 58948 
. 
347 

Langthorne M ci 7 7.25 77.45 84.70 80.8200 1.0271 2.71741 7.384 
6ne bi 2 . 35 73.76 74.11 73.9350 

. 1750 . 24749 
. 
061 

hfi 5 6.47 68.63 75.10 72.3280 1.0611 2.37279 5.630 
bci 2 

. 
04 66.38 66.42 66.4000 

. 
0200 

. 
02828 

. 
001 

imi 2 1.46 69.69 71.15 70.4200 
. 7300 1.03238 1.066 

Langthorne F ci 5 3.49 79.73 83.22 80.6500 . 6692 1.49628 2.239 
bi 2 7.43 70.09 77.52 73.8050 3.7150 5.25380 27.602 
hfi 4 5.39 72.86 78.25 74.2300 1.3401 2.68011 7.183 
bci 2 4.92 65.91 70.83 68.3700 2.4600 3.47897 12.103 
imi 2 

. 
66 71.99 72.65 72.3200 

. 3300 
. 
46669 

. 
218 

Raunds F ci 19 6.33 77.99 84.32 80.9563 . 3434 1.49687 2.241 
bi 18 8.92 68.60 77.52 74.1833 

. 4886 2.07314 4.298 
hfi 16 8.09 67.54 75.63 71.7625 

. 5082 2.03262 4.132 
bci 19 7.65 61.90 69.55 65.9353 

. 
4115 1.79363 3.217 

imi 5 2.72 67.28 70.00 68.7980 
. 
5220 1.16725 1.362 

M ci 28 10.63 75.00 85.63 81.3786 
. 
4173 2.20827 4.876 

bi 27 10.13 71.55 81.68 75.3022 
. 4334 2.25203 5.072 

hfi 28 9.14 67.56 76.70 71.9321 
. 4051 2.14377 4.596 

bci 20 13.56 62.11 75.67 67.1075 
. 
6376 2.85141 8.131 

imi 15 7.97 65.15 73.12 69.6400 
. 
4920 1.90567 3.632 

St Martin's F ci 21 7.76 76.96 84.72 79.9186 
. 
4091 1.87464 3.514 

earth-cut bi 15 7.45 69.23 76.68 72.2887 
. 
6022 2.33241 5.440 

graves hfi 21 10.03 67.19 77.22 71.0148 
. 5179 2.37324 5.632 

bci 13 10.79 58.87 69.66 63.7400 
. 
8551 3.08326 9.506 

imi 11 8.90 64.95 73.85 68.1309 . 8374 2.77750 7.715 
M c! 33 9.85 75.64 85.49 79.5836 

. 
3662 2.10358 4.425 

bi 31 11.52 67.95 79.47 73.8296 
. 4521 2.51709 6.336 

hfi 36 8.30 67.20 75.50 71.0039 
. 
3972 2.38325 5.680 

bci 26 9.77 61.73 71.50 66.1508 
. 
4143 2.11233 4.462 

imi 23 6.94 65.93 72.87 68.6924 
. 
3646 1.74846 3.057 

St Martin's F ci 18 8.75 76.61 85.36 79.8889 
. 
5165 2.19152 4.803 

vault burials bi 9 5.69 69.23 74.92 72.3411 
. 
6916 2.07477 4.305 

hfi 14 7.40 66.67 74.07 70.5579 
. 
6284 2.35124 5.528 

bci 7 4.38 60.17 64.55 62.6029 . 6160 1.62966 2.656 
imi 7 3.40 65.35 68.75 66.7786 

. 
4858 1.28520 1.652 

M ci 22 7.47 76.26 83.73 79.9859 
. 
5120 2.40165 5.768 

bi 12 5.20 70.25 75.45 72.6042 
. 
4385 1.51887 2.307 

hfi 18 7.42 66.51 73.93 70.2406 
. 
4487 1.90375 3.624 

bci 17 7.94 59.35 67.29 64.0629 
. 
5259 2.16852 4.702 

imi 11 5.29 65.08 70.37 67.8591 
. 5225 1.73303 3.003 

St Giles F ci 2 
. 
03 80.42 80.45 80.4350 

. 
0150 

. 02121 
. 000 

bi 0 
hfi 1 

. 
00 70.63 70.63 70.6300 

bci 0 
imi 0 

M cil 5 8.44 75.94 84.38 80.3020 1.4293 3.19609 10.215 
bi 3 1.77 73.39 75.16 74.3267 

. 5136 
. 
88951 

. 
791 

hfi 3 1.88 71.93 73.81 72.8733 
. 
5427 

. 
94002 

. 
884 

bci 4 5.42 66.01 71.43 68.3625 1.1691 2.33814 5.467 
imi 3 2.99 69.26 72.25 70.7967 

. 8641 1.49674 2.240 
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Table 4.2.10. Continued 

Site Sex Ind N Range Min Max Mean Std. Std. Var I 
Error Dev 

St Helen's F ci 33 11.18 73.63 84.81 79.6324 
. 
4659 2.67655 7.164 

bi 27 14.73 64.63 79.36 72.7530 
. 
5954 3.09397 9.573 

hfi 44 8.22 67.74 75.96 71.6502 
. 
2981 1.97752 3.911 

bci 16 14.81 62.09 76.90 66.0181 
. 
8758 3.50314 12.272 

imi 10 2.78 67.85 70.63 68.9490 
. 
3326 1.05183 1.106 

M ci 45 10.00 73.72 83.72 79.1233 
. 
3649 2.44782 5.992 

bi 37 10.83 69.11 79.94 74.6976 
. 
3925 2.38760 5.701 

hfi 48 9.18 68.25 77.43 71.9394 
. 
2904 2.01195 4.048 

bci 25 9.45 61.77 71.22 68.1836 
. 
4521 2.26065 6.111 

imi 17 6.32 67.29 73.61 70.5547 
. 
4570 1.88410 3.550 

Towton M ci 23 5.09 76.44 81.53 79.3496 
. 
2934 1.40709 1.980 

bi 12 9.93 69.12 79.05 73.5275 
. 
9147 3.16855 10.040 

hfi 16 11.81 65.08 76.89 71.9350 
. 
6985 2.79393 7.806 

bci 13 6.76 63.47 70.23 66.2846 
. 
4847 1.74760 3.054 

imi 10 5.42 65.81 71.23 69.2460 
. 
5827 1.84278 3.396 

Another way used here to assess physical shape is by plotting the relative 

lower limb length (the percentage of the combined lengths of femur and tibia for 

a given stature estimated from femoral length, as a proxy for general limb/stature 

proportions), against relative weight for stature, for which the body mass index 

was used here (Figures 4.2.18 to 4.2.22). In these graphs, the higher towards the 

top of the graph, the longer the lower limb for a given stature; and the further 

towards the right of the graph, the heavier for a given stature. Thus, these graphs 

do not give any indication about stature or weight, but rather they allow one to 

assess how linear or stocky any (average) physique is. Different areas or 

quadrants of these graphs represent different physiques; populations or 

individuals with long limbs and relatively low weight would be situated towards 

the upper left comer; population samples or individuals with long limbs and 

relatively high weight would be situated towards the upper right comer (both 

areas indicating good growth in childhood and a beneficial bio-cultural 

environment); individuals with relatively short limbs and relatively high weight 
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(indicating adequate growth in childhood, in an adequate bio-cultural 

environment) would be situated towards the lower right comer; and individuals 

with relatively short limbs and relatively low weight (indicating poor growth in 

childhood and a detrimental bio-cultural environment) would be situated towards 

the lower left comer (Figure 4.2.17). In Figures 4.2.19 and 4.2.20, the centroids, 

i. e., the averages, for population samples and the data points for the Holy Roman 

Emperors are plotted in this fashion; in Figures 4.2.21 and 4.2.22 only the 

centroids for the population samples are plotted. In all these graphs (Figures 

4.2.18 to 4.2.22) values and data related to males are in green, values and data 

related to females are in red. For the population samples, the abbreviations given 

in Table 2.1 had to be used instead of their full names. 
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Figure 4.2.17. The different physiques represented by the four quadrants of 
Figures 4.2.18 to 4.2.22. 
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In Figure 4.2.18, the data points for all analysed individuals (excluding 

Charlemagne and Heinrich IV) are plotted in the way described above, regardless 

of population. The distribution of males and females is noteworthy. The males 

are scattered throughout all parts of the graph, their physiques are thus highly 

variable; while the females show much less variation, and their physique varies 

only between long-limbed-light and short-limbed-heavy. The green and red lines 

are the male and female mean and 95% confidence lines, respectively. 
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Figure 4.2.18. Scatter plot of all analysed individuals. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower fight, and short-limbed light in the lower 

left. 

Figure 4.2.19 shows the relative lower limb length plotted against body 

mass index for the centroids (i. e., average values for body mass index and 

relative lower limb lengths) of the analysed population samples and the values 
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for Charlemagne and Heinrich IV. Again, the green and red lines are the male 

and female mean and 95% confidence lines, respectively. In this graph the mean 

and 95% confidence lines are derived from all male values, including 

Charlemagne and Heinrich IV. The first impression is that both Charlemagne and 

Heinrich IV are quite distinct from the other populations/samples. Both had very 

long lower limbs for their statures; Heinrich IV was relatively light for his stature 

while Charlemagne was slightly heavier for his stature. The other population 

samples are restricted to the lower half of the graph. 
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Figure 4.2.19. Centroids of the analysed populations, including Charlemagne and 

Heinrich IV, with means and 95% confidence lines for males and females. The 

quadrants represent long-limbed light body build in the upper left, long-limbed 

heavy in the upper right, short-limbed heavy in the lower right, and short-limbed 

light in the lower left. 
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Figure 4.2.20 shows the same data as Figure 4.2.19, but with solid lines 

for means of body mass index and relative lower limb length and broken lines for 

two standard deviations from those means, for all males and females represented 

in this graph. This graph shows that the relative lower limb lengths for both 

Charlemagne and Heinrich IV are more than two standard deviations above the 

mean value for males; the body mass index for Heinrich IV is more than two 

standard deviations below the mean value for males, while that of Charlemagne 

is closer to the general male mean. The other population samples cluster 

relatively close to the male and female mean values for relative lower limb 

length, but their body mass indices vary from almost two standard deviations 

below the male and female mean values, to almost two standard deviations above 

the male and female mean values. 

In the graph of Figure 4.2.21, Charlemagne and Heinrich IV are not 

represented, and their relative lower limb lengths and body mass indices have 

been omitted from any calculations of mean and 95% confidence lines. The 

females are still rather less scattered than the males. Also, without Charlemagne 

and Heinrich IV the male mean and 95% confidence lines take a distinctly 

different path from the female ones. The females from Fishergate 6s and St Giles 

are close to the upper left comer, but no male sample is. The sample closest to 

the upper right comer is Towton, while the St Giles males are closest to the lower 

left comer. Closest to the lower right comer are the males and females from St 

Martin's, as well as the females from Fishergate 4. It is also interesting to see 

how close the St Helens and the Chichester males and females are in this graph, 

while males and females from the St Martin's earth-cut graves sample and 

Fishergate 6s, for example, are quite far apart. 
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Figure 4.2.20. Centroids of the analysed populations, including Charlemagne and 

Heinrich IV, with means (solid lines) and two standard deviations (broken lines) 

for male and female body mass index and relative lower limb length. The 

quadrants represent long-limbed light body build in the upper left, long-limbed 

heavy in the upper right, short-limbed heavy in the lower right, and short-limbed 

light in the lower left. 

121 



49.0 

48.5 

48.0 

m 

'3) 47.5 

a) > 

a) 
tr 47.0 

L4ne 

R L4nw 
E L6n@ 

0 R T 

G t§t B K 
L%e 

smv F6i 

w F6s 
L 

G 

V6e 
BA 

sw 
SG 0 

0H 
smlv 

0 

2.5 23.0 2S. 5 24.0 24.5 25.0 25.5 ý26- 

Body Mass Index 

SEX 

m 

f 

Figure 4.2.21. Centroids of the analysed populations, excluding Charlemagne 

and Heinrich IV, with means and 95% confidence lines for males and females. 

The quadrants represent long-limbed light body build in the upper left, long- 

limbed heavy in the upper right, short-limbed heavy in the lower right, and short- 

limbed light in the lower left. 

The graph in Figure 4.2.22 shows the same data as Figure 4.2.2 1, but with 

solid lines for male and female means of body mass index and relative lower 

limb length and broken lines for two standard deviations above and below those 

means. Charlemagne and Heinrich IV have again been omitted from the 

calculations of mean and standard deviations. The St Giles males are nearly two 

standard deviations below the mean values for body mass index and relative 

lower limb length. The females from Fishergate 6s and St Giles are nearly two 

standard deviations above the mean value for relative lower limb length and 

nearly two standard deviations below the mean value for body mass index. None 
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of the female samples is more than two standard deviations from either mean 

value. The males from the St Martin's vault sample are more than two standard 

deviations below the mean value for body mass index but close to the mean value 

for relative lower limb length. The St Helen's males are more than two standard 

deviations below the mean value for relative lower limb length, and about one 

standard deviation above the mean value for body mass index. 

These results will be further elaborated in 4.4. Secular trend, 4.5. 

Sexual dimorphism, and 4.6. Statistical analyses, below. 
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Figure 4.2.22. Centroids of the analysed populations, excluding Charlemagne 

and Heinrich IV, with means (solid lines) and two standard deviations (broken 

lines) for male and female body mass index and relative lower limb length. The 

quadrants represent long-limbed light body build in the upper left, long-limbed 

heavy in the upper right, short-limbed heavy in the lower right, and short-limbed 

light in the lower left. 
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4.3. Paleopathological data 

The prevalences of selected pathologies, namely DISH, gout, dental 

enamel hypoplasia, cribra orbitalia, porotic hyperostosis, rickets, scurvy, and 

non-specific infection (e. g., periostitis), recorded in the various published and 

unpublished reports of the analysed sites and populations, as well as stature and 

weight above or below two standard deviations, calculated from data collected by 

the author, are described below. In the present context, DISH, gout, and high 

stature and/or weight are used as 'indicators of good living'; dental enamel 

hypoplasia, cribra orbitalia, and porotic hyperostosis are used as stress indicators; 

rickets, scurvy, and low weight and/or stature are used as nutritional deficiency 

indicators; and non-specific infection is used as an indicator of poor general 

health. Figures 4.3.1 to 4.3.18 give a graphical representation of the prevalences 

of these pathologies in percentages. In all these figures, the y-axis has been given 

the same scale, for ease of comparison between populations. A summary of the 

pathology prevalences by sex and site in percentages can be found in Table 4.3.1, 

the same data in numbers per total is in Table 4.3.2. 

4.3.1. Gloucester (Figure 4.3.1) 

In this sample, 14.3% (one of seven) of the males had DISH, 16.7% (one 

of six) of the females had gout, 33.4% (two of six) of females and 42.9% (three 

of seven) of males had dental enamel hypoplasia, 33.4% (two of six) of females 

and 28.6% (two of seven) of males had cribra orbitalia, 28.6% (two of seven) of 

males had porotic hyperostosis, 14.3% (one of seven) of males had rickets, and 

66.7% (four of six) of females and 57.1% (four of seven) of males had non- 

specific infection or periostitis (Roberts, 1990). 
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Figure 4.3.1. Pathology prevalences (in percentages) at the Gloucester sites. 

Legend: S>2SD: stature of more than two standard deviations above the 

population mean, W>2SD: weight of more than two standard deviations above 

the population mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: 

porotic hyperostosis, N/L non-specific infection, S<2SD: stature of more than 

two standard deviations below the population mean, W<2SD: weight of more 

than two standard deviations below the population mean. 

4.3.2. Kingsholm (Figure 4.3.2) 

In this population, 31.6% (six of nineteen) of females and 41.7% (five of 

twelve) of males had dental enamel hypoplasia, 5.3% (one of nineteen) of 

females and 8.3% (one of twelve) of males had cribra orbitalia, 5.3% (one of 

nineteen) of females had rickets, and 36.8% (seven of nineteen) of females and 

33.3% (four of twelve) of males had non-specific infection or periostitis 

(Roberts, n. d. -a). 
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Figure 4.3.1. Pathology prevalences (in percentages) at the Gloucester sites. 

Legend: S>2SD: stature of more than two standard deviations above the 

population mean, W>2SD: weight of more than two standard deviations above 

the population mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: 

porotic hyperostosis, N/I: non-specific infection, S<2SD: stature of more than 

two standard deviations below the population mean, W<2SD: weight of more 

than two standard deviations below the population mean. 

4.3.2. Kingsholm (Figure 4.3.2) 

In this population, 31.6% (six of nineteen) of females and 41.7% (five of 

twelve) of males had dental enamel hypoplasia, 5.3% (one of nineteen) of 

females and 8.3% (one of twelve) of males had cribra orbitalia, 5.3% (one of 

nineteen) of females had rickets, and 36.8% (seven of nineteen) of females and 

33.3% (four of twelve) of males had non-specific infection or periostitis 

(Roberts, n. d. -a). 
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Figure 4.3.2. Pathology prevalences (in percentages) at Kingsholm. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DER dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/l: non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 

4.3.3. Baldock (Figure 4.3.3) 

At this site, 2.9% (one of thirty-four) of males had DISH, 2.9% (one of 

thirty-four) of females and 2.9% (one of thirty-four) of males had a weight of 

more than two standard deviations above their relative mean values, 17.6% (six 

of thirty-four) of females and 38.2% (thirteen of thirty-four) of males had dental 

enamel hypoplasia, 2.9% (one of thirty-four) of females and 11.8% (four of 

thirty-four) of males had cribra orbitalia, 5.9% (two of thirty-four) of females and 

2.9% (one of thirty-four) of males had porotic hyperostosis, 5.9% (two of thirty- 

four) of females and 14.7% (five of thirty-four) of males had non-specific 

o Iviales 

a Females 

127 

WH Gout S>2SD W>2SD DEH Co PH Rickets Scurvy VP S<2SD VV<2SD 



infection/periostitis, and 2.9% (one of thirty-four) of males had a stature of more 

than two standard deviations below the sex and population mean value (Roberts, 

n. d. -b). 
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Figure 4.3.3. Pathology prevalences (in percentages) at Baldock. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/L non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 

4.3.4. Eccles (Figure 4.3.4) 

Here, 28.6% (eight of twenty-eight) of females and 34.2% (thirteen of 

thirty-eight) of males had dental enamel hypoplasia, 3.6% (one of twenty-eight) 

of females and 2.6% (one of thirty-eight) of males had cribra orbitalia, 2.6% (one 

of thirty-eight) of males had porotic hyperostosis, 28.6% (eight of twenty-eight) 

of females and 34.2% (thirteen of thirty-eight) of males had non-specific 
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infection/periostitis, and 3.6% (one of twenty-eight) of females and 2.6% (one of 

thirty-eight) of males had a weight of more than two standard deviations below 

their respective mean values (Boocock et al., 1995). 
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Figure 4.3.4. Pathology prevalences (in percentages) at Eccles. Legend: S>2SD: 

stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/L non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 

43.5. Raunds (Figure 4.3.5) 

At Raunds, 3.6% (two of fifty-five) of males and 2.2% (one of forty-six) 

of females had a stature of more than two standard deviations above their 

respective mean values, 1.8% (one of fifty-five) of males and 4.3% (two of forty- 
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six) of females have a weight of more than two standard deviations above their 

respective mean values, 69.1% (thirty-eight of fifty-five) of males and 54.3% 

(twenty-five of forty-six) of females had dental enamel hypoplasia, 43.6% 

(twenty-four of fifty-five) of males and 65.2% (thirty of forty-six) of females had 

cribra orbitalia, 16.4% (nine of fifty-five) of males and 6.5% (three of forty-six) 

of females had non-specific infection/ periostitis, 1.8% (one of fifty-five) of 

males had a stature of more than two standard deviations above their mean value, 

and 3.6% (two of fifty-five) of males had a weight of more than two standard 

deviations above their sex and population mean value. (Powell, 1982; 

Pureepatpong, 2003). 
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Figure 4.3.5. Pathology prevalences (in percentages) at Raunds. Legend: S>2SD: 

stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/L non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 
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4.3.6. Fishergate 

In period 4 (Figure 4.3.6) at this site, 6.1 % (two of thirty-three) of males 

had a weight of more than two standard deviations above their mean value, 9.1 % 

(three of thirty-three) of males and 13.3% (two of fifteen) of females had cribra 

orbitalia, and 9.1% (three of thirty-three) of males had non-specific 

infection/pefiostitis. 
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Figure 4.3.6. Pathology prevalences (in percentages) at Fishergate 4. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/L non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 
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In period 6i (Figure 4.3.7), 5.8% (four of sixty-nine) of males had DISH, 

2.9% (two of sixty-nine) of males and 4.3% (one of twenty-three) of females had 

a stature of more than two standard deviations above their respective mean 

values, 1.4% (one of sixty-nine) of males and 4.3% (one of twenty-three) of 

females had a weight of more than two standard deviations above their respective 

mean values, 7.2% (five of sixty-nine) of males and 4.3% (one of twenty-three) 

of females had cribra orbitalia, 13% (nine of sixty-nine) of males and 26.1% (six 

of twenty-three) of females had non-specific infection/periostitis, 4.3% (one of 

twenty-three) of females had a weight of more than two standard deviations 

below their mean value. 
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Figure 4.3.7. Pathology prevalences (in percentages) at Fishergate 6i. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/L non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 
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In period 6s (Figure 4.3.8), 3% (one of thirty-three) of males and I LI% 

(one of nine) of females had DISH, 3% (one of thirty-three) of males had a 

stature of more than two standard deviations above mean value, 3% (one of 

thirty-three) of males had a weight of more than two standard deviations above 

mean value, 3% (one of thirty-three) of males had dental enamel hypoplasia, 

6.1 % (two of thirty-three) of males and 11.1 % (one of nine) of females had cribra 

orbitalia, 18.2% (six of thirty-three) of males had non-specific 

infection/periostitis, 3% (one of thirty-three) of males had a weight of more than 

two standard deviations below their mean value. 
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Figure 4.3.8. Pathology prevalences (in percentages) at Fishergate 6s. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/L non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 
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In period 6e (Figure 4.3.9), 10.3% (four of thirty-nine) of males had 

DISH, 2.6% (one of thirty-nine) of males had a weight of more than two standard 

deviations above their mean value, 5.1 % (two of thirty-nine) of males had cribra 

orbitalia, 7.7% (three of thirty-nine) of males and 33.3% (one of three) of 

females had non-specific infection/periostitis, and 2.6% (one of thirty-nine) of 

males had a weight of more than two standard deviations below their mean value 

(Stroud and Kemp, 1993). 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Figure 4.3.9. Pathology prevalences (in percentages) at Fishergate 6e. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/I: non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 
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43.7. Langthorne (Figure 4.3.10) 

in the Langthorne sample the only female pathology observed was one 

case (11.1%, one of nine) of non-specific infection. For the males in period 4ne, 

5.9% (one of seventeen) had cribra orbitalia, 29.4% (five of seventeen) had non- 

specific infection, and 5.9% (one of seventeen) had a weight of less than 2 

standard deviations below their respective mean value. For the males in period 

4nw, 28.6% (two of seven) had non-specific infection. For the males in period 

5ne, 3.2% (three of ninety-four) had DISH, 1.1% (one of ninety-four) had gout, 

2.1 % (two of ninety-four) had a stature of more than 2 standard deviations above 

their mean value, 2.1 % (two of ninety-four) had a weight of more than 2 standard 

deviations above their mean value, 3.2% (three of ninety-four) had dental enamel 

hypoplasia, 1.1% (one of ninety-four) had cribra orbitalia, and 3.2% (three of 

ninety-four) had non-specific infections. For the males in period Snw, 40% (two 

of five) had non-specific infection. For the males in period 5i, 20% (one of five) 

had DISH and 20% (one of five) had non-specific infection. For the males in 

period 6ne, 9.1% (one of eleven) had gout and 9.1% (one of eleven) had non- 

specific infection. For the males in period 6i, 10% (one of ten) had DISH and 

10% (one of ten) had non-specific infection (Baraybar, 1995; Stuart Macadam, 

1985; White, 2000), author). 
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Figure 4.3.10. Pathology prevalences (in percentages) at Langthome. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/I: non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 

4.3.8. St-Helens-on-the-Walls (Figure 4.3.11) 

In the St Helens population, 1.1% (one of ninety-two) of males had 

DISH, 1.1% (one of ninety-two) of males had gout, 2.7% (two of seventy-five) 

of females and 1.1% (one of ninety-two) of males had a stature of more than two 

standard deviations above their respective mean values, 2.7% (two of seventy- 

five) of females had a weight of more than two standard deviations above their 

mean value, 3.3% (three of ninety-two) of males had dental enamel hypoplasia, 

3.3% (three of ninety-two) of males and 6.6% (five of seventy-five) of females 

had indications of rickets, 6.5% (six of ninety-two) of males and 6.6% (five of 
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seventy-five) of females had non-specific infection/periostitis, 1.1% (one of 

ninety-two) of males had a weight of more than two standard deviations below 

their mean value (Dawes and Magilton, 1980). 
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Figure 4.3.11. Pathology prevalences (in percentages) at St Helens. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/I: non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 

4.3.9. St Giles (Figure 4.3.12) 

In the St Giles population, 6.3% (one of sixteen) of males had a weight of 

more than two standard deviations above the mean value, 88.9% (eight of nine) 

of females and 68.8% (eleven of sixteen) of males had dental enamel hypoplasia, 

44.4% (four of nine) of females and 56.3% (nine of sixteen) of males had cribra 
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orbitalia, 44.4% (four of nine) of females and 12.5% (two of sixteen) of males 

had non-specific infection/periostitis (Chundun, 1992). 
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Figure 4.3.12. Pathology prevalences (in percentages) at St Giles. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/L non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 

4.3.10. Blackfriars (Figure 4.3.13) 

In this sample, 11.5% (three of twenty-six) of females and 9.4% (three of 

thirty-two) of males had DISH, 3.1 % (one of thirty-two) of males had gout, 3.1 % 

(one of thirty-two) of males had a weight of more than two standard deviations 

above the mean value, 50% (thirteen of twenty-six) of females and 46.9% 

(fifteen of thirty-two) of males had dental enamel hypoplasia, 3.1 % (one of 

thirty-two) of males had cribra orbitalia, 9.4% (three of thirty-two) of males had 
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porotic hyperostosis, 3.8% (one of twenty-six) of females and 28.1 % (nine of 

thirty-two) of males had non-specific infection/periostitis, 3.8% (one of twenty- 

six) of females and 3.1 % (one of thirty-two) of males had a weight of more than 

two standard deviations below their respective mean values (Wiggins et aL, 

1993). 
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Figure 4.3.13. Pathology prevalences (in percentages) at Blackffiars. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/I: non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 

43.11. Towton (Figure 4.3.14) 

Because of the nature of the sample, weapons trauma predominated in the 

Towton population. In this exclusively male sample, 27% (ten of thirty-seven) of 

individuals had dental enamel hypoplasia, 24.3% (nine of thirty-seven) of 
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individuals had cribra orbitalia, and 16.2% (six of thirty-seven) of individuals 

had non-specific infection (Holst et al., 2000). 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

a Males 

Figure 4.3.14. Pathology prevalences (in percentages) at Towton. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/L non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 

4.3.12. Chichester (Figure 4.3.15) 

At Chichester, 5.3% (nine of one-hundred seventy-one) of males had 

DISH, 0.6% (one of one-hundred seventy-one) of males had gout, 1.3% (one of 

seventy-eight) of females and 1.2% (two of one-hundred seventy-one) of males 

had a stature of more than two standard deviations above their respective mean 

values, 5.1 % (four of seventy-eight) of females and 2.9% (five of one-hundred 

seventy-one) of males had a weight of more than two standard deviations above 
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their respective mean values, 46.2% (thirty-six of seventy-eight) of females and 

49.7% (eighty-five of one-hundred seventy-one) of males had dental enamel 

hypoplasia, 28.2% (twenty-two of seventy-eight) of females and 15.2% (twenty- 

six of one-hundred seventy-one) of males had cribra orbitalia, 6.4% (five of 

seventy-eight) of females and 5.3% (nine of one-hundred seventy-one) of males 

had porotic hyperostosis, 1.3% (one of seventy-eight) of females and 1.2% (two 

of one-hundred seventy-one) of males had rickets, 1.3% (one of seventy-eight) of 

females and 0.6% (one of one-hundred seventy-one) of males had scurvy, 69.2% 

(fifty-four of seventy-eight) of females and 67.8% (one-hundred sixteen of one- 

hundred seventy-one) of males had non-specific infection/periostitis, 1.3% (one 

of seventy-eight) of females and 1.8% (three of one-hundred seventy-one) of 

males had a stature of more than two standard deviations below their respective 

mean values, and 2.9% (five of one-hundred seventy-one) of males had a weight 

of more than two standard deviations below their mean value (Lee, n. d. ). 
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Figure 4.3.15. Pathology prevalences (in percentages) at Chichester. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/l: non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 

43.13. Hicideton (Figure 4.3.16) 

In the Hickleton sample, 87.5% (seven of eight) of females and 62.5% 

(five of eight) of males had dental enamel hypoplasia, 12.5% (one of eight) of 

females had cribra orbitalia, and 37.5% (three of eight) of females and 12.5% 

(one of eight) of males had non-specific infection/periostitis (Stroud, 1984). 
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Figure 4.3.16. Pathology prevalences (in percentages) at Hickleton. Legend: 

S>2SD: stature of more than two standard deviations above the population mean, 

W>2SD: weight of more than two standard deviations above the population 

mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: porotic 

hyperostosis, N/L non-specific infection, S<2SD: stature of more than two 

standard deviations below the population mean, W<2SD: weight of more than 

two standard deviations below the population mean. 

4.3.14. St Martin's 

In the Vault sub-sample (Figure 4.3.17), 9.7% (three of thirty-one) of 

males had DISH, 3.2% (one of thirty-one) of males had gout, 3.8% (one of 

twenty-six) of females and 3.2% (one of thirty-one) of males had a weight of 

more than two standard deviations above the sex and population mean value, 

19.2% (five of twenty-six) of females and 38.7% (twelve of thirty-one) of males 

had dental enamel hypoplasia, 3.8% (one of twenty-six) of females and 6.4% 

(two of thirty-one) of males had cribra orbitalia, 11.5% (three of twenty-six) of 

females and 9.7% (three of thirty-one) of males had rickets, 22.6% (seven of 

thirty-one) of males had non-specific infection or periostitis, 3.8% (one of 
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twenty-six) of females had a stature of more than two standard deviations below 

the sex and population mean value. 
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Figure 4.3.17. Pathology prevalences (in percentages) of the St Martin's vault 

burials sample. Legend: S>2SD: stature of more than two standard deviations 

above the population mean, W>2SD: weight of more than two standard 

deviations above the population mean, DEH: dental enamel hypoplasia, CO: 

cribra orbitalia, PH: porotic hyperostosis, N/L non-specific infection, S<2SD: 

stature of more than two standard deviations below the population mean, 

W<2SD: weight of more than two standard deviations below the population 

mean. 

In the earth-cut graves sub-sample of the St Martin's population (Figure 

4.3.18), 2.1 % (one of forty-eight) of males had DISH, 3.1 % (one of thirty-two) 

of females had gout, 3.1% (one of thirty-two) of females and 4.2% (two of forty- 

eight) of males had a weight of more than two standard deviations above the sex 

and population mean value, 65.6% (twenty-one of thirty-two) of females and 

62.5% (thirty of forty-eight) of males had dental enamel hypoplasia, 3.1% (one 

of thirty-two) of females and 4.2% (two of forty-eight) of males had cribra 
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orbitalia, 4.2% (two of forty-eight) of males had rickets, 15.6% (five of thirty- 

two) of females and 22.9% (eleven of forty-eight) of males had non-specific 

infection or periostitis, 3.1% (one of thirty-two) of females and 2.1% (one of 

forty-eight) of males had a stature of more than two standard deviations below 

their sex and population mean value (Brickley and Buteux, In press). 
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Figure 4.3.18. Pathology prevalences (in percentages) of the St Martin's earth- 

cut graves sample. Legend: S>2SD: stature of more than two standard deviations 

above the population mean, W>2SD: weight of more than two standard 

deviations above the population mean, DEH: dental enamel hypoplasia, CO: 

cribra orbitalia, PH: porotic hyperostosis, N/L non-specific infection, S<2SD: 

stature of more than two standard deviations below the population mean, 

W<2SD: weight of more than two standard deviations below the population 

mean. 
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Table 4.3.1. Pathologies in percentages by sex and site. Site codes as in Table 

2.1. Legend: S>2: stature of more than two standard deviations above the 

population mean, W>2: weight of more than two standard deviations above the 

population mean, DEH: dental enamel hypoplasia, CO: cribra orbitalia, PH: 

porotic hyperostosis, RIC: rickets, SCU: scurvy, NSI: non-specific infection, 

S<2: stature of more than two standard deviations below the population mean, 

W<2: weight of more than two standard deviations below the population mean. 

Site DISH Gout S>2 W>2 DEH CO PH RIC SCU NSI S<2 W<2 
G 14.3 0 0 0 42.9 28.6 28.6 14.3 0 57.1 0 0 
K 0 0 0 0 41.7 8.3 0 0 0 33.3 0 0 
Ba 2.9 0 0 2.9 38.2 11.8 2.9 0 0 14.7 2.9 0 
E 0 0 0 0 34.2 2.6 2.6 0 0 34.2 0 2.6 
R 0 0 3.6 1.8 69.1 43.6 0 0 0 16.4 1.8 3.6 
F4 0 0 0 6.1 0 9.1 0 0 0 9.1 0 0 
We 0 0 0 0 0 5.9 0 0 0 29.4 0 5.9 
L4nw 0 0 0 0 0 0 0 0 0 28.6 0 0 
1-5ne 3.2 1.1 2.1 2.1 3.2 1.1 0 0 0 3.2 0 0 
L5nw 0 0 0 0 0 0 0 0 0 40 0 0 
1-5i 20 0 0 0 0 0 0 0 0 20 0 0 
M 5.8 0 2.9 1.4 0 7.2 0 0 0 13 0 0 
F6s 3 0 3 3 3 6.1 0 0 0 18.2 0 3 
Me 10.3 0 0 2.6 0 5.1 0 0 0 7.7 0 2.6 
SH 1.1 1.1 1.1 0 3.3 0 0 3.3 0 6.5 0 1.1 
1-6ne 0 9.1 0 0 0 0 0 0 0 9.1 0 0 
1-6i 10 0 0 0 0 0 0 0 0 10 0 0 
SG 0 0 0 6.3 68.8 56.3 0 0 0 12.5 0 0 
B 9.4 3.1 0 3.1 46.9 3.1 9.4 0 0 28.1 0 3.1 
T 0 0 0 0 27 24.3 0 0 0 16.2 0 0 
C 5.3 0.6 1.2 2.9 49.7 15.2 5.3 1.2 0.6 67.8 1.8 2.9 
H 0 0 0 0 62.5 0 0 0 0 12.5 0 0 
SMnv 2.1 0 0 4.2 62.5 4.2 0 4.2 0 22.9 2.1 0 
SMv 9.7 3.2 0 3.2 38.7 6.4 0 9.7 0 22.6 0 0 
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Table 4.3.1. Continued. 

Female 
Site DISH Gout S>2 W>2 DEH CO PH RIC SCU NSI S<2 W<2 
G 0 16.7 0 0 33.4 33.4 0 0 0 66.7 0 0 
K 0 0 0 0 31.6 5.3 0 5.3 0 36.8 0 0 
Ba 0 0 0 2.9 17.6 2.9 5.9 0 0 5.9 0 0 
E 0 0 0 0 28.6 3.6 0 0 0 28.6 0 3.6 
R 0 0 2.2 4.3 54.3 65.2 0 0 0 6.5 0 0 
F4 0 0 0 0 0 13.3 0 0 0 0 0 0 
176i 0 0 4.3 4.3 0 4.3 0 0 0 26.1 0 4.3 
F6s 11.1 0 0 0 0 11.1 0 0 0 0 0 0 
F6e 0 0 0 0 0 0 0 0 0 33.3 0 0 
L 0 0 0 0 0 0 0 0 0 11.1 0 0 
SH 0 0 2.7 2.7 0 0 0 6.6 0 6.6 0 0 
SG 0 0 0 0 88.9 44.4 0 0 0 44.4 0 0 
B 11.5 0 0 0 50 0 0 0 0 3.8 0 3.8 
c 0 0 1.3 5.1 46.2 28.2 6.4 1.3 1.3 69.2 1.3 0 
H 0 0 0 0 87.5 12.5 0 0 0 37.5 0 0 
SMnv 0 3.1 0 3.1 65.6 3.1 0 0 0 15.6 3.1 0 
smv 0 0 0 3.8 19.2 3.8 0 11.5 0 0 3.8 0 

Furthermore, as far as could be determined from the published sources, 

Charlemagne may have suffered from gout and pleurisy, and towards the end of 

his life he suffered from attacks of fever and he was lame in one foot, possibly 

from gout (Einhard and Notker, 1969; Schleifring and Koch, 1988; Thorpe, 

1969). The only skeletal anomaly recorded for Heinrich IV was a septal aperture 

of the left humerus, no skeletal pathologies were observed, and the only dental 

conditions mentioned were heavy tooth wear and ante-mortem tooth loss. No 

pathologies or other skeletal conditions were mentioned for Beatrix von Burgund 

(Ranke et al., 1972). 

147 



Table 4.3.2. Pathologies in numbers of total population by sex and site. Site 

codes as in Table 2.1. Legend: as for Table 4.3.1, N is number of individuals 

analysed per site. 

Males 
Site N DISH Gout S>2 W>2 DEH CO PH RIC SCU NSI S<2 W<2 
G 7 1 0 0 0 3 2 2 1 0 4 0 0 
K 12 0 0 0 0 5 1 0 0 0 4 0 0 
Ba 34 1 0 0 1 13 4 1 0 0 5 1 0 
E 38 0 0 0 0 19 1 1 0 0 13 0 1 
R 55 0 0 2 1 38 24 0 0 0 9 1 2 
F4 33 0 0 0 2 0 3 0 0 0 3 0 0 
We 17 0 0 0 0 0 1 0 0 0 5 0 1 
L4nw 7 0 0 0 0 0 0 0 0 0 2 0 0 
1-5ne 94 3 1 2 2 3 1 0 0 0 3 0 0 
L5nw 5 0 0 0 0 0 0 0 0 0 2 0 0 
1-5i 5 1 0 0 0 0 0 0 0 0 1 0 0 
F6i 69 4 0 2 1 0 5 0 0 0 9 0 0 
F6s 33 1 0 1 1 1 2 0 0 0 6 0 1 
F6e 39 4 0 0 1 0 2 0 0 0 3 0 1 
SH 92 1 1 1 0 3 0 0 3 0 6 0 1 
1-6ne 11 0 1 0 0 0 0 0 0 0 1 0 0 
W 10 1 0 0 0 0 0 0 0 0 1 0 0 
SG 16 0 0 0 1 11 9 0 0 0 2 0 0 
B 32 3 1 0 1 15 1 3 0 0 9 0 1 
T 37 0 0 0 0 10 9 0 0 0 6 0 0 
c 171 9 1 2 5 85 26 9 2 1 116 3 5 
H 8 0 0 0 0 5 0 0 0 0 1 0 0 
SMnv 48 1 0 0 2 30 2 0 2 0 11 1 0 
Smv 31 3 1 0 1 12 2 0 3 0 7 0 0 

Females 
Site N DISH Gout S>2 W>2 DEH CO PH RIC SCU NSI S<2 W<2 
G 6 0 1 0 0 2 2 0 0 0 4 0 0 
K 19 0 0 0 0 6 1 0 1 0 7 0 0 
Ba 34 0 0 0 1 6 1 2 0 0 2 0 0 
E 28 0 0 0 0 8 1 0 0 0 8 0 1 
R 46 0 0 1 2 25 30 0 0 0 3 0 0 
F4 15 0 0 0 0 0 2 0 0 0 0 0 0 
F6i 23 0 0 1 1 0 1 0 0 0 6 0 1 
F6s 9 1 0 0 0 0 1 0 0 0 0 0 0 
Me 3 0 0 0 0 0 0 0 0 0 1 0 0 
L 9 0 0 0 0 0 0 0 0 0 1 0 0 
SH 75 0 0 2 2 0 0 0 5 0 5 0 0 
SG 9 0 0 0 0 8 4 0 0 0 4 0 0 
B 26 3 0 0 0 13 0 0 0 0 1 0 1 
c 78 0 0 1 4 36 22 5 1 1 54 1 0 
H 8 0 0 0 0 7 1 0 0 0 3 0 0 
SMnv 32 0 1 0 1 21 1 0 0 0 5 1 0 
SMv 26 0 0 0 1 5 1 0 3 0 0 1 0 
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4.4. The secular trend in stature 

Figure 4.4.1 records the mean male and female statures of the analysed 

populations in chronological order, as well as male and female stature data from 

published sources [Military recruits, 1901, male statures 167.74 cm (Floud et al., 

1990); Industrial workers, 1929-1932, male statures 168.6 cm, female statures 

158.2 cm; Boarding schools, 1936-1938, male statures 175 cm; Industrial 

workers, 1943, male statures 168.4 cm, female statures 157.9 cm; (Morant, 

1948); Employed, 1935, male statures 170.94 cm; Civilians, 1943, male statures 

171 cm, female statures 158 cm; (Boyne and Leitch, 1954); Convicts, 1950- 

1972, male statures 167.08 cm; Oxford students, 1950-1972, male statures 

178.17 cm; London students, 1950-1972, male statures 179.25 cm (Schreider, 

1975); Soldiers, 1961, male statures 172.06 cm (Allbrook, 1961)]. These 

published data from documentary sources are not absolutely comparable with the 

data gathered from the archaeological populations, as each archaeological 

population spans a relatively wide time-span, while the documentary sources 

refer to measurements taken in one given year or over a rather narrower time- 

span. Furthermore, the archaeological populations, especially those from the 

medieval period overlap considerably in their dates, while the documentary 

sources show only a minimal overlap in their dates. However, the data from 

archaeological populations and published documentary sources had to be 

combined in this way as documentary sources do not exist for the earlier periods 

considered here, and the analysed archaeological populations did not represent 

the later periods well. In light of these circumstances, a compromise had to be 

adopted. 
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The solid line in Figure 4.4.1 is a linear regression for male statures, the 

broken line a linear regression for female statures. Both regression lines show a 

slight increase over time, more so for the males than for females. In general, 

female statures do not present a significant increase over time, but the increase in 

male statures is obvious, especially towards the second half of the 20'h century. 
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Figure 4.4.1. Average male and female statures from Roman times to the 20th 

century. The solid line is the linear regression for the males, the broken lines is 

the linear regression for the females. 

Figure 4.4.2 presents the same data as Figure 4.4.1, but includes 

Charlemagne, Heinrich IV, and Beatrix von Burgund (*). In this figure, the linear 

regression for the males shows a distinct decline towards the later time periods 

covered by the graph, due to the influence of the tall statures of the high-status 

individuals Charlemagne and Heinrich IV. The linear regression for the females, 
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however, is not as remarkably different from that of Figure 4.4.1; it shows less of 

an incline, despite the presence of a high-status woman, Beatrix von Burgund. 
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Figure 4.4.2. Average male and female statures, including the imperial 

individuals, from Roman times to the 20'h century. The solid line is the linear 

regression for the males, the broken lines is the linear regression for the females. 

This impression of higher variability in male than in female statures has 

already been seen in Figures 4.2.3 and 4.2.5. From Figure 4.2.3 the extent to 

which the statures of Heinrich IV and Charlemagne exceed the averages of the 

analysed male populations is obvious. However, from Figure 4.2.5 it is equally 

obvious that, although Beatrix is the tallest, her stature does not stand as far 

above that of the other female populations. A further indication of the lesser 

female variability is seen in Figures 4.2.2,4.2.5, and 4.2.9 The mean male 

weights range from the lowest of 65.40 kg at St Giles, to the highest of 77.15 kg 

at Langthorne 4nw and an estimated 85.03 kg for Charlemagne; the female mean 

weights range from the lowest of 59.89 kg at St Martin's vault burials, to the 
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highest of 61.34 at both Gloucester and St Giles. Individual male weights range 

from 43.96 kg (Chichester 292) to 96.94 kg (Langthome 4nw 1470); individual 

fernale weights range from 57.66 kg (Eccles IA7) to 64.63 kg (Baldock 

F544/LI/4673). 

4.5. Sexual dimorphism 

The stature data for males and females of the analyzed populations have 

been presented in Figures 4.2.1,4.2.3,4.2.5,4.4.1, and 4.4.2. A high degree of 

sexual dimorphism in mean statures characterizes the samples from Kingsholm, 

Eccles, Fishergate period 4, Fishergate period 6 eastern cemetery, St Helens, 

Blackfriars, and both St Martin's samples. The lowest amount of sexual 

dimorphism can be observed for Fishergate period 6 southern cemetery, St Giles, 

and Hickleton (example in Figure 4.5.1). 

SI Gies lCinasholm 

FumaWs Males Females Males 
162.2 IGS. 2 _180 IS4.4 109.1 

- 170 - 

_ _150 

- 140 

. -go 

- -80 

- w 

- - ED 

- 40 

Figure 4.5.1. An example of the encountered differences for sexual dimorphism 

in stature in the populations of St Giles and Kingsholm. 
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A different approach to assessing body proportions is seen in Figures 

4.2.19 and 4.2.20. As already mentioned, the distributions of males and females 

are most interesting in this graph. The females seem to vary mainly between 

long-limbed thin and short-limbcd heavy individuals, while the males are much 

more scattered over the whole area of the graph and thus over all possible body 

shapes. Also noteworthy are the positions of the St Giles (SG) males and 

females, indicating that the males were short-limbed and light (i. e., had a stunted 

growth) while the females were relatively long-limbed and light (i. e., their 

growth was not as stunted), also notable is their distance from each other, 

indicating a different physique for males and females. Furthermore, males and 

females from Chichester (C) and St Helens (SH) are very close together in these 

graphs, indicating that the average body build of males and females in both 

populations was very similar. On the other hand, for Fishergate period 4 and 

period 6 southern cemeteries, St Martin's earth-cut graves, Kingsholm, and 

Gloucester, males and females are quite far apart. It'has to be kept in mind, 

though, that this graph does not give any indication of statures, only the variation 

in body shape for any given stature. Still, the descriptive statistics (Table 4.5.1) 

support the visual impression. For stature, the male mean is 169.96 cm., the range 

is 37.18, the standard deviation is 5.80, and the variance is 33.67; the female 

mean is 157.83 cm, the range is 30.58 cm, the standard deviation is 5.29, and the 

variance 27.94. For weight, the male mean value is 71.34 kg, the range is 52.98 

kg, standard deviation is 8.41, and the variance is 70.75; for females the mean is 

60.59 kg, range is 6.97 kg, the standard deviation is 1.11, and the variance is 

1.22. For the variable relative lower limb length, the average for males in 48.22, 
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for females 47.82, the range for males is 7.52, for females 5.84, the standard 

deviation for males is 1.09, for females 0.98, and the variance for males is 1.18, 

for females 0.95. The average relative weight for stature (body mass index, BMI) 

for males is 24.57, for females 24.34, the range for males is 14.87, for females 

8.17, the standard deviation for males is 2.43, for females 1.44, the variance for 

males is 5.92, for females 2.08. Thus, there is less variability for females than for 

males; one could also say that the female physique is more stable than the male 

physique thmugh time and bio-cultuml environment. 

Table 4.5.1. Descriptive statistics, based on all individuals, for stature, weight, 

relative lower limb length, and body mass index. Legend: Min is minimum, Max 

is maximum, Std Err is standard error, Std Dev is standard deviation, Var is 

variance. 

Females N Range Min Max Mean Stcl Err Stcl Dev Var 
Stature 212 30.58 143.55 174.13 157.8258 

. 
3630 5.28564 27.938 

Weight 408 6.97 57.66 64.63 60.5871 
. 
0548 1.10610 1.223 

Relative lower 211 5.84 45.13 50.97 47.8212 . 0672 . 97668 . 954 
limb length 
Body mass 210 8.17 20.88 29.05 24.3404 

. 
0995 1.44123 2.077 

index 
Males N Range Min Max Mean StdEff StdDev Var 
Stature 492 37.18 153.77 190.95 169.9617 . 2616 5.80278 33.672 

Weight 849 52.98 43.96 96.94 71.3400 
. 
2887 8.41106 70.746 

Relative lower 492 7.52 44.81 52.33 48.2154 
. 
0490 1.08626 1.180 

limb length 
Body mass 489 14.87 17.34 32.21 24.5764 

. 
1100 2.43317 5.920 

index I 

The female groups most different in stature and weight from the male 

groups are Kingsholm, Baldock, Eccles, Raunds, the Fishergate groups, St 

Helen's, Blackfriars, St Giles/Chichester, and both St Martin's groups. The 

female groups least different from the male groups in stature and weight are 

Hickleton, Gloucester, and Langthome. 
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The Gloucester females differ from most male groups, except from the 

Gloucester, Kingsholm, Langthome 4nw/5nw, St Giles, and Hickleton males, in 

stature, but they only differ from the Towton males in weight. The Hickleton 

females differ in stature and weight only from the males from Fishergate 4, 

Langthome 5ne, Towton, and St Martin's earth-cut graves. They differ only in 

stature estimated from femoral length from the males from Eccles, Langthorne 

6ne, and Blackfiriars. They differ in weight only from the males from Langthome 

4nw/5nw, Fishergate 6i, and St Helen's. The Langthome females differ in stature 

estimated from femoral length from all male groups except Gloucester, 

Kingsholm, St Giles and Hickleton. They differ in stature estimated from 

combined femur and tibia only from the males from Fishergate 4, Langthome 

4ne, Langthome 5ne, Towton, and St Martin's earth-cut graves. They differ in 

weight from the males from all Fishergate male groups, Langthome 4ne, 

Langthorne 4nw/5nw (weight only), Langthome 5ne, St Helen's, Blackfriars, 

Towton, and St Martin's earth-cut graves. The only differences between female 

groups are between Langthome and St Martin's vault burials for intermembral 

index. 

There are also differences in crural index between the females from 

Fishergate 6e/6s and the males from Langthorne 5i/6i. There are differences in 

brachial index between the females from St Helen's and the males from Raunds, 

Fishergate 6i, Fishergate 6e, and Chichester; between the Blackfriars females and 

the males from Eccles, Fishergate 4, Fishergate 6i, Fishergate 6e, and Chichester, 

and between the females from St Martin's earth-cut graves and the males from 

Raunds, Fishergate 6i, Fishergate 6e, and Chichester. Differences in 

brachiocrural index were found between the females from Baldock and the males 

155 



from Baldock and Fishergate 6e; between the females from the St Martin's vault 

burials and the males from Baldock, Raunds, all Fishergate males, Langthorne 

4nw/5nw, Langthorne 5ne, St Helen's, Langthorne 5i/6i, Blackfriars, St Giles, 

and Chichester; and between the females from the St Martin's earth-cut burials 

and the males from Baldock, Raunds, Langthome 5ne, Fishergate 6i, Fishergate 

6e, Fishergate 6s, St Helen's, Blackfriars, and Chichester. 

Differences in intermembral index were observed between the females 

from the St Martin's vault burials and the males from Baldock, Langthorne 

4nw/5nw, Fishergate 6i, Fishergate 6e, St Helen's, Blackfriars, and Chichester. 

There were differences in relative lower limb length between the females 

from St Helen's and the males from Raunds, Fishergate 4, Langthorne Sne, 

Towton, and St Martin's earth-cut graves. No differences in body mass index 

were found between any female groups and any male groups. 

The male groups least different from the females groups are St Giles, 

Gloucester, Kingsholm, Hickleton, and St Martin's vault burials. Especially the 

St Giles males are notable here in that there are no stature or weight differences 

between them and any female group; they differ only from the St Martin's vault 

females in brachiocrural index. There are also no significant stature differences 

between the St Giles males and any other male group, and only differences in 

weight between the St Giles males and the males from St Helen's and Towton. 

The males from Gloucester differ in stature estimated from femoral 

length from most female groups, except those from Gloucester, Langthorne, and 

Hickleton. There are no differences in stature estimated from combined femur 

and tibia between the Gloucester males and any female groups, and differences 

in weight only between the Gloucester males and the females from Raunds, St 
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Giles/Chichester, and St Martin's vault burials. For the Kingsholm males, 

differences in stature estimated from combined femur and tibia were found only 

between them and the females from Fisbergate 4 and St Helen's. No other stature 

differences were found between the Kingsholm males and any other group. The 

Kingsholm males differed in weight from the females from Baldock, Eccles, 

Raunds, Fishergate 6i, St Helen's, and both St Martin's groups. 

The males from Kingsholm. differ in stature estimated from femur and 

tibia from the Fishergate 4 and St Helen's females only. They differ in weight 

from the females from Baldock, Eccles, Raunds, Fishergate 6i, St Helen's, St 

Giles/Chichester, and both St Martin's female groups. There are no other 

differences between the Kingsholm males and any other group for any other 

variable. 

The only differences between the males from Hickleton and the other 

groups is for stature estimated from femoral length between them and all female 

groups except those from Gloucester, Langthome, Fishergate 6i, and Hickleton. 

There are also differences in stature estimated from femur and tibia between the 

Hickleton males and the females from Kingsholm, Baldock, Fishergate 4, St 

Helen's, St Giles/Chichester, and both St Martin's female groups. There are no 

other differences for any variable between Hickleton and any other group. 

The males from the St Martin's vault burials differ in stature, estimated 

from femur and combined femur and tibia, from all female groups except 

Hickleton (no differences), and Langthorne (difference only in stature estimated 

from femur). They differ in weight from the females from St Giles/Chichester, 

and from the males from Fishergate 6i, St Helen's, and Towton. 
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Other differences in weight estimation between male groups are between 

Langthome 5ne and Kingsholm; between Fishergate 6i and the St Martin's vault 

burials; between St Helen's and St Giles, Chichester, and the St Martin's vault 

group; between Towton and St Giles, Chichester, and the St Martin's vault 

burials. Stature estimated from femoral length differed between the males from 

Langthorne Sne and the males from Chichester; and between the males from 

Chichester and the St Martin's earth-cut graves. 

Differences in crural, index were found between the males from Raunds 

and the males from Langthome 5ne, St Helen's, and Langthome 5i/6i. There 

were no differences in brachial index between the male groups. 

Differences in brachiocrural index were observed between the St Martin's 

vault burial males and the males from Baldock, Raunds, Langthome 5ne, 

Fishergate 6i, Fishergate 6e, St Helen's, Blackfriars, and Chichester. No 

differences in intermembral index or relative lower limb length were found 

between the male groups. There were differences in body mass index between 

the males from the St Martin's vault burials and the males from Fishergate 6i, 

Fishergate 6s, St Helen's, and Towton. 
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Table 4.5.2. Tukey HSD Post Hoc test. 

Legend: ci is crural index, bi isIbrachial index, bci, is brachiocrural index, imi is 

intermembral index, sf is stature estimated from femoral length, sft is stature 

estimated from combined femoral and tibial lengths, wfh is weight estimation, rll 

is relative lower limb length, and bmi is body mass index. 

Site Gloucester Kin Baldock Eccles 
I Sex I 

Gloucester F 
Kingsholm F 
Baldock F 
Eccles F 
Raunds F 
Fishergate 4 F 
Langthome F 
Fishergate 6i F 
Fishergate 6e/6s F 
St Helen's F 
Blackfriars F 
St Giles/Chichester F 
Hickleton F 
St Martin's vault F 
St Martin's earth-cut F 
Gloucester M sf s sf 
Kingsholm M Wfl, wfh 
Baldock M Sf sf, sk wfn bci, sf, sft, wfh sf, wfh, 
Eccles M sf, sft sf, sk wfh sf, sft, wfh sf, sft wfh 
Raunds M A sft sf, sk wfh sf, sft, wfh A sft, wfh 
Fishergate 4 M AA sf, sft, wfh A sIt, wfh A sk wfh 
Langthome 4ne M sf, sft A sft wfh sf, sft, wfh sf, sft, wfh 
Langthome 4nw/5nw M A sk wfh A sft, wfh sf, sk wfh 
Langthome 5ne M A sft sf, sft, wfh A sft, wfh sf, sft, wfh 
Fishergate 6i M sf, sft sf, sft wfh sf, sft, wfh sf, sft, wfh 
Fishergate 6e M A sft sf, sft, wfh bci, sf, sft, wfh sf, sft, wfh 
Fishergate 6s M sf sf, sft, wfh sf, sft, wfh sf, sk wfh 
St Helen's M sf sf, sft, wfh A sft, wfh sf, sft wfh 
Langthome 6ne M A Sft sf, sft, wfh A sft, wfh sf, sft, wfh 
Langthome 5i/6i M AA sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Blackfriars M AA sf, sft, wfh sf, s1t, wfh sf, sft, wfh 
Towton M sf, sft, wfh sf, sft, wfh sf, sk wfh sf, sft, wfh 
St Giles M 
Chichester M sf sf, sft, wfh sf, sft, wfh sf, sk wfh 
Hickleton M sf, sft sf, sft sf 
St Martin's vault M sf, A sf, sft A sft sf, sft 
St Martin's earth-cut M A Sft AA wfh A sft, wfh sf, sft, wfh 
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Table 4.5.2. Continued. 

Site Raunds Fishergate 4 Langthome Fishergate 6i 

Sex F IF F IF 

Gloucester IF 
Kingsholm F 
Baldock F 
Eccles F 
Raunds IF 
Fishergate 4 F 
Langthome F 
Fishergate 6i F 
Fishergate 6e/6s IF 
St Helen's F 
Blackfriars IF 
St Giles/Chichester F 
Hickleton F 
St Martin's vault IF imi 
St Martin's earth-cut F 
Gloucester M sf, wfh sf sf 
Kingsholm M wfh sft wfh, 
Baldock M A sft, wfh A sft, wfh sf sf, sft, wfh 
Eccles M sf, sft, wfh sf, sft, wfh sf A sft, wfh 
Raunds M sf, sft, wfh sf, sft, wfh sf A sft, wfh 
Fishergate 4 M sf, sft, wfh sf, sft, wfh A sft, WfIl sf, sft, wfh 
Langthome 4ne M sf, sft, wfh A sft, wfh sf, sft, wfh sf, sft, wfh 
Langthome 4nw/5nw M A sft, wfh sf, sft, wfh wfh sf, sft, wfh 
Langthome 5ne M sf, sft, wfh sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Fishergate 6i M A sfL wfh sf, sk wfh A wfh sf, sft, wfh 
Fishergate 6e M sf, sfL wfh sf, sft, wfh sf, wfh sf, sft, wfh 
Fishergate 6s M sf, sft, wfh sf, sft, wfh A wfh sf, sft, wfh 
St Helen's M sf, sft, wfh sf, sft, wfh sf, wfh sf, sft, wfh 
Langthome 6ne M sf, sft, wfh A sft, wfh sf sf, sft, wfh 
Langthome 5V6i M A sft, wfh sf, sft, wfh sf sf, sft, wfh 
Blackfdars M sf, sft, wfh sf, sft, wfh sf, wfh A sft, wfh 
Towton M sf, sft, wfh sf, sft, wfh sf, sft, wfh sf, sft, wfh 
St Giles M 
Chichester M sf, sft, wfh sf, sft wfh sf sf, sft, wfh 
Hickleton m sf sf, A 
St Martin's vault M sf, sft sf, sft sf sf, sft 
St Martin's earth-cut M A sft, wfh sf, sft, wfh sf, sft, wfh sf, sft, wfh 
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Table 4.5.2. Continued. 

Site 
Fishergate 
6e/6s St H 

St Giles/ 
Blackfriars Chichester 

Sex F F F F 

Gloucester F 
Kingsholm F 
Baldock F 
Eccles F 
Raunds F 
Fishergate 4 F 
Langthome F 
Fishergate 6i F 
Fishergate 6e/6s F 
St Helen's IF 
Blackfriars F 
St Giles/Chichester F 
Hickleton F 
St Martin's vault F 
St Martin's earth-cut F 
Gloucester M Sf sf sf sf, wfh 
Kingsholm M sft, wfh wfh 
Baldock M sf, wfh A sft, wfh sf, sft, wfh sf, sft, wfh 
Eccles M sf, sft, wfh A sft, wfh sf, sft, wfh sf, sft, wfh 
Raunds M sf, sft, wfh bi, sf, sft, wfh, rll bi, sf, sft wfh sf, sft, wfh 
Fishergate 4 M sf, sft, wfh sf, sft, wfh, rlI sf, sft, wfh sf, sft, wfh 
Langthorne 4ne M sf, sft, wfh sf, sft, wfh bi, sf, sft, wfh sf, sft, wfh 
Langthome 4nw/5nw M sf, sft, wfh sf, sft wfh sf, sft, wfh sf, sft, wfh 
Langthome 5ne M sf, sft, wfh sf, sft wfh, r1l sf, sft, wfh sf, sft, wfh 
Fishergate 6i M sf, sft, wfh bi, sf, sft, wfh bi, sf, sft, wfh sf, sft, wfh 
Fishergate 6e M sf, sft, wfh bi, sf, sft, wfh bi, A sft, wfh A sft, wfh 
Fishergate 6s M sf, sk wfh sf, sft, wfh sf, sk wfh sf, sk wfh 
St Helen's M A sft, wfh sf, sk wfh sf, sft, wfh sf, sft, wfh 
Langthorne 6ne M sf, sft, wfh A sft, wfh sf, sft, wfh A sft, wfh 
Langthome 5i/6i M ci, A sit wfh AA wfh A sft, wfh sf, sk wfh 
Blackfriars M sf, sft, wfh A sft, wfh sf, sft, wfh sf, sk wfh 
Towton M sf, sft, wfh sf, sft, wfh, rll A sft, wfh sf, sft, wfh 
St Giles M 
Chichester M A sft, wfh bi, A sft, wfh bi, sf, sft, wfh sf, sft, wfh 
Hickleton M sf sf, sft sf sf, A 
St Martin's vault M A sft A sft A sft sf, sk wfh 
St Martin's earth-cut M sf, sft, wfh sf, sft, wfh, rll sf, sft wfh sf, A wfh 
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Table 4.5.2. Continued. 

St Martin's earth- 
Hickleton St Martin's vault c 

I Sex IFFF 
Gloucester 
Kingsholm 
Baldock 
Eccles 
Raunds 
Fishergate 4 
Langthome 
Fishergate 61 
Fishergate 6e/6s 
St Helen's 
Blackfriars 
St Giles/Chichester 
Hickleton 
St Martin's vault 
St Martin's earth-cut 
Gloucester 
Kingsholm 
Baldock 
Eccles 
Raunds 
Fishergate 4 
Langthome 4ne 
Langthome 4nw/5nw 
Langthome 5ne 
Fishergate 6i 
Fishergate 6e 
Fishergate Os 
St Helen's 
Langthome 6ne 
Langthome NO 
Blackfrlars 
Towton 
St Giles 
Chichester 
Hickleton 
St Martin's vault 
St Martin's earth-cut 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 

sf 
sf 
sf 
sf, wfh 
sf 

imi 

Gloucester 

sf 
sf 
sf 
sf 
sf, wfh 

sf, wfh 
sf 

sf 

sf, sft wfh 
sf, sft, wfh 
wfh 
sf, A wfh 
wfh 

wfh 
Sf 

sf, 
sf, sft, wfh 

sf, sft wfh 

sf, wfh 
wfh 
bci, imi, st sft wfh 
sf, sft, wfh 
bci, sf, sfý wfh 
bci, sf, sft, wfh 
sf, sft wfh 
bci, Im!, sf, sft, wfh 
bci, sf, sft wfh 
bci, imi, sf, sft, wfh 
bc!, imi, st sft wfh 
bc!, sf, sft, wfh 
bci, imi, st sft, wfh 
sf, sft wfh 
bci, sf, sft wfh 
bcl, Imi, sf, sft, wfh 
sf, sft, wfh 
bci 
bci, im!, st sfý wfh 
sf, sft 
st sft 
sf, sft wfh 

sf 
wfh 
bci, sf, SfL wfh 
sf, sft, wfh 
bi, bci, sf, sfL wfh 
sf, sfL wfh 
sf, sfL wfh 
sf, sfL wfh 
bci, sf, sft, wfh 
bi, bci, sf, sfL wfh 
bi, bci, sf, sft, wfh 
bci, sf, sft wfh 
bci, sf, sft, wfh, 

sf, sft, wfh 

sf, sfL wfh 
bcl, sf, sft, wfh 
sf, sft wfh 

bi, bci, sf, sft wfh 
sf, sft 
sf, sft 
sf, sft, wfh 
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Table 4.5.2. Continued. 

Site Baldock Eccles Mo 
Sex M M M M 

Gloucester F sf sf, sft sf, sft 
Kingsholm F sf, sft, wfh sf, sft wfh sf, sft, wfh 
Baldock F WHI bci, sf, sft wfh sf, sft, wfh sf, sft, wfh 
Eccles F wfh sf, wfh sf, sft, wfh sf, sft, wfh 
Raunds F wfh sf, sft, wfh sf, sk wfh sf, sft, wfh 
Fishergate 4 F sft sf, sk wfh A sft, wfh A sft, wfh 
Langthome F sf sf sf 
Fishergate 6i F wfh sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Fishergate 6e/6s F sf, wfh sf, sft wfh sf, sft, wfh 
St Helen's F sk wfh sf, sk wfh sf, sft, wfh bi, sf, sft, wfh, r1l 
Blackfriars F sf, sk wfh sf, sft, wfh bi, sf, sft, wfh 
St Giles/Chichester F wfh sf, sft, wfh sf, sk wfh sf, sft, wfh 
Hickleton F sf 
St Martin's vault F wfh bci, iml, sf, sft, wfh sf, sft, wfh bci, sf, sft, wfh 
St Martin's earth-cut F wfh bci, sf, sft, wfh sf, sfL wfh bi, bci, sf, sft, wfh 
Gloucester M 
Kingsholm M 
Baldock M 
Eccles M 
Raunds M 
Fishergate 4 m 
Langthome 4ne M 
Langthome 4nw/5nw M 
Langthorne 5ne M ci 
Fishergate 6i M 
Fishergate 6e M 
Fishergate 6s M 
St Helen's M ci 
Langthome 6ne m 
Langthome 5i/6i m ci 
Blackfdars M 
Towton m 
St Giles M 
Chichester M 
Hickleton M 
St Martin's vault M bci bc! 
St Martin's earth-cut IM 
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Table 4.5.2. Continued. 

Site Fisherqate 4 Langthome 4ne Langthome 4nw/5nw 

Sex M M M 

Gloucester F sf, sft sf, sft 
Kingsholm F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Baldock F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Eccles F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Raunds F sf, sft, wfh A sft, wfh A sfL wfh 
Fishergate 4 F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Langthome F sf, sft, wfh sf, sft, wfh wfh 
Fishergate 6i F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Fishergate 6e/6s F sf, sk wfh sf, sft, wfh sf, sft, wfh 
St Helen's F sf, sft, wfh, r1l sf, sft, wfh sf, sft wfh 
Blackfdars F sf, sft, wfh bl, sf, sift, wfh sf, sft, wfh 
St Giles/Chichester F sf, sft, wfh AA w"I AA wfh 
Hickleton F sf, sft, wfh sf, sft, wfh wfh 
St Martin's vault F bci, sf, sft, wfh sf, sft, wfh bci, imi, sf, sk wfh 
St Martin's earth-cut F sf, sft, wfh sf, sft wfh sf, sft, wfh 
Gloucester M 
Kingsholm M 
Baldock M 
Eccles M 
Raunds M 
Fishergate 4 M 
Langthome 4ne M 
Langthome 4nw/5nw M 
Langthorne 5ne M 
Fishergate 6i M 
Fishergate 6e M 
Fishergate 6s M 
St Helen's M 
Langthome 6ne M 
Langthome 5V6i M 
Blackfdars M 
Towton M 
St Giles M 
Chichester M 
Hickleton M 

St Martin's vault M 
St Martin's earth-cut 

IM 
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Table 4.5.2. Continued. 

Site Lan-qthome 5ne Fishergate 6i Fishergate 6e 
Sex M M M 

Gloucester F sf, sft sf, sft sf, sft 
Kingsholm F sf, sft wfh sf, sft, wfh sf, sft, wfh 
Baldock F sf, sft, wfh sf, sk wfh bell, sf, sft wfh 
Eccles F sf, A wfh sf, sft, wfh sf, sft, wfh 
Raunds F AA wfh sf, sft, wfh A sft, wfh 
Fishergate 4 F sf, sft, wfh sf, A wfh sf, sft wfh 
Langthome F sf, sk wfh A wfh sf, wfh 
Fishergate 6i F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Fishergate 6e/6s F sf, sk wfh sf, A wfh sf, sk wfh 
St Helen's F sf, sft wfh, HI bl, sf, sft, wfh bi, sf, sft, wfh 
Blackfriars F AA wfh bl, sf, sft, wfh bi, sf, sft, wfh 
St Giles/Chichester F sf, sft, wfh sf, A wfn sf, sft, wfh 
Hickleton F sf, sft wfh wfh 
St Martin's vault F bci, sf, sft, wfh bci, imi, sf, sft, wfh bci, imi, sf, sft, wfh 
St Martin's earth-cut F bcI, sf, sft, wfh bi, bci, sf, sft, wfh bi, bci, sf, sft, wfh 
Gloucester M 
Kingsholm M 
Baldock m 
Eccles M 
Raunds M ci 
Fishergate 4 M 
Langthome 4ne M 
Langthome 4nw/5nw M 
Langthorne 5ne M 
Fishergate 6i m 
Fishergate 6e M 
Fishergate 6s M 
St Helen's M 
Langthome 6ne M 
Langthome 5V6i M 
Blackfdars M 
Towton M 
St Giles M 
Chichester M sf 
Hickleton M 
St Martin's vault M bci bei, wfh, bmi bci 
St Martin's earth-cut IM 
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Table 4.5.2. Continued. 

Site Fish rgate 6s St Helen's Langthome 6ne 

mmm 

Gloucester IF sf sf sf, sft 
Kingsholm F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Baldock F sf, sft, wfh sf, sft wfh sf, sft, wfh 
Eccles F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Raunds F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Fishergate 4 F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Langthome IF sf, wfh sf, wfh sf 
Fishergate 6i F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Fishergate 6e/6s F sf, sft, wfh sf, sft wfh sf, sft, wfh 
St Helen's F sf, sft, wfh sf, sk wfh sf, sft, wfh 
Blackfdars IF sf, sit wfh sf, sft, wfh sf, sft, wfh 
St Giles/Chichester F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Hickleton F wfh sf 
St Martin's vault IF bci, sf, sk wfh bci, imi, sf, sft, wfh sf, sft, wfh 
St Martin's earth-cut F bci, sf, A wfh bci, sf, A wfh sf, A wfh 
Gloucester M 
Kingsholm M 
Baldock M 
Eccles M 
Raunds M c! 
Fishergate 4 M 
Langthome 4ne M 
Langthome 4nw/5nw M 
Langthorne 5ne M 
Fishergate 6i M 
Fishergate 6e M 
Fishergate 6s M 
St Helen's M 
Langthome 6ne M 
Langthome 5i/6i M 
Blackfriars M 
Towton M 
St Giles M wfh 
Chichester M wfh 
Hickleton M 
St Martin's vault M bmi bci, wfh, bmi 
St Martin's earth-cut M 
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Table 4.5.2. Continued. 

Site 5i/6i Blackfriars 

7Tý 1 
Gloucester F sf, sft sf, sft sf, sft, wfh 
Kingsholm F sf, sft, wfh sf, sft wfh sf, sft wfh 
Baldock F sf, sk wfh sf, sft, wfh A sft, wfh 
Eccles F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Raunds F sf, sft wfh sf, sft, wfh sf, sft, wfh 
Fishergate 4 F sf, sft, wfh sf, sft wfh sf, sft, wfh 
Langthome F Sf sf, wfh A sft, wfh 
Fishergate 6i F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Fishergate 6e/6s F ci, sf, sft, wfh A sk wfh sf, sk wfh 
St Helen's F sf, sk wfh sf, sft, wfh sf, sk wfh, rll 
Blackfriars IF sf, sk wfh sf, sft, wfh sf, sk wfh 
St Giles/Chichester F sf, sft, wfh sf, sft, wfh sf, sft, wfh 
Hickleton F sf sf, sft, wfh 
St Martin's vault F bci, sf, sft, wfh bci, imi, sf, sk wfh sf, sft, wfh 
St Martin's earth-cut F sf, sft, wfh bci, sf, sft, wfh sf, sft, wfn 
Gloucester M 
Kingsholm M 
Baldock M 
Eccles M 
Raunds M cl 
Fishergate 4 M 
Langthome 4ne M 
Langthome 4nw/5nw M 

Langthome 5ne M 

Fishergate 6i M 
Fishergate 6e M 
Fishergate 6s M 
St Helen's M 
Langthome 6ne M 
Langthome 5i/6i M 
Blackfriars M 
Towton M 
St Giles M wfh 
Chichester M wfh 
Hickleton M 
St Martin's vault M bci wfh, bmi 

St Martin's earth-cut IM 

bci 

wfh 

wfh 
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Table 4.5.2. Continued. 

Site Chichester Hickleton St Martin's vault 
St Martin's 
earth-cut 

Sex M M M M 
Gloucester F sf sf, sft sf, sft 
Kingsholm F sf, sft, wfh A sft sf, sft sf, sft, wfh 
Baldock F sf, sft, wfh sf, sft sf, A sf, sft, wfh 
Eccles F sf, sft, wfh sf sf, sft sf, sft wfh 
Raunds F A sk wfh sf A sft sf, sft wfh 
Fishergate 4 F sf, sft, wfh sf, sft sf, sft sf, sk wfh 
Langthome F sf sf sf, A wfh 
Fishergate 6i F sf, sk wfh sf, A sf, sft, wfh 
Fishergate 6e/6s F sf, sft, wfh sf sf, A sf, wfh 
St Helen's F bi, sf, sft, wfh sf, sft AA sf, sft, wfh, r1l 
Blackfriars F bi, sf, sft wfh sf sf, sft sf, sft wfh 
St Giles/Chichester F sf, sft, wfh sf, sft sf, sft wfh sf, sft, wfh 
Hickleton F sf, A wfh 
St Martin's vault F bci, imi, AA wfh A sft sf, sft sf, A wfh 
St Martin's earth-cut F bi, bci, sf, sft, wfh sf, sft sf, sft sf, sk wfh 
Gloucester M 
Kingsholm M 
Baldock M bci 
Eccles M 
Raunds M bci 
Fishergate 4 M 
Langthome 4ne m 
Langthome 4nw/5nw M 
Langthome 5ne M sf bci 
Fishergate 6i M bci, wfh, bmi 
Fishergate 6e M bci 
Fishergate 6s M bmi 
St Helen's M wfh bci, imi, wfh, bmi 
Langthome 6ne M 
Langthome 5i/6i M 
Blackfriars M bci 
Towton M wfh wh bmi 
St Giles M 
Chichester M bci sf 
Hickleton M 
St Martin's vault M b 
St Martin's earth-cut IMI sf 

5. Discussion 

5.1. General considerations 

From Figure 4.2.13, it seems obvious that at least some skeletal elements 

(femur, tibia, and humerus) are quite variable in males (see also (Holliday, 1999). 
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The lengths of these elements seem reduced in populations living under what 

appear to have been detrimental bio-cultural conditions, such as populations 

deriving from hospital and rural parish sitcs. A similar trend was noted by Floud 

et al. (1990) in the early modem period. This becomes especially clear when 

such populations are compared with Heinrich IV and with Charlemagne. For 

these two individuals, there can be no doubt about the effects of beneficial bio- 

cultural factors, which arc reflected in their body build. Interestingly, 

Charlemagne's humerus (43.00 cm) is almost as long as the average St Giles 

femur (43.52 cm). It has to be noted, though, that there were individuals in the 

analysed populations that attained a stature (Eccles, Figure 4.2.1) and/or weight 

(Eccles, Raunds, all Fishergate samples, Langthome 4nw and 5ne, Blackfriars, 

Towton, St Martin's earth-cut graves, and even Chichester, Figure 4.2.2) similar 

to, or even exceeding, those of Charlemagne. 

The same cannot be said for the females in Figure 4.2.14. No apparent 

lengthening or shortening of any skeletal element related to bio-cultural 

conditions is observable, neither is there a chronological 'secular trend' type of 

increase in length. This is most likely due to the biological buffering against 

stressors in females (Ortner, 1998; Stinson, 1985). Considering this female 

buffering, the degree of sexual dimorphism in a population is also an indication 

of whether the males reach their maximum potential, which is especially evident 

at St. Giles, where the males and females have a very similar average stature 

(Figure 4.2.1). 

Important differences in average stature and also in weight, relative lower 

limb length, and body mass index can be seen when the populations are grouped 

according to social unit (Figure 4.2.12, Tables 4.2.7 and 4.2.9, and Appendix 4.2 
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on the accompanying CD). Indeed, the hospital group is different from all other 

groups for all variables except body mass index, where it only differs from the 

battlefield group. This confirms the hypothesis that hospital inmates, despite 

being a heterogeneous group including individuals which matched or even 

exceeded Charlemagne in stature and weight, were on average mostly individuals 

originating from a disadvantageous bio-cultural environment. It also confirms the 

general hypothesis that the bio-cultural environment has the most important 

effect on growth and development, and therefore on adult stature and body 

proportions, when the bio-geographical environment is controlled for, as is the 

case here. The differences between groups based on period, on the other hand, 

(Figure 4.2.11, Tables 4.2.6,4.2.8, and Appendix 4.2 on the accompanying CD) 

are as could be expected and confirm the results presented in 5.3 Secular trend, 

below. The results for relative lower limb length and body mass index for both 

groupings have been plotted in scatter graphs with the same axes as the graph in 

Figure 4.2.21, for ease of comparison. From Figure 5.1.1 we can see that the 

Roman group had on average the stockiest body build, with shorter lower limbs 

than the other groups (as well as the lowest average stature, Figure 4.2.11) but 

they also had the highest body mass index. The Anglo-Saxon and Post-Medieval 

groups seem to have had the most linear body build. 
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Figure 5.1.1. Centroids of the groups based on period. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower right, and short-limbed light in the lower 

left. 

The distribution of the centroids for groups based on social unit in Figure 

5.1.2 also supports the main hypothesis concerning the influence of the bio- 

cultural environment on stature and body proportions. The hospital group is 

closest to the lower left quadrant, indicating that they had the most stunted 

growth of all groups, with shorter lower limbs and a lower weight than the other 

groups. The battlefield group is the most different from the hospital group (see 

also the results of the statistical tests, Tables 4.2.7 and 4.2-9, and Appendix 4.2 

on the accompanying CD), their position indicates that they had the least growth 

stunting (and the tallest average stature, Figure 4.2.12) as well as the highest 

body mass index. The monastic/lay and settlement/parish groups are between 
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those two extremes; there does not seem to be a great difference in body shape 

between these two groups (nor is there in stature, Figure 4.2-12), and they both 

had rather average relative lower limb length and body mass index. 
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Figure 5.1.2. Centroids of the groups based on social unit. The quadrants 

represent long-limbed light body build in the upper left, long-limbed heavy in the 

upper right, short-limbed heavy in the lower right, and short-limbed light in the 

lower left. 

The mean population indices presented in Figures 4.2.15 and 4.2.16, and 

Table 4.2.4 give an indication of the average appearance and body build of each 

population. Variations between the analysed populations are indicated by the 

standard deviations in the penultimate row of Table 4.2.3. As already mentioned, 

male indices seem to be most variable between populations. For the females, 

only the humerofemoral index shows some variation between populations, with 

the other indices being more stable between populations in females than they are 
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in males. Combined with stature and weight estimations, these indices provide a 

fuller picture of body proportions and their relationship to bio-cultural factors. So 

far, they confirm the variability of the skeletal elements mentioned above, as well 

as the more general variability of human shape based on social grouping and 

through time. 

From the distributions in Figures 4.2.18 to 4.2.22, it seems that beneficial 

bio-cultural factors would place male individuals in the upper half of these 

graphs, while detrimental bio-cultural. factors would place them in the lower left 

part. Females do not appear to be affected by bio-cultural factors in the same way 

as males; therefore the low sexual dimorphism in an apparently deprived 

population, such as St Giles, can be explained by the greater male sensitivity to 

detrimental bio-cultural factors. Figures 4.2.19 and 4.2.21 show the females very 

clustered along their regression line. This indicates a greater buffering in females 

than in males, protecting not only against biological stress but generally against 

adverse conditions. The males, as already mentioned, are much more dispersed. 

Interestingly, none of the population samples are below the modem averages for 

body mass index of 22.9 for white males and 22.2 for white females (Porter, 

1995); the males from the St Martin's vault burials sample are closest to the 

modem value with a body mass index of 22.98, while all other male and female 

groups are well above modem averages. However, as can be seen from Figure 

4.2.14, this does not apply to individuals. A few individual females from Raunds, 

Eccles, St Martin's vault burials, St Helen's, Chichester, and Fishergate 6i have a 

body mass index lower than the modem average; while many individuals 

(including Heinrich IV) from all male population samples; except Kingsholm, 
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Gloucester, Langthome 4nw and Si, and Charlemagne; have a body mass index 

below the modem average (Table 4.2.10). 

For males; equatorial-like proportions cluster in the upper left comer of 

the graphs in Figures 4.2.18 to 4.2.22 (linear body with low weight), polar-like 

proportions in the lower right comer (stocky and relatively heavy), individuals 

and populations living in very detrimental bio-cultural conditions in the middle 

or left lower comer (stunted growth causes shorter limbs, and under- or 

malnutrition low weight), and individuals living in beneficial bio-cultural 

conditions in the middle or right upper comer (maximum potential for growth 

achieved, relatively high weight from good nutrition). Further analysis, 

especially of populations living under known bio-cultural conditions, will 

substantiate the relationship between body proportions and bio-cultural factors. 

Assessing these factors via the setting of an individual or population within 

graphs, as in Figures 4.2.18 to 4.2.22, will obviously not always be possible, 

especially given the complex interactions between bio-geographical and bio- 

cultural factors illustrated by Figure 1.1. The slight differences between Heinrich 

IV and Charlemagne (Figures 4.2.19,4.2.20, and 5.1.4) probably result from 

such complex interactions, especially considering that both individuals grew up 

and lived under similarly beneficial bio-cultural conditions and in very similar 

climatic conditions. These results indicate, however, the usefulness of stature and 

body proportions for understanding the bio-cultural response of past populations. 

Figures 5.1.3 to 5.1.16 show the centroids of individual populations, with 

both axes scaled as in Figure 4.2.17 (except for Figure 5.1.4, which is scaled as 

Figure 4.2.19), in order to ease visualisation of each population's position and to 

facilitate comparison between populations. 
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In Figure 5.1.3, the males from St Giles are situated towards the lower 

left comer of the graph. Their placement within this graph indicates that they had 

relatively short limbs and low weight. St. Giles was a rural medieval hospital, 

and it seems likely that its inmates originated from a detrimental bio-cultural 

enviromnent. 
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Figure 5.1.3. Males and females ftom St Giles. The quadrants represent long- 

limbed light body build in the upper left, long-limbed heavy in the upper right, 

short-limbed heavy in the lower right, and short-limbed light in the lower left. 

Males with relatively long limbs and high weight are found in the 

opposite comer of the graph, such as, amongst others, the Towton soldiers 

(Figure 5.1.4). Figure 5.1.4 also shows the data points for Charlemagne and 

Heinrich IV, and because of these the y-axis scale had to be increased. This 

graph shows that, although the Towton soldiers are in the upper right comer of 

SG 
a 
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graph 4.2.15 and can thus be assumed to have grown up and lived in relatively 

good bio-cultural conditions, their growth may still have been stunted compared 

to that of the Holy Roman Emperors. They are the victims of the Battle of 

Towton in A. D. 1461. These late medieval soldiers, though perhaps not of the 

highest social class (Knilsel & Boylston, 2000), certainly did not suffer from any 

deprivation, they were strongly built and relatively tall, and could be interpreted 

as an intermediate social class. The position of Heinrich IV is interesting in that 

it indicates linear proportions with long limbs and relatively low weight. Since 

Heinrich IV (A. D. 1056 - A. D. 1106) was the Holy Roman Emperor, and thus 

likely to have grown up and lived under quite beneficial bio-cultural conditions, 

it is not surprising that he was very tall (1.85 m). However, his proportions tend 

towards a sub-Saharan pattern, which, in this case, cannot be explained by 

climate or genetics since his mother was one Agn6s de Poitou. However, 

Charlemagne seems slightly different. His position indicates that he was of a 

heavier built than Heinrich IV, and his limbs were relatively long for his stature 

(1.88 m). He, too, possesses proportions more akin to sub-Saharan populations, 

although he was heavier than one might expect of such populations. 
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Figure 5.1.4. The males from Towton and the Holy Roman Emperors. The 

quadrants represent long-limbed light body build in the upper left, long-limbed 

heavy in the upper right, short-limbed heavy in the lower right, and short-limbed 

light in the lower left. 

Interestingly, the male Fishergate subgroups follow a pattern similar, 

almost parallel, to that of the females (Figure 5.1.5), indicating that the 

individuals from the high status Gilbertine monastic and urban parish church 

cemetery were likely buffered in a similar way. The males from the St Andrews 

parish church cemetery of period 4 and the females from period 6s seem to have 

had the best linear growth of all Fishergate groups. The males and females from 

period 6s are also ftirthest apart in this graph indicating the highest amount of 

sexual dimorphism in body build of the Fishergate samples. This result suggests 

that the Fishergate groups lived in adequate to good bio-cultural conditions. 
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Figure 5.1.5. The male and female Fishergate samples. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower right, and short-limbed light in the lower 

left. 

Ile males and females of Chichester are very close in Figure 5.1.6, 

suggesting a lack of sexual dimorphism in physique. However, their position in 

the graph indicates that their growth was not overly stunted and that they did 

attain a satisfactory weight. From these data, their bio-cultural environment 

would have been generally adequate. 
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Figure 5.1.6. The males and females from Chichester. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower right, and short-limbed light in the lower 

left. 

As at Chichester, the males and females from St Helen's are very close 

together in Figure 5.1.7. However, their position in the graph indicates slightly 

more stunting but also a rather higher weight for stature than for the Chichester 

samples. As for Chichester, the lack of sexual dimorphism and the rather stunted 

growth, especially for the males, would suggest less than optimal bio-cultural 

conditions during growth; the reasonably high weight achieved, however, 

indicates that living conditions were still adequate. 
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Figure 5.1.7. The males and females from St Helen's. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower right, and short-limbed light in the lower 

left. 

The distribution of the Langthorne males in Figure 5.1.8 is surprising, 

especially considering the historical and social similarity between Langthome 

and Fishergate. Although none of the Langthome groups seem to have had 

stunted growth or insufficient weight, their distribution is almost perpendicular to 

that of the Fishergate groups. From their position in the graph, Langthome period 

4 had the best growth and weight, similar to the Fishergate 4 individuals. Also 

interesting in both cases, Langthome and Fishergate, is the position of the 

supposedly high-status intramural burials. Their growth seems to be relatively 

stunted compared to the other groups (especially for Langthorne), although their 

weight was still adequate to good (especially for Fishergate). This may suggest 

that these individuals did not grow up in the best possible bio-cultural 
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environment, but in life achieved a high-status position, possibly within the 

church or as a wealthy (male or female) benefactor. 
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Figure 5.1.8. The males and females from Langthorne. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower right, and short-limbed light in the lower 

left. 

The distribution of the I 8th and I gth century St Martin's samples is 

interesting as well (Figure 5.1.9). It would normally be assumed that vault burials 

are of higher status than earth-cut graves. However, the males from the earth-cut 

graves sample seem to have had a better growth and weight than the vault burial 

males. Also, the distance between the males and females of the earth-cut graves 

sample is greater, suggesting a higher degree of sexual dimorphism in physique. 

Generally, however, the St Martin's individuals seem to have achieved adequate 
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growth and weight, especially considering the males and their positions in this 

graph as more sensitive indicators of bio-cultural conditions (Stinson, 1985). 
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Figure 5.1.9. The males and females from St Martin's. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower right, and short-limbed light in the lower 

left. 

The position of the males and females from Raunds in Figure 5.1.10 

indicates that both benefited from good growth and achieved adequate weight. 

With the males situated in the upper fight area of the graph, and the females in 

the upper left, it can be demonstrated that this population lived in good bio- 

cultural conditions. Furthermore, the positions in the graph suggest that the males 

had slightly longer lower limbs and slightly higher weight than the females, as 

could be expected with a normal kind of sexual dimorphism in body build. 
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Figure 5.1.10. The males and females from Raunds. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower right, and short-limbed light in the lower 

left. 

The positions of the males and females from Kingsholm (Figure 5.1.11), 

Blackfriars (Figure 5.1.12), and Eccles (Figure 5.1.13) are quite similar. In all 

three cases the males have slightly longer lower limbs and slightly higher weight 

than the females from the same site. The positions of Kingsholm and Blackfriars 

indicate that they achieved quite a high weight in both sexes, while the males and 

females from Eccles were generally lighter but had relatively longer lower limbs. 

Overall, the positions for these three populations indicate a good bio-cultural 

envirorunent. 
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Figure 5.1.11. The males and females from Kingsholm. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower right, and short-limbed light in the lower 

left. 
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Figure 5.1.12. The males and females from Blackfiriars. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower fight, and short-limbed light in the lower 

left. 
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Figure 5.1.13. The males and females from Eccles. The quadrants represent long- 

limbed light body build in the upper left, long-limbed heavy in the upper right, 

short-limbed heavy in the lower right, and short-limbed light in the lower left. 

The positions of the males and females from Hickleton (Figure 5.1.14), 

Gloucester (Figure 5.1.15), and Baldock (Figure 5.1.16) are also similar. In all 

cases, the males have achieved a higher weight than the females, but their lower 

limbs are relatively shorter. This may indicate a bio-cultural environment which 

was less than optimal, but still quite good, especially since male growth, as a 

more sensitive indicator than female growth (Stinson, 1985), was slightly stunted 

(compared to that of the females), but the males still achieved a good to high 

weight. 

186 



49.0 

48.5 

H 
. 

48.0 

. 92 

4T5 

a) > 

47.0 

H 
. 

22.5 23.0 23.5 24ýO 24.5 25.0 25.5 26.0 

Body MassIndex 

SEX 

a 

0 

Figure 5.1.14. The males and females from Hickleton. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower right, and short-limbed light in the lower 

left. 
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Figure 5.1.15. The males and females from Gloucester. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower right, and short-limbed light in the lower 

left. 
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Figure 5.1.16. The males and females from Baldock. The quadrants represent 

long-limbed light body build in the upper left, long-limbed heavy in the upper 

right, short-limbed heavy in the lower right, and short-limbed light in the lower 

left. 

Figure 5.1.17 is a reconstruction of some sub-populations used here, 

confirming the information gained from Figures 4.2.21 and 4.2.22. The position 

of the Towton males (T) in Figures 4.2.21 and 4.2.22 would indicate more 

beneficial bio-cultural factors with the long-limbed heavy physique observable in 

Figure 5.1.15, the position of the centroid for the Chichester males (C) in Figures 

4.2.19 and 4.2.20 would indicate more detrimental bio-cultural factors, they have 

the rather lighter and shorter-limbed body build observable in Figure 5.1.17; 

Gloucester (G) and Eccles (E) represent the stockier and more linear builds, 

respectively; while the St. Giles males and females (SG) are interesting for their 

lack of sexual dimorphism in stature, but not for relative lower limb length. 
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Figure 5.1.17. Reconstruction of the average physical appearance of the Towton, 

Chichester, Gloucester, and Eccles males and the females and males from St 

Giles. 

These results are confirmed by statistical tests (Tables 4.2.3. and 4.2.10. ), 

which show a significant difference between populations for stature, body mass 

index, femoral head diameter and tibial length, in the upper right and lower left 

areas of the graphs such as between the Towton and Chichester/St Giles 

populations; but no difference between, for example, Gloucester and Eccles in 

the lower right, and upper left areas. It also shows the lack of sexual dimorphism 

in the St. Giles population. 

The cnu-al, brachial, humerofemoral, brachiocrural, and intermembml 

indices for the males and females of the analyzed populations are summarized in 

Figures 4.2.15 and 4.2.16. Male and female brachial indices seem to be more or 
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less parallel to each other, with the female brachial index always lower. The male 

brachial indices are all, except for Blackfriars, substantially above the modem 

mean values, while the female brachial indices are closer to modem values, again 

except Blackfriars which is below modem values. 

The male and female intermembral indices both fluctuate around modem 

values. In the Kingsholm, Chichester, and Hickleton samples, the values for male 

and female intermembral indices are very similar. The greatest differences in 

male and female intermembral indices can be seen in the samples from 

Gloucester, Baldock, and Fishergate period 6 intramural and eastern cemetery. 

The conflicting intermembral indices for Eccles can be explained by the small 

sample size, only five values for females and only two values for males could be 

obtained. 

The crural indices for males and females are the most variable, the male 

indices fluctuate around modem mean values, but the values for the females are 

all higher than modem values. Male crural indices are relatively high for 

Gloucester (2'd-4th centuries), Kingsholm (3d-4h centuries), and Raunds (10 th to 

II th centuries). High female crural indices can be observed for Baldock (4 th to 5 th 

centuries), Eccles (6th to 7th centuries), Raunds (10th to Ilth centuries), and 

Fishergate period 6 eastern and southern cemeteries (12 th to 14th centuries) (see 

also (Holliday and Ruff, 2001). 

The descriptive statistics for statures, weights, relative lower limb length, 

and body mass index of all males and all females, regardless of site or 

population, have been presented in Table 4.5.1, above. As could be expected, the 

male values are generally higher than the female values; all male standard 

deviations are higher than those for females, indicating a higher variability for 
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males for all factors. Especially notable are the male standard deviations for 

weight, and, to a lesser degree, for body mass index, compared to the respective 

female values. Unlike stature, weight can vary throughout life, and reflects 

mainly the living conditions of the individual, without as much contribution from 

parental values as for stature. Thus, the observed greater variability in weight for 

males at the end of their growth seems a direct effect of their lack of biological 

buffering. 

The descriptive statistics for stature and weight by population and sex 

(Table 4.2.3) confirm this. The standard deviations for weight are substantially 

larger for males than for females in all populations. The standard deviations for 

stature are larger for females in the populations from Baldock, Fishergate 6s, 

Gloucester, the Langthorne females and the males from period 5 intramural, 

Raunds, both St Martin's samples, and St Helen's. In the cases of Fishergate 6s, 

Gloucester, and Langthorne females/Si, this may be because of their small 

sample sizes; but for Baldock, Raunds, St Martin's, and St Helen's, the higher 

standard deviations for female statures would imply a higher variability for 

female statures at these sites (see also Figure 4.2.1). Baldock, Raunds, St 

Martin's, and St Helen's were cemeteries used by a community; Baldock was 

used by a Romano-British settlement, Raunds was used by a late Anglo-Saxon 

settlement, St Helen's a cemetery used by an urban medieval parish, and St 

Martin's was an urban parish cemetery, catering for both middle-higher and 

lower status groups from the time of the Industrial Revolution. Contextual 

information suggests that none of these four populations was high status, which 

would explain the standard deviation values for male and female statures. Indeed, 

populations of a generally middle-low status would be subject to more 
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deleterious bio-cultural conditions, and male statures would be affected more 

than female statures because of the female biological buffering. Thus, at these 

four sites, male statures are less variable with fewer (male) individuals attaining 

a relatively tall stature. The descriptive statistics concerning the various body 

indices by site and sex (Table 4.2.10) are rather less spectacular; the only notable 

exception is the relatively high standard deviation of the brachial index of the 

Langthorne females, which might, again, be explained by small sample size. 

These differences in body indices, statures, and weights between the 

populations and the sexes were further explored by an ANOVA test (Table 

4.2.2); this indicated differences significant at the 0.05 level for all values 

between all groups based on site and sex. A Tukey Post Hoc test allowed the 

exploration of these differences (significant at the 0.05 level) in indices, stature, 

and weight between groups in detail (Table 4.5.2 and Appendix 4.5 on the 

accompanying CD). The results show that, in general, all male groups are similar 

to one another, and all female groups are similar to one another, as could be 

expected. The most notable exception here is St Giles, where the males do not 

differ very much from other male groups, but they also differ little from the 

female groups. The only difference between the St Giles males and any female 

group is a significant difference for brachiocrural index between the St Giles 

males (mean 68.36) and the St Martin's vault burial females (mean 62.60). This 

is yet another indication of the lack of sexual dimorphism in the St Giles 

population, and the poor bio-cultural. environment of this population (see also 

Table 4.5.1). 

There are no major differences within the female samples, except for a 

significant difference in intermembral index between the females from 
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Langthorne (mean 72.32) and those from the St Martin's vault burials sample 

(mean 66.78). This test also showed no significant differences in stature 

estimated from femur and tibia within the male samples, and only differences 

between the males from Chichester (mean 168.49 cm) and those from 

Langthome 5ne (mean 171.79 cm) and the St Martin's earth-cut graves sample 

(mean 173.04 cm) in stature estimated from femoral length only. As already 

indicated by the descriptive statistics, the differences in weight within the male 

samples are more numerous. According to the Tukey Post Hoc test, there are 

significant differences between Fishergate 6i (mean 72.22 kg) and the St 

Martin's vault burials (mean 66.27 kg); between the males from St Helen's 

(mean 73.32 kg) and those from St Giles (mean 65.40 kg), Chichester (mean 

69.65 kg), and St Martin's vault burials (mean 66.27 kg); and between Towton 

(mean 75.57 kg) and the St Giles (mean 65.40 kg), Chichester (mean 69.65 kg), 

and St Martin's vault burials (mean 66.27 kg). Again, the males from St Giles 

seem to have been disadvantaged, as were those from Chichester and the St 

Martin's vault burials sample; confirming the impression that medieval hospital 

inmates and a population from the Industrial Revolution grew up and lived under 

less than optimal bio-cultural conditions, even when the latter could afford vault 

burial. 

From the ANOVA and Tukey Post Hoc tests on the male samples 

grouped by period and social unit, ftuther differences are obvious. There are no 

differences between groups based on period for stature and weight. For relative 

lower limb length there are differences significant at the 0.05 level between the 

Anglo-Saxon and the Medieval groups, which probably indicates the greater 

linearity of body build of the Anglo-Saxon group (Appendix 4.1 on the 
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accompanying CD). There were also differences significant at the 0.05 level for 

body mass index between the Post-Medieval group and the Roman and Medieval 

groups, which probably reflects the fact that the Post-Medieval group had the 

lowest weight but the second-highest stature while the Roman and Medieval 

groups had the two highest weights and the two lowest statures. 

For the groups based on social units, the hospital group was significantly 

different at the 0.05 level for stature, weight, and relative lower limb length from 

all other groups, and significantly different at the 0.05 level for body mass index 

from the battlefield group. There are also differences significant at the 0.05 level 

between the settlement/parish group and the battlefield group. This latter result 

may reflect the fact that the settlement/parish group has the second lowest 

average stature and weight after the hospital group. It is, however, mainly the 

results for the hospital group, as it seems to be very much different from the 

other groups for all or most of the variables, which confirm the central 

hypothesis of this thesis, namely that detrimental bio-cultural conditions, as 

would have prevailed for most hospital inmates during their growth period, have 

a strong effect on growth and development, and thus on stature and body 

proportions. 

As for the various body indices of the male groups, there are significant 

differences in crural index between Raunds (mean 81.38) and Langthorne 5ne 

(mean 79.26), St Helen's (mean 79.12), and Langthorne 6i (mean 76.85), 

indicating an on average relatively long tibia for femur length in the Raunds 

males compared to the other three groups. For the brachiocrural index there are 

differences between the males from the St Martin's vault sample (mean 64.06) 

and Baldock (mean 69.25), Raunds (mean 67.11), Langthome 5ne (mean 67.33), 
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Fishergate 6i (mean 67.84), Fishergate 6e (mean 68.59), St Helen's (mean 

66.02), Blackfriars (mean 68.08), and Chichester (mean 67.62). This would mean 

that the average radius in the St Martin's sample was relatively shorter than those 

of the other groups for their tibial lengths. There are significant differences in 

intermembral index between the males of the St Martin's vault burial sample 

(mean 67.86) and those from St Helen's (mean 70.55) making the upper limbs of 

the St Martin's sample relatively shorter than those of St Helen's for their lower 

limbs. Finally, significant differences in body mass index are found between the 

males from the St Martin's vault burial sample (mean 22.98) and Fishergate 6i 

(mean 25.26), Fishergate 6s (mean 25.53), St Helen's (mean 25.29), and Towton 

(mean 25.76), which would make the St Martin's vault males relatively lighter 

for their stature than the other groups. From these results, it seems that the males 

at Raunds did not have stunted growth (relatively long tibiae) pointing towards 

relatively good bio-cultural conditions for this group. On the other hand, the 

Males from the St Martin's vault burial sample may well have suffered from 

deleterious bio-cultural conditions, indicated by their stunting of various skeletal 

elements (radius, humerus and radius), and by their relatively low weight (low 

BMI). 

5.2. Paleopathological data 

The pathological conditions presented in chapter 4.3. are used as 

indicators of an advantageous lifestyle (DISH, gout, and high stature and 

weight), and indicators of a disadvantaged lifestyle (stress markers, deficiency 

diseases, low stature and weight). In Appendix 3 on the accompanying CD, all 

pathologies observed for each analysed individual at each site are presented. 
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None of the mentioned indicators of an advantageous lifestyle were found 

at Kingsholm, Eccles, Towton, and Hickleton; and all sites showed indicators of 

deleterious conditions to some degree. According to these prevalences, the 

populations faring best are the Fishergate samples, all of the Langthorne samples, 

St Helens, and Towton; the populations faring worst are St Giles, Chichester, 

Hickleton, St Martin's earth-cut graves, Gloucester, and Raunds, while all other 

samples are best described as having had an average quality of health based on 

pathplogies. 

As St Giles was a hospital cemetery, numerous and varied pathologies 

could be expected. Remarkable in this population, however, are not pathologies 

that would have brought the people into the hospital in the first place [and it must 

be remembered that medieval hospitals also served as poorhouses (Mollat, 

1978)], but indicators of childhood stress. Dental enamel hypoplasia, for 

example, was found in 68.8% of the males and in 88.9% of the females; cribra 

orbitalia occurred in 56.3% of males (Table 4.3.1). It is doubtfid that either of 

these two conditions caused people to enter the hospital, but they suggest a very 

disadvantaged childhood. This is supported by the almost non-existent sexual 

dimorphism for stature, especially if the one of the central hypotheses of this 

thesis, that males are more susceptible to external stressors than females and that 

male stature would therefore decrease more flian female stature, is accepted. 

Also, even though females at St Giles had higher prevalences of dental enamel 

hypoplasia and non-specific infections (indicating higher childhood stress and 

poorer general health than males) they had the highest population average for 

stature, while the males had the lowest. It can therefore be argued that female 

biological buffering was an important factor here. 
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The pathology pattern at Chichester shows high prevalences of dental 

enamel hypoplasia (indicating high childhood stress) and non-specific infections 

(indicating general poor health). Since Chichester had functioned as a 

leprosarium, a hospital, and a poorhouse (Lee and Magilton, 1989), a 

considerable number of pathologies can be expected. From the data presented, it 

can be suggested that most ininates at Chichester, as at St Giles, grew up and 

lived in rather deleterious conditions. However, all indicators of 'good living' are 

present at Chichester, which would imply that at least some of the individuals 

buried at Chichester lived at some point during their lives in reasonable 

conditions. This shows the very heterogeneous nature of a medieval hospital 

cemetery assemblage. 

The very high prevalences of dental enamel hypoplasia at Hickleton 

suggest a high amount of stress during childhood for this population. 

Furthermore, females seem to have suffered more stress and generally poorer 

health than the males. The living conditions in Hickleton seem to have been 

rather deleterious. 

In the St Martin's earth-cut graves sample, most of the pathologies 

considered here are represented. Indicators of 'good living' are present, but the 

prevalences of dental enamel hypoplasia stand out as very high and quite similar 

for males and females. This indicates a high degree of childhood stress for both 

sexes. However, the prevalences of cribra orbitalia and non-specific infections 

are relatively low, compared to the other populations and general health seems to 

have been reasonable for both sexes of this sub-sample. 

At Gloucester, there is a high prevalence of non-specific infections, 

indicating, together with the prevalences for cribra orbitalia, porotic hyperostosis, 
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and rickets, a relatively poor general health. The prevalences of dental enamel 

hypoplasia imply childhood stress for less than half of each sex. However, DISH 

and gout are also present, albeit in only one case each. 

The males and females from Raunds show relatively high prevalences for 

dental enamel hypoplasia and cribra orbitalia, but very low prevalences for non- 

specific infections. There are also a few cases of very high and very low statures 

and weights. Therefore, it would seem that the individuals from Raunds were 

exposed to many stressors, but their general health was relatively good. 

The Fishergate samples, on the other hand, have generally low 

prevalences for stress indicators (dental enamel hypoplasia, cribra orbitalia, 

porotic hyperostosis), for nutritional deficiencies (rickets and scurvy), and for 

indicators of poor general health (non-specific infection, low stature and weight). 

Also, the presence of indicators of 'good living' (DISH, gout, high stature and 

weight) at the Fishergate site would indicate that the people buried there, 

whatever the period or location, generally grew up and lived in relatively good 

conditions. 

For the Langthorne samples, general health seems to have been rather 

good. For the females, the only pathology recorded was one case of non-specific 

infection. Non-specific infection was the condition with the highest prevalence in 

the Langthorne samples, but never higher than 30%. The prevalences for dental 

enamel hypoplasia and cribra orbitalia are very low, and childhood stress seems 

to have been very rare for these individuals. This general impression is supported 

by the presence of all indicators of 'good living'. 

At St Helens, the prevalences for all conditions discussed here are very 

low. Especially the very low prevalences of dental enamel hypoplasia and non- 
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specific infections, is remarkable, considering the high prevalences of these two 

conditions in the other populations. Also, all indicators of 'good living' are 

present. Furthermore, from the pathology prevalences, females do not seem 

disadvantaged at St Helen's. The general impression is that of a population with 

very low childhood stress and good general health, at least for those individuals 

who survived to adulthood. 

Like the hospital samples, the Towton population is a very heterogeneous 

group. However, the pathology prevalences for the Towton soldiers are very 

different. Dental enamel hypoplasia, cribra orbitalia, and non-specific infections 

are the only ones present of the conditions discussed here. The former two 

indicate some childhood stress, while the latter suggests a low degree of 

generally poor health. Overall, the Towton individuals seem to have been in 

generally good health. 

None of the indicators of 'good living' are present at Kingsholm and 

Eccles, but, except maybe for dental enamel hypoplasia, the prevalence of stress 

indicators is low as well. Thus, only relatively few individuals must have 

suffered stress during childhood. The prevalence of non-specific infections points 

to some cases, at least, of generally poor health, but interestingly, no extremes of 

stature and weight, in either way, occurred at Kingsholm, whi-le there were only 

two cases of low weight at Eccles. The average health status of both populations 

was probably reasonably good to relatively poor. 

Baldock also seems to have been a population with a reasonably good 

general health. The males have higher prevalences of dental enamel hypoplasia, 

cribra orbitalia, and non-specific infections than the females, suggesting perhaps 

more childhood stress for males than for females. The St Martin's vault burials 
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sample is in many ways similar to the Baldock population, despite the great time 

difference between the two. Probably the main difference is the presence of 

rickets in the St Martin's sample, not unexpected for an English population from 

the I 8h -I 9th centuries. - 

At Blackfriars, there were relatively high prevalences of dental enmnel 

hypoplasia for the males and females, and of non-specific infections for the 

males, compared to the prevalences of the other discussed conditions at this site. 

This suggests a certain amount of childhood stress and in some cases for males a 

rather poor general health. However, there are some of the indicators of 'good 

living', especially DISH, as at most other monastic sites. 

5.3. Secular trend 

It is obvious that the male and female statures are relatively variable in 

the populations under discussion, even if the Holy Roman emperors are 

disregarded (Figures 4.4.1 and 4.4.2). For male statures there seems to be an 

upwards trend, especially towards the very right of the graph, which corresponds 

to the second half of the 20'h century. It also has to be remembered that at least 

some of the analysed populations are not representative of the general population 

of their time; rather they form distinct social units, such as medieval hospital 

inmates, the battlefield mass grave of Towton, or the high-status intramural 

burials. The statures gathered from published material are from soldiers, workers, 

students, convicts, unemployed, etc. These latter can also be seen as distinct 

social units, because neither is really representative of all members of the 

populations (e. g., soldiers are all male). 
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It is suggested here that the notable secular trend beginning with the onset 

of the twentieth century is mostly due to medical advances, such as smallpox 

inoculation, typhoid vaccination, the discovery of penicillin and streptomycin, 

and improvements in hygiene, as well as generally improved nutrition, that 

occurred especially in the last two centuries (Anon, 2000; Britannica, 2000; 

Bunson, 1995; Castleden, 1994; Delorme, 1964; Kohn, 1998). 

Figure 4.4.1 shows Ahat, in general, statures were relatively low in 

Romano-British times (Gloucester, Kingsholm, Baldock); they increased in the 

Anglo-Saxon period and early medieval times (Eccles, Raunds, Fishergate 4, 

Langthorne 4), and decreased when medieval nation-states developed 

(Langthorne 5 to St Helen's). In the first stages of industrialisation (Hickleton 

and St Martin's), statures were slightly lower than in the later Middle Ages 

(Fishergate 6, Langthorne 6, Blackfriars, Towton), and they decreased even more 

towards the beginning of the 20th century (military recruits 1901 to industrial 

workers 1943). It appears that stature increased only from about the 1950's 

onwards (London and Oxford students 1950-1972, soldiers 1961). It must also be 

kept in mind that these 20'h century average statures, derive from socially varied 

groups; e. g., boarding schools 1936-1938 would have been a high status group, 

while convicts and industrial workers would likely have been of lower social 

standing. 

Generally, it seems that the socio-political situation may have had some 

effect. With nation-states, statures seem to be rather lower than in pre-state 

societies like the early Anglo-Saxon one. This may be because nation-states are 

generally more socially stratified societies, with a higher degree of social 
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inequality, which would have an effect on stature, according to the bio-cultural 

model presented in Figure I. I. 

The hypothesis developed here is that medical, nutritional, and socio- 

political changes triggered a notable increase in stature in the last century. A 

certain threshold in bio-cultural conditions had to be reached and passed in order 

for the increase in stature known as the secular trend to initiate. The potential for 

a secular trend, however, was probably always present in the physical make-up 

of Homo sapiens sapiens. Evidence for this is provided by the Holy Roman 

emperors. Due to their pre-eminent social status, these individuals grew up in 

better bio-cultural conditions than anybody else in their times, which is reflected 

in their statures (Fig 4.2.3) and body proportions (Fig 4.2.15 and 4.2.16). 

Therefore, it is proposed that 'The Secular Trend' is not a distinct, new 

phenomenon, but part of the plasticity of human morphology under varying bio- 

cultural conditions. 

Stature and weight estimations, the reconstruction of the general body 

shape from skeletal measurements, and, of course, comparing males and females, 

all can provide a wealth of information for pre-secular trend (i. e. pre-nineteenth 

century) populations, and/or in the absence of documentary evidence. 

In the end, the 'secular trend' is just one aspect of morphological 

plasticity, something that is possibly as old as our species. The recent 'secular 

trend' is just an indication that the physical shape of Homo sapiens sapiens has 

not yet stopped evolving, and is evolving in more than just one dimension. We 

are three-, even four-dimensional beings and all dimensions should be used to 

explore the physical history of our species. 
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5.4. Sexual dimorphism in stature 

The stature data presented in Figure 4.2.1 shows the least sexual 

dimorphism in the samples from St Giles, a rural medieval hospital. An 

independent samples t-test of the'variable stature between the sexes at all 

relevant sites showed that for all populations male and female mean statures were 

significantly different at the 0.05 level, except at St Giles, where there was no 

statistically significant difference between male and female statures (Appendix 

4.6 on the accompanying CD). It is not thought that this is an artefact of small 

sample size, since the t-test was performed in SPSS, which corrects for sample 

size, and also because other, smaller samples did not produce any extraordinary 

results. 

The St Giles population also had the lowest average male stature, but the 

highest population average for female stature. Little sexual dimorphism for 

average stature, combined with a high average female stature can also be seen in 

the samples from Fishergate period 6 southern cemetery, an area of the site 

reserved for the lay brethren and cloistered monks who had not been ordained as 

priests, and for the general population, and Hickleton, a rural parish cemetery. 

Samples with high sexual dimorphism for stature also have some of the lowest 

average statures for females; those are the late Romano-British settlement 

cemetery from Kingsholm, the Anglo-Saxon settlement cemetery from Eccles, 

the urban parish cemetery of Fishergate period 4, the Gilbertine cemetery of the 

canons and wealthy benefactors of the Gilbertines at Fishergate period 6 east, 

and the urban parish cemetery of St Helens. The overall stature range for males is 

37.18 cm, with a mean of 169.96, a standard deviation of 5.80, and a variance of 

33.67. The overall stature range for females is 30.58 cm, with a mean value of 
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157.83 cm, a standard deviation of 5.29, and a variance of 27.94 (Table 4.5.1). 

From this, it seems that female statures are slightly less variable than male 

statures. 

The samples with the highest sexual dimorphism in the various indices 

(Figures 4.2.15 and 4.2.16) are Gloucester, Baldock, Fishergate period 6 eastem 

and southem cemeteries, and Blackfriars. Samples with the lowest sexual 

dimorphism in body indices include Raunds, Chichester, and Hickleton. 

Unfortunately, due to sample size and condition of the bones, no brachial or 

intermembral. indices could be obtained for the females from St Giles, for the 

crural index, however, there is hardly any difference for the males and females 

from St Giles. The crural indices of the analysed populations suggest that the 

greatest variation in body proportions occurs in the lower limb, and the brachial 

indices suggest that the least variation occurs in the upper limb. 

The graphs in Figures 4.2.18 to 4.2.22 allow an assessment of body 

proportions other than through indices. As previously mentioned, a high relative 

lower limb length (y-axis) indicates growth close to the maximum potential, 

while a low relative lower limb length indicates stunted growth. A high relative 

weight for stature (BMI, x-axis) indicates adequate weight and thus adequate 

nutrition, while a low BMI indicates rather insufficient weight and nutrition. 

From the above data, it is evident that populations or samples of 

individuals who have grown up in deleterious conditions can be separated from 

populations who have grown up in good conditions. The individuals from St 

Giles stand out as having grown up in particularly poor conditions. For the 

males, growth was severely stunted and average weight was very low; it seems as 

if the St Giles irunates grew up in such poor conditions that their general body 
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proportions were affected, especially those of the males. The stature data from 

Figure 4.2.5 and the body build data from Figures 4.2.21 and 4.2.22 indicate that 

the St Giles females must have profited from their biological buffering against 

external stressors. The females also had a low average weight, but their growth 

does not seem as stunted. In this context, the population from Fishergate period 4 

represents the opposite extreme. This population has the highest sexual 

dimorphism in average statures (Figure 4.2.1), is most different in male and 

female body shapes, except for the crural index (Figures 4.2.15 and 4.2.16), and 

has, together with all other Fishergate samples, the fewest pathologies. 

Therefore, from these data it can be assumed that this urban medieval population 

enjoyed a generally beneficial bio-cultural environment. 

From Figures 4.2.21 and 4.2.22, it is obvious that male and female 

physiques at St Helen's were quite similar; they also had a similar crural index 

(Figures 4.2.15 and 4.2.16) but relatively large differences in brachial and 

intermembral indices. Both males and females from St Helens seem stocky and 

rather heavy (Figure 5.4.1, circled). It can be assumed that their growth may have 

been slightly stunted (both males and females have low average statures), but 

their nutrition was adequate as they managed to attain a relatively high relative 

weight for stature. The Chichester population seems at first to be quite similar to 

St Helens. Males and females had a very similar physique (circled in Figure 

5.4.1) and they have a reasonable amount of sexual dimorphism for average 

stature (Figure 4.2.1). 
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Figure 5.4.1. Lack of sexual dimorphism in physique for St Helen's and 

Chichester. The quadrants represent long-limbed light body build in the upper 

left, long-limbed heavy in the upper right, short-limbed heavy in the lower right, 

and short-limbed light in the lower left. 

Therefore, the conclusion from the sexual dimorphism data has to be that 

sexual dimorphism can be used as an indicator for living conditions and/or socio- 

economic status, but should be combined with other data, such as average stature 

comparisons, the various body indices, indicators of growth and nutrition, such 

as relative lower limb length for stature and relative weight for stature, and of 

course nature and prevalences of pathologies present. All these factors should be 

considered when assessing socio-economic status of any population or 

population sample, since growth and development are hugely complex processes 

and are influenced by many and varied factors interacting with each other 

(Stinson, 1985; Zakrzewski, 2003). 
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6. Conclusion 

The usefulness of stature, weight, and physical indices as markers of the 

bio-cultural environment has been demonstrated with this research, as well as in 

previous studies by other authors (Kozak, 1997; Steegmann, 1991). The most 

important results of this research include the following: 

9 In all analysed populations, the males were more sensitive to external 

stressors than were females, as shown in their average statures and 

proportions, and in the varying amounts of sexual dimorphism. 

9 The potential for stature increase as seen in the recent secular trend has 

existed for a long time, as shown from the statures and proportions 

attained by medieval potentates such as Charlemagne; it has become 

observable in the past century because bio-cultural conditions for the 

whole population improved substantially. 

* During the medieval period sensu Iwo, the socio-political environment 

underwent a dramatic change from less stratified (late Anglo-Saxon) to 

more stratified (medieval Nation-States) societies; this change is reflected 

in the average statures, especially of the males. 

o During the medieval period sensu stricto, many monastic institutions 

were of a high status nature, especiaNy orders such as the Gilbertines or 

the Cistercians. Mendicant orders, such as the Dominicans, may have 

been of a lower status; medieval hospitals and leprosaria, although 

governed by a rule, were unlike any monastic orders and often of a very 

low social status. 

These results will be further elaborated below. 
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As all analysed populations and samples are from England it is assumed 

that they were all exposed to very a similar bio-geographical environment, which 

would, therefore, not be a major causative factor of stature and proportional 

differences. The results of this research relate differences in proportions, stature, 

and weight to bio-cultural factors, and appear to indicate variations caused by 

these factors. It is obvious from the above that populations or individuals living 

under what where likely detrimental bio-cultural conditions did not reach their 

maximum potential for growth, at least not the males who are more susceptible to 

a detrimental bio-cultural environment. The analysed male population samples 

have gone through an ontogenetic adaptation, resulting in a negative or a positive 

response to bio-cultural factors. In a detrimental bio-cultural environment, their 

general stature is shorter, their weight is lower, and the different segments of 

their bodies, especially the femora, tibiae, and humeri, are shortened compared to 

populations or individuals living under what might be considered beneficial bio- 

cultural conditions (Figure 4.2.9). Tberefore, femur, tibia, and humerus are 

probably most sensitive to external stressors; furthermore, an increase in average 

stature is mostly due to an increase of the length of the lower limb, and especially 

the tibia (Holliday and Ruff, 2001). Also, from the analyses of the male 

populations grouped by period and by social unit, it is clear that the most 

important differences are evident between the groups based on social units, 

which supports the central hypothesis of this thesis, namely that the bio-cultural 

environment (represented by the social units) has the most notable influence on 

adult stature and body proportions. Of course, it has to be kept in mind that intra- 

population variation is greater than inter-population variation. The study of this 

intra-population variation would ideally be a follow-up to this thesis. 
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As for the females, their proportions are generally less variable and much 

more stable through time, and, therefore, apparently more buffered against 

external stressors. This is indicated by the variability between populations 

(Tables 4.2.1,4.2.4, and 4.5.1), and in the scatter plots of Figures 4.2.15 to 

4.2.18. The elements that are most variable and have the widest range in males, 

the femur and humerus, do not show the same pattern in females as are found in 

males (Figure 4.2.10). There does not seem to be a clear relationship between 

varying bio-cultural conditions and achieving the full potential for growth in 

females, which is demonstrated by their distribution pattern in the scatter plots. 

These scatter plots, especially for the males in Figures 4.2.17 and 4.2.18, 

can be divided into quadrants, with each quadrant representing a certain 

morphological type. Tbus, the upper left quadrant would represent a more linear, 

narrow, and light body build. The lower right quadrant represents a shorter, 

stockier, and heavier build. Populations and individuals living under what must 

have been very beneficial bio-cultural conditions, with a relatively high weight, 

and who appear to have reached their maximum potential for growth and 

development, are more numerous in the upper right quadrant. Populations living 

under apparent detrimental bio-cultural conditions are found in the lower left 

quadrant, their growth is stunted and their weight low. However, this distribution 

is not applicable to the females; their apparent buffering allows them to be 

morphologically less affected by bio-cultural factors than the males. The relative 

stockiness of the population samples, which is especially evident when they are 

compared with Charlemagne and Heinrich IV (Figures 4.2.15 and 4.2.16), is 

probably due to an ontogenetic adaptation to the European climate during the 

210 



time anatomically modem Homo sapiens has been present in Europe (Pearson, 

2000), a tirneframe which much exceeds the present context. 

Thus, Figures 4.2.9 to 4.2.12 indicate which body segments are most 

affected by changing bio-cultural circumstances, while the scatter plots of 

Figures 4.2.17 and 4.2.18, with the different quadrants, provide an indication of 

the general status of a population; since relative limb lengths and body mass 

indices are based on values achieved from birth to the end of growth in height, 

low values suggest deprivation from an early age. Together with any available 

paleopathological data, especially on stress indicators, these methods can be used 

to monitor relative responses to changes in bio-cultural conditions through time 

and, potentially, within populations (Ribot and Roberts, 1996). 

From the results, it can be concluded that the population from Gloucester, 

a Romano-British settlement, would have lived in a generally adequate bio- 

cultural environment. Male growth was adequate, and they achieved a relatively 

high weight for stature. The female weight for stature was slightly less, but they 

had longer lower limbs relative to stature and their growth was probably less 

affected than that of the males (Figure 5.1.15). This is confirmed by the generally 

quite high indices of the Gloucester males and females (Figures 4.2.11 and 

4.2.12). The average sexual dimorphism in stature at Gloucester was 11.15 cm, 

suggesting adequate male growth and thus adequate bio-cultural conditions. 

Childhood stress occurred at Gloucester, as indicated by the presence of dental 

enamel hypoplasia, cribra orbitalia, porotic hyperostosis, and rickets, and general 

health was at best adequate, as indicated by the prevalence of non-specific 

infections. There were, however, also cases of DISH and gout, indicating that at 
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least some members of this stratified society had a more opulent lifestyle (Figure 

4.3.1) (Roberts and Cox, 2003). 

The population of Kingsholm may have had a better bio-cultural 

environment than the people from Gloucester. The socio-political environment of 

these two samples, being both of Roman date, was very similar, but the growth 

of the Kingsholm males was possibly a little less stunted than that of the 

Gloucester males, as indicated by their position in Figure 5.1.11. Like the 

Gloucester males, they achieved a high weight for stature. The females at 

Kingsholin had the lowest mean stature of all female samples (Figure 4.2.4) and 

their growth may have been stunted (Figure 5.1.11) but their average weight for 

stature was high enough (Figure 4.2.6). The average sexual dimorphism in 

stature is 14.70 cm, indicating as for Gloucester an adequate bio-cultural 

environment which allowed adequate male growth. The pathology pattern at 

Kingshohn supports this conclusion. There are indicators of childhood stress 

(dental enamel hypoplasia and cribra orbitalia) and poor health (non-specific 

infections), but the prevalence of non-specific infections is lower than it was at 

Gloucester (Roberts and Cox, 2003). 

The late Romano-British to early Anglo-Saxon population of Baldock is 

similar to Gloucester in its distribution in Figure 5.1.16. Male growth may have 

been slightly stunted compared to the females, but both sexes achieved a good 

weight for stature. The average sexual dimorphism in stature is 9.88 cm. Except 

maybe for the prevalence of dental enamel hypoplasia in males, indicating their 

lack of biological buffering to stressors, the pattern of pathologies at Baldock 

suggests a reasonably good general health for this population (Figure 4.3.3) 
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(Roberts and Cox, 2003). The conclusion is that this population lived in quite 

good bio-cultural conditions. 

The position of the males and females from Eccles in Figure 5.1.13 

indicates a slightly lower weight for stature, but also less growth stunting than 

the previous populations. The average sexual dimorphism for stature was 13.25 

cm, and the males had one of the highest average statures of all male samples 

(Figure 4.2.3). There was some childhood stress and some poor general health, 

but the pathology prevalences suggest that the Eccles population was quite 

healthy (Figure 4.3.4) (Roberts and Cox, 2003). The Anglo-Saxon settlement of 

Eccles belonged to a less stratified society, and access to resources may have 

been easier than in previous times. It can be concluded that the bio-cultural 

environment of the Eccles population was adequate to good. 

For the later Anglo-Saxon settlement of Raunds, the bio-cultural 

enviromnent was probably adequate but slightly inferior to that of Eccles. Tbe 

male and female positions in Figure 5.1.10 indicate a good growth and weight for 

stature, and the average sexual dimorphism for stature was 10.78 cm. Indicators 

of childhood stress, dental enamel hypoplasia and cribra orbitalia, had a 

relatively high prevalence at Raunds, while there were low prevalences of non- 

specific infection (Figure 4.3.5) (Roberts and Cox, 2003). This suggests that 

nutrition at Raunds was adequate to good, as can be seen from the stature data, 

but health status during the growing years was not quite as good, as indicated by 

the childhood stress indicators, while adult general health was reasonably good, 

as shown by the low prevalence of non-specific infections (Lewis, 2002). 

The medieval population from Fishergate must have benefited from a 

good bio-cultural enviromnent in both periods. According to their positions in 
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Figure 5.1.5, the males and females of all Fishergate groups have similar 

patterns. Like the females, the males vary from a more linear, long-limbed 

physique (Fishergate 4) to a stockier, short-limbed one (Fishergate 6s), and the 

distribution of the males is almost parallel to that of the females, suggesting that 

the bio-cultural envirolunent at Fishergate was very good at both periods, as male 

growth was not very stunted and/or achieved weight for stature was quite high. 

Fishergate 4 and Fishergate 6s also have the highest degrees of sexual 

dimorphism in physique (Figure 5.1-5). The average sexual dimorphism in 

stature is 16.93 cm at Fishergate 4,14.77 cm at Fishergate 6e, 9.36 cm at 

Fishergate 6i, and 6.79 cm at Fishergate 6s, indicating a rather better male 

growth for Fishergate 4 and Fishergate 6e. Period 4 at Fishergate, the time of the 

St Andrews parish church cemetery, has the highest average stature of all male 

samples (Figure 4.2.3) and the second lowest average female stature (Figure 

4.2.4); as well as very low pathology prevalences. The same low pathology 

prevalences, with the occurrence of DISH, are observed for the other Fishergate 

samples from the time of the high-status Gilbertine priory (Roberts and Cox, 

2003). All this suggests that the Fishergate population lived in an advantageous 

bio-cultural environment, this conclusion is compatible with previous studies by 

other authors, as it confirms the high status nature of a medieval monastic 

(Gilbertine) community (Stroud and Kemp, 1993; Sullivan, 2004). 

Langthome is also a high-status monastic site, but the distribution of the 

Langthome sub-swnples is very different from that of Fishergate (Figure 5.1.8). 

However, from that distribution in Figure 5.1.8, it can be demonstrated that all 

sub-samples achieved a reasonable weight, and none suffered overmuch from 

growth stunting. Furthermore, especially the males from Langthome period 4 are 
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situated towards the upper right comer of Figure 5.1.8, indicating long limbs and 

high weight for stature; they also had some of the highest average statures of the 

male samples (Figure 4.2.3). Given the nature of the female sample, not much 

can be said about sexual dimorphism in general. It may, however, be acceptable 

to compare the Langthome females, who mainly originated from Period 5ne, 

with the males from that period for sexual dimorphism in stature, which was 

10.35 cm. The pathology pattern at - Langthome is quite similar to that of 

Fishergate, though (Figure 4.3.10). Both populations had few cases of childhood 

stress indicators, or indicators of poor health; while there are 'indicators of good 

living' present (Roberts and Cox, 2003). As for Fishergate, the conclusion of the 

results for Langthome must be that these people had a good bio-cultural 

environment 

The situation at St Helen's is quite different. The position of the males 

and females from St Helen's in Figure 5.1.7 indicates a relatively high weight for 

stature, but stunted growth, especially for the males. Their very close positions 

-also indicate a total lack of sexual dimorphism in physique. The average sexual 

dimorphism in stature was 12.73 cm, but both male and female average statures 

are among the lowest of their sexes (Figures 4.2.3 and 4.2.4). On the other hand, 

the pathologies at St Helen's show low to non-existent prevalences of stress and 

poor health indicators, while the so-called indicators of 'good living' are present 

(Figure 4.3.11). However, these individuals were at risk to acute health insults 

resulting in high childhood mortality (Roberts and Cox, 2003). This mixed 

picture only allows one to say that, from all the above data, it must be concluded 

that the bio-cultural environment of the St Helen's population was not too bad, at 

least for those individuals who survived to adulthood. Previous work by other 

215 



researchers, however, found evidence for generally rather poor conditions at St 

Helen's (Dawes and Magilton, 1980; Lewis, 2002; Margerison and Knusel, 

2002). 

The males from St Giles are the only ones with a severely stunted linear 

and weight growth, given their position in the lower left comer of the graph in 

Figure 5.1.3. The St Giles females, especially given their position compared to 

the other female groups in Figure 4.2.17, seem at the other extreme for physique, 

with a good linear growth. Thus, there is quite some sexual dimorphism in body 

build, but almost none in stature (average 2.98 cm) between the St Giles males 

and females. Furthermore, the males have the lowest average stature and average 

weight, and the females have the highest average stature and one of the highest 

average weights (Figures 4.2.3 to 4.2.6, and 4.5.1) of the analysed male and 

female samples. The pathology prevalences indicate very high stress levels, and a 

generally very poor health in the St Giles population (Figure 4.3.12). Bad general 

health can, of course, be expected in a medieval hospital population, but it has to 

be kept in mind that at least some of these stresses, as reflected by the prevalence 

of dental enamel hypoplasia, would have occurred in childhood, before the 

individual entered the hospital (Roberts and Cox, 2003). From these results, and 

although a hospital population is necessarily heterogeneous, it can be concluded 

that the individuals buried at St Giles suffered from a very poor and deleterious 

bio-cultural environment. 

The Blackfriars population derived from a lay and monastic cemetery of 

the mendicant Dominican order in Gloucester. The positions of the males and 

females in Figure 5.1.12 indicate good weight and growth for both sexes, with no 

stunting for the males. The average sexual dimorphism in stature was 14.09 cm. 

216 



Male average stature and weight were mid-range, while the female average 

stature was in the lower third of its range and female average weight was very 

much like that of all other female samples (Figures 4.2.3 to 4.2.6). There was a 

certain amount of childhood stress for the Blackfriars individuals, as indicated by 

the prevalences of dental enamel hypoplasia, but the other stress indicators have 

generally low prevalences, except for non-specific infections for males. Also, as 

at most of the analysed monastic sites, DISH was present, and gout (Figure 

4.3.13) (Roberts and Cox, 2003). From this, it seems that the bio-cultural 

environment at Blackfriars was between adequate and good. Thus Blackfriars 

follows the general pattern of a relatively good quality of life for medieval 

monastic communities, although Blackfriars, as a mendicant Dominican order, 

was perhaps of lower status than Langthorne (Cistercians) and Fishergate 

(Gilbertines). 

The position of the Towton soldiers in Figures 5.1.4 and 4.2.17 shows 

that their growth was not stunted and they achieved quite a high weight for 

stature. They have the second highest average stature (Figure 4.2.3) and also the 

second highest average weight (Figure 4.2.5) of all male samples, excluding 

Charlemagne and Heinrich IV. However, their physique was still quite different 

from that of the very high status individuals, Charlemagne and Heinrich IV, and, 

compared to them at least, their growth may be considered stunted (Figures 5.1.4 

and 4.2.3). Obviously, in this case nothing can be said about sexual dimorphism 

at this site. There were some cases of stress indicators and generally poor health, 

but the overall impression for the Towton males was one of relatively good 

health (Figure 4.3.14). In general, the Towton individuals would have had a 

relatively good bio-cultural environment, despite some childhood stress. It is 
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possible that there is a link between their average size and shape and the fact that 

they were soldiers. In that case, the Towton individuals would be an off-shoot of 

an incipient increasingly professional lifestyle with its associated benefits, such 

as, in this case, probably better medical care and nutrition (Fiorato et al., 2000; 

Roberts and Cox, 2003). 

The positions of the Chichester males and females in Figure 5.1.6 is 

similar to that of St Helen's, with both sexes being situated close together, and 

thus indicating a general lack of sexual dimorphism in body build. However, the 

Chichester individuals had slightly longer limbs for stature, and a slightly lower 

weight for stature. Average male and female statures are relatively low (Figures 

4.2.3 and 4.2.4); average sexual dimorphism in stature was 10.25 cm. The 

pathology prevalences are, again, as can be expected from a medieval hospital 

population. The prevalences of stress indicators, and especially indicators of 

generally poor health, are quite high. It should also be said here that the 

numerous cases of leprosy, being an acquired disease, were not included with the 

non-specific stress indicators. Also, despite the presence of DISH, gout, and 

cases of high stature and weight, the overall impression is one of quite poor 

general health for the Chichester individuals (Figure 4.3.15) (Roberts and Cox, 

2003). Thus, Chichester is quite similar to St Giles, even though some 

individuals from Chichester may have had a slightly better bio-cultural 

environment, at least during their growing years. Thus, the findings for both 

Chichester and St Giles confirm the fact that the inmates of medieval hospitals 

tended to be very poor and of a quite low social status, being recipients of charity 

(Geremek, 1987). 
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The bio-cultural environment of the later medieval/early modem 

population from Hickleton was probably rather inadequate. The males achieved a 

good weight, but their growth was slightly stunted compared to the females 

(5.1.14. ); the average sexual dimorphism in stature was 6.44 cm. Male average 

statures (but not weights) were among the lowest (Figure 4.2.3) while female 

average statures were among the highest (Figure 4.2.4). The very high 

prevalences of dental enamel hypoplasia, especially among females, indicate 

increased childhood stress in this population (Figure 4.3.16). The high 

prevalence of non-specific infections in females indicates generally poor female 

health (Roberts and Cox, 2003); the relatively high average stature in this case 

can be linked with female biological buffering. 

The males from the 18'h - 19'h century population from St Martin's did 

not achieve a high weight for stature, even though their growth does not seem to 

have been stunted (Figure 5.1.9). In general, the individuals from the vault 

burials would be considered of higher status than the individuals from the earth- 

cut graves. However, from Figure 5.1.9, it seems that the males from the earth- 

cut sample had better linear and weight growth than those from the vault burials 

sample. The average sexual dimorphism in stature was 14.49 cm for the earth-cut 

graves sample and 11.31 cm. for the vault burials sample. Also, average statures 

and weights for the males from the earth-cut graves were higher than for the 

vault burial males. On the other hand, the general pathology prevalences were 

lower in the vault burials sample than in the earth-cut graves sample. Except 

maybe for dental enamel hypoplasia in males, the prevalences of stress indicators 

in the vault burials was quite low, and DISH and gout were present. The 

individuals from the earth-cut graves had high prevalences of dental enamel 
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hypoplasia, indicating a high amount of childhood stress. There were, however, 

relatively few cases of non-specific infections, indicating a relatively good 

general health, at least for adults. DISH and gout were present here as well. Also 

interesting are the higher prevalences of rickets in the vault burials sample 

compared to the earth-cut sample, even though rickets would generally be 

expected in a population from the Industrial Revolution, even the apparently 

well-off were at risk for this condition. Ile conclusion for St Martin's has to be 

that the bio-cultural environment for the population in general was adequate to 

good. The individuals from the vault burials had slightly better health, but 

possibly a slightly worse nutrition, as indicated by the stature data, than the 

individuals from the earth-cut graves. It is possible that this difference was more 

of a cultural than a social origin; the lifestyle of higher-status individuals being 

quite different from that of the lower classes at that time (Lewis, 2002). 

7. Further research 

Further research needs to be done into the genetics of growth and 

development. Although it has been argued here that genetic factors do not play a 

major role in the achieved stature and proportions of the analysed, and 

historically very heterochronic, populations, this claim has to be substantiated by 

scientific study. 

Furthermore, during her analyses for the present research, the author 

discovered that methods for estimating body weight from skeletal remains are 

few and far between. Given the potentials inherent in weight estimation methods 

from skeletal remains, not only for archaeological populations, but also for 

forensic cases, it is hoped that this opportunity will not be missed. 

220 



The next stage for the author will, hopefully, be an investigation into 

long-term diachronic changes of proportions and stature, covering a wider 

geographical area and including factors such as socio-political status and 

demography; as well as data on sub-adults. One aim will be to pinpoint exactly 

which body segments change size, the speed of change, and the timing of this 

change. Another aim will be to investigate the impact on proportions, size and 

weight, of major cultural and political changes; such as major migrations, and 

imposed new political, social, and cultural mores. 
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