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For my late uncle George
whose inspiration and generosity

have brought me here

Where stood the Sirens?

Look for a host of bones
on a shore.

These rocks are the Siremisae?

Yes, if you like, they are
you seem to have a geometric mind
a line will trap a line
and hold it there against time.

Okay then, the Sirens were there
on those rocks.

- George Thaniel (1938 - 1991)
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The objective of this research is to identify and analyze sexual characters in
mammalian skeletons in order to develop new methods for sex determination of
archaeological animal remains.

The study begins with an examination of the evolutionary and developmental framework
of sexual characters, and a review of the current methods used for sex classification of
animal remains. The materials and methods used in this research have been designed to
locate the tertiary sexual characters in the fox, dog, pig, deer, and sheep skeletons.
Morphometric and osteometric analyses of 11 elements of the post-cranial skeleton (atlas,
axis, glenoid, proximal humerus, distal humerus, proximal metacarpus, innominate,
proximal femur, distal tibia, astragalus, proximal metatarsus) have been conducted. Shape
and size differences of bones have been analyzed using the F- test of variance and
canonical variates analysis for shape variables, and discriminant analysis and the two-
sample t- test for metrical data, to determine significance.

Eigenshape analysis, an outline-based form of morphometrics, has been implemented for
comparing bone shapes. Score plots have been produced by comparing eigenshape scores
to indicate shape trends formed by the male and female bone groups. Mean shapes,
calculated by the eigenshape program, have been superimposed so that differences in bone
morphology between the sexes can be identified. Two alternative methods are introduced
in this study, the Mean Shape Method for identifying sexual dimorphic or tnmorphic (with
castrates) bones, and the Table Test for sexing canid humeri. These methods have been
tested in a blind test to check confidence of sex classification.

The new methods have been applied to bone samples from archaeological sites: Silchester
for dog remains, Star Carr for red deer remains, and Canterbury for sheep remains. The
results suggest that dogs buried at Silchester were female individuals, that predominantly
male deer were hunted at Star Can, and that castration of sheep was practiced at
Canterbury. Overall, the alternative methods developed here can aid in identifying the sex
of archaeological bones more effectively.
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Chapter 1.0 Introduction

The analysis of archaeological animal bone is an important process for

determining patterns in the daily life of ancient peoples. Analyzing animal bone samples

from archaeological sites can help reconstruct the dietary habits of a population, as well

as cultural and economic methods of herding and hunting practices. Many methods of

analysis have been developed in order to extract information from archaeological animal

bone. Important in the interpretation of animal remains is the classification of species,

skeletal element, bone part and side, age at death, evidence of butchery, taphonomic

processes, and sex identification. This research focuses on the theories, methods,

problems, and alternative solutions for sexing archaeological animal bones.

1.1	 Sei determination of animal bone

Existing methods for sexing animal remains tend to focus on the same elements and/or

the same species. For example, an abundance of literature exists for sexing bovid

horncores (e.g. Annitage and Clutton-Brock 1976; Armitage 1982; Grigson 1978, 1982;

Luff 1994; further bibliography in Chapter 3). The differences in pelvic structure of

animals have been thoroughly investigated, usually in anatomical inquiries (e.g.

Boessneck 1970; Brown and Twigg 1969; Buljalska 1964; Davis 2000; Gardner 1936;

Gingerich 1971; Gromova 1953; Iguchi eta!. 1989; Lemppenau 1964; Lister 1996; Taber

1956; Tague 1988; Sobocinska Janaszek 1976; West 1990). Sex differences in canine

and molar size have been explored, mostly using metric comparisons (e.g. Gordon and

Morejobn 1975; Grigson 1982; Hillson 1986; Lorber eta!. 1979; Mayer and Brisbin

1988; Parsons et al. 1978; Payne and Bull 1988; Sauer 1966; Van der Made 1991;

Woodard 1996). Although the literature is substantial for these three areas of the

skeleton, the scope of inquiry into sex differences in the animal skeleton is limited.

With current methods, the only technique useful in sexing other animal bones is size

comparison. Osteometric analysis has been successfully applied to a variety of species

and skeletal elements (see Chapter 3 for bibliography). The major drawback with

osteometric analysis, however, is that large assemblages are needed to establish size

patterns.
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In many cases, comparative body size of individuals, particularly those from the same

population and breed of animals, can reliably suggest the sex of individual remains. But

there are other factors influencing the growth and development of an individual and the

ontology of a species. Environmental factors such as topography, nutrition and climate

also influence growth and development and body size (Davis 1982; Clutton-Brock, T.

1978, 1988; Gilmore and Cook 1981; Horwitz and Smith 1990), and it is often

particularly difficult to distinguish between male and female size in domestic animals

where breeding and nourishment is often controlled by humans. In some domestic animal

species like pigs, female individuals are often larger than males simply because they are

allowed to grow to maturity. Furthermore, the practice of castration of animals at an early

age affects skeletal growth, the morphology of the soft and hard tissues of the body, and

can cause a delay in epiphysial fusion (Brannang 1966; Davis 2000; Knecht 1966; Moran

and O'Connor 1994; O'Connor 1982; Schramm 1967; Tchirvinsky 1909; Zalkin 1962).

On the other hand, osteometrics are versatile and can be used on every species and on any

skeletal element. Metrical analyses are ideal for zooarchaeological inquiry because of the

breadth of application, even on fragmentary bone. Databases of comparative size have

been established in regions where zooarchaeological work has been performed, providing

a comparative resource for future work in these areas.

A solution for incorporating external factors of body size into osteometrical analyses, is

to consider the morphology of bones. Sexual dimorphism of bone morphology is primarily

influenced by physiology and animal behaviour. These factors can be considered universal

for most species of mammals, despite environmental influences. For example, the female

of all mammalian species gestates and bears offspring. The female also lactates and nurses

her young. In bovids and cervids, the male individuals exhibit combative behaviour in the

quest for mates. The headgear is usually more substantial than that of females, even in

certain breeds of bovid and reindeer where both sexes develop headgear. The skeletal

morphology developed under direct influence of these physiological and behavioral traits

should be examined if universal sexually dimorphic traits are to be discovered.

In 1871, Darwin distinguished between primary and secondary sexual characters. Both

types of dimorphic traits manifest themselves clearly so that male and female individuals
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of a certain species can visually be distinguished during life. Primary characters include

the genitalia, reproductive organs, and the mammary glands, the basic characters which

define sex. Secondary sexual characters are those traits which arise under direct influence

of the primary characters and the hormones that those organs produce. For example, body

size, headgear, canines, manes, and fir colour are all examples of secondary sexual

characteristics that can visually distinguish males from females in certain mammalian

species. Darwin, in his day, understood little about the factors controlling skeletal and soft

tissue development of the body, particularly about the endocrine system and the effect of

hormones on physiological development. Nor did he have a chance to examine the

skeletal morphological adaptations to sexed behaviour resulting from the use of primary

and secondary sexual features. Morphological adaptations to primary and secondary

sexual traits, including muscle and bone support are referred to as tertiary sexual

characteristics (Churcher 1994; Uerpmann 1973) because they are indirectly influenced

by hormones, but directly influenced by the use and presence of primary and secondary

characters.

Osteological examples of these traits include the stretching of the pubis to accommodate

the growing foetus and the widening of the birth canal on females (also affecting the shape

of the obturator foramen and the proximal femur), the shape of the transverse processes

of the atlas to support the maintenance, growth, and use of headgear, the morphology of

the long bones to support headgear primarily on the anterior limbs, and the weight

support of pregnancy in females on the posterior limbs. Larger body size and weight also

reflect on longbone density and robustness. Many of these traits are simply the results of

loading factors on the bones involved, but are reliable when recognized because of the

universality of these behaviours and physiologies. Logically, as well, it implies that larger

mammals exhibit more pronounced tertiary sexual characters due to their heavier weight

and secondary characters (increased effects of gravity).

Castration is a variable to consider, especially since it is common in domesticated species.

Castration at an early age can extend the growth period of the individual and morphology

of secondary sexual characteristics, and hence the manifestation of tertiary sexual

characteristics. In many ways, castrated animals form a separate sex category because
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their physical traits and behaviour are neither all female nor all male-like. For example,

when comparing bone morphology, castrated sheep can resemble males or, in other

bones, they can resemble females. Yet in the atlas and innominate, they resemble neither

and create their own category of shape variation. Because of this variability of shape,

evidence of castration has not been reliably identified in the archaeological record.

1.2	 Objectives of research

The objective of this research is to identify and analyze sexual characters in

mammalian skeletons in order to develop new methods for sex determination of

archaeological animal remains.

The morphology of 11 bone parts (atlas, axial dens, glenoid fossa, proximal humerus,

proximal metacarpus, pubis, obturator foramen, proximal femur, distal tibia, proximal

metatarsus, and astragalus) have been examined in the mammalian skeleton to determine if

significant shape differences exist between male, female and castrated animals. Five

species have been examined for sexual dimorphism (or trimorphism when discussing

sheep including castrates), Vu/pes vulpes, Sus scrofa, Dama dama, Cervus elaphus, and

Ovis aries. Pigs were excluded early on in the study because a sufficient number of

applicable specimens could not be found in modern collections maintaining post-cranial

comparative material of known sex. All individuals used in this study were of known sex,

adult, with complete applicable bones, and free of any clear signs of pathology.

The dimorphic morphological features discovered in the 11 bone parts are compared to

the relevant traditional measurements to test the ability of shape distinction to separate the

sexes. A blind test is performed to check the accuracy of the classification of specimens

based on shape analysis. Two new and alternative methods for sexing bones are

introduced: the Mean Shape Method for comparing male, female, and castrate bone part

shapes, and the Table Test for identifying the sex of adult complete canid humeri. The

new methods are used on archaeological material case examples to illustrate utility and aid

in interpretation of results of the faunal analysis.

In summary, the objectives of the research are:
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1) to identify diagnostic tertiary dimorphic sexual characters in the skeleton of
applicable species;

2) to present two alternative sexing methods primarily for zooarchaeological
research, namely, the Mean Shape Method and the Table Test;

3) to identify diagnostic characters in the castrated animal skeleton;

4) to perform shape analysis of principal surviving bones in archaeology of the
mammalian skeleton of five species;

5) to compare the results of the Mean Shape Method with the results of traditional
metric methods for distinguishing between the sexes;

6) to test the new methods for significance, applicability and utility;

7) to present the results of the morphological and metric analysis;

8) to explore sexual dimorphism in same population/same breed individuals, and
the effect of captivity on the development of tertiary sexually dimorphic traits;

9) to provide all morphometnc and osteometnc data for all specimens with all
statistical analysis results for review;

10) to provide an overview of traditional sexing methods.

By pursuing these objectives, it is hoped that this research will contribute to the

understanding of sexual dimorphism in mammalian skeletons, and aid in identifying the

sex of archaeological bones more effectively.

1.3	 Summary of contents

This dissertation contains nine chapters and 15 appendices bound into two

volumes. Volume H of appendices includes a CD ROM supplement containing statistical

data and plots and graphs from seven of the 15 appendices. The other eight appendices

are in hard copy and are bound in Volume 11. The instructions and contents of the CD

ROM and the disk itself are located in a pocket on the inside back cover of Volume II.

The CD ROM disk should be readable on both PC and Mac systems.

Volume I begins with an introduction outlining the basic principles of zooarchaeological

research and the importance of sexing archaeological animal bones, and includes a list of

objectives of this study. Chapter 2 provides a background examination of sexual

dimorphism from an evolutionary, developmental, and environmental perspective. Chapter

3 reviews traditional methods of sexing archaeological animal bone. Chapter 4 presents
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the materials selected and used in this study, and Chapter 5 describes the methods used to

perform the morphometric, osteometric, and statistical analyses. Chapter 6 presents the

results of the morphometric and osteometrics studies with statistical analysis. Chapter 7

discusses the physical ramifications and explanations for the results presented in the

previous chapter, and also addresses related issues of the effects of captivity, and the

manifestations of sexual dimorphism from closed populations of animals. Chapter 7

concludes with the presentation of the new alternative methods for sexing certain

archaeological animal bones. Chapter 8 presents three case studies illustrating the

application and significance of the new methods, and Chapter 9 provides an overview of

the conclusions deduced from the results of this study concerning anatomical,

developmental and zooarchaeological interpretations.
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Chapter 2.0 Sexual Dimorphism
in Mammals

The factors influencing reproductive success commonly differ between males and

females, and different adaptations have consequently evolved in the two sexes. For

example, male and female mammals commonly differ in size, shape, growth rate,

metabolic rate, life span, and many other aspects of physiology and biochemistry (Clutton-

Brock, T. et al. 1982; Glucksman 1974, 1978). In most species, males and females live in

the same habitat and are subject to similar environmental pressures, and yet males and

females of the same species and population can exhibit contrasting physical features

inherent in their species. Pronounced sex differences exist in many behavioural

characteristics including courting and mating systems, group dispersal, and food choice

(Alexander 1974; Clutton-Brock, T. 1977). Sexually dimorphic traits, therefore, are

manifestations of behavioural adaptations through evolutionary processes.

Animal behaviour is governed largely by biochemistry. Biochemical factors affecting

hormonal development, growth rate, and reproduction, affect skeletal morphology both

directly and indirectly. Specifically, hormones can directly affect the age of epiphysial

fusion and the development of primary and secondary sexual characters. The effects of

castration show evidence of the influence of hormones on epiphysial fusion and horn

development (Armitage and Clutton-Brock 1976; Brannang 1966; Clutton-Brock, J. eta!.

1990; Davis 2000; Hatting 1975; Luff 1994; Knecht 1966; Moran and O'Connor 1994;

O'Connor 1982; Schramm 1967; Tchirvinsky 1909; Zalkin 1962). Environmental changes

can have different effects on males and females because of their differential requirements

on food resources to maintain their fitness. Recent studies of mammals have shown that

changes in food availability, climate, or population density can affect the two sexes

differently (Clutton-Brock and Harvey 1978; Clutton-Brock, T. eta!. 1982; Gilmore and

Cook 1981; Horwitz and Smith 1978; Jackes 1973; Klein 1968; Redfield eta!. 1978).

Therefore, biochemistry can affect skeletal morphology indirectly as well, by governing

metabolic rates and reproductive energy requirements affecting the absorption and

physiological use of nutritional intake.
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Chapter 2 provides a synopsis of the background theory surrounding sexual dimorphism

in mammals. This chapter will introduce the reader to the theoretical view of sexual

dimorphism in mammals by reviewing the work of Darwin and early evolutionary theory.

The review will then expand to a discussion of more recent studies of biochemical effects

on skeletal development. Research conducted concerning external and environmental

factors affecting sexual dimorphism will be reviewed and discussed. The term 'tertiary

sexual characteristics' (Uerpmann 1973; Churcher 1994) will be introduced and explained

with comprehensive criteria to distinguish these characters from primary and secondary

characters. Chapter 2 is then followed by Chapter 3, which will review the traditional

methods for recognizing primary, secondary and tertiary sexual dimorphic traits from

archaeological animal bone.

2.1	 Evolutionary theory of the development of sexual dimorphism

"Why certain characters should be inherited by both sexes, and other
characters by one sex alone, namely by that sex in which the
character first appeared, is in most cases quite unknown."

- Charles Darwin (1871: I, p.285)

Without knowledge of hormonal systems or a clear understanding of genetics, Darwin in

his Descent of Man (1871) realized that differences between the sexes existed in the

intensity of competition for breeding partners.

"When the males are provided with weapons which the females do not
possess, there can hardly be a doubt that they are used for fighting with
other males, and that they have been acquired through sexual selection."

- Charles Darwin (1871: II, p.242)

Contrasting mating behaviour between the sexes and between different species provided

an explanation for sex differences in many traits associated with fighting and display,

including horn size, skin thickness, and body size (Clutton-Brock, T. et a!. 1982; Geist

1966). These traits, in turn, increased an individual's ability to acquire mates and thence

to reproduce successftilly. Traits such as horn size and body size, and even larger lung

capacity which increased the perfonnance of a fighting male, were deemed the result of an

evolutionary process of sexual selection. The theory of sexual selection stipulated that
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individuals bearing such advantageous traits for acquiring mates had more reproductive

success than weaker, smaller, or more passive individuals, and thus produced more

progeny carrying similar advantageous traits. After millennia of combative mating

behaviour, favourable mating traits, in males in particular, became pronounced in

mammalian populations, physically distinguishing between male and female individuals.

Darwin further recognized that secondary characters would be less developed in the males

of monogamous species than in those of strongly polygynous ones, where differences in

reproductive success among males were likely to be large and where particularly intense

competition for access to females would occur (Alexander eta!. 1979; Clutton-Brock, T.

eta!. 1982; Darwin 1871; Trivers 1972). Fisher, in his 1930 publication, The Genetical

Theory of Natural Selection, along with renowned biologist Julian Huxley (1932), re-

emphasized that polygamous mating systems would maximize sexual dimorphisms,

whereas monogamous mating systems would minimize them (Short 1994: 9).

Most biologists and genetic theorists agree that mating behaviour is primarily responsible

for the development of sexual dimorphic differences in certain species. However, a few

evolutionary questions need to be addressed:

1) What factors influenced the development of mating systems that eventually led
to sexual dimorphic differences?

2) Why do some mammals have pronounced secondary sexual dimorphic traits
like antlers, horns, and canines, while others do not?

3) Why are males predominantly the larger of the sexes with more substantial
secondary traits?

To understand the development of secondary sexual traits and the processes of natural

and sexual selection, the phylogenetic evolution of mammalian species has to be

examined. "Ontogeny recapitulates phylogeny"; in order to understand the development,

growth, behaviour, and physical characters of an individual, the entire development of the

species has to be examined.
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Evolution of mating systems

Mammals first appear in the fossil record at the end of the Triassic period, some 200

million years ago. These mammals were small and mainly insectivorous or omnivorous

species, judging from dental remains (Jams 1982). The diversification of manimals, with

the evolution of large-bodied herbivorous species, has been confined to the Tertiary

period, some 65 million years ago (Romer 1966), and later Miocene period. Since the

early Tertiary period, the course of the evolution of mammalian species has been greatly

influenced by the moving of land masses and the global climate changes associated with a

succession of ice ages (Janis 1982; Lillegraven et al. 1979; McKenna 1980).

In the early Tertiary, most of the terrestrial earth surface was covered in tropical or sub-

tropical rain forest until the end of the Eocene period (35 million years ago) when a

catastrophic climatic event occurred. This climatic event affected North America more

severely than Eurasia and Africa, but generally switched the global climate from non-

seasonal to seasonal, in terms of temperature and rainfall (Jams 1982; 272). As a result of

this temperate zoning, deciduous forests, woodland and open savannas evolved, and the

faunal and floral environments adapted accordingly. In contrast with the perpetual rain

forest environment, the new temperate zones provided less food and less cover for faunal

inhabitants. Hiding in dense vegetation from predators was no longer an option in these

more open environments. More importantly, food was not readily available, and foraging

behaviour intensified among many species. With a more limited, and sometimes seasonal,

food supply, the instinct of territorialism evolved. With the growing necessity for defence

against predators and the need to procure and defend food resources, the larger deciduous

forest and savanna dwellers needed weapons and strategies for survival. Weapons

manifested themselves in mammalian species as antlers, horns, canines, tusks, ossicones

(giraffes), and larger body size. Strategies for survival included establishing territories to

restrict access to food resources to other foragers, and herding in large numbers to ward

against predators.

These theories behind the development of weapons and survival strategies are logical and

seem reasonable. Mammals tend to butt heads in combat or bite, so the development of

headgear andlor large dentition makes good sense. The establishment of foraging territory
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to ensure adequate food supply and herding in large numbers to deter predatorial threat

are also sensible tactics. But why the development of sexual dimorphism when both sexes

are subjected to the same environmental conditions?

To begin to answer this query, one should return to the observation of Darwin and others

that secondary characters are less developed in the males of monogamous species than in

those of strongly polygynous ones. Indeed, when examining the morphology of

monogamous species like the grey fox or the gibbon, hardly any differences will be

observed between the two sexes. Therefore, the key to understanding sexual dimorphism

is to understand polygamous mating systems, particularly polygynous systems that are

very common in mammalian species. Several theories have been presented in the literature

concerning the evolution of polygynous mating by examining differences in parental

investment, foraging strategies, nutritional requirements, predator defence, and territory

control.

Parental investment

Emlen and Oring (1977) remarked in their study of the evolution of mating systems of

pinnipeds, ungulates, and primates, that polygamy is more prevalent in species where one

sex is freed from parental care duties, and where a superabundant food resource enables a;

single parent to provide full parental care (also Ralls 1976; Trivers 1972). Most

mammalian species fulfill these two criteria. The most important factor in differential

parental investment is the length of the gestation period. In the early evolution of

mammals, the internalizing of the embryo by the female and the lengthening of the

gestation period probably correlated with the loss of the males in parental roles

(Alexander eta!. 1979: 413). The differential reproductive requirements of the sexes

permitted the female to carry the offspring of one season of mating, often only from a

single male, while the male was able to sire many offspring in a season by access to

multiple females. Competition between males for access to multiple females then became

an effect of differential reproductive success between the sexes. Size dimorphism and

weapons such as headgear and specialized dentition were thus developed by the male to

compete for mates. Sexual selection in evolution provided that the stronger and larger

males achieved greater reproductive success so that secondary sexual traits became
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substantially different between the sexes over time, particularly in larger mammals. A

close correlation exists between sexual dimorphism in body size and breeding systems in

mammals; with larger harem sizes, sexual dimorphism increases (Alexander et a!. 1979;

Jarman 1974).

With the variation of size between the sexes and the combative behaviour of males, the

ratio of fertile females to sexually active males (Emlen and Oring refers to this ratio as

OSR, Operational Sex Ratio) increased. The larger males now took longer to mature so

that active males would be added to the breeding population at a slower rate than females.

Male offspring required greater parental investment than female offspring which matured

relatively faster (Clutton-Brock, T. eta!. 1981; Clutton-Brock, T. eta!. 1982). A higher

mortality rate occurred for males because of their extended immaturity, and deaths

occasionally resulted from male combat (Alexander et a!. 1979: 414). The differential

energy expenditure during the rut, contributed to the higher male mortality rate at

younger ages than females (Clutton-Brock, T. 1994). Furthermore, females do not go into

estrus at the same time, allowing males an opportunity to acquire multiple mates in a

single mating season (Emlen and Oring 1977: 216). The polygynist mating system,

therefore, supported itself by ensuring that more active females were available to fewer

active males at any given time.

The second criterion for the development of differential parental investment is that food

resources should be sufficient enough for a single parent to provide all the nourishment

for the offspring. Seasonal mating cycles ensure that most offspring are born in the spring,

or in the spring and autumn when food resources are more plentiful. But more

importantly, the characteristic trait of most mammalian species is that they lactate and

nurse their young from the post-natal stage to the weaning age. Unlike many avian

species, for example, the female is equipped with food for the offspring, and is not forced

to fetch sustenance for the new-born at some home base. The male, therefore, is not

required to provide supplements for the diet of the offspring and is free to pursue multiple

mates.
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Food resource management

The appearance of horned ruminants in the fossil record both in North America and in the

Old World seems to have been correlated with the development of a more seasonal

climate. The coincidence of the evolution of horns with the change in the landscape due to

global cooling suggests a correlation of change in skeletal morphology with a change in

ecology and behaviour (Janis 1982). With the evolution of deciduous forests, woodland

savannas, and open savannas, animals were coerced into developing new foraging and

hunting strategies. Food resources were limited and confined into smaller areas and

foragers formed herds to establish a feeding range for its population. The establislunent of

territories and territorial behaviour, therefore, is a direct result of the need to acquire a

stable and reliable feeding range. Not only do food resources need to be found and

secured, the territory providing adequate sustenance for a herd needs to be defended from

other foragers who threaten to deplete resources. The evolution of horns, therefore, is

apparently correlated with the evolution of boundary patrol by territorial males (Jams

1982; Lincoln 1994). The evolution of a folivorous diet consequently resulted in a smaller

foraging range and animals were compelled to feed in groups. Males were able then to

gain access to more mates, and establish mating harems of females which were defensible

with feeding territories. Again, the largest and the strongest males were able to defend the

largest territories and hence, the largest harems. The reproductive success of these

stronger males was considerably greater than smaller, younger, and weaker males. The

change in the ecology and adaptive foraging strategies was therefore instrumental in the

development of sexual dimorphic differences, particularly in suids, primates, giraffids,

cervids, and bovids.

In accordance with the adaptive social organization of feeding, different mammalian

species developed appropriate feeding strategies suitable for their morphological types

and social behaviour. The feeding strategies, in turn, influenced the evolution of mating

systems. Clutton-Brock and Harvey (1978) from their study of red deer herds established

a correlation between population density with the distribution of food resources. They

determined that larger feeding ranges supported larger feeding groups which subsequently

led to larger harem sizes during the rutting season. Reproductive strategies were thus

indirectly related to the ecology of territories and food availability. Likewise, Jarman and
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Jarman (1979) noted that Impala territories were larger in open woodland than in closed

woodland because the more dispersed the food resources, the larger the territory that

provided the herd with sufficient food must be. They also determined that territory

maintenance was very costly, and for any animal there must be an upper limit to the size

of territory that it can maintain as a reproductive strategy. Mammals that live in open

savannas, therefore, often cannot maintain exclusive feeding territories because the

resources are dispersed so widely.

Furthermore, Jarman (1974) in his study of African antelopes analyzed the social

organization in terms of the relationship of body size and group size to the distribution of

food resources in the habitat. His findings were that both body size and group size were

related to habitat choice and to aspects of behaviour such as reproductive strategy, as well

as the degree of sexual dimorphism. hi general, open savanna dwellers, such as

wildebeest, antelopes, and gazelle, form the largest herds, and in the mating season, form

the largest harems.

An interesting point to consider concerning the evolution of weapons influenced by

habitats is that in bovids occupying open savannas both males and females grow horns.

Although the male horn size is larger than that of the female, a distinctive pattern in open

grazing bovids is that both sexes grow weapons. Isomorphy in mammals with horns

applies to wild species of cattle, wildebeest, antelopes, giraffes and gazelle in the Old

World, and bison in the New World. Applicable to the open habitat environment of the

Old and New Worlds are different species of wild sheep and goat, and reindeer or

caribou, the only genus of cervid that develops antlers in both sexes. in relation to the

evolution of climate and landscapes, it is generally believed that the male individuals

developed horns for establishing territories and for combat during the mating season

before the female individuals. Once the male of a species grew horns, the pressure was on

the female to develop them as well, if she found herself or her offspring at a disadvantage

to survive in the same habitats (Jams 1982).

Darwin (1871) did not notice the pattern of open country versus closed habitats in

relation to the isomorphy of bovid horns in certain species of bovid, or in reindeer.

Instead, he speculated that females, having no real use for horns or antlers, simply
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inherited them. We now recognize that the open savanna environment has played a key

role in the evolution of isomorphic headgear in the sexes of certain ungulates, and several

theories have arisen to explain their development in female individuals. Estes (1982)

suggested that bovids inhabiting open country would be more vulnerable to predators and

females developing horns could minimize the selection of one sex over the other by

predators (Janis 1982: 281). Lincoln (1994) suggests that female horns and antlers are

valuable for protecting offspring in habitats where cover is not available. He also states

that horns can be used when females compete with other females for food, space and

shelter. Dominant females in social species are allowed the best feeding and resting places

with their obvious benefits (Lincoln 1994). With caribou, the competition for food is

especially intense in the winter, so female individuals require antlers to survive the harsh

winter months, particularly to ensure that their offspring are well nourished.

For males, it is the competition for mates which is the key to reproductive success, while

for females, it is the competition for resources and defence from predators. These

different types of competition result in a different type of weapon in males and females,

and thus sexual dimorphism is extant in the horn shapes and sizes of isomorphic bovids

and reindeer (Lincoln 1994).

In the caribou, development of the antlers begins before puberty (unlike other cervids)

which suggests that antlers in this species are not directly related with sexual activity.

Instead, antlers are necessary tools for survival in a difficult environment, which can be

used for mate competition during the mating season as well.

Protection against predation

Perhaps the most influential factor in the evolution of sexual dimorphism in mammals was

the internalizing of the embryo in the female body. With the development of pregnancy,

the need to build a nest in which to lay eggs became redundant. After the climatic

revolution of the Tertiary period, animals could no longer sit for extended periods to

incubate eggs because food resources in the surrounding area of the nest became scarce

after a period of time. Furthermore, the search for food took parents farther from the nest

making eggs more vulnerable to predation. Evolving mammals began to internalize the
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fertilized eggs, while avian species began making nests in the safety of trees away from

ground predators. Reptiles buried their soft eggs in the sand, while fish and insects laid

eggs by the hundreds and thousands in ecosystems in which only a fraction would survive.

Internalizing the embryo gave mammals (including marsupials) the distinction of being the

only animals on earth able to transport their unborn.

The evolution of pregnancy might be explained by adaptive nomadic behaviour of grazing

species in search of food after the climatic revolution of the Tertiary period. While the

search for food contributes to the development of embryo internalization, the factor that

was likely more influential in this development was the threat of predation. The evidence

for this can be found in recent mammal behaviour. Smaller mammals, such as dogs, cats,

and rodents, have a shorter gestation period than bovids and cervids, for example.

Resources in wooded feeding ranges cannot be depleted, in the case of smaller animals, in

a matter of only a few weeks. Moreover, pregnancy is likely to hinder the hunting efforts

of a female carnivore due to the loss of agility and speed with weight gain and

awkwardness of body shape. Therefore, pregnancy is not always adaptive or ideal to food

gathering techniques. Pregnancy, then, must serve a more vital cause for which it evolved.

Internalizing the embryo is an ideal way to protect the unborn offspring. Not only can the

mother protect the foetus from predators wherever she may wander, under threat, the

mother can flee in an instant and both parties are safe. The female, therefore, is freed from

the home base where predators might take advantage of an expectant mother and her

eggs. In the case of ungulates, the offspring gestate until they have developed enough to

stand and walk on their own, so that new-borns can keep close to the roaming mother and

remain under her protection even shortly after birth.

In terms of social behaviour, a herding strategy also ensures greater protection against

predators who often prey on sick and isolated individuals. By moving in large groups,

individuals find strength in numbers and are able to repel predators by group force. Musk

oxen of the open tundra deter predators by huddling together in a seemingly impenetrable

circle with horns facing outward. African antelope and wildebeest form the largest herds
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in the world, and it is not coincidental that they live in the open savanna. Jarman (1974)

showed that group size is related to habitat choice in his study of African bovids.

Bovids and cervids of the open tundra or savanna exhibit more isomorphy between the

sexes as opposed to those species which inhabit wooded areas, which show the greatest

dimorphism in mammals. Isomorphy (particularly in size and headgear) of ungulates

inhabiting open territories likely evolved to minimize the selection of one sex over the

other by predators, particularly pregnant females who would otherwise be easier prey

(Estes in Janis (1982); Lincoln 1994). In open territories, female individuals are just as

vulnerable as males and require weapons of defence. Moreover, females are often the sole

guardians of immature offspring and require defence systems to protect their young (Kiltie

1985). Reindeer are the only deer species to develop headgear in both sexes, for example,

and uncoincidentally they are also the only deer species to live in the Arctic tundra.

Immature reindeer are easy prey for the arctic wolf, especially new-borns in the spring and

immature individuals during the winter months. The habitat in which the reindeer live

perpetually challenges the survival strategies of any species. In order for the young to

have a chance at survival, the mother needs to be able to protect their offspring until they

are able to defend themselves. Reindeer begin growing antlers from the time of birth as

opposed to during puberty, which suggests that headgear as a mechanism of defence is

more vital than its utilization in offence during mating season or securing food resources

on a daily basis, although antlers are used in these capacities as well (Lincoln 1994).

Apparently, predators have been influential in shaping the grouping tendencies, sociality,

breeding systems, and even patterns of parental investment, particularly for ungulate

species (Alexander et al. 1979: 412). By being instrumental in the evolution of

pregnancy, predators have contributed indirectly to the polygamist tendency of some

mammalian species by adjusting the parental requirement of the sexes. If a nest is no

longer required to be built, and there are no eggs to be incubated or protected, the role of

the pater has been diminished significantly. Furthermore, if offspring are mobile or

transportable at birth to feed from the lactating mother, the father is no longer constrained

to bring food back to the home base for the consumption of the young. The mother

protects and maintains a close relationship with the offspring, and at the same time, trains

the young to become self-sufficient. If the parental investment and breeding strategies
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change, so too will the manifestations of sexual dimorphisms in mammals. If the breeding

system evolves into a polygynist system, then males will compete for harem size.

Herding strategies are also designed to repel or discourage predators. Herding strategies,

however, are also related to habitat type. So manifestation of sexual dimorphism is also

influenced by environmental as well as predatorial factors.

Summary

The understanding of the development of sexual dimorphism is linked to understanding

the evolution of mammalian species. The development of secondary sexual characters is

explained by the use of these characters in social, feeding, and breeding behaviour in

modern species. Behaviour of mammals can be indirectly associated with adaptations of

climate and habitat.

The evolution of mammals began at the end of the Tnassic period some 200 million years

ago. However, it was not until the Tertiary period (Ca. 65 million years ago) that

mammals became larger (greater than 20 kilograms in weight) and herbivorous (Janis

1982). Around 35 million years ago, a catastrophic climatic event created atmospheric

conditions on earth similar to those existing today. After this climatic event, what were

once vast and perpetual rain forests covering most of the terrestrial earth, became

temperate zones with deciduous forestation. Open desert and arctic tundras were created,

and the flora and fauna of the earth struggled to adapt to these changes that occurred all

within a span of approximately one million years.

The development of seasons after the climate change of the Tertiary resulted in the

change of the landscape due to lower annual temperatures and the seasonal precipitation.

Wooded and open savannas were created and many mammalian species were forced to

adapt to the lack of forest cover and the sporadic growth of food. A decrease in forest

density created the need for the now exposed herbivorous species to protect themselves

and their young from carnivorous predators. Females began to internalize developing

embryos to protect the offspring from predators while making the unborn mobile and

transportable during the search for food. A home base was no longer required, and

internalizing the embryo for the entire gestation period meant that male individuals could



contribute little to the development of the offspring. Furthermore, the production of milk

by the mother post-parturition released the male from foraging obligations for the new-

born offspring. Thus, the development of differential parental investment between the

sexes allowed the male to pursue several mates in one mating season. Other factors which

contributed to the evolution of the polygamist mating strategy were 1) the need to secure

a feeding range to provide ample food, and hence territorialism, 2) the asynchronous

occurrence of estrus in female individuals, 3) the increased parental investment for the

larger males introduced sexually active males to the breeding population at a slower rate

than females, 4) the higher mortality of male individuals due to extended immaturity and

combat, and 5) the threat of predation which required herbivores to find protection in

larger groups.

The adaptations to climate and habitat increased the behavioural differences of the sexes,

and the morphology of the sexes changed accordingly to adapt to the new requirements of

the landscape and the social conditions which resulted. In order to secure resources and

mates, males developed weapons, such as antlers and enlarged canines, and an overall

increased body size. Females inhabiting the open country also needed weaponry to defend

themselves and their young from predators and from other foragers depleting food

resources. Isomorphy, therefore, in ungulates occurred in the savannas, although

secondary sexual characters still displayed dimorphism associated with difference in their

function. Males mainly used their weaponry for offence and combat, while females

primarily used their headgear for defence purposes.

The greatest instance of sexual dimorphism occurred in forested regions where feeding

ranges could be established and predatorial threat was not so great. Males, particularly in

the cervid and suid groups, had environmental conditions that encouraged territorialism.

Establishing territories meant access to more females and the establishment of harems,

particularly in cervid species. Females in these folivorous environments were guaranteed

food, and their young were still protected under the bush cover. Females, therefore, did

not require weaponry for protection or for securing food resources. Furthermore, larger

carnivorous species found greater hunting success in the open savanna where speed and

strategy could be better employed. Therefore, deciduous forest dwellers were less

vulnerable to predation.
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In short, the drastic change in climate in the Tertiary was largely responsible for the

variety of mammalian species extant today, and thus, indirectly responsible for the

manifestations of sexual dimorphism in mammalian species. Direct influences on the

development of physical and behavioural sex differences were the internalizing of the

embryo with longer gestation periods, the seasonal and sporadic growth of food

resources, and the increase in the threat of predation.

Evolutionary theory of sexual dimorphism in mammals aids in the understanding of the

long term ecological processes influencing the development of morphology. The

phylogenetic process is directly linked to the evolution of the environment. The

ontogenetic process of an individual must then be indirectly related to the environment

and directly related to the phylogeny of their species. Whereas phylogeny examined the

evolution of a species, the ontogeny examines the development of the individual. In an

analogous way, the ontogeny of an individual recapitulates the whole phylogenetic

process of its species.

2.2	 Ontogenetic processes of sexual dimorphism

Mammalian life begins with the unification of a female egg cell and a male sperm. For

mammals, the sperm carries the sex-determining germ cell that produces either a male or a

female type of individual. The sex-determining germ cells are known as gametes, and an

equal number of them are produced in the sex chromosomes of the male sperm. For

mammals, the genetic chromosomal mechanism of sex determination occurs in two

patterns, homozygous and heterozygous. Homozygous refers to the transferral of the

chromosomal pair composed of the same chromosomal type represented as XX. The

transferral of the homozygous chromosomal pair will result in the development of a

female individual. The heterozygous pattern, composed of different chromosomal types, is

represented as XY and this combination of chromosomes will results in the development

of a male individual. The genotype for mammals is thus summarized by the formula XX-

XY.

Secondary sexual characters, however, are not directly associated with the transferral of

gametes during conception. Rather, the Y chromosome is encoded to produce the testis,
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or the primary sexual characters, in the male individual. The testis then produces

androgens that act locally in the sex organs and systematically in the male body during

growth to induce the development of an array of male secondary sexual characters (Fisher

1930; Short 1994). Thus the genes for most sexually dimorphic characters are hormonally

limited, not genetically sex-linked (Short 1994: 7). Secondary sexual characters arise from

primordia that are identical in both sexes and in early castrates; the later development of a

male or female organization corresponds to the presence of testes or of ovaries

respectively (Witschi 1959: 374). The reason these intrinsic characters are identical for the

sexes is because both sexes carry the X chromosome, and in fact, the X chromosome

governs the early development of mammals until sex hormones are produced. To this

effect, the female type of gonaducts and external genitalia is assured in the absence of

gonads should the Y chromosome be in any way altered or defective (Jost 1953). In other

words, if development continues ignoring the imperfect or overridden Y chromosome (as

in hormone treatment), the default of growth will follow the pattern of the homozygous

genetic type, regardless of chromosomal constitution. In mammals, therefore, if the

primary sexual characters are tampered with either before birth (as in utero hormone

treatment) or after birth (as in castration) the development of the secondary sexual

characters will be radically affected. The development of secondary sexual characters is

thus primarily the product of hormone influence. Experiments illustrating this fact are

presented below.

Hormones

The role of hormones in the breeding cycle, reproduction and development of sexual

dimorphism in animals is considerable. In order to understand how hormones affect the

development of an individual, normal hormonal levels should be examined, and the

reactions to abnormal hormonal changes should be noted.

In the normal hormonal development for male mammals, the testis matures and produces

testosterone as well as other minor androgens. The levels of testosterone will trigger the

growth of dormant secondary traits such as antlers, thick horns, large canines, skin colour

and thickness, and masculine scents. An increase of testosterone beyond the normal

development of these traits will make the male more aggressive and libidinous. The testis
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increases in size and the scent glands produce heavy smelling emanations that can be used

to mark territory or to attract females. The male will seek mates, and even compete for

them at great physical risk to himself, depending on the species and their reproductive

strategies. Mammals usually have one or more mating season a year when testosterone

levels increase and courting and mating begin.

For female mammals, in general, normal hormonal development begins with the

maturation of the ovaries. The ovaries trigger the production of estrogen and

progesterone, and other minor hormones. The estrogen develops the female genitalia, and

the mammary glands which will allow the female to lactate after the birth of offspring.

Natural increases of estrogen levels in the female cycle will prompt one or more egg cells

to be extracted from the ovaries. At this stage, the female is in the state known as estrus,

when she is receptive and can conceive. The female excretes a scent to indicate to

prospective mates that she is receptive. As with male testosterone, the increase in

estrogen occurs during the appropriate mating season(s) for the species. If unmated, the

female will continue in the estrus state for a few days to a few months, depending on the

species, until a natural influx of progesterone expels the unfertilized egg, and returns the

female to the normal state of being until the next mating season.

The above descriptions are generalized and basic for all mammals. The hormone levels,

the duration of estrus, the breeding strategies, the number of mates, and the frequency of

mating throughout the year all vary between species. The cycles and development of all

animals can be radically altered by the influx of hormones from an external source or the

obstruction of normal hormonal levels. The most common events affecting natural

hormonal cycles of animals (and humans) are hormonal therapies and castration.

Hormonal treatments are particularly popular in modern human societies for the

'improvement' of domestic species, especially to induce rapid maturity and growth, to

encourage a greater yield of meat and fat, and to increase the output of secondary

products such as milk and eggs. In humans, hormonal therapies are implemented for

treating a variety of human health problems such as depression, hair loss/excessive hair,

acne, menopause, ageing, and cancer growth and metastacism.
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Hormone treatments

Experiments on animal development by hormone injection or removal of hormone

producing organs have been performed on a variety of species to determine the extent of

the hormonal influence on ontogeny and sexual characters. One basic discovery is that for

any animal, with the exception of unisexual and hermaphroditic organisms, exposure to

steroid sex hormones during and sometimes also after primary sex differentiation may lead

to partial or complete gonadal reversal (Witschi 1959: 373). For mammals, hormonal

treatment should occur at the early stages of in utero development to achieve complete

gonadal reversal. Introduction of estrogen into the developing male embryo will override

the influence of the Y chromosome and revert to the default morphology which is that of

a female (Gardener 1936; Gingench 1971). Only with the introduction of testosterone

does male morphology develop. If the natural testosterone secretions are disabled in male

individuals, a morphological female will be produced. For example, gonadectomized mice

and rats have been shown to develop a female shape of pelvis (Bernstein and Crelin 1967;

Crelin 1960). An immature female mammal with ovaries removed will still develop the

female skeletal morphology. Her reproductive ability however will be negated due to the

incapacity to ovulate.

While primary sexual characters are affected directly by the tampering with normal

hormonal levels, secondary sexual characters react in a different manner to hormonal

treatments after birth. Since it is often the male that produces exaggerated secondary

sexual characters, the influence of externally induced hormones is examined for the

reaction and development of these traits. For example, an immature female bird with

ovaries removed will develop male plummage (Short 1994). A female deer treated with

testosterone will develop antlers (Short 1994). A woman undergoing testosterone therapy

will grow a beard and chest hair. Therefore, secondary sexual characters exhibited by

males are encoded in the genes but lay dormant until male androgens are introduced into

the system (Fisher 1930).

From these experiments and others, apparent is the hormonal influence on the

development of primary and secondary sexual characters. The presence of a Y

chromosome does not directly govern the production or secretion of testosterone, nor
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does the presence of an X chromosome directly encode for the production of estrogen.

Instead, genes are programmed for the development of physical characters, both primary

and secondary, the X and Y chromosomes programmed primarily for the development of

ovaries and testis respectively. Most secondary sexual characters are hereditary in the

transfer of genes during conception whose growth are triggered by the introduction of sex

hormones into the system. The male-type or female-type of secondary sexual characters

will be determined by the production and/or secretion of testosterone or estrogen into the

system before sexual maturity, although some traits can develop even after sexual

maturity with the total reversal of normal hormonal types.

Another common method for interfering with the normal hormonal cycle is castration,

typically of the male individual.

Castration

The castration of male domestic animals in particular is common in many cultures

(Alderson 1976; Uerpmann 1973; personal observation) . Through the practice of

castration, reactions to normal body development can be observed. Specifically, the

removal of the testis or the crushing of the spermatic cord deny the developing body of

testosterone from a young age. Typically, castration in meat-yielding animals such as

bovids and suids occurs within the first few weeks after birth. The neutering of dogs and

horses usually occurs after sexual maturity so that normal development is not impeded.

The castration strategies of meat-yielding animals and recreation animals, however, have

different purposes. For example, the castration of a bovid will improve meat and wool

yield. The castration of recreation animals is simply to control breeding and to create

more docile animals. These effects also apply to castrated farm animals as well, and offer

further advantages to the practice of castration.

The physical effects of castration have been studied and reported by many authorities for

more than a century. Sometime before 1871, Darwin received information from farmers

like Mr. Blyth and Mr. Reade. The former reported that the horns of a castrated bezoar

were "of the same peculiar shape as in the female, but longer and thicker" (Darwin 1871:

246). Mr. Reade commented that in one breed of sheep on the Guinea coast, "the horns
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are not developed in the castrated male" (Darwin 1871: 247). Since that time,

considerable work has been performed to discover, not only the effects of castration, but

the biochemical reactions in the body after castration has occurred. We now know, for

example, that the anterior hypothalamus of the preoptic area, and the ventromedial

hypothalamus of the brain regulate mating behaviour. In males, the anterior hypothalamus

of the preoptic area is larger because it controls sexual drive and mounting behaviour, and

the ventromedial hypothalamus is larger in the female because it controls receptivity

(Crew 1994). After male castration, both areas of the brain become female size indicating

that male mating behaviour is subdued. Thus, a castrated animal is docile, even during the

mating season.

The physical effects of castration in response to the lack of androgens are basically the

same for all animals, the males cease to act like males. In terms of behaviour, they are

neither males nor females, but form a third sex category: the castrate. A sheep castrated

during the first few days or weeks of life becomes what is known as a wether. The carcass

of the wether will grow fatter than unaltered sheep, produce a heavier annual fleece than a

comparable ewe, and a finer wool than a comparable ram (O'Connor 1982: 91). A

castrated bull becomes a steer, and it too develops a fatter carcass. In both cases, the

secondary sexual dimorphisms are affected by early castration. Besides body size, horn

growth is affected by the interruption of testosterone secretion. Tchirvinsky (1909)

reported that if rams are castrated at about two months or earlier, the horns would not

develop or remain very small. This report applies only to breeds in which horns appear

when the animal is over two months old. For breeds that begin horn growth at birth, such

as the Gotland breed, the horns will obtain a shape almost similar to that of females, long,

slender and straight but wider at the base (Hatting 1975). The pattern described seems to

apply to most bovid species (see Armitage and Clutton-Brock 1976; Brannang 1966;

Clutton-Brock, J. et al. 1990; Knecht 1966). For deer, castrated stags with mature antlers

will shed them within 30 days. Antlers will redevelop but not lose their velvet

(Cunningham 1900).

Another secondary sexual character that has received much attention in terms of the

effects of castration is body size. In general, findings of the effects of castration and size

point to delayed epiphysial fusion resulting in the over-lengthening of the long bones
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(Fock 1966; Haak 1965; Hammond 1932; Higham 1969; Schramm 1967; Tchirvinsky

1909; Zalkin 1962). More recent studies, however, have determined that castration and

the delay in epiphysial fusion is not as predictable or regular as once thought (Davis 2000;

Moran and O'Connor 1994). The bones of wethers, in general, can exceed those of males

in length (Fock 1966), but tend to develop the gracility of female bones by slenderness

(Hammond 1932; O'Connor 1982; Tchirvinsky 1909).

Castration, therefore, greatly affects the development of secondary sexual characters,

particularly if performed within the first weeks of life before the full development of horn

and epiphysial fusion. Body size is a particularly common and interesting secondary sexual

dimorphic character in many mammals. Skeletal growth is a basic part of the ontogenetic

process leading to sexual size dimorphism.

Bone growth

Bone is a substance comprised of three main composites: organic fibrous bundles,

inorganic crystals, and cement (Gilbert 1989: 51; Pritchard 1972). The organic matrix is

predominantly created by eleven types of collagen (Miller 1985), and the chemical

composition of the crystals is most closely afliliated with calcium phosphate mineral

apatite (Gilbert 1989: 51). The deposition and resorption of bone material are controlled

by two types of cells termed osteoblasts and osteoclasts (Frost 1964; O'Connor 1982:

12). The two main parts of the bone are the cortex, and the trabecular bone, which is the

'spongy' bone surrounded by cortex. The long bones of mammals achieve longitudinal

growth by progressive ossification around a physiologically active cartilaginous plate

between the bone shaft and epiphysis (O'Connor 1982: 15). Circumferential growth

occurs by a process of lamellar, or bone layer, ossification around the periosteal surfaces

of compact bone with concentric layering around secondary osteons (or Haversian

systems), and an interstitial layering representing the remnants of previous laminae left

between more recent concentric lamellae (Gilbert 1989: 68). Adult circumference is

usually attained at a more mature stage that adult length and there may be addition or

removal of bone at the periosteal and endosteal surfaces throughout life (O'Connor 1982:

15).
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While most bone growth is similar between the sexes, differences in growth rates and

bone thickness do occur.

Bone development and composition

Bone size differences between the sexes, and eventual overall body size dimorphism

begins, for some species, in the uterus. Differential foetal development for male and

female offspring has likely more pertinence for wild species producing single births. With

the intermingling of breeding systems for domestic animals and between human races,

foetal development is consequently variable and unpatterned between the sexes. However,

an extensive study of red deer has recorded a total of 236 mean days of gestation for male

offspring compared to 234 mean days for female offspring (Clutton-Brock, 1. et al.

1982). Male fawns are consistently born larger. The same is true for the offspring of the

mule deer (Cowan and Wood 1955; Moen 1973), elk (Johnson 1951), reindeer (Leader-

Williams 1980), and black-tailed deer (McCullough 1979). On the other hand, certain

breeds of sheep consistently produce heavier female offspring (Hammond 1932). In both

cases, however, the male offspring suckles more and grows at a faster rate than the female

offspring. The male individuals also require a greater maternal investment to feed and

mature.

Maternal size seems to affect the size of the offspring to a greater extent as opposed to

paternal size. For red deer, larger offspring in better condition were reported from larger

hinds (Clutton-Brock, T. et a!. 1982). In equids, hybrid foals produced from crossing the

small Shetland pony with the large Shire horse were consistently larger when the female

was the Shire horse (Hammond 1932: 54). In sheep, the offspring of immature ewes were

generally smaller than the subsequent progeny (O'Connor 1982: 52).

The result of this difference in maternal size, gestation time, suckling, and maternal

investment is that male individuals consistently grow larger than female individuals of the

same species in the same population. Contributing to this size difference, of course, is the

phylogenetic code for each species attached with the Y chromosome for greater male size.

Castrates, for instance, are without the influence of testosterone, and yet their mature size

is that of males, partially due to the delay in epiphysial fusion sometimes caused by
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castration, but indirectly due to the presence of the Y chromosome in their genetic

composure.

Further evidence that size is programmed into gametes of a species comes from a few

extant mammals exhibiting the opposite pattern, in which female size is consistently

greater than that of males. Weddell's seal, leponds, and the spotted hyaenas all exhibit

greater body size in adult female individuals. Although these species are polygamous as

well, a smaller body size for males is advantageous in the environment in which they live.

With the exception of the hyaena which is polyandrous (Kruuk 1972), Weddell's seal

(Stirling 1975) and leporids, in general, combat for mates underwater, and underground,

respectively. Large body sizes in these environments would impede agility and thus not be

advantageous to the male. Therefore, large body size in females is likely encoded in the X

chromosome of these species

Many factors contribute to mature bone size and structure, as will be discussed in section

2.3 below. Differential bone growth and thickness between the sexes are not only related

to overall size and weight, but these traits are also related to physiological behaviour. For

example, a lactating ewe may experience a mineral depletion in her bones during times of

food shortage so that lambs may have sufficient milk. The result may be an overall

thinning of the bones that will not be experienced by rams in the same conditions

(Horwitz and Smith 1990).

Gilbert (1989) readdressed the issues of microscopic bone structure raised by Daly,

Perkins and Drew (1973) examining the effects of domestication on the structure of

animal bone. In short, all researchers agreed that there was a shortage of bone material in

domestic animals revealed by the relative porosity of the domestic animal bones. The bone

loss of the domestic animals, they reported, was perhaps linked in some way to their

confinement, and the poorer diet than that of the wild animals (Daly eta!. 1973). They

further offered that the orientation of the crystallines noted at the articular surfaces and in

the shafts of the long bones developed as a response to stress in the weight-bearing bones

of the bodies of the domestic animals, which, through lack of exercise, poor nutrition, or

genetic deterioration, lacked sufficient material in their bones to form the sturdy skeletal
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structure of wild animals (Gilbert 1989: 49). Zeder (1978) attributed microscopic

differences in bone structure to ecological factors as well.

While the issue of bone growth and structure between domestic and wild animals is not

entirely relevant to the theme of this chapter, one issue that was not examined in Gilbert's

reassessment of bone structure (nor in the considerable reference works he reviewed) was

the difference in bone structure of male, female, and castrated animals. In other words,

after having read his conclusions and the review of similar works, one cannot help but

wonder whether the microscopic variations being reported are influenced by sex

differences as well as wild versus domestic differences.

One issue in Gilbert's discussion might aid in addressing this oversight. Stress and strain

reflects microscopically and sometimes macroscopically on bone surfaces and the

trabecular structure beneath them. The trabecular bone becomes more platey or sheet-like

with the preferred direction of the sheets aligned with the principal stress vectors (Currey

1984: 33). The trabeculae demonstrate that bone responds to stress by building firmer

supports only in the essential places and directions (Gilbert 1989: 70). Trabecular

thickness and organization are determined by osteoclastic and osteoblastic activities so

that, in general, the sturdiest dimensions oppose compressive forces and the most resilient

dimensions counter flexional and tensional forces ("adaptive remodelling") (Sissons

1956).

These findings concerning the effects of stress and strain on weight-bearing bones might

be applied to sexual dimorphism of bone structure and growth. Perhaps species in which

males compete in head clashes would exhibit signs of stress in the weight-bearing and

shock- absorbing bones, such as the neck vertebrae and the bones of the anterior and

posterior limbs particularly. If such differences did occur in the bone structure between

the sexes, however, the changes in structure would be the result of behaviour causing

chronic and acute stress, rather than ontogenesis. If differences in bone structure occurred

in immature specimens due to the development of a male or female individual, then the

differential bone structure would be genetically determined according to sex. The topic of

sexual dimorphic microscopic structure of bone requires further research to determine

whether differences exist.
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Headgear

Horns and antlers, while made of the same chemical composition as bone, grow

differently. Horns in bovids begin growing soon after birth. The horncores have a matrix

of compact bone which grows dorsally from the frontal or parietal bones, depending on

the species. The horncores also contain a cavity developed to alleviate weight from the

head, to absorb shock, and to protect the cranium from what might otherwise be fatal

horn breakage. The horns grow very rapidly in the first summer, but in the winter the

growth stops until the next spring when a new period of growth begins (Hatting 1975:

345).

Antlers in cervids begin development at puberty. Pedicles develop on the frontal bone of

the male, and antlers grow dorsally from the pedicles at a slow rate in the first year. The

younger the buck, the less intricate will be the antlers with branching tines. The growing

antlers will be covered in a sheath of velvet which is shed before the mating season. A rise

in testosterone levels around mating season triggers the first antler cleaning from the

velvet, and competition for mates begins (Clutton-Brock, T. et aL 1982). After the mating

season, testosterone levels decrease and antlers are shed. A new period of growth begins

in the spring. This pattern of growth for antlers is typical for all cervid species, with the

exception of the reindeer. In reindeer, the antler growth follows more the pattern of bovid

horn growth in that they begin developing soon after birth. The male will shed his antlers

after the mating season but the female retains her antlers until late spring, possibly to

dominate males to ensure food resources and protection for themselves and their young

(Espmark 1964; Henshaw 1968).

The difference in development of headgear between bovid s/reindeer and cervids is that the

former group develops horns/antlers ontogenetically, and the latter groups develops

antlers hormonally (Lincoln 1994). Genetically, this means that horns are programmed in

the genes and are hereditary between individuals, while antlers are programmed in the

genes of the species but are dormant until the rise of testosterone in the system. In

evolutionary terms, horns in bovids and antlers in reindeer did not evolve only for the

purposes of reproductive competition. If during phylogeny a species evolved horns in

their genetic code to begin growth after birth, this evolution indicates that the horns of
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bovids serve a purpose other than mating. In other words, if young bovids grow horns

before sexual maturity, the horns are likely needed at the immature stage of individual

development as well. Three likely reasons for the early development of horns in bovids

and reindeer are for defence against predators, securing food resources, and early social

interaction. As discussed in the previous section 2.1, both bovids and reindeer share the

open country habitat making them more vulnerable to predation, and making food more

scarce. Headgear would be required for individuals to survive in the open savanna or

tundra especially in younger specimens.

The development of antlers in other species of deer is hormonally triggered during

puberty suggesting that antler evolution is more related with the reproductive success of

the individual in a polygynist mating systems rather than survival of the species.

Furthermore, the absence of antlers on females for most deer species would indicate that

the survival of the female individuals is not dependent on the presence of weaponry. In

wooded environments, the animals would not be so vulnerable to predation, and food

would usually be plentiful.

Headgear, therefore, is more sexually dimorphic in woodland cervid species than in

bovids, in general, simply because antlers are specifically weapons of sex. The specialized

growth patterns of headgear as a secondary sexual character can explain the primary

purpose of its evolution in different species. The purpose of the development of headgear,

in turn, relates to the reasons for the specialized manifestations of sexual dimorphism in

each species.

Teeth

Sexual dimorphism displayed in specialized dentition exists in most species of pinnipeds,

proboscids, hippopotamids, equids, suids, ursids, primates, and most carnivores. In

general, sexual dimorphism of the canine develops in species whose main strategy of

defence or offence is biting.

Teeth are comprised of three major elements: dentine, cement, and hard enamel. In most

species, teeth roots are formed before birth, and deciduous teeth, or milk teeth, develop

preceding the permanent dentition. Each tooth develops in the alveolus, or tooth socket,
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of the mandible or maxilla of the cranium which will surround the erupting tooth, and

serve to anchor the tooth in bone for strength and endurance. The deciduous teeth,

although not all animals develop deciduous dentition, are shed during immaturity, and

permanent, stronger dentition grow and remain for the duration of the life of the animal,

with the exception of trauma or infection which will expel teeth from the alveolus.

The development of the canine is greatly exaggerated in larger species, such as

hippopotami, walruses, and species of wild pig. The tusks of an elephant are actually

incisors. The canines or incisors of these species protrude greatly from the cranium or

mandible of the animal and can be a source of great burden, weighing sometimes over 50

kilograms, in the case of the elephant. The specialized teeth of these species are referred

to as tusks, and in the case of elephants, hippos, and walruses, these tusks are made of

ivory instead of the typical tooth composition. Ivory is made up of the same chemical

composition as teeth, but includes layers of cementum and enamel which perpetually grow

concentrically in width as well as length for the life of the animal. Larger tusks are

developed by the male of the species, and in the case of walruses and Indian elephants,

tusk development is exclusive to male individuals. African elephants exhibit tusk

development in both sexes, the evolution of which is again related to the open country in

which the African species lives (Haynes 1991; Poole 1994).

In carnivores, suids, ursids, and primates, the male exhibits an increase in canine size

greater than in proportion to his larger body size. Canine development is related to

combat, territorialism, and display in these species. In the great apes, the evolution anci

use of enlarged canines can be associated with pronounced prognathism of the

craniofacial bones (O'Higgins eta!. 1990; O'Higgins and Dryden 1993). In suids, the

larger canine of the male individuals has also been noted in the size of the neighbouring

mandibular diastema (Van der Made 1991; Ruscillo 1994).

The muntjac deer is the most primitive of all extant deer species because it has maintained

canines as well as antlers. The muntjac not only competes in head-to-head combat and

includes biting behaviour as well (Lincoln 1994; N. Chapman: personal communication).

The disappearance of canines in other cervid species indicates a change in behaviour, and

the sole use of antlers as weapons. Male equids have maintained vestigial maxillary
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canines (and sometimes mandibular canines as well) which are still used to bite the necks

of competitors. The result of this behaviour has explained the canine in the equid, and also

the evolution of the neck mane as protection against biting.

The development of sexual dimorphism in the canines can thus be linked to behavioural

adaptations in applicable species, but not exclusively to mating behaviour in all cases since

the growth of these features begins after birth and before puberty. The extent of the

canine or tusk growth, and the contrast of canine size between the sexes can demonstrate

the importance of the canines or tusks in the survival or reproductive success of the

species.

Summary

The development of sexual dimorphic features in the individual is dependent on two major

factors, genetic composition and hormonal influence. Genetic composition is comprised of

chromosomes containing phylogenetic information and hereditary information as well. In

other words, the basic visual, structural and functional characters of an individual are

programmed through the evolutionary line of the species, the unique characters of an

individual are hereditary from its parents.

The growth of dimorphic features are physically dependent on the cycle of growth and

composition of bone, horn, and teeth, since we are mainly concerned with skeletal

dimorphisms. The composition and growth of these three elements are genetically and

hormonally controlled, and as we will see in the next section, influenced by external and

environmental factors as well.

An individual is born. The individual grows and develops both unique and common

characters. The structure of the animal, and its weapons of defence and offence are

developed during life, and the individual learns to use these features for survival. The

animal instinctually strives to survive against predators and the elements of nature, while

finding and securing food resources. During the mating season, the individual searches

and occasionally competes for mates, succeeding if its weapons, physical characters,

andlor strategies serve it well against nature, competitors, and mate rejection. The animal
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will produce offspring, if successful in mating, and transfer the special characters that

allowed the individual to survive and mate successfully.

The life cycle described above is not only a typical pattern of ontogeny of an individual

animal, the cycle is also an analogy of the phylogeny of a species. The species evolves

over millennia and develops advantageous features which will help it survive in its habitat

(natural selection), and will develop characters that will be advantageous in acquiring

mates (sexual selection). If the traits developed do not aid in habitat survival or mate

acquisition, the species will die off without leaving progeny, much like the individual

without superior or advantageous qualities. In these ways, ontogeny recapitulates

phylogeny. Sexual dimorphism in animals develops to maximize mating success, within a

species and from one individual to the next.

Apart from the genetic programming of a species and of an individual, external factors

affecting the fitness of an individual or population exist. These factors are primarily

environmental.

2.3	 Environmental factors affecting sexual dimorphism

So far, this chapter has examined the evolutionary reasons for the development of sexual

dimorphism in mammals, and the ontogenetic processes that create and affect the

development of primary and secondary sexual characters in individuals. The species or the

individual, however, cannot develop independent of the environment in which it grows

and lives. The individual is reliant on food resources that the environment provides, and

water supplies for consumption and environmental prosperity. All animals are thus

dependent on the fauna! and/or floral resources in their habitat and the seasonal climate

and annual precipitation in their region.

Over the course of millions of years, the fossil and geological records suggest that the

climate and resulting environment have designed the form and function of animal life in a

seemingly sensitive ecosystem constructed of many interdependent factors. Should one

factor in an ecosystem change suddenly, the rest of the floral and fauna! components in

that environment struggle to adapt and eventually evolve to survive to the new conditions
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or become extinct. If annual precipitation decreases drastically in one year, the vegetation

in an area declines in quantity and quality. Herbivores, amphibians, insects, and other

animals struggle through the drought with less food and sparse drinking water. Growth in

young animals is disrupted causing malnutrition and underdevelopment. Both young and

old individuals suffer starvation and thirst and become vulnerable to illness and predation.

Many individuals die, and the carnivores encounter starvation as the surviving herds leave

their feeding range in search of food in adjacent areas. The environment thus requires a

balance in seasonal temperatures and annual precipitation if all the components of the

ecosystem are to interact and prosper.

Another major factor affecting the environment is human interference. In fact, humans

have been the most devastating cause of environmental upheaval since the advent of

sedentism some 14,000 year BP in the Near East. With a sedentary or semi-nomadic life,

humans over-hunted local fauna within a limited geographical range changing the natural

forager/predator balance. Breeding populations became decimated, and entire species

became extinct in the world, like the elephant bird of Madagascar, or extirpated from

regions, like deer in Mediterranean lowlands. Humans also deforested great areas for

wood fuel, building resources, and land clearing for settlement development and

agriculture. Deforestation eroded the environment and caused aridification of the land

while destroying habitat and food resources for the local fauna. Semi-nomadic life became

permanent settlement with the advent of agriculture and animal domestication when

humans could control and stabilize their food resources (Davis 1982). Since the

beginnings of animal domestication in the Neolithic period in the Near East some 10,000

years BP, bovid species, in particular, have become radically altered physically.

Thus, long term and recent development of mammalian species has been influenced by

climatic, environmental, and human influence. When population and individual

development is affected, reproductive strategies are also responsive to the same external

influences. The extent of the development of sexual dimorphism in a population or an

individual is, as a result, indirectly connected with climatic, environmental, and human

interaction. When these external influences affect physiological and osteological

development differentially between the sexes in a population or species, the resulting

physical characters are known as tertiary seuaI characters.
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Tertiary sexual characters differ from primary and secondary sexual characters in that they

are not phylogenetically, ontogenetically, or hormonally produced. Tertiary characters

develop in the sexes during life in response to differential behaviour, feeding, processing,

selective breeding, and stress. Tertiary sexual characters can be unique in a group because

factors influencing the development of tertiary traits may be specialized in a specific

region or particular adaptive behaviour in a group. Examples of tertiary sexual characters

can include visual sexual dimorphic features such as the scars developed around the neck

area from combative behaviour of males, or subtle features in skeletal morphology such as

the angle of the femur head to the trochanter adapted to the differential use of the pelvis

during the life of the sexes.

A sexual dimorphic trait is a tertiary character when it meets the following criteria. The

feature is:

1) not directly developed from any genetic or hormonal process;

2) developed in response to differential sexed behaviour or physiology;

3) developed from the maintenance andlor use of secondary sexual characters.

Chapters 3.3, 6, and 7.4 illustrate examples of skeletal tertiary sexual characters in

mammals. The exploration of sexual dimorphism in this dissertation aims primarily at

locating tertiary sexual characters in mammalian skeletons, and seeks to explain their

development in terms of behavioural or environmental sex differences. Behavioural sex

differences have been examined in the first sections of this chapter. Differential responses

to environmental factors between the sexes are discussed below.

Climate

Climate change over the past 200 million years has been instrumental in the evolution of

the mammalian species extant today. Even in the relatively recent past, climatic change

has been suggested as one of the major reasons for the beginnings of animal

domestication. The change in annual precipitation in the Israel region in the late

Pleistocene, for instance, caused aridification of the land. Wild species such as fallow deer

became extirpated in the area forcing local settlers to begin animal husbandry to ensure a

meat supply (Davis 1982).
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In terms of physiological effects of climate on physical condition and development, a

decrease in annual precipitation will affect the body size of a population if extended for a

prolonged period. For example, a decrease in annual rainfall has been blamed for the

decline in body size and antler size in upland Scottish deer (Huxley 1932; Lowe 1961).

Hammond (1932) produced a record of annual rainfall in relation to the body size of

Suffolk lambs. The comparison showed a correlation between the smaller body size of

lambs born in years of less precipitation.

Seasonal temperature has been linked to the beginning of the annual mating season in

certain mammalian species. Temperature and nutrition have also been correlated with

sexual maturation (Karsch and Foster 1981; Lincoln 1971).

Also associated with climate is the frequency and duration of sunlight throughout the

year. In experiments with domestic cattle, light exposure was shown to be correlated to

hormonal fluctuations, mature body size, and milk production (Tucker 1981).

Climatic factors can have, therefore, a direct bearing on growth and reproduction of

individuals and populations of animals.

Nutrition

Many studies have been performed on domesticates, in particular, concerning the effects

of starvation and malnutrition in the development and maintenance of animal bones

(Benzie et a!. 1955-1960; Clutton-Brock, T. et a!. 1982; Doney and Gunn 1981;

Hammond 1932; Horwitz and Smith 1990; Kay and Staines 1981; Racey 1981;

Tchirvinsky 1909; Widdowson 1981). Basically, starved sheep grow to be smaller than

well-fed sheep of the same breed (O'Connor 1982: 56). Small ewes, in turn, produce

smaller offspring.

During periods of food shortage, a pregnant ewe will suffer bone thinning, and

consequently osteoporosis because she will deplete the calcium and phosphorus resources

in her body to supply to growing foetus (Benzie eta!. 1955; Horwitz and Smith 1990).

Radiographs taken on the metacarpi of starved sheep show cortical thinning of bone in the

ewes, but not in the rams from the same population (Horwitz and Smith 1990).
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Not only does food quantity have bearing on body size and condition, nutrient quality also

affects fitness (O'Connor 1982: 65). In pedigree bulls, individuals fed a high protein and

calcium diet had higher fecundity than individuals of low quality staple diets (Skinner

1981). Nutrition was found to play a important role in the reproductive fitness and

success of a wide variety of mammalian species (Widdowson 1981).

The cycle of bone development and growth is influenced by the quality and quantity of

food sources. Metrical studies of the metacarpi of sheep indicated that the longitudinal

development of the limb bones was associated with the suckling age of growth, and that

the circumferential development was more influenced by the post-weaning environment

(O'Connor 1982: 56). In primates, the size of the feeding ranges and the food resources

had a correlation on the average body size of individuals in a group (Leutenegger and

Cheverud 1982). For example, gorillas of the uplands are generally larger than lowland

individuals because of the more nutritious and plentiflul food resources.

Nutrition, then, can be seen to affect mature and immature bone growth, and eventual

body size. Individuals are affected, as well as groups of animals of the same population, if

environmental conditions persist for generations.

Domestication

Related to nutrition are the physiological effects of animal domestication and controlled

breeding. With the exception of some recent breeds of domestic pig, domestication has

had a shrinking effect on the overall body size of mammalian species. The early

domestication of the wild boar had a diminishing result to the domesticated species Sus

scrqfa domeslicus (Bull and Payne 1982; Payne and Bull 1988), though more recent

breeds like the Large White can grow to over 800 pounds and are exhibited at farmer's

markets. Domestic cattle, with the exception of Chillingham cattle, are considerably

smaller than their predecessor the auroch. In the early domestication of cattle, an adult

domestic bull was about the size of a female auroch (Rowley-Conwy 1995).

Not only has the size of domestic animals been affected by long term domestication,

skeletal morphologies have been altered. Domesticated birds change the colour of their

plumage to differ from their wild ancestors (Bottema 1989). The shape and size variation
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in domestic dogs testifies to the intense breeding control of humans over the centuries.

The morphological differences between the great dane and the daschund are remarkable,

especially considering that they are still the same species and can successfully interbreed.

Horns in domestic breeds have become highly variable due to hybridization and the

practice of castration. Some species of sheep and goat display horn growth in both sexes,

while in others, only the male will grow horns. Some breeds of goat have double pairs of

horns, while other breeds exhibit the total absence of horn growth in both the male and

the female (Mason 1967). Castration of individuals at a young age will result in the total

absence of horns, or the growth of stunted or twisted horncores with larger cavities within

(Clutton-Brock, J. eta!. 1990; Hatting 1975).

The domestication of animals has altered the genetical composition of the species. The

sexual dimorphic characters of body size and horns have particularly been altered as

breeding has been controlled over the centuries. The fitness of the animals has declined

due to highly selected food resources and limited grazing time. As discussed in the

previous section on bone growth, domestic animals show a decreased quality and strength

of bone as opposed to their wild ancestors (Gilbert 1989).

Summary

Apart from phylogenetic and ontogenetic growth and development, individuals and animal

populations rely on climatic, environmental, and in the case of domestic animals, human

care to survive and grow normally. Reproductive activity is dependent largely on

seasonality, including rainfall, sunlight, and temperature which together control the

hormonal cycles of wild animals. Climate, in turn, has a direct effect on the growth and

quality of food resources. The availability of quantity as well as quality food items is

crucial to the survival of animals, and their offspring. The bodily fitness of animals, wild

and domestic, is dependent on the nutrient quality of food consumed, not just on an

individual basis, but for generations of animals. If the rainfall and subsequent food

resources dwindle over a period of time, a species can die off, or adapt to survive under

the new conditions. Adaptation to sparse vegetation and water over time will result in
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smaller individuals within a population. This diminishment in size can be noted in

domestic animals likely because of lack of quality and variety of food, and confinement.

Sexual dimorphic characters are thus affected by the changes in climate, nutrition, and

domestication during development. Tertiary sexual characters arise between the sexes

during life in response to differential behaviour, physiology, and use and maintenance of

secondary sexual characters in response to environmental factors.

2.4	 Conclusions

Throughout this chapter, a theme has been presented, that the environment has literally

shaped the form and function of animals extant today. In the past, when the environment

changed radically in a relatively short time span, like the change from non-seasonal to

seasonal climate, some species could not adapt quickly enough and thus became extinct.

Others adapted slowly through natural selection to the great diversity in the new

landscapes, and this variation in climate and habitats has been largely responsible for

creating the immense diversity of animal life on Earth.

Environmental factors, including climate, habitat, and human intervention have changed

the behavioural patterns of mammals. The alteration of the environment has affected the

mating patterns and strategies of mammalian life over millions of years, and in recent

times. The manifestation of sexual dimorphic characters has adapted genetically to the

environment over the long term; variation in their manifestation occurs short term locally

within a population, and due to human-controlled breeding and hybridization. Sexual

dimorphic characters, including primary, secondary, and tertiary, have always existed in

the animal world. The extent of dimorphism relies primarily on habitat, secondly on

adaptive reproductive strategies, and thirdly on social dynamics within a group. For this

reason, secondary and tertiary characters are more pronounced in populations of animals

rather than species of animals. Individuals within a population are subject to the same

three components of habitat, reproductive strategy, and social dynamics. Dimorphic

characters are, therefore, adaptive remodellings of morphology to suit environmental and

subsequent behavioural evolutions.

56



Chapter 3.0 Current Methods of Sexing
Archaeological Bone

In the previous chapter, the factors affecting the evolution of behaviour, mating

systems, and sexual dimorphism were reviewed. Understanding sexual dimorphism from

an evolutionary perspective aids in comprehending manifestations of sex differences in the

skeleton. Knowledge of skeletal ontogeny and morphology facilitates the classification of

sex of archaeological animal remains. The next step then, is to review the methods of

identilying sex from animal bones in archaeology. In general, sexing methodologies have

been established through research performed on skeletal material with specimens of

known sex so that reliability and useflulness of the methods can be tested in a controlled

environment before they are applied to archaeological bone. As bones from archaeological

assemblages are from individuals of unknown sex, the faunal analyst attempts to discover

if and how sex can be determined from the preserved animal remains.

This chapter reviews the methods that have been used to determine sex from

archaeological mammalian bones through the recognition of the remains of primary,

secondary, and tertiary sexual characters.

3.1	 Primary Sexual Characters

Darwin, in his Descent of Man (1871), confined the term "primary sexual

characters" to the reproductive glands. He extended the term to include the mammary

glands of female mammals and abdominal sacks of marsupials, since they are directly

related to child rearing. John Hunter, in his Essays and Observations (1861) defined the

term primary sexual characters as those characters "directly connected with the act of

reproduction". The only primary sexual character, therefore, which preserves in

archaeology is the baculum, or penis bone, found in most carnivore skeletons, rodents and

equids. The baculum provides support of the male organ during mating. The penis bone

is, thus, a very reliable sex indicator when found with associated bones. However, as

reliable as the baculum can be in identifying sex, the bone presents problems as well. For
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example, due to the nature of the bone as a single, independent element, identification of

sex of an individual skeleton has to rely on the presence and preservation of the bone with

the associated skeleton. If, however, the baculum is not recovered, one cannot assume

that one is examining a skeleton of a female individual. Therefore, the baculum does not

offer an equal chance of identifying male and female individuals. Another problem of

identification is that the baculum cannot provide information on castration. A male

individual loses only the testis during castration (unless the spermatic cord is crushed in

which case the male maintains the testis), so a castrated male dog, for example, would still

appear as a complete male in the archaeological record, if sexing solely from the presence

of a baculum.

Bacula from rodents and smaller carnivores, such as mustelids and fox, are rarely found in

archaeology because of their fragile nature which usually cannot withstand the soil acidity

or compression of soil accumulation. Furthermore, the penis bone is not always

recognized as a bone by non-specialists because it tends to resemble just a sliver of bone

cortex. Another problem is associating the bone with the proper remains. For example, a

dog cemetery will sometimes have overlapping burials, and the 'floating' baculum is easily

collected by the untrained archaeologist with the wrong skeleton. An example of this can

be found at the Athenian Agora in Greece, where a Hellenistic Well (second century BC)

was excavated in 1954. The well, later used as a garbage pit, was found to contain the

remains of over one hundred dog skeletons (Snyder 1997: personal communication). A

few bacula were recovered also in the faunal assemblage from the well. The

zooarchaeologist could only be sure that nine dogs contained in the dump were male. She,

however, could not assume that the rest were female.

Primary sexual characters, therefore, are rare in archaeological contexts and care should

be taken when excavating carnivore skeletons to ensure that bacula are not overlooked, or

misplaced with other skeletons. The presence of a baculum with a skeleton, however, is

one of the most reliable sexual traits that one can find to aid in the analysis of animal

bones.
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3.2	 Secondary Sexual Characters

Darwin attributed the first coining of the term "secondary sexual characteristics" to John

Hunter from his Essays and Observations of 1861. Hunter stated that secondary sexual

characteristics "are not directly related with the act of reproduction, for example, in the

male possessing certain organs of sense or locomotion, of which the female is quite

destitute, or in having them more highly-developed, in order that he may readily find or

reach her, or again in the male having special organs of prehension so as to hold her

securely." Darwin generally defined secondary sexual characters with regard to mammals

and ayes as, "quite disconnected from the primary organs" such as "greater size, strength,

and pugnacity of the male, his weapons of offense or means of defense against rivals, his

gaudy colouring and various ornaments, his power of song, and other such characters

(1871: 254)."

Notable, however, should be that secondary sexual characters are associated also with

courtship and mating practices of animals, and that these characters are indirectly related

to reproduction. The secondary sexual characters usually determine the reproductive

success of an individual by attracting more mates with ornaments, typical in many avian

species. Alternatively, species in which the males engage in combat to control the

breeding rights with one or more females often depend on sheer size and development of

weaponry for reproductive success (Clutton-Brock, Guinness and Albon 1982). Examples

of species engaging in combative mating rituals are roosters (with metatarsal spurs),

walruses, sea elephants, hippopotami, and elephants (with tusks), canids, suids, some

hominids (with canines), cervids (with antlers), giraffids (with ossicones), and rhinoceri

and bovids (with horns).

Classification of the sex of an individual skeleton using specific bones such as antlers,

canines, and horncores, then rely on the presence of a few specialized parts. If not

present, however, one cannot assume that the individual is female, as in the case of the

baculum. Male classification of an individual can only be reliably indicated if these

elements are recovered, but a skeleton without sexually diagnostic bone elements cannot

be assumed a female individual. For example, crania are often not found with the post

cranial elements in archaeological contexts, so the observation of the presence or absence
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of antlers or large canines would not be available. Even if crania are recovered without

the rest of the associated skeletons, one can only suggest that male representatives exist in

the sample rather than providing an accurate sex ratio of occurrence in the sample.

It should also be noted that exceptions to the norm exist concerning secondary sexual

characters. Lincoln (1994), for example, reports that one stag in 200 does not grow

antlers, producing individuals known as hummels (also Clufton-Brock, T. eta!. (1982),

Darling 1937; Gadgil 1972). Sex identification from suid canines can also be difficult if

the tooth originates from an immature individual, the runt of the litter, or from specific

domestic breeds of pig (Bull and Payne 1982; Payne and Bull 1988). Horns often grow in

both sexes of bovids. Despite these minor problems with sex-specific skeletal elements,

finding these types of elements, including the baculum, is the most reliable way to sex an

individual skeleton or to identify the presence of sexes in an archaeological assemblage.

Canines

Studies of differential canine size and shape between the sexes in different species of

animals are abundant. Works on sex-related morphology and size of suid canines have

been published by Mayer and Brisbin (1988), Hillson (1986) and Schmid (1972).

Figure 3.1
	

Sus sex differences in the (a) maxillary canines, and the (b) mandibular
canines (after Schmid (1972). Plate IV, p.81)

Figure 3.1 reveals the size and shape differences of the pig (Sus scrofa) canine (upper and

lower). The male canines, both maxillary and mandibular, are generally larger than those

of the females.
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The most common method for differentiating between the sexes of pig is through

comparison of the canine. The durable enamel of the tooth allows this element to preserve

very well in the archaeological record. Even in a fragmentary state, the pig canine can

sometimes still be sexed because of its characteristic sections differing between the sexes.

Another distinguishing feature is the root of the canine. In males, a root is never formed in

either the maxillary or mandibular canine. As observed in Figure 3.1 above, the male

canines remain hollow, the basal end becoming larger with age. The female canines form

roots. The direct reason for this difference in root growth is that the male canines grow

continuously throughout life, while female canines reach an age of maturity and cease to

grow. The indirect reason for the sex difference of tooth growth is the distinction of use

of the canines between the sexes. The male will use the canines for combat with

competitors for mates and territory. Females will rarely use their canines, except in

protection of themselves and their young. As stated in Chapter 2, the adaptive tendencies

of pigs and all animals to their habitat result in the creation of weapons to suit their

lifeways.

Parsons, Brown and Will (1978) and Woodward (1996) measured the basal thickness of

male and female fisher canines (Manes pennanti) and found only a small margin of

overlap in the size ranges. Measurements of lower canine teeth of the black bear have

been taken by Sauer (1966) and Gordon and Morejohn (1975). The latter also measured

the M2 and found a significant difference between males and females. Despite the

individual variation exhibited in tooth size in subspecies of black bear (Ursus

americanus), the method correctly identified 48 of 52 bear skulls by comparison of the

length of the lower canine and M2.

Canine size of small dogs has been examined by Lorber, Alvo and Zontine (1979), and

their measurements successflilly separated the sexes between the specimens included in

their study. However, with domesticated dogs (Canisfamiliaris), the high variability in

size and morphology of the mandible may not produce accurate results for all breeds of

small dog. Canine length and width of the red fox ( Vulpes vulpes) was examined by

Ruscillo (Chapter 6) and it was discovered that the red fox exhibited a great overlap in

canine measurements between the sexes.
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Primate crania and mandibles have been examined for sexual dimorphism of the canines

(Harvey, Kavanaugh and Clutton-Brock 1978; Leutenegger and Kelly 1977; Oxnard

1987). Certain species of hominids exhibit a better separation of canine size between the

sexes than others. Canine size in hominids are largely associated with overall body size

and mating behaviour (Leutenegger and Kelly 1977).

Tusks from proboscids and hippopotamids are dimorphic in size. With the exception of

the Indian elephant, both sexes in species from these families grow tusks. The Indian

elephant lives in more wooded areas where food is more abundant. Male elephants of this

species develop tusks in competition for mates. In contrast to the Indian elephant, the

African elephant lives in a dry open savanna habitat where food is more scarce and both

sexes need to defend feeding ranges to survive. The male of this species still competes for

mates every four years during must, which accounts for its overall larger size than that of

the female (Poole 1994). Therefore, in African elephants and hippopotamids, comparative

lengths and widths of tusks can suggest sex ratios in a sample, if ages can be determined

as well. For archaeological sites in India, the recovery of elephant tusks in a sample from

the Holocene period is likely indicative of the presence of one or more male individuals.

Some species of pinnipeds also show sexual dimorphism of the tusks. In walruses and sea

elephants, for example, only the male grows tusks. The males compete annually for access

to mates in what are sometimes fatal encounters. These species of pinnipeds, in fact, are

some of the most sexually dimorphic animals in the animal kingdom. The males can be

three times the size of the females, grow tusks, beards, and bacula. Walruses and sea

elephants, not coincidentally, also form the largest harems, sometimes containing up to 40

females (Alexander eta!. 1979; Stirling 1975).

While the comparison of canine and other tooth measurements has been successful in

separating the sexes in some species, it should be noted that there have been instances

where tooth measurements have not been successful in separating the sexes. For example,

Lister (1981) examined sexual dimorphism of middle Pleistocene deer by measuring the

M3 from various mandibles. The results revealed no significant separation within the

sample, assuming that all individuals were not of the same sex. O'Connor (1982)

examined tooth measurements as sex indicators from British sheep breeds and found that
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tooth measurements could not be used to distinguish between the sexes. Warman (1998:

personal communication) discovered that measurements of the teeth of immature pigs,

both domesticated and wild, were not reliable indicators of sex. Hillson (1986) in his

extensive study of teeth, found that in general, teeth measurements, save for the canine in

some species, were poor indicators of sex.

Antlers and horns

Antlers and horns have been investigated for diagnostic characters of sex. Antlers are

considerably easy to classiQ' sex from since, in most species of deer, only males carry

headgear. The only exception to this are the various species of reindeer or caribou (genus

Rangifer including species tarandus, arclicus, caribou and groenlandicus). Even in these

species, where antlers are present in both sexes, the female exhibits smaller and simpler

headgear (Henshaw 1968). Other species of deer only require a presence/absence

examination of the cranium to determine sex, although hummels can exist in the

archaeological record as well. Hummels are male deer whose antler pedicles become

infected and impede the normal antler growth. They are very rare in a population, about

one in 200 individuals, but their crania still exhibit antler pedicles absent on the female

crania (Lincoln 1994).

A problem with sexing individuals from antlers remains is that all cervids shed their antlers

annually. Therefore, finding antler remains in a sample cannot testifj to the presence of

male deer in the sample or provide sex ratios for deer. In Star Can, for example, red deer

antlers were apparently collected afler being shed during the winter season for use as

industrial resource for the manufacture of bone tools (Legge and Rowley-Conwy 1988).

The only uncertainty with this scenario is that shed antlers are usually eaten by the

individuals that shed them, rarely leaving traces of the antlers themselves (Carter 1998).

The more reliable indicator of male deer remains, therefore, is the frontal bone of the

crania on which grow the pedicles which are not shed.

Horns exist mostly in species of bovids, including sheep, goat, cattle, bison, antelope,

wildebeest and gazelle. They also exist in species of giraffe (Giraffa capensis or

camelopardelis), called ossicones, and species of rhinoceros. Both sexes of rhinoceri
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develop horns in the nasal region, though the male horns are proportionately larger in

relation to their greater body size. These horns are sexually dimorphic in size only because

the development of horns in the rhinoceri was likely more related to their foraging

behaviour of uprooting earth in search of tubers and edible roots. Both sexes exhibit this

feeding strategy. Some extinct forms of the rhinoceros have been found in the fossil

record without horns, perhaps indicative of a species of rhinoceros living in a different

habitat feeding on foliage, not requiring a digging instrument (Janis 1982).

In all these families, specifically rhinocerids, giraflids, and bovids, both males and females

of specific species and breed can carry headgear. Exceptions to this are some breeds of

bovids, where only the male carries horns. Janis (1982) suggests that female bovids

developed horns as a method to protect their young, while Henshaw (1968) suggests that

female reindeer developed antlers to maintain territory with food resources, especially

during the harsh winter months. Both scenarios likely apply to the development of

weaponry in both species. Bovids and cervids living in open country, either savanna or

tundra, tend to develop headgear in both male and female individuals as protection from

predation and for securing food resources.

Most archaeological investigations concerning the sex of animal remains through

examination of horncores relates to domesticated species, such as sheep, goat, and cattle.

Both Armitage (1982) and Grigson (1982) have used a method for sexing cattle remains

via the examination of horncores. Clutton-Brock eta!. (1990) closely examined the

sections of sheep horncores to classify sex of sheep remains, particularly for the soay

breed. Figure 3.2 summarizes the findings of Clutton-Brock eta!. (1990) examinations of

horncores and their respective shapes.
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Figure 3.2	 Horncore shapes and sections of(a) males, (b) females, and (c) wethers
(after Clutton-Brock et a!. (1990), fig. 5, p.17)

The males exhibit consistently larger horns than the female individuals when compared to

age. The males also exhibit a thicker rounded-oval base than the female horns which are

more a flattened oval than the males. Uerpmann (1973) states that the female goat horns

are harder, more resistant and thus preserve better in the archaeological record. Wether

horns are more female in shape and section but are generally stunted from normal male

growth due to the lack of influence on growth from androgens, particularly testosterone,

from the removal of the testis. The cavities within the wether horncore are usually larger

than the other sexes, as illustrated in Fig. 3.2 above. Thus, Uerpmann is correct in that

female horncores would preserve better than male or wether horns simply because they

are generally smaller, and the smaller cavity within would create a more durable horn, less

susceptible to breakage.

The horns of all three sexes grow throughout life and are never shed. The horns of an

older ram can spiral twice and increase considerably in basal width. After the prime age of

the animal (>8 years), horn growth ceases at a maximum length and width, which is

variable between breeds and individuals. Occasionally, domestic animals will have their

horns removed, or polled, so that the animals are less hazardous to the farmer or

shepherd. The horncores and their keratinous sheaths can then be used as raw material for

tool manufacture. The horns discontinue normal growth and remain stunted with the cut

edge.
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The use of horncores can provide a useful method for sexing bovid crania in the

archaeological record. One, however, should be careful when using morphological or

osteometrical methods when sexing archaeological horncores. Remains from different

breeds and different populations could be present in the sample, which could increase the

vanability of the size and shape of horncores present. Many breeds of sheep, goat and

cattle have horniess females, which makes the sexing of crania slightly easier. But in cases

where horniess females are recovered, one should be carefi.il not to assume that a horned

specimen is a male as other breeds of the same species may be present in the sample.

Because horn development is largely triggered by hormonal secretion during ontogeny,

the effects of castration on horn development are significant. As seen in Fig. 3.2, the

horncores of castrated animals are in between male and female sizes and shapes. The age

at which castration occurs also affects the resulting size and shape of the horns, so it can

be difficult to sex domesticated bovids if only a few examples of horncores are present in

the sample.

The effects of castration on the growth of horns have been examined by Knecht (1966)

and Hatting (1975). The results of these studies have been applied in the field to recognize

the presence of steers and wethers in archaeological samples. Luff (1994) for example

examined the presence of castrated cattle at a Roman site (Chelmsford) in Essex from the

presence of three types of horncores.

Body size

Body size differences between the sexes are also identified as secondary sexual characters.

The size of an individual can suggest its sex when compared to the size of other

individuals from the same population. In many mammals, males tend to be larger than

females, with the exception of the hare, for example, where the doe is larger than the buck

(Davis 1987:44). Larger mammals, particularly certain species of cervids, bovids, equids,

and proboscids, can have a clear separation of mature size difference between the sexes.

Larger male size, as discussed in the previous chapter, is the evolutionary result of

millennia of adaptation to climate, habitat, and competition. With the change in climate,

landscapes provided less food and shelter, and males, in particular, competed for feeding
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ranges. With the internalization of the embryo and female lactation, the male was also

released from his parental obligations (Chapter 2). The combination of territorialism for

food resources with the release of parenting allowed males access to multiple mates. The

main advantage of having multiple mates is greater reproductive success with increased

progeny. Thus, competitive behaviour and weapons evolved in males, particularly for

access to mates and territories. The largest male would have the advantage in combat to

acquire the most females and consequently have greater reproductive success. Species in

which the males engage in combat for mates thus exhibit the greatest sexual dimorphism

of size. Mammal groups containing species which exhibit substantial size dimorphism

include pinnipeds, proboscids, suids, hominids, bovids, and cervids.

Thus, body size measurements have been used extensively for distinguishing between

male and female skeletal elements. 'Osteometrics' is the term used to define both the

measurement of bones and the analysis of the resulting data to interpret aspects of body

size in animals. Osteometrics has occasionally been successful in suggesting sex

separation in an assemblage, especially in instances where a single population of a

particular species is being examined. Measurement of animal bones became common

practice by the mid 70's and in response, Von den Driesch published the standardization

of bone measurements, A Guide to the Measurement ofAnimal Bones from

Archaeological Sites in 1976. The work has been a basic guide for zooarchaeologists

requiring standard measurement definitions. Standardized measurements are important

when using osteometrics from other assemblages to compare within and between different

archaeological assemblages.

Information concerning sexual size dimorphism is extensive for hominids (Clutton-Brock

eta!. 1977; Clutton-Brock 1985; Leutenegger and Kelly 1977; Leutenegger 1978;

Leutenegger and Cheverud 1982, 1985; O'Higgins et a!. 1990; O'Higgins and Diyden

1993; Rodman and Mitani 1987; Shea 1983; Wood 1975, 1976), and especially humans

(Antoszewska and Wolanski 1992; Dittrick and Suchey 1986; Dwight 1905; Ghesquiere

eta!. 1985; Glucksmann 1981; Hall 1982; Iscan and Mailler-Shaivitz 1984; Macho 1990;

Sacragi and Ikeda 1995; Singh and Singh 1975; Steele 1976; Uytterschaut 1986; Van

Vark et al. 1989). Also published are osteometrical comparisons of body size in relation

to sex for suids (Endo el a!. 1988; Payne and Bull 1988; Rowley-Conwy 1995; Van der

'-V
UI



Made 1991); ursids (Kurten 1955); canids (Higham eta!. 1980; West 1990), feuds

(Bartociewicz 1993; Kratochvil 1976; Sladek 1971), leporids (Buijalska 1964;

Sobocinska-Janaszek 1976), and cervids (Bartosiewicz 1986; Clutton-Brock eta!. 1982;

Davis 1984, 1994; Lister 1988). All of the above-mentioned works are reports from

research perfonned on modern individuals of known sex. A portion of them continues to

apply metric separations found for the modern specimens, to archaeological or fossil

specimens.

With wild pig, body size can also be used to distinguish between the sexes in a population

(Payne and Bull 1988), but body size comparison gets tricky when examining pigs of

domestic breeds. Often in these cases, the sow can be larger than the boar due to selective

breeding for litter size and easy control and maintenance of the male.

Copious amounts of metrical data are available for archaeological bovid remains, too

numerous to mention all here (e.g. Bedard 1974, 1978; Howard 1963; Payne 1969; Speth

1983; Wilson 1974; with further bibliography). Most publications dealing with sexual size

dimorphism of bovids utilize measurements of Iongbones within assumed archaeological

populations to distinguish between the sexes. The most common bones used

osteometncally to determine sex are the metapodials. Figure 3.3 below shows the most

common measurements taken on the metapodials, especially the metacarpals, to achieve

the best possible separation of sex. Overlap usually exists between the sexes.

Figure 3.3	 Common metapodial measurements for classifying sex in populations of bovids:
a) anterior perspective, (1) distal breadth; b) plantar perspective, (2) height of condyles,
(3) width of condyles, (4) width of trochlea (from Davis (1984), fig. 92a)
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Because cattle metapodials, particularly the distal metacarpals, have been shown to

provide useful metrics for distinguishing between the sexes, many osteologists have

utilized these methods in their own analysis of bovid remains (Bedard 1974, 1978; Beneke

1988; Bosold 1968; Davis 1984a, 1984b; Fock 1966; Higham 1969; Howard 1963; Jewel!

1963; Legge 1992; Kurten 1955; Webb-Thomas 1985; Zalkin 1962). From specific

studies on bone measurements (Fock 1966; Kurten 1955; Zalkin 1962), results show that

measurements of breadth tend to be more sexually dimorphic than those of length, while

bones of the forelimb display more sexual dimorphism than do equivalent bones in the

hind limbs (Higham 1969). Hence, the metacarpus, particularly the distal end, tends to be

more favoured for osteometrical studies of sexual dimorphism in bovids than the

metatarsus (O'Connor 1982). Fock (1966) showed through his metrical analysis of

individuals of the Schwartzbuntes breed that the distal breadth of cattle metacarpals was

more sexually dimorphic than length; the latter demonstrated considerable overlap

between males and females. Higham (1969) showed that the bone dimension with the

least overlap from his sample population of Aberbeen Angus bovines is the maximum

distal width of the metacarpus. Higham measured only the lower limb bones from the

distal metacarpus continuing distally, including the proximal phalanx and cuboid-

navicular, and from the distal tibia continuing distally, including astragalus, calcaneum,

metatarsus, and proximal phalanx.

In fact, rather than his measurements only revealing sexual dimorphism, Higham suggests

that his sample measurements reveal a trimorphism between bulls, cows, and steers.

Because length of the longbones is a good indicator of body size variation, it is

interesting that the breadth of bones can be more dimorphic or trimorphic than the length.

Consequently, Uerpmann (1973) states that the distal metapodials are morphologically

different rather than just metrically; the distal end is more wide than it is deep in males and

wethers compared to females. He attributes the breadth variability to loading of

differential weight between the sexes acting on the bone ends. Uerpmann therefore refers

to the distal breadth of the metapodials as a tertiary sexual character rather than

secondary because the shape variation is a consequence of weight differences related to

sex rather than genetic or hormonal development.
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Osteometric separation of sexes is a major zooarchaeological method. There are,

however, a few problems associated with the technique and the interpretation of metrical

data from archaeological assemblages. Firstly, a large sample containing many

corresponding skeletal elements from the same species is required to establish any trend of

size differences within a sample.

The interpretation of archaeological bone measurements is dependent on several

assumptions. If a sample of sheep distal metacarpi, for example, reveals a separation in

size, the zooarchaeologist is inclined to interpret the size differences as representative of

male and female individuals, the larger range of sizes being the males. The assumptions

made in this interpretation are the following:

1) that the sizes are representative of sex;

2) that only one breed of sheep is present in the sample;

3) that only one population of sheep is represented;

4) that no wethers exist in the sample;

5) that hybrids did not exist;

6) that no wild individuals could be represented in the assemblage;

7) that males are always larger than females;

8) that both sexes are represented in the sample;

9) that individual variation cannot account for the size differences, and

10) that climate, habitat, and diet of the animals were the same for all
individuals.

Some researchers are aware of these interpretive problems and try to further refine

osteometric methods by increasing knowledge about the effects on size from breeds,

castration, and climate (Bull and Payne 1982; Davis 1994a, 1994b, 2000; Fock 1966;

Ha.ak 1965; O'Connor 1982; Payne and Bull 1986; Schramm 1967).

Metrical analysis, however, is versatile and can be applied to any species or any bone part.

For this reason, osteometrics is ideal for zooarchaeological research. Because of the

external influences on body size, osteometrics would be complemented with

morphological analysis of bones. With the development of a morphological method of

sexing, some assumptions would be eliminated from the interpretation of sex ratios in

archaeological sample. A morphological method would work from pre-existing, universal
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factors of sexual behaviour and physiology. The effects of pregnancy on the skeleton, for

example, or the effects of growth afler castration, would be factors in establishing

consequential morphologies in skeletal elements that would be common in animals despite

size and breed.

A supplemental method for sexing post-cranial animal bones would increase the

effectiveness of sex determination in archaeology. The morphological study presented in

this dissertation presents two new morphometric methods to aid zooarchaeologists in

sexing archaeological bone remains. The methods focus on the sexual dimorphism of

tertiary sexual characters. Known tertiary traits are reviewed below.

3.3 Tertiary Sexual Characters

In Chapter 2, tertiary sexual characters were defined as those sexually diagnostic

characters that arise due to the use and maintenance of primary or secondary sexual

characters and hence, due to the indirect influence of hormones during ontogeny that

cause primary and secondary traits to develop.

In anatomy and zooarchaeology, several tertiary sexual traits have been identified as

useful for differentiating between the bones of males and females within species. Tertiary

characters are more subtle, and in being so, perhaps less definite than primary and

secondary sexual traits, but can be very useful in classifying sex to certain animal bones.

Os pubis

One of the most commonly and reliably used sex indicator, especially for the bovid and

cervid groups of animals is the morphology of the os pubis. It should be noted that pubic

morphology is a secondary sexual character since the shape of the pelvis develops under

hormonal influence (Anderson 1990; Bernstein and Crelin 1967; Coleman 1969; Crelin

1960; Gardner 1936; Gingerich 1971; Witschi 1959). Evidence for this can be witnessed

upon examination and comparison of male and female pubes, before females have

produced offspring. Further evidence can be obtained from the examination of the pubes

of male mammals castrated at a young age; while born male, the lack of androgens in the

male body after castration usually develops a pubis which is female-like in morphology
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(Bernstein and Cretin 1967; Cretin 1960; Clutton-Brock, J. el aL 1990; Gingerich 1971;

Witschi 1959). The dimorphic morphology of the pubis, however, is accentuated with the

onset of pregnancy and birth. In some species, the best sexually diagnostic features of the

os pubis have been reported to be caused by the expansion of the birth canal (Gingerich

1971). The pubis experiences a 'stretching' to allow the widening of the birth canal. This

stretching, widening, and thinning is caused by the resorption of calcium from the bony

pelvis of the mother (Budinoff and Tague 1990; Crelin 1969; Gardener and Van

Heuverswyn 1940; Suchey el al. 1979; Tague 1988), and the widening of the birth canal

to accommodate the developing foetus. Figure 3.4 illustrates the morphological

differences in pubes of sheep.

ci'

Figure 3.4	 Morphological differences of the os pubis of sheep, a) adult male, b) adult female
without offspring, c) adult female with offspring, d) adult wether.

The male pubis is thicker and round in section in comparison with the other three

categories. The pubis of the unmated ewe is thin and oval in section in contrast with the

mated ewe which develops a thinner and longer pubis. The pubis of the wether resembles

that of the unmated ewe, but larger in overall size like that of the male with an oval

section.

The morphology of the pubis has been instrumental in distinguishing between the sexes, in

a laboratory environment and during zooarchaeological fieldwork. The pubis is a reliable

indicator of sex especially for medium-sized and larger mammals, as shown by a number
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of modern studies using animals of known sex (Boessneck 1964; Lister 1996, Phenice

1976; Prummel and Frisch 1986; Ruscillo 1994; Sutherland 1991; Taber 1966; West

1990; Zuckerman 1993). The pubis is not very useflul in classifying the sex ofjuvenile or

immature mammals, but works quite well for sexually mature suids, bovids and cervids.

Smaller mammals, such as rodents, exhibit less sexual dimorphism in the pubis, though

some studies reveal successfiul separation based on specific criteria (Bernstein and Crelin

1967; Black 1970; Buljalska 1964; Coleman 1969; Crelin 1960; Gardner 1936; Gingerich

1971; Vesugi et a!. 1992). Payne (1990) suggests that mammals whose offspring are

born with small crania, such as multiparous mammals, do not require the stretching of the

pubis to accommodate the cranium during birthing (West 1990). This would explain why

carnivores, for example, would experience less thinning or stretching of the pubis.

A i/as and axis

One other tertiary distinction between males and females in the post-cranial skeleton is

differential morphology of the atlas and axis. Sexual dimorphism in the cervical vertebrae

arises primarily due to the loading factor associated with the bearing of horns on the

cranium. In rams, for example, the horns can comprise up to 8% of the total body weight

(Geist 1971). In stags, antlers can be of considerable weight which is a factor in fighting

success (Clutton-Brock 1982).

Sexual differences are expressed in size and shape of the atlas and axis, particularly in

areas of muscle attachments. Dimorphic characters of the cervical vertebrae in sheep are

outlined and illustrated in Boessneck, MUller and Teichert (1964), Boessneck (1970),

Clutton-Brock eta!. (1990), Gromova (1953), and Lemppenau (1964). For deer, the

effects of combat on the skeleton are discussed by Bartociewicz (1986).

Shape differences in the atlas are expressed mainly in the transverse processes. For

example, the transverse processes of the male sheep are blunt at the caudal end while the

processes of the female are pointed. In the axis, the spinous process at the caudal end is

longer and more pointed for rams than it is for ewes. Fig. 3.5 below illustrates that even

homless males exhibit an axis much like that of females suggesting that sex differences in

73



the atlas and axis are adaptive to loading factors of the cranium, therefore classifiable as

tertiary characters.

£ai'

Figure 3.5	 Sexual dimorphism of Ovis atlas and axis (afler Boessneck 1970, figs 4Th, 48b, 49)

Muscles attached to the transverse process of the atlas and the spinous process of the axis

are more developed in males to support the larger and heavier horncores. Furthermore,

the cervical support is required during head-to-head combat practiced by rams and bucks

during mating season. The stress of combat could affect the shape of the atlas and axis.

The impact force for sheep, for example, is estimated to be as high as 3kN during fighting

(Kitchener 1988), the equivalent of dropping a 330 pound weight, or two cars colliding at

20 kilometers per hour.

Other studies of cervids have revealed that hormonal changes at the onset of breeding

activity in stags show that testosterone levels rise steeply triggering first antler cleaning

and subsequently seasonal increases in the size of the testes and the development of the

mane and neck muscles (Lincoln 1971a; Lincoln eta!. 1970; Goss 1963, 1968; Goss and

Rosen 1973). The design of the horns evolve with the method of combative behaviour

(Kitchener 1985), and even the development of the cranial sutures is influenced by the

amount of stress endured by the cranium (Herring 1972; Jaslow 1989). Therefore, impact

force will likely affect the adaptive and functional morphology of the cervical vertebrae.
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Cortical thickness

Another tertiary character related to reproduction in female animals is the cortical

thickness of bone. Horwitz and Smith (1990) used radiographs of metapodia from soay

sheep to evaluate how environmental conditions, gestation and lactation affect cortical

thickness. They studied feral rams and ewes from the island of Flirta in the Hebrides and

captive sheep kept at the Rowett Research Institute in Aberdeen. Their results revealed

that rams had no significant reduction in cortical thickness due to environmental stress.

Feral ewes, however, showed a thinning of the cortex due to seasonally restricted food

supply in comparison with the captive sheep. Horwitz and Smith concluded that additional

stress on bone metabolism was imposed by gestation and lactation on female animals

exposed to environmental stress. Similar studies were conducted by Benzie et al. (1955)

on the calcium and phosphorus deficiency of bone in pregnant malnourished Cheviot

sheep. It is likely that the cortical thickness of the bones of deer and other feral animals is

affected by environment, nutrition and pregnancy as well. Moen (1973, 1978) examined

the energy and protein requirements versus seasonality of the female white-tailed deer.

Lactating females required more energy than pregnant ones during the fourth to sixth

week after partuntion. Moreover, in captivity lactating red deer hinds will eat twice their

maintenance requirements (Arman eta!. 1974; Kay and Staines 1981). Daly (1979)

indicates that the same is true for rodents.

Although measurement of cortical thickness in bone has not been used on archaeological

bone to distinguish between the sexes, the method has potential since most domesticated

populations of sheep would have been subjected to environmental and seasonal

restrictions on food supply. Of course, the limitations on such a method would be the

environmental conditions. If the animals were not under environmental stress, then no

substantial differences would be noted in the radiographs of cortical thickness, and sex

would not be classified. If, however, a difference in cortical thickness was discovered in

an archaeological assemblage of metapodials, perhaps one could speculate about sex

ratios and about the environmental conditions.

Daly et a!. (1973) and Gilbert (1989) examined the microscopic structure of animal bones

between domestic and wild species. Both parties discovered differences primarily in the
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trabecular and cancellous structure of the bones between the two groups of animals. They

attributed these differences in microstructure to the poor, unselective diet and the

confinement of the domestic animals which produced thinner bone material in the articular

surfaces of the weigh-bearing bones. Unfortunately, they did not study the microstructure

of male and female bones. Perhaps with the sexual differences in weight and behaviour,

the cancellous bone would exhibit similar differences in microscopic structure such as

those discovered by Daly et aL (1973) and Gilbert (1989). However, a considerable

amount of lab work is needed to establish if indeed sexual dimorphic differences exist in

the microstructure of bone.

Cranial differences

Head-to-head combat can also affect the morphology of the cranial sutures. Although

never used in attempts to distinguish the sex of archaeological sheep crania, Jaslow

(1989) identified two sutures (the maxillojugal and the jugolacrimal) with significant

shape differences between the sexes. She attributes the digitation of these facial sutures to

horn clashing impact. Likewise, Herring (1972) examined the sutures of suids to indicate

intensity and direction of stress in crania. Since the examination of sutures can suggest

differential stress due to sexed behaviour, the study of sutures on archaeological animal

crania has potential as a method for sexing the crania of combative species. Sutures would

be a useful method for sexing when examining fragmentary crania from archaeological

assemblages.

Similarly, sexual dimorphism in canid crania has been identified to exist in the basioccipital

region (The and Trouth 1976; Trouth et a!. 1977). The explanation given to account for

these morphological differences in the basioccipital region of the canid cranium is the

fighting behaviour of male dogs and the use of their larger canines. If this is tme, then the

development of the basioccipital would likely occur during life rather than due to

hormonal effects of growth, and could be classified as a tertiary sexual character. It

should be noted that the dimorphic morphology of the basioccipital region has only been

demonstrated for a population of hybrid dogs from an island in the Caribbean. Other

attempts at applying this method to other dog remains have failed (Ruscillo 2000). The

features that The and Trouth describe and illustrate are far too subtle and do not conform

with all breeds and hybrids of dogs.
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Combative behaviour associated with the use of canines has been used to explain the

increased facial prognathism in some primate crania. O'Fliggins and Dryden (1993) used

landmark analysis on the crania of a group of great apes. Pronounced facial prognathism

in males was discovered to occur in Gorilla and Pongo groups. Rodman and Mitani

(1987) explain the sexual dimorphism found in the facial region of the Pongo species.

Between males, competition for mates is fierce, which may lead to the development of

characters which favour success (O'Higgins and Dryden 1993: 201). Differences in facial

prognathism between the sexes in Pan troglodytes is not significant presumably because

less fighting occurs among the males. Mating groups are formed and female persuasion

plays a role in mating success (Goodall 1986: 479).

Although the analysis of facial prognathism has not yet been used for zooarchaeological

work, landmark analyses which reveal sexual differences in facial prognathism can be

helpful when classifying the sex from the crania of these two species. Landmark analysis is

a method of morphometrics which places landmark points around the outline of a shape,

either in two-dimensions or three-dimensions, and compares the location of these

landmarks within a study group of specimens (see also Davis 1983; O'Higgins eta!. 1990,

for further examples of landmark analysis in morphological bone studies). The landmarks

placed around the facial region of Gorilla and Pongo, for instance, showed significant

difference of location between the sexes in the study of facial prognathism in the great

apes. O'Hlggins and Diyden warned against the application of their results to other

hominids.

Tertiary characters related to canine size can be found in suids. Increased robustness of

the alveolus of the canine can indicate the sex of a suid specimen even when the canine is

missing. The robust alveolus grows in relation to the canine to support its weight and use

(Mayer and Brisbin 1988; Ruseillo 1994). Likewise, the width of the mandibular diastema

in suids can indicate sex. Female suids have a disproportionately greater diastema than

females (Van der Made 1991). These methods for sexing suid mandibles are useful when

dealing with fragmentary archaeological specimens which do not preserve the dimorphic

canines.
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3.4	 Summary and conclusions

Sexual dimorphic traits in mammals include primary, secondary, or tertiary characters.

Primary characters are those that pertain only to the sexual organs. They are primary,

according to Hunter and Darwin, because the sexual organs are the first distinguishing

traits of sex in a newborn individual. Genetically (post- Hunter and Darwin), the sexual

organs are primary because the gametes (XX and XY, as defined in the previous chapter)

are encoded to produce these features only, namely the ovaries and testis respectively.

The only skeletal remnant of primary sexual characters in archaeology is the baculum, or

penis bone, of male carnivores.

When the ovaries and testis secrete hormones, they influence the growth of secondary

sexual characters, such as canines, tusks, antlers, and horns. Body size is a secondary

sexual trait as well, but is not influenced by hormonal secretions alone. Body size is

directly hereditary from the parents, and also from the genetic composition of the

population. These factors, in turn, are influenced by climate, habitat, and nutrition

(Chapter 2). Hormones do play, however, a role in size development. A male castrated at

an early age, although growing to a comparable size of a complete male, can experience a

delay in epiphysial fusion (Brannang 1966; Davis 2000; O'Connor 1982; Schramm 1967).

Body size, therefore, is considered a secondary sexual trait despite its complexity of

development.

The shape of the pubis is a secondary sexual character because its morphology is

developed under the influence of hormones. The shape of the pubis becomes a tertiary

sexual character during the gestation of the first offspring when the pubis is stretched to

accommodate the foetus. If a ewe continues unmated, the pubis remains a secondary

sexual character, that can often times be difficult to distinguish from a wethered

individual.

The most common tertiary sexual characters used to identify sex in mammalian skeletons

include the pubis, altered during pregnancy, and morphological changes in the atlas and

the axis due to the use and maintenance of headgear. Potentially useful tertiary characters

include sex differences in the cortical thickness of bone, and perhaps, differential

microscopic bone structure due to lactation of females and differential processing of
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calcium and phosphorus. Differences in cranial features, such as the morphology of

sutures, facial prognathism, basioccipital differences, and various mandible features

developed in response to differential canine size, are also potentially useful morphological

traits for sexing individuals.

Tertiary sexual characters are, perhaps, the most prolific of sexual characters in that they

can occur in a number of locations in the skeleton of one individual. Whereas secondary

sexual characters can occur in one or two areas of the skeleton (eg. body size and

antlers), tertiary characters can develop during life in all areas of the skeleton, including

the cranium, mandible, trunk, and long bones of a single individual. Although tertiary

sexual characters are most abundant in any one skeleton, they are subtle and at times

cannot be noticed just by visual comparison between the sexes. One of the aim of this

dissertation is to attempt to develop a new methodology for identifying tertiary sexual

characters. The development of an alternative method for sexing to osteometncs is

needed to supplement traditional sexing methods already in use. A morphological study of

sexual dimorphism will aid in the knowledge of the effects of pregnancy and castration on

the skeleton, and enable sex to be identified more frequently in archaeological

assemblages, and perhaps with more certainty, than traditional methods can offer.

The subtle nature of tertiary characters and the increased effort required to distinguish

between males, females, and wethers renders the classification of sex using these traits

precarious if not identified with care. Unlike the baculum, antlers, and tusks, which are

considered 'a sure thing' in sexing methodology, tertiary sexual characters need to be

recognized in a sample group of individuals to establish shape trends to enable a sex

classification.

Figure 3.6 illustrates the relationship between the types of sexual characters. Primary

sexual characters and the hormones that they produce influence the development of

secondary sexual characters, and the use and maintenance of secondary traits influence the

development of tertiary traits.

The primary traits occupy the narrowest part of the triangle because they are represented

by the fewest skeletal elements, from zero (as in most species) to one element (in

carnivores), the baculum. Secondary traits occur more frequently in the skeleton and in
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Chapter 4.0 Materials

As stated at the end of Chapter 3, concerning traditional methods of sexing

animal bones, an alternative or supplemental method of sex determination from

archaeological bone was needed to complement osteometrical studies. To complement

metrical techniques, the new sexing method would ideally focus on bone morphology

rather than size. The ability to develop a supplemental sexing technique involving

bone morphology was dependent on the existence of sexual dimorphic features in the

skeleton. Therefore, a comprehensive and well-grounded examination of mammalian

skeletons needed to be conducted. The purpose and method of the examination were,

consequently, mutually beneficial and interchangeable: by examining sexual

dimorphism in mammalian skeletons, a new method of sex determination might be

developed. And by attempting to develop a new method of sex determination, sexual

dimorphism in mammals was examined. The study, thus, began with an examination

of sexual characters in the skeleton.

In order to conduct a valid exploration of sexual dimorphism in mammalian skeletons,

a study group of specimens was required. For the study to be archaeologically focused,

the species examined needed to reflect common species found in archaeological

assemblages. To begin to examine sexual dimorphic traits, the study group essentially

required to be comprised of modern individuals of known sex. By working with

modern skeletons from curated collections, catalogued information for each specimen,

including sex identity, could be accessed. By having sex, age, and provenance

information, the study of morphology would be controlled, and factors affecting

sexual dimorphism could be included in the interpretation of results. Thus, many

collections were visited with the purpose of collecting a statistically valid number of

applicable specimens to include in the study group.

This chapter describes the predetermined material requirements of this study before

data collection began, and the subsequent events leading to the species selection and

skeletal element selection under examination.
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4.1	 Material requirements

Material from 18 osteological collections in Canada, Greece, and the United Kingdom

was included in the examination of sexual dimorphism. The author had access to

collections in these particular countries as a Canadian resident, a zooarchaeologist in

Greece, and as a post-graduate in the UK. The advantages of including individuals

from all three regions were two-fold: first to acquire an adequate sample for statistical

analysis, and second to include individuals from different populations and

environments to account for geographical variation.

Thirty-five collections were contacted in the preliminary search for applicable

material. For a complete listing of osteological collections with addresses and

curators, see Appendix A in Volume II. Selected from the preliminary search for

material, 26 collections were visited for collecting data, however, many of the

specimens had to be omitted from this study for a variety of reasons. Specifically, it

was imperative that the study was conducted using individuals of known age, sex, and

provenance, and not all reference collections had records to provide this information

for their skeletons. Also, each individual examined had to be of adult age, having

bones fully fused to ensure the appearance of tertiary sexual characters which are

developed through life, particularly after sexual maturity. Tertiary sexual characters

are discussed in Chapter 2.3 under 'Environmental factors', where descriptive criteria

are listed and discussed.

Pathological specimens were omitted from the study sample. A broken bone or

osteoarthritis anywhere in the skeleton, for example, could affect the normal

movement of the body and hence affect the morphology of the rest of the skeleton.

Certain muscles and bones tend to support and overcompensate for a lame or painflul

part elsewhere in the body. Overcompensation due to abnormal equilibrium of the

body can result in the anomalous formation of muscle attachments and stress trauma

in the joints. Therefore, bones from skeletons revealing experience of trauma could

not be considered representative of a normal individual. Arthropathy was common in

old individuals, creating pathological bone overgrowth on the surface of the bone.

Very old individuals, therefore, could not be included in the study for this reason.
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The statistical prerequisite to include as many specimens for study as possible was a

major consideration during data collection. At least 15 specimens representing each

group is deemed acceptable to support trends and patterns resulting from

morphologically comparative studies (MacLeod 1996: personal communication;

Hilison 1996: personal communication). Although additional data might produce

more reliable results and better-founded conclusions, this study was limited by the

number of eligible individuals available in each collection. Many osteological

collections, for example, are set up as comparative or teaching collections wherein

they contain only one individual of each species. Other collections have their

specimens mounted on wire and glued making each bone element inaccessible for

closer examination. Older collections do not have full records for their specimens, so

most museum-curated individuals are unsexed. Many osteological contributions

originate from abattoirs, so the sex and provenance of the skeleton are not known at

the time of acquisition.

Osteological collections and their curators are bound by the breadth and size of their

storage facilities. Increasing demands for space in museums and universities for new

and incoming comparative samples and exhibits are diminishing space for

osteological collections. Most collections maintain only one specimen from each

species as a comparative morphological example because of limited space. Other

collections have had to limit the breadth of their collections by storing only selected

orders of animals, such as birds, or particular parts of skeletons only, usually the

crania. Larger mammals, such as cattle and horse, are not only awkward to prepare

due to the sheer size of their bones, they also demand extensive storage space. As a

result, animal skeletons from large mammals were rare in collections.

Bone acquisitions at museums and universities are often limited to donations. For

instance, many contributions to osteological collections are offered by farmers and

veterinarians who donate individuals for skeletal preparation. They, in-turn, are

subject to cultural selections and culling strategies of the local economy. For example,

many people prefer male to females dogs or cats as pets. Therefore, most dog remains

in osteological collections maintain a majority of male dogs from personal
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contributions to the collection. Most collections house an overwhelming majority of

adult female sheep in their collections because most farmers in Europe and in the New

World maintain ewes until an older age to benefit from wool and milk production, and

lamb raising. Rams are rarely kept until adulthood. Most male lambs are culled for

meat within their first year of life, while only a small portion are kept until adulthood

as studs.

With deer, the majority of individuals in collections are donated by hunters whose

trophy-based sport relies on hunting a stag with large antlers, while preserving the

female deer to maintain the population in any given area. Pigs are maintained in a

meat economy in Europe and the New World. Very rarely can one find adult pigs in

osteological collections simply because pigs are culled at a young age in a meat

culture.

Because of the donation-based acquisition of skeletal specimens, wild or exotic

animals were very rare in collections.

These constraints on osteological collections have, as a result, limited the number of

species and individuals included in this study. Not all groups examined were

composed of 15 individuals or more due to availability in the collections. This result

does not brand, however, studies of insufficient numbers of individuals invalid. A

basic rule of statistics is that more specimens are better than less in comparative

studies; ten are better than nine, and so on (MacLeod 1996: personal communication).

Therefore, data were collected from all eligible individuals to ensure that the study

was as thorough and inclusive as possible.

Table 4.1 summarizes the data collected from each osteological collection. As stated

above, several collections could not offer complete adult individuals of known sex

and provenance that were unmounted and accessible for morphological examination.

The table lists number of specimens per species/per sex category. From examination

of the number of individuals per sex included in this research, the cultural constraints

on donations mentioned above can be recognized.
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In total, 314 skeletons were examined from 18 collections. The columns are totaled for

columns and rows. The totals at the bottom of each column represents the number of

skeletons examined in each collection. The totals at the far left represent the number of

skeletons examined for each species per sex group.

It should be noted that Ovis aries has three sex categories. Domestic sheep were the only

species group to represent three sexes in the collections, males, females, and wethers

(castrated individuals). Other groups are comprised only of male and female individuals,

though there is some question as to whether any of the male domestic dogs (Canis

familiaris) are castrated or neutered specimens. Catalogue entries for these individuals

indicated only male genders with no records of castration. Given the nature of bone

collection donations, it is likely that some male dogs are neutered individuals.

Unfortunately, without confirmation, the long-term effects of castration on dog skeletons

cannot be examined in this study.

Collection staff and addresses can be found in Appendix A of Volume II. The collection

staff which provided help in the collections for this study are presented in

acknowledgments at the beginning of this volume.

4.2	 Species selection

As described in the previous section, specimens selected for this study were restricted by

a number of factors, such as availability in collections, adult age, normal, non-

pathological condition, and having records of sex and provenance.

Being aware of these essential criteria, the study group of skeletons needed a focus of

species in order to pursue the objectives of this research. The species were selected by in

light of a numbers of considerations.

Considerations

To reiterate the main objectives as described in Chapter 1.2, this dissertation seeks to

explore sexual dimorphism in mammalian skeletons, particularly tertiary sexual
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characters, and to attempt to develop a technique that would allow the identification of

tertiary sexual characters in archaeological animal bone.

I) With this in mind, the study needed to include species commonly recovered from

Holocene archaeological sites. The study of domestic animals would account for the

majority of animal bone remains from Holocene sites. By including domestic species in

the study group, any dimorphic traits found in their skeletons would help classify sex

from archaeological remains. If a method could be developed to extract sexing

information more frequently from domestic animal remains, zooarchaeologists could

attempt to reconstruct ancient economic, cultural, and ritual lifeways.

2) For reconstruction of hunting strategies, particularly in Europe and North America, an

examination of sexual dimorphism in deer would be useful as well, since deer was

commonly hunted game for meat. Rabbit and hare, for example, were hunted as well, but

their sex would not have been obvious at a glance to past hunters and trappers like that of

deer. Since the sex of deer is immediately recognizable, even in the winter and spring

when males shed their antlers, cultural hunting selection strategies could develop based

on the sex of the animal. Therefore, enabling the zooarchaeologist to sex deer remains

would be useful in interpreting hunting strategies of ancient societies.

For example, Mesolithic sites in western Europe tend to produce faunal assemblages of

wild species, especially roe deer, red deer, and elk. Excavations at Star Carr in Yorkshire,

for example, produced an assemblage mainly consisting of the remains of red deer. The

sample was comprised predominantly of antler and long bone remains. The post-cranial

remains, however, could not be sexed by the finding of antlers because there was some

question as to whether the antlers had been shed and then collected by the occupants of

the site (Legge and Rowley-Conwy 1988). The long bones, then, would not necessarily

have to have been from male individuals. Thus, recognizing sexual dimorphic differences

in long bones of deer would be useful for examining ancient hunting strategies.

3) Another consideration for species selection for the study was to draw on a

morphological range of skeletal forms for a comparative study of sexual dimorphism.

Variation of skeletal forms, includes the differences in leg length in relation to body
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length and width. For example, a dog and a polecat have different structures, the dog

often with long slender legs and a long body, and the polecat with a long body and

considerably shorter legs. As a result, these two animals move and act differently, and

tertiary sexual characters would thus develop differently in the skeleton in accordance

with the different morphologies and behaviours.

Examining a range of differing skeletal structures was important in understanding how

sexual characteristics manifest themselves in each form of mammal, as well as

considering the influence of behaviour and secondary sexual characteristics. By

examining a variety of skeletal forms, perhaps sexually dimorphic traits could then be

predicted and found in similar forms not included in the study. For example, sheep were

examined for this study; by discovering where and how sexual dimorphic traits manifest

themselves in sheep skeletons, perhaps these traits would also occur in other bovids and

boviforme animals exhibiting the same sexual behaviour. For instance, tertiary traits that

were discovered in the suid skeletons also occurred in other suiforme animals, like

hippopotami (Ruscillo 1994).

4) A fourth consideration was the possibility of developing a methodology for sexing

mammal bones that would be useful in the field. This meant that the sexual traits had to

be universally consistent and recognizable. lithe diagnostic characteristics of sex were

too subtle, they would be unreliable for judging sex with the human eye in the field. If

the methodology was too complex and dependent on multivariate techniques rather than

actual visually discernible traits, the technique would be difficult to use in the field.

Therefore, the designing of a new sexing technique to suit archaeological fieldwork was

important in selecting species which would be visually manageable. In other words,

small rodents were not ideal candidates for the objective of this dissertation.

5) A fmal consideration for selecting appropriate species for this study was the ability to

work with bone fragments. Archaeological bone is often fragmented due to butchering,

marrow extraction and ground preservation. Species selected for study had to have sturdy

bones, strong enough to preserve commonly the ends of long bones. The difference in

skeletal condition between collection specimens and archaeological specimens is

considerable. The modern bone parts examined in the collections had to exist also in the
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archaeological record for this study to be relevant to faunal assemblages. Moreover, an

ideal sexing methodology for the field would have to be applicable to fragmented

specimens as well as complete.

These were the major criteria evaluating the inclusion of certain methods and species into

this exploration of sexual dimorphism.

Selection of species

After communicating with over 35 curators in museums, universities and veterinary

schools, it became clear that the number of species under study would be few. While

many collections carried a wide variety of mammalian species, there were various

problems in accessing the material in amounts that would be statistically viable for a

comparative study of sex. Most teaching and reference collections maintain only one

individuals of each species. Many museums and other private collections, such as the

Harrison Zoological Museum, the Powell-Cotton Museum and the Odontological

Museum of the Royal College of Surgeons (all in the United Kingdom) maintained only

the crania from animal skeletons. Incomplete skeletons were major problem during data

collection in general. Other museums, such as the Zoology Museum of University

College London and veterinary colleges, had mounted all their specimens so that

individual bones could not be accessed for close examination. Older collections, such as

the Natural History Museum in London and the Glasgow Museum and Art Galleries did

not have catalogues for their collections or records on each individual indicating sex.

Therefore, while there may have even been enough numbers in certain collections to

warrant a study of more species, the lack of information rendered these specimens

inadmissible. The original search for species to include in this study, meeting all the

above criteria, produced the following list:

Mustela putorius
Vulpes vulpes
Fe/is sylvestris
Sus scrofa
Lepus europaeus
Dama dama
Cervus elaphus
Ovis aries

Polecat
Red fox
Wild cat
Pig
Brown hare
Fallow deer
Red deer
Domestic sheep
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These species were included in the preliminary pilot study, described later on in this

chapter.

While the first three species may not be viewed as useful for reconstructing human

lifeways, they were chosen as representative forms of the same families as other common

domesticates. Mustelaputorius, or polecat, was chosen as representative from the

mustelid group. Although not as significant in archaeological inquiries as domesticated

species, the polecat served as another variation of skeletal morphology with its small

head, short legs and long body. Moreover, for cultures that domesticated the ferret, such

as the Romans (Aristotle), the ability to sex mustelids might be useful in the proper

archaeological context.

Vulpes vulpes, or red fox, was chosen as a representative from the canid family. Red fox

occurred in substantial numbers in the collections and is a species of canid that occurs

worldwide. Canisfamiliaris has the distinct problem of exhibiting a wide variety of

skeletal morphology within its species. Both the daschund and great dane are of

considerable difference in size and shape, and yet they are the same species and are able

to interbreed. To avoid complexities of shape and size differences at the beginning of this

exploration, it seemed sensible that a common species of canid, unimproved in breeding

by humans, should be examined. Foxes and dogs exhibited similar courting and mating

behaviour which might enable results from the morphometric study of sex in fox bones

to be applied and tested on domestic dogs skeletons. Dogs have always been difficult

when attempting to find universals of sex determination between breeds because of their

variability in size and shape (Brothwell 1979; Higham 1980; Kieser 1992; Lorber 1979;

The and Trouth 1976; Trouth et a!. 1977). The attempt to study the post-cranial skeleton

of the dog morphometrically for the first time was hopeful in discovering any sex

differences.

The wild cat, Fe/is sylvestris, is known to have been the predecessor of the domestic cat

(Clutton-Brock, J. 1981,1989; Groves 1989; Zeuner 1958). Since cats have been, at least,

semi-feral pets for millennia, examining sexual dimorphism in the cat skeleton from an

unbred form such as Fe/is sy/vesiris could be useful (Kratochvil 1976; Sladek et a!.

1971). Human intervention, again, has produced many variations of shape and size
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exhibited in the species Fe/is catus. Examining the wild cat would be a direct method for

establishing possible sexual dimorphic traits in the domestic or semi-domestic cat.

Two major problems should be considered when applying findings from a study of wild

forms of canids and feuds to domestic forms of these species. Firstly, pets are commonly

castrated, which can have significant effects on the development and morphology of the

skeleton (Davis 2000; Fredga 1994; Fock 1966; Gardener 1936; O'Connor 1982;

Schramm 1967; Tchirvinsky 1909). Since a morphological and ontological study of

castration has not been conducted on cats and dogs, effects of castration have not been

defined Secondly, domestic animals tend not to behave like their wild counterparts.

Domesticates are fed usually unselective foods which affect the development of bone

structure (see Chapter 2.2). House pets, in particular, are usually isolated from other

individuals and so, restrict their sexual behaviour, especially if neutered or spayed.

Mating behaviour, in general, is controlled by humans. Many pets are kept as

lapwarmers, and as a result, do not run free and exercise muscles as wild animals would.

Alternatively, some dogs are kept as guards and have restricted movement due to rope or

chain binding. Human-inflicted pathologies also occur with working animals, which can

affect the development of the rest of the skeleton because of muscle compensation to a

lame or injured part of the body.

With these considerations in mind, we approach wild/domestic morphological

comparisons with caution. In addition, not one dog or cat specimen from all collections

were classified as neutered or spayed. Obviously, this information of specimen

description was not considered important at the time of acquisition.

Sus scrofa, or the common pig, was selected because of its importance as a meat source,

both in domestic and wild breeds. Pig remains in Old World archaeology are typically

second in frequency only to bovids, thus providing important cultural information in

some contexts. Wild boars are hunted in some cultures, enabling the reconstruction of

hunting selection patterns, if any, by sex determination. Again, differences in

morphology can occur due to castration or differential behaviour between wild and

domestic breeds. Suids are known to be highly sexually dimorphic compared to other

mammals of the same size range (Endo 1994; Groves 1981; Payne and Bull 1988;
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Ruscillo 1994; Uerpmann 1973; Van der Made 1991). Theoretically then, suids should be

one of the most successful of the morphological separations between sexes.

Lepus europaeus (Brown Hare) was chosen for its morphological skeletal structure. The

stature and locomotion of the hare is different from other mammals with its bent back

legs and short body. Hare remains also occur commonly in archaeological sites

worldwide (Lepus capensis is its New World counterpart). Sexual dimorphism in

leporids has rarely been examined with the exception of two studies (Buljalska 1964;

Sobocinska Janasek 1976). Hares are more common as hunted game, but rabbits

(Oryctolagus) are commonly domesticated in many cultures. Examining the hare for

sexual dimorphism could help identify where sexual diagnostic traits in the rabbit occur,

providing information for culling selections of domesticated animals.

Both Dama dama and Cervus elaphus were selected from the cervid family for two

reasons. Firstly, many individuals of either species in all the collections were not found

in the collections to warrant a thorough morphological study of one species of deer.

Secondly, selecting two species from one family would enable cross species comparisons

of sexual dimorphic manifestations in the skeleton. In other words, examining both

species of deer could verify or refute the presence of similar sexual traits in two species

from the same family. Dama dama and Cervus elaphus, while different in average size,

exhibit the same secondary sexual characteristics (e.g. headgear in males), practice

similar mating and courting behaviour, inhabit similar environments, exploit the same

foods and share the same basic overall skeletal morphology. If we can identify related

sexual dimorphic traits occurring in both species, one could hypothesize that tertialy

sexual characteristics in the skeleton manifest themselves according to the presence and

use of secondary sexual characteristics, skeletal body form, mating and courting

behaviour, and habitat influences. Deer is the largest mammal being examined for sexual

dimorphism in this study, thus deer are predicted to produce the best morphological

separation (Chapter 2; Bartosiewicz 1986; Clutton-Brock, 1. eta!. 1982; Darwin 1871;

Fisher 1930; Lister 1981; Trivers 1972).

Finally, domestic sheep were chosen as representative of the bovid family. Ovis aries

individuals were plentiful in collections and occur worldwide. Only a few specimens of
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domestic goat (Capra hircus) were maintained in osteological collections, likewise with

cattle skeletons (Bos taurus), because of transport, preparation, and storage difficulties.

Ovis aries, often recovered from archaeological excavations with Capra hircus remains,

typically represent most of the bone material from archaeological sites in Europe.

Identifying sex from sheep remains is especially interesting from archaeological contexts

because sheep can be exploited for resources other than meat; sheep offer wool and milk

as well. Identifying both age and sex from archaeological sheep remains can produce data

which can then be used to reconstruct herding strategies and ancient economies. For

example, if sheep remains recovered from a site represent females over 6 years of age

and males less than a year old, one can speculate that the females were herded for milk,

wool, and lamb bearing, while males were exploited for meat (Payne 1973). If both males

and females of different ages are recovered, one might speculate that wool may be the

primary resource exploited from the animals, or that sheer numbers of sheep reflected the

wealth and status of an individual.

Castrated sheep, also known as wethers, could be identified in the field through

morphometric analysis of the bones of adult animals. Since castration occurs usually

within the first week of life (Alderson 1976; Davis 2000; Hammond 1932; Tchirvinsky

1909), the development of the skeleton is affected by the absence of testosterone during

growth. Epiphysial fusion is sometimes delayed due to castration (Davis 2000; Schrainm

1967), and could affect, therefore, the resulting morphology of developing bones.

Identifying incidents of castration in archaeology would be a breakthrough in

zooarchaeological techniques since castrated animals have been elusive in faunal

assemblages. Instances where wethers have been assumed to exist in the archaeological

record have been through the classification of sheep remains that are "large but slender"

(e.g. Mylona 1996), but there is no basis for suggesting castration practices apart from

structural clues.

The advantage of castrating sheep is that the carcass grows fatter, and the wool grows

finer (Clutton-Brock, J. eta!. 1990; O'Connor 1982; Uerpmann 1973). The animals are

more docile as well. Through morphometric examinations of modern wethers in
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osteological collections, diagnostic characters of the wether skeleton could come to light

enabling identification in the field.

Pilot study

A pilot study was performed to detennine whether the methodology to analyze

morphology of bones could be used for all the species examined in the collections.

Eigenshape analysis, described in detail in Chapter 5, uses video imaging equipment to

digitize shapes for comparative study. Therefore, shape profiles needed to be taken from

the bone parts under analysis. The profiles could not always be accurately traced directly

from the bone, so profile gauges were used to reproduce bone shapes in two dimensions

to be digitized by the video equipment.

The smaller mammals, unfortunately, had skeletal elements that were too small and of

complex morphology to be profiled by the gauges. As a result, they could not be included

in the morphometric portion of the exploration of sexual dimorphism. Limited

osteometric data from specimens of Mustela putorius, Lepus europaeus, and Fe/is

sylvestris are included in Appendix K on the CD-ROM. The smaller mammals were

examined also visually with careful scrutiny for morphological differences between the

sexes. No reliable differences could be recognized through intensive comparison of male

and female bones.

Species applicable to the Eigenshape morphometric analysis included Vulpes vulpes, Sus

scrofa, Dama dama, Cervus elaphus and Ovis aries. Detailed morphometric techniques

could only be used on the following animals with large enough bones to obtain a fairly

accurate bone outline with normal profile gauges:

Vulpes vulpes	 Red fox
Sus scrofa	 Pig
Dama dama	 Fallow deer
Cervus elaphus	 Red deer
Ovis aries	 Domestic sheep
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Problems

Difficulties were encountered during data collection for the species listed above. Sus

scrofa was disappointing, because only nine individuals were recorded from 35

collections contacted, and 26 collections actually visited. The individuals obtained were

problematic as well. Two pigs were so old that arthropathy had begun forming on their

bones ends. Four pigs were subadults, not completely fused yet. Six of the individuals

were wild and the other three were different breeds, complicating the study (see

Appendix B for details of each specimen in Volume II). And finally, five of the pig

skeletons were incomplete. The specimens obtained could not fit all the criteria for

eligibility of into this study or the statistical numbers required to allow conclusive

statements about sexual dimorphism in suids to be made. A limited morphological study

was performed on these specimens, if for anything else, to satisfy curiosity about the

variability of size and shape in the study group.

Red deer exhibited the same problems. A maximum of 16 individuals were obtained for

this study, including a few incomplete skeletons. Three specimens were subspecies of red

deer hunted in the early 18th century in Iran, Tunisia, and Kashniir. These specimens, in

particular, were of enormous size and different bone shapes, confusing the morphometric

results. In retrospect, these specimens were more likely specimens of Elk (A ices alces)

rather than red deer.

Adult male sheep were difficult to fmd in collections. Like the pig, male sheep are

usually culled at a young age for meat since only a few males are required to maintain

sheep populations.

For a complete listing of specimens acquired from collections examined in this study,

please refer to Appendix B. Appendix B lists the collection numbers, ages, breeds, and

provenances of each individual.

4.3	 Bone element selection

After the selection of species, and the preliminary stage of the pilot study, skeletal

elements were selected that were applicable to the objectives of this research, and to the

use of profile gauges and eigenshape analysis.
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Considerations

All bones of the skeleton could not be included in this study. Therefore, bones had be

selected to represent species and individuals.

1) The bones selected had to fulfill the objective of developing a methodology that was

applicable for zooarchaeological analysis. Therefore, bone preferences reflected skeletal

elements that were commonly recovered from excavations. For example, many bones in

archaeological assemblages are proximal or distal ends of longbones because of their

thicker bone structure. Longbones, thus, had to be represented in the new methodology

and sexual trait examination.

2) Another factor considered during the selection of skeletal elements for study was the

statistical significance when performing bone counts during faunal analysis. The

Minimum Number of Individuals (MNI) present in a faunal sample can be calculated

with diagnostic bones that occur once in skeleton, such as the atlas or left femur. Bones

such as vertebrae (with the exception of the atlas and axis), sternal segments, and ribs

occur many times in one skeleton and are often difficult to distinguish, so they are

unhelpful when calculating MN!. Furthermore, these trunk elements are recovered in

archaeology typically in a fragmentary state and they are morphologically very plain.

Phalanges, while usually more sturdy and better preserved in archaeology, also occur

many times in the skeleton and are too small in detail to outline with profile gauges.

Moreover, phalanges, although morphologically varied within the skeleton depending on

whether they are located in the posterior, anterior and medial, lateral parts of the body,

are difficult to identi& body side and cannot aid in calculating MN!.

3) The bone parts selected for study had to be large enough for bone profiling using

gauges, and of simple outline rather than complex.

Selection of bones

Bones selected for the study were chosen by elimination. Excluded were bones from the

study that were not particularly statistically useful when counting MN!. These were

phalanges, ribs, sternal segments and vertebrae (with the exception of the first two
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cervical vertebrae and sacrum). Omitted were also small bones that could not be profiled

and were too small to show any significant shape differences between the sexes, such as

sesmoids, patellac, carpals, and tarsals (with the exception of the astragalus and

calcaneum). These bones show also a small recoveiy bias in archaeology because of their

size and their resemblance to pebbles.

Teeth were excluded because differential wear during life would complicate

morphological issues. Previous studies have revealed that cheek teeth were not reliable

sex indicators (Hhllson 1986; Lister 1987; Warman 2000). Canine teeth, however, can

show differences between the sexes in some species, such as the suids (Hillson 1986;

Payne and Bull 1988; Van der Made 1991), mustelids (Parsons eta!. 1978; Woodward

1996), ursids (Sauer 1966), and canids (Lorber et al. 1979; Ruscillo 1999). Canine teeth

have been studied extensively and were thus eliminated from this study as well.

The sacrum was examined extensively for sexually dimorphic traits, but no consistent

feature distinguishing male from female sacra was observed. The sacrum also displays a

fairly complex morphology not reproducible by tracing or profile gauges. The sacrum is

not commonly found intact in archaeology. Due to its location in the skeleton, dorsal to

the meaty hindlimbs, the sacrum is usually butchered either longitudinally, with the other

vertebrae when the carcass is split down the medial line, and/or transversely to separate

the anterior from the posterior portion of the body. The sacrum was consequently omitted

from the study. Remaining in the study group were the following elements: atlas, axis,

scapula, humerus, radius, ulna, metacarpus, innominate, femur, tibia, fibula, astragalus,

calcaneum, and metatarsus.

Pilot study

The pilot study involved the species approved from the preliminary pilot study of species

selection. The pilot study continued with a trial of morphometric analysis involving the

bone parts remaining after the elimination of bones that were not useful to MN! counts,

and profiling for sexual morphological examination.

The pilot study tested the applicability of bone shape reproduction via tracing and/or

profile gauging. Both ends of the long bones were profiled and digitized to test the
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quality of the reproduction. The pilot tests revealed that the radius, ulna, fibula and

calcaneum are difficult to profile accurately. The ulna and fibula are very slender, the

latter being only a vestigial bone lump in cervids and bovids. In addition, the ulna and

radius are commonly found articulated in modem collections, while in archaeology, they

are frequently found separated. To include these elements in the study would have

required two methods for analyzing bone shapes of articulated and disarticulated

specimens, with little results; the profiles of the proximal and distal radius are of

complex shape on the caudal edge due to the articulation lengthwise of the ulna. Shape

differences in the proximal and distal radius would, therefore, include differences in the

adhesive bone formations on the caudal edge, features which are not likely to be relevant

to the study of sexual dimorphism.

The calcaneum was a difficult bone to profile with the gauges. Outlines of the ventral

facets of the calcaneum were traced, and the resulting shapes were compared. The

calcaneum did not produce promising results so the bone was excluded from the rest of

the study. The remaining bone elements are as follows: atlas, axis, scapula, humerus,

metacarpus, innominate, femur, tibia, astragalus, and metatarsus. Figure 1 indicates the

skeletal elements examined for sexual dimorphism.

Only one side of each individual was examined as representative of its morphology. It

was difficult to maintain a standard left or right side only, but where there was a choice

in the skeleton examined, the left side was selected according to standard practice (Davis

1996: personal communication; MacLeod 1 996:personal communication). The shafts of

the long bones were not included in the study of morphology because they are

characteristically expressionless and are of uniform shape in the mammals. While

diaphyses are important for some osteometrical analyses, they are not ideal bone sections

to compare in morphometrical studies.
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Figure 4.1: Pig skeleton illustrating skeletal elements examined (modified from Davis 1987)

Bone remains from archaeological contexts will often represent the long bones by their

proximal or distal end with only part of the diaphysis. In this case, the location of

sectioning along the shaft would be negligible. Moreover, the diaphysis commonly

splinters leaving only slivers of bone as remnants. The proximal and distal ends of long

bones exhibit more morphological complexity, and seem better candidates for

morphometrical study. Bone extremities also preserve well in archaeology.

Distal metapodials could not be measured because of their complex structure, likewise

with the proximal tibia and the distal femur which were very difficult to profile. The pilot

study showed that the profiles of these bone parts were highly variable. In other words,

the same profile could not be achieved twice because of the intricacy of shape.

This morphological study thus concentrated on the following parts of bone elements:

atlas, axis (dens), scapula (glenoid fossa), proximal humerus, distal humerus, proximal

metacarpus, innominate (obturator foramen), proximal femur, distal tibia, astragalus, and

proximal metatarsus.

The following Chapter 5 will describe the morphometric procedures used in the analysis

of sexual dimorphism of these 11 skeletal elements for five species of mammals.
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Chapter 5.0 Methodology

The previous chapter examined the materials that were available and chosen from

modem osteological collections to form the study group. Preliminary examinations and

pilot studies narrowed the group down to a few species and skeletal elements that would

be useful for morphometric and zooarchaeological analyses (Chapter 4).

Several factors were considered for developing a sexing method that would supplement

existing techniques. Chapter 5 outlines the criteria for developing an alternative method

of sex determination for archaeology, and describes the equipment and method of data

collection used.. Some background statistical theory is presented for shape analysis

(morphometncs or phenetics), and for eigenshape analysis in particular, since it forms the

main technique for comparing shapes in this research. Other tests performed on the data,

including osteometrics, are described.

Chapter 6 will present the results of the morphometric, osteometric, and statistical

analyses.

5.1	 Development of technique

The review of current sexing methods in Chapter 3 concluded that a new, alternative

method for sex determination from animal bones was required to identify sex from

morphology. Most existing techniques rely on the presence/absence of specific sexual

traits, or size comparison& Both types of methods can be successful in separating the

sexes in a fauna! sample. Examining the shape of bones can offer another perspective

that may support or refute the sex classification obtained using other methods.

Morphological examination may, at times, be the only possible way to determine sexual

characters from a bone because an assemblage may not be large enough for size

comparisons, or skeletal parts exhibiting the remains of secondary sexual traits, such as

the cranium, may not exist.
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To avoid redundancy of technique, factors of size and other secondary traits, such as

canines, horns, and antlers, had to be factored out of the new method. Determining sex

from secondary traits has been covered quite thoroughly in the existing literature (for

example: Armitage and Clutton-Brock 1976; Bedard 1978; Beneke 1988; Bull and Payne

1982; Crew 1954; Mayer and Brisbin 1988; Wilson et al.1982). Therefore, the

morphological study focused on locating and analyzing tertiary sexual differences, as

suggested in Chapter 3.

The development and location of tertiary sexual characters can be predictable.

Morphological differences in biological forms arise from adaptation to their

environment, climate, nutrition, population genetics, and behaviour (Chapter 2). Sexual

and physiological behaviour can produce direct morphological differences between the

sexes, and can be therefore reliable sex indicators. Physiological differences in the pelvis,

for example, can arise from pregnancy (i.e. resorption of the calcium in the pelvis), a

specifically female phenomenon (Crelin 1969; Suchey 1979; Tague 1988), or lactation

which can affect cortical thickness of the bone (Hanwell and Peaker 1977; Horwitz and

Smith 1990). Likewise, cervical vertebrae can reflect loading factors associated with

supporting substantial head gear, common in stags and rams (Boessneck 1970). Tertiary

characters can also arise directly due to the presence of secondary sexual characteristics,

such as morphological change in the cervical vertebrae to accommodate the loading

factor of heavy head gear, such as deer antlers, ram horns, or elephant tusks. Males are

often larger and heavier than females; the increased size would create well-developed

muscle and muscles attachments on bones, particularly in the articulations. By knowing

what to look for, a morphological method can be designed to focus on areas of the

skeleton where tertiary characters are likely to develop.

Several factors were considered when examining possible methods of shape analysis that

would best analyze bones for tertiary sex differences.

Considerations

Theorizing about examining morphology is quite different than actually recording and

comparing morphology in a practical matter. Ideals for a user-friendly technique in

zooarchaeology are the following:
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1. The method should be non-destructive. Archaeological bone is usually fragile, so a

method should not alter or damage a specimen. Archaeological bone is irreplaceable,

arid damaging a specimen would impede further research.

2. The method should be easy to perform in a lab or field setting. Extensive testing with

heavy equipment may not suit every work situation. Furthermore, complex methods

can sometimes take lengthy periods of time to perform, and many researchers do not

have days to spend on each specimen, particularly for large samples.

3. The method should be inexpensive. Many researchers do not earn a wage or work

from a grant. Therefore, a useful method would be one that is based on a low budget.

4. The method should work on fragmentary bone. Most archaeological bone is

fragmentary. Accordingly, a zooarchaeological method should be applicable to

fragmentary bones and not just complete bones, to get more information from the

sample under study..

5. The method should apply to a number of species.

Exploring and developing useful methods, however, requires tests to ensure or establish

accuracy. Therefore, before a new sexing method can be used in the field with a certain

amount of confidence, the technique must be shown through intensive statistical and

blind tests to establish repeatability, reliability, and accuracy.

5.2	 Equipment

A method was developed after attending numerous seminars on biological statistics and

morphometrics. Many articles on imaging and discussions with specialists helped to iron

out problems. Several techniques of morphometric analysis, discussed below, provided

possible routes of investigation. Eigenshpe analysis was chosen as the most appropriate

method for exploring sex differences in skeletal elements. Eigenshape analysis allows the

user to examine whole shapes, even three dimensional shapes, rather than one dimension

or points along an outline. Bone shapes for this study were examined in two dimensions
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since most of the sexing information should be contained on simple planes. Bone

profiles, therefore, were required for this analysis.

Eigenshape analysis (ESA) usually operates with digitized shapes produced by video

imaging equipment. An outline or shape can be digitized directly from the bone itself.

However, transporting each bone to be digitized where the equipment is available, is not

always an option for archaeological materials.. The bone shapes would have to be

recorded on paper and then digitized from the outlines. Working with two dimensions,

the bones could either be traced or profiled. The latter technique was useful for most

bones because the ends of Iongbones could not be traced on the distal or proximal plane

accurately when tested for repeatability. Two profile gauges were then implemented to

attain the full circumference of a bone end outline, or section..

Normally used in wood working, profile gauges can be found in most hardware stores;

they are light-weight, inexpensive, and vety portable. Profile gauges are commonly used

for pottery profiling and technical drawing on archaeological excavations.

The bone sections were reproduced in negative using the gauges. The gauges were placed

on plane white paper of non-bleeding consistency and the negative image traced with a

mechanical pencil. The pencil outlines were then traced over with a 0.3 mm felt tip pen

for contrast against the white paper to allow digitization. The pages with outlines were

kept as original raw data and taken to be scanned by video imaging equipment.

The video equipment consisted of a video camera attached to a copy stand used to control

the focal distance. The video camera was connected to a frame grabber mounted in a

computer whose software was designed to allow the user to control the imaging and

measurement process.. The monitor is connected with a PC computer running the

BioScan OPTIMAS program used for digitizing the bone sections. This software

superimposed a Cartesian coordinate system over the video image. Two-hundred points

were plotted around each specimen outline. All object shapes digitized as a group were

converted to ASCII format so that data files could be read by most text editor programs.

After the data files had been converted to ASCII format, the data could then be

manipulated through eigenshape analysis. Two types of eigenshape analysis were
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implemented for morphometric comparisons of bone sections. First, classical eigenshape

analysis (Lohmann 1983; MacLeod and Rose 1993) was used for simple, single landmark

bone outlines with standard coordinate points, while extended eigenshape analysis

(MacLend 1999) was used for more complex, angular shapes, such as the alias or

astragalus, comprised of numerous landmarks along the profile combined with the

standard coordinate points. Both types of ES analysis are described in detail below.

Discriminant function analysis (canonical variates analysis) was used for eigenshape

variable comparisons and metrical data manipulation. Specifically, the F-test of variance

and Bartlett's Chi-square test were also performed.

Bone dimensions were also taken for osteometrical comparisons. Metrical data were

taken using Vernier callipers. Metrical data were also analyzed using discriminant

analysis to check confidence of classification, and two-sample f—test to analyze the mean

differences.

5.3	 Method of Data Collection

Statistical philosophy states that the question at hand should be answered in the most

simple, least sophisticated manner possible (O'Niggins 1995: personal communication).

To conduct this study in two dimensions seemed more appropriate, accounting for

simplicity of data collection during zooarchaeological fieldwork A three-dimensional

study would be ideal for a biological study of sexual dimorphism, but not realistic to the

objectives of this zooarchaeological study (see Considerations above). In order to

facilitate the digitization of a three-dimensional image, the actual object or a cast of the

object would be required. Providing the actual bone for video imaging is not always

possible when studying bones from excavations in foreign countries. Casting is

expensive and time-consuming. Therefore, conducting this study in three dimensions was

detennined to be impractical.

The two-dimensional bone shapes were represented by outlines reproducing the section

of a bone, or bone part. The outlines were produced by profiling the bone sections, either

by simply tracing the bone, or by using profile gauges.
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Location of sections

Bones and bone parts for analysis were selected based on criteria designed for

zooarchaeological research and the method of bone profiling (see Coriderations in

Chapter 4.3).

The bone ends (proximal and distal) were sectioned by profile gauges around the widest

circumference to standardize location of measurement on all bones, and to limit

variability of shape. A section of the atlas could only be taken with the gauges from the

dorsal-ventral perspective along the transverse processes. Visual preliminazy

examinations of the axis showed that the dens was morphologically different than the

processes or centrum seemed to reveal. The proximal femur of all species, and the distal

humerus of the fox were the only bones to be profiled using one gauge, dorsally for the

proximal femur, and along the ventral edge for the distal humerus. These locations were

chosen because the gauges could not accurately reproduce the cranial-caudal sections

taken for all the other bone ends.

Traced bones (obturator foramen, astragalus) were profiled to capture the shape

infonnation reported to exhibit sexual shape differences in past investigations (for pubis

see Black 1970; Boessneck 1970; Brown 1969; (Jingerich 1971; Iguchi et al.1989;

Prummel and Frisch 1986; Taber 1956; West 1990), and for astragalus see Boessneck

1970).

Profiling method

In order to obtain profiles of longbone ends, the bones were held between the knees, and

two profile gauges were squeezed together against the bone. Figure 5.1 illustrates how

the gauges encompass the bone end. A very important aspect of the method is that each

element is held in a specific standard manner to allow for consistency in the reproduction

of the shape, so that each bump and each curve is represented in a comparable manner

from each specimen. Consistency also allows for less margin of error during statistical

comparison, and permits repeatability of the experiment for future studies. Each skeletal

element was positioned and sectioned so that the pins of the gauge would capture each
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feature of the bone shape. Appendix C illustrates the standardized method of profiling for

each bone used in this study of sexual dimorphism.

While the profiles are being gauged, a pin or two should be pushed in a gauge, away

from the bone profile while the gauges are still on the bone, as illustrated in Fig. 5.1. This

pin acts as an alignment marker when the profile gauges are lifted from the bone, and

placed on the paper for tracing.. The marker is realigned on the page to ensure the

integrity of the bone profile while being traced by pencil on the paper.

aligament marker

J

Figure 5.1	 Simplified diagram showing profile gauges sectioning a proximal humerus

The sanie pencil should be used to trace all bone outlines to decrease variation of shape

due to recording error from differential width of the lead. A technical pencil (0.3) is ideal

because the lead maintains its sharpness. The pins around the bone of the profile gauges

should be pushed down against the page so that the profile is as close to the paper as

possible. Slanting the gauges distorts the shapes only veiy slightly, but will be consistent

with all the shapes.

After the outline had been traced from the gauges, the pencil outline required to be traced

over in black ink using a felt tip pen (0.3). Non-bleeding artistic paper should be used

because it is sturdy and prevents the felt tip tracing from bleeding and distorting the
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image. The outlines should be traced in increase contrast so that the video imaging

equipment can easily read the shape, and cause less delays during the scanning procedure

of the outlines.

Some outlines were obtained from tracing the actual bone. In these instances, the bone

was held in a standardized manner, and traced, beginning and ending in the same routine.

Two bones traced for outlines were the astragalus and the obturator foramen of the

innominate. Figure 5.2 illustrates bow the asiragalus was traced. The bone was held with

the ventral plane facing upwards and was held in place by the mdcx finger. The pencil

traced the bone in four separate lines. The profile was obtained in this manner because

practice revealed that one continuous line around the bone was distorting the true shape

around the corners. The pencil tip and wrist could not be maneuvered properly around the

sharp angles of the bone, and around the finger holding the bone in place. Hence, the

bone was traced in four segments, the lines crossing beyond the corners.

Figure 5.2	 Basic diagram showing tracing method for astragalus

First, the lateral edge was traced downwards; second, the distal edge was traced to the

right; third, the proximal edge was traced to the right, and fourth, the medial edge was

traced downwards. The extra lines beyond the corners were erased leaving only the

outline of the astragalus.

Tracing was also used to obtain the profile of the obturator foramen of the innominate.

To obtain the outline of this foramen, the innominate was held down on the page with

puboishial edge parallel with the edge of the page.
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The puboishial edge was held close to the page while the ilium rose perpendicular to the

level surface. The pencil was placed in the proximal notch of the foramen and traced

around in one continuous motion counter-clockwise until the line met the beginning,

closing the oval, as shown in Fig. 5.3.

Figure 5.3	 Tracing the obturator foramen

Each bone or bone part to be compared for sexual dimorphism was recorded on a data

sheet so that their outlines could be scanned individually within a group. Data sheets of

outlines for each bone by species can be observed in Appendix D. Each sheet contained

the bone profile of each specimen in a specific bone group (e.g. proximal femur). The

outlines were recorded in rows and numbered according to the order in which they were

digitized. Below each outline, the specimen information, i.e. the collection code (see

Appendix A) and collection number, as well as the known sex of the individual, were

recorded.
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A comprehensive list of all the specimens used to represent each bone group can be

reviewed in Appendix B. The provenance, age and breed are also recorded on the

sumniaiy lists of individuals used for this study.

After the collection of data was completed, the data was subjected to morphological

analysis to identify, if any, sexually dimorphic bone features.

5.4 Morphometrics

Morphometrics utilizes geometric data to analyze object shapes as opposed to size.

Morphometrics and phenetics utilizes muitivariate statistics and tend to be more

sophisticated than osteometrical analysis. Many techniques have been established for

studying shape and shape differences between objects, particularly in the biological

sciences (for examples see Blackith 1971; Bookstein 1986; Davis 1983; Iguchi eta!.

1989; Lele 1991; Lohmann and Schweitzer 1990; Lowes and Andrews 1987; MacLeod

and Rose1993; MacLeod 1999; O'Connor 1982; O'Higgins et a!. 1990; O'Higgins and

Dryden 1993; Warman 2000). While it is true that multivariate statistics are of limited

value during fieldwork, it is possible to record data from the archaeological material and

implement multivariate methods at a later stage of analysis.

Morphometric analysis involves two major schools of shape comparison: landmark-

based and outline-based techniques. These techniques can be used independently of each

other or combined to analyze shape. Landmark-based analyses are the more traditional

methods of morphometric investigation.. The analyses involve collecting the coordinate

positions of landmark points around shapes that are common to all the shapes being

compared. The analysis proceeds by a comparison of the location of the landmarks either

by distance differences between points, angle differences between points, or the position

of points on a shape (Figure 5.4). The intention of landmarks analysis is to identify

variations or patterns of shape, depending on the question being addressed concerning

the variation of biological features. Many biological studies have been based on

landmark data (e.g. Davis 1983; Lowes and Andrews 1987; O'Higgins eta!. 1990;

O'Higgins and Drydenl993).
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Figure 5.4	 Example of a landmark-based technique using Ovis atlas sections

Landmark analysis can be also performed on three-dimensional objects for more complex

questions of shape analysis. For landmark-based analyses, there are a few standard inter-

shape registration methods (e.g. Procrustes shape coordinates, Bookstein's baseline-

referenced shape coordinates and Eucidean distance matrices).. There is a wealth of

literature dealing with landmark-based techniques (Bookstein 1986; Lele and

Richtsmeier 1992; Mardia and Dryden 1989; Wold 1976)

The major problem with landmark analysis is that most of the shape information is lost.

Only a few points are designated to represent the specimens. If, for example, the shape

outlines in Figure 5.4 are removed, only the three points remain to represent each shape.

Reconstructing the original shape would be impossible, and yet for this kind of analysis,

the conclusions are based on the limited information provided by these three points.

Placing the landmarks inaccurately can produce significant error. Some shapes are curved

rather than angular, and therefore, cannot be compared by a landmark method.

Outline-based techniques have the advantage of representing the original shape of each

object under examination throughout the analysis. The researcher is able to assign as

many coordinate points along the outline as is considered appropriate for the study. All

characteristics of the shape are thus incorporated into the study, if required..
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15f

An outline-based technique seemed appropriate for this exploration of sexual

dimorphism because the morphological traits distinguishing males from females on each

bone were not known from the beginning. In essence, a method was needed to help look

for universal differences along the bone outlines that were not immediately recognizable

by eye due to the immensity of collected data and the vast amount of individual shape

variation presented within each test group.

21

Figure 5.5	 Outline-based technique demonstrated with Ovis atlas sections

Coordinate points are plotted around the shape, equidistant to each other. Similar to

landmark-based analysIs, the points along the outline are compared in relation to one

another, but are limited to relate only to the point before and after each coordinate. Each

outline is comprised of the same number of points so that each point has a corresponding

location in the series. In the example of Fig. 5.5,26 coordinate points have been plotted

around the shapes to reconstruct their curves. As many coordinate points can be collected

as desired, and will reflect the precision of the reproduced outline via coordinate points.

These outlines only require one landmark to begin to plot the series of coordinates

around the shape.. It is crucial that the first landmark be placed precisely in the same

location so that the biological feature represented by point 21, for example, can be

relevantly compared with point 21 (and associated morphological features) on all the

shapes. Coordinate points are plotted equidistant from one another around each outline

and are composed of the same number of points. The coordinates are plotted in the same
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direction (counter-clockwise) around the shape. The resulting digitized outlines produced

through these steps provide the raw data for classical eigenshape analysis.

Morphometric analyses using outline-based techniques can be more sophisticated than

landmark-based methods. However, complexity does not necessarily lead to more

accurate results. One method can be more useful than the other for the comparison of

biological shapes depending on the nature of the questions being asked. In general, if

answers to the biological questions being addressed can be answered through aspects of

point-to-point matchings, then landmark-based techniques would be more suitable, while

a curve-to-curve analysis would be better performed with outline-based techniques

(MacLeod 1999:3). Outline-based techniques include radial fourier analysis and

eigenshape analysis..

Eigenshape analysis (Lohmann 1983; Lohmann and Schweitzer 1990; MacLeod 1999)

represents a novel combination between an exact method of representing an object's

outline (or outline segment) and a second-generation method of multivariate data

analysis. Although both methods were originally developed in other contexts, their

combination, in the guise of eigenshape analysis, reveals previously unsuspected aspects

of both, as well as deep connections to landmark-based methods of geometric

morphometrics (Bookstein 1991).

The basis of standard eigenshape analysis (Lohmann 1983) is the representation of

outline geometries by the Zahn and Roskies Shape Function (ZRSF, Zahn and Roskies

1972). Zahn and Roskies originally developed this shape function to address a well-

known problem with the radial-fourier method of outline analysis. Standard radial fourier

analysis (e.g., Christopher and Waters 1974; O'Higgins and Williams 1987) represents

outlines as a shape function defined by the lengths of a set of radius vectors drawn

between the outlines center and a series of outline points placed such that the angle

between successive radius vectors is constant (Lestrel 1997). This shape function is

problematic in many, if not most, biological contexts because the inter-boundazy-point

resolution it affords is a function of the length of the vector. If some parts of the outline

approach the centroid more closely than others the fidelity with which the radial fourier

shape function will sample the outline will be markedly uneven.
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A basic assumption of the standard radial fourier shape function is that radius vectors can

be drawn between the outline's centroid and any point on the outline such that the vector

only crosses the object's boundary once. This criterion can be used to define a class of

outhne geometries that together can be described as 'single-value outlines' (= the radius

vectors all cross the outline at a single set of x,y values). Unfortunately, the set of single-

valued outlines is quite small relative to the set of outlines that in at least one radius

vector would cross the outline two or more times (= multiple-valued outlines). Thus,

radial fourier analysis can only be used to analyze a circumscribed and relatively small

cast of outline geometrie&

In addition to these problems (which are widely recognized), there is another, more

subtle problem with the standard radial fourier shape function. Before the shape function

can be calculated, the centmid of the outline must be determined. This is usually

estimated from the arithmetic means of the raw x andy coordinates used to originally

define the outline. However, once the initially-estimated center has been used to calculate

the set of radius vectors it will, in all likelihood, not be the center of the newly

determined boundaiy-coordinate set. If the centroid used to determine the lengths of the

radius vectors is not the true center of the measurement system, the resultant set of

fourier descriptors' values will represent both patterns of variation in outline shape and

patterns of variation in the deviation of the initially-estimated centroid from the true

centroid (e.g. Boon eta!. 1982). Various approaches to the minimization of the centroid

problem are possible (e.g. Full and Ehrlich 1982), but there is no exact solution within

the context of the standard radial fourier shape function.

The ZRSF solves all of these problems by dispensing with the need to calculate a

centroid. This shape function is defined as the net angular deviation of a succession of

evenly-spaced points located around an object's periphery. Since the inter-point distances

are equal, a single number (the angle formed by three points, usually expressed in

radians) is all that is necessary to locate a successive coordinate location precisely in two-

dimensional space. Also, since the inter-point distances are equal, the spatial resolution

of the measurement system is constant, regardless of the outline shape. Since the initial

reference point is the orientation of the line segment between the first two coordinate
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points, any outline, open or closed, no matter how complex, can be accurately

represented. And, since no parameter needs to be estimated before the shape function can

be calculated (e.g. a centroid) the resultant multivariate decompositions are free of bias

due to inaccurate initial estimation. It can even be argued that use of the ZRSF can be

preferred even to landmarks coordinates on the basis of efficiency ( the ZRSF requires

half the number of values [plus the single inter-point distance value] to quantify the same

infonnation represented by a set of x,y boundary coordinates). The ZRSF is clearly a finer

way of expressing outline-based coordinate data, especially when compared to the

limitations of the standard radial fourier shape function.

The second part of the eigenshape analysis method also offers several advantages useful

to the data analyst. Unlike Fourier analysis, in which a series of apriori-specified

hypothetical shape functions are fit to the empirical shape function data, the quality of the

fit quantified and reported as a pair of coefficients (amplitude and phase angle),

eigenshape employs eigenanalysis to empirically model a hierarchically-arranged series

of shape functions in a manner similar to principle components analysis. These modeled

shape functions can then be used to summarize major trends in shape variation within a

sample either as a set of geometric shapes or as a series of vector-based ordination&

Fourier analysis (radial, elliptical, or otherwise) cannot achieve the same result unless the

Fourier coefficients are themselves submitted to eigenanalysis. In this sense, eigenshape

analysis represents a considerable simplification in the procedure that is adopted in

practically all morphometric applications of fourier analysis. Indeed, in a review of

eigenshape and fourier analysis, Rohlf (1986) recognized the in principle equivalency of

eigenshape analysis and the principal component analysis of sets of Fourier coefficients.

Once again, on the grounds of simplicity, eigenshape analysis seems ideal.

Eigenshape analysis has been discussed several times in the geometric morphometric

literature, often, but not always, in a critical vein. Unfortunately, these previous

criticisms have been misleading. Bookstein (1990,1991) has criticized eigenshape

analysis for lacking an adequate notion of correspondence between points ( his

definition of'homology'). This is not so much a criticism of eigenshape analysis per se as

a criticism of all boundary outline sampling strategies. For example, Bookstein et a!.

(1982) apply the same criticism to Fourier analysis. This criticism, as it relates to
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eigenshape analysis has been explored in an indirect manner by MacLeod (1999) who

argues that there is little difference between accepting the principle of (say) two

landmarks representing a corresponding structure throughout a sample and accepting an

outline segment defmed by two landmarks as representing a corresponding structure

throughout a sample. Indeed, since the outline segment itself contains potentially

valuable shape infonnation, in a large number of practical instances specification of the

outline segment would be preferable to representing the structure by the landmark pair

alone. The validity of this argument has recently (and independently) been recognized by

Bookstein who has developed the method of edgels to analyze problems of this sort (e.g..,

Bookstein 1996), and revised his classification of landmarks to explicitly incorporate

boundaiy coordinates (Bookstein 1997). Moreover, it has recently been recognized

(MacLeod in press a, in press b) that (1) because the ZRSF is formally equivalent to a

Cartesian representation to the distribution of points ( landmarks) in space, and (2)

because singular value decomposition is based on eigenanalysis, eigenshape analysis

conforms to the formal description of relative warp analysis (Bookstein 1991), a standard

geometric morphometric procedure.

In sum, there is no good reason to regard eigenshape analysis as anything but one of the

most generalized and useful tools in the geometric morphometricians contemporary tool

kit. Eigenshape analysis is a simpler and more efficient approach to the problem of

morphometric analysis than the Fourier family of method& In addition, its deep roots in

geometrical analysis, identity with relative warp analysis, and flexibility with respect to

the type of shape function data with which it is compatible, identify it as a good choice

for generalized morphometric investigations.

A more recent development in morphometric analytical methods is a combination of a

landmark and outline-based techniques. The term used for this method is extended

eigenshape analysis. The analysis allows coordinate points to be plotted around a shape

outline, and landmarks to be placed at specific points along the shape outline, as

illustrated in Fig. 5.6.
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10

Figure 5.6	 Extended eigenshape example using Ovis atlas sections

The benefit of this combined method is that the outline of the original shape is

maintained throughout the analysis while having specific points common to all shapes as

reference points.

These reference points serve three purposes; firstly, the landmarks maintain the

positioning of the outline coordinate points to ensure that point 18, for example, falls on

the same biological feature on all digitized shapes. Point alignment on all specimens is

consequential when comparing biological shapes, especially when comparing biological

forms from different species. MacLeod (1999), for example, used extended eigenshape

analysis to compare the shapes of distal phalanges from different carnivorous species.

Because the different species present a variety of forms of the distal phalanx, MacLeod

had to be sure that each digitized point represented the same biological feature on each

phalanx. Secondly, as illustrated by Fig. 5.6, the coordinate points are allocated to areas

requiring better representation of points. In this case, 26 points have been plotted along

the outline, but 20 points have been assigned to represent the more intricate curves

occurring on the dorsal portion of the atlas. Only six points have been allocated on the

ventral plane because its curve is relatively simple and fairly represented with a small

number of points. Enabling the computer to assign points to complex areas of shapes

alleviates the tendency of important differences in the outlines to get concealed in the

results by an overabundance of data from the simple, standard, and perhaps non-

fimconal parts.
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Thirdly, the landmark points will allow certain sections of the shape outline to be

extracted for a more detailed study, as demonstrated in Fig. 5.7.

The possibility of isolating parts of shapes for closer examination is important in

biological morphometric expLoration because 90% of shape data could be uniform in all

shapes compared. Hence, the differences in outlines can be strongly overshadowed by the

similarities, which is acceptable if what one is examining is shape trends. But, in this

case where the differences between male and female bones are being sought, the

extended method of eigenshape analysis could be useful. The math and theoiy of

eigenshape analysis and extended eigenshape analysis is rather sophisticated but is

comfortably explained by MacLeod (1999).

8

Figure 5.7	 Ventrolateral portion of Ovis atlas extracted between two landmarks

5.5	 Eigenshape Analysis

For the purposes of this study, ES analysis was chosen as the most efficient method for

comparing bone morphology in male and female mammalian skeletons. Eigenshape

analysis offered the flexibility of comparing different components of shape while

excluding size as a factor. The exclusion of size is important when comparing, for

example, a distal humerus from a beagle skeleton with that of a great dane. The bones

can vaiy in size considerably, but the morphological sex differences of the bone resulting

from sexed behaviour or physiology should still be extant. Eigensbape analysis can

include size, however, where relevant in a study. The area of the interstices of a closed

outline is automatically calculated, so that area size may be included into a study as well.
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The automatic sizing of digitized shapes is appealing for those who would like to

integrate size into an allometric biological study, and saves the researcher takIng extra

measurements in addition to the bone outline.

Eigenshape analysis is also user-friendly, and does not involve endless manual

calculations. Another benefit of ESA is that the method retains the original shapes that

are being compared. Object recognition is important during most biological shape

comparisons because the intention of such inference is to determine not only how

individuals differ, but also the location of the shape differences on an object. The

location of diagnostic traits on biological forms can be used then to interpolate back to

the determinant factors that give rise to shape adaptation in bone. In animals, bone shape

can adapt to factors of terrain, nutrition, and behaviour (Chapter 2; Bock 1977; Gilmore

and Cook 1981; Racey 1981;Janis 1982; Leutenegger and Cheverud 1982; O'Connor

1982; Shine 1989; Tchirvinsky 1909). This study seeks to explore the osteological effects

of sexed behaviour and physiology through the manifestation of tertiary sexual characters

in the skeleton, and how they can be recognized in bones of unknown sex. Therefore, by

locating significant differences in the eigenshape variables, the original shapes can then

be examined for the location of the differences along the bone outhnes, and causative

effects can be examined. See section 5.6 for problems associated with eigenshape

analysis.

Standard procedure for digitizing shapes is to plot the coordinate points counter-

clockwise. For digitizing the bone sections used in this study, 200 points were plotted

around each outline. A standard landmark was established on each bone element so that

the plotting of coordinate points was set to begin at the same location on the shapes in the

sample group. The precision of the primary landmark is crucial because ESA is designed

to compare the location of each of the numbered coordinates on the outline. Each point,

in reality, represents a feature along the shape outline. The exercise would be less

efficient if different biological features were being compared. If the primary landmark is

not correctly marked for the corresponding feature on each bone outline, not only will the

distribution properties of coordinate points be misrepresented within the shape group, but

the mean shape calculated and constructed from the information of all digitized outlines
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will be distorted. Caution should, therefore, be exercised when placing the first point of

digitization.

The coordinates were then plotted on an X/Y graph to mathematically reproduce the

original image. Figure 5.8 demonstrates the digitized image plotted after coordinate

points have been placed along the outline.

The digitized bone outlines were saved in an OPS-formatted file. Each bone group,

organized by species and bone element, was saved in a separate OPS file. The files were

then converted to ASCII-formatted files so that they could be read by any text editor.

Figure 5.8	 Digitized left glenoid of Dama dama

As demonstrated in Figure 5.9, each ASCII file contained a list of 200 pairs of

coordinate point values corresponding to the points plotted around each outline.

[ArsampledPoints]

6.816204e+001 7.30471 le+000

6.845209e+0O1 7.472635e+000

6.874595e1-OO1 7.636743e+000

6.903982e+O01 7.800851 e+000

6.924209e+001 8.068003e+000

6.947108e+0O1 8.312257e+000

6.968862e+OO1 8.567960e+000

6.977640e+001 8.877094e+000

6.992906e+001 9.1 63328e+000

6.997867e+0O1 9.48391 le+000

7.013515e+OO1 9.770146e4000

7.022293e+001 1 .007928e+001

7.084883e^O01 1 .271646e+001

7.085264e+001 1 .305230e+001

7.085264e+001 I .338815e+001

7.099385e.001 1 .367820e+0O1

7.1 03202e+001 I .400260e+001

7.1 03202e+001 1 .433845e+001

7.121139e+001 1.461705e+0O1

7.1211 39e+OO1 1 .495672e+OO1

7.121 139e+001 1.529257e+O01

7.1 36023e+001 1 .557880e+001

7.1 39076e+0O1 1 .590702e+001

7.1 39076e#OO1 I .624287e+OO1

7.1 39076e+O01 1 .657872e+001

7.157014e+O01 I .924642e+001

7.171898e+001 1 .950213e+001

7.1 63502e+0O1 I .969677e+0O1

7.163120e+OO1 I .993720e+0O1

7.15701 4e+001 2.025397e+001

7.157014e+001 2.058982e+001

7.157014e+001 2.092567e+0O1

7.157014e+OO1 2.126152e+OO1

7.139076e+001 2.154012e+001

7.139076e+001 2.187597e+001

7.139076e+0O1 2.221 182e+0O1

7.1 39076e+OO1 2.254767e+OO1

7.1 33733e+001 2.286825e+001

(continues to 200 pues occoudirrates...)

Figure 5.9
	

Example of ASCII file format from digitized shape
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2.395569
2.158884
1.876924
1.186219
0.877467

0.40913
-0.37256

-0.817726
-1.443214
-1.915052
-2.070294
-2.436214

2.326254
2.115487
1.842595
1.154922
0.633765
0.162709

-0.480152
-0.902754
-1.337945
-2.003945
-2.265373
-2.320136

The ASCII files containing the raw data then have to be converted to PHI files which

can be read by the eigenshape program. PHI points represent the changes in angle from

one point to the next. The conversion program also reduces coordinate points to less PHI

points along each outhne. The number of points must be reduced to any number less than

the original number of coordinate points. Coordinate point reduction reduces the 'noise'

that is produced through individual variation of micro morphological features picked up

during this digitization process, or inaccuracies during the tracing of the bones, or the

pencil drawing. Pill files arc created to concentrate more on the basic shape and its main

features. Figure SJO illustrates the format of a PHI fl1e

Fox obturator fbrame n
Shape number I
100.

	

3188277	 2.814219

	

2.323467	 2.324328

	

1.940538	 1.911195

	

1.920125	 1.713214

	

1.28419	 1.014928
0.732853 0.700425
0.223202 -0.019626

-0.474303 -0.372124

	

-1.044905	 -1.195167
-1.554609 -1.694589

	

-1.938119	 -2.093
-2.188704 -2.078ZT4

	

-2.394947	 -2.717511

.647945E+00
2.581041
2.312665
1.856244
1.662486
0.952209
0.421629

-0.053619
-0.572569
-1.250392
-1.804793
-1.997708
-2.190114
-2.86078

.315763E+03
2.485726
2.231177
1.680576
1.547939
1.077036
0.394856

-0.123916
-0.677412
-1.283013
-1.952596
-2.181089
-2.09354

-3.043121

.173220E+01

	

2.57474	 2.470954

	

2.191131	 2.162655

	

1.663126	 1.670909

	

1.470913	 1.604111

	

1.152063	 0.921327

	

0.392556	 0.452847

	

-0.032528	 -0.212381
-0.693156 -0.748951

	

-1.46861	 -1.456073
-1.772913 -1.925718

	

-2.071458	 -2.187321

	

-2.245039	 -2.13186

Figure 5.10	 Format of a PHI file from fox obturator foramen

In this case, the 200 coordinate points located around the original digitized object have

been reduced to 100 points for closed curves, and 50 points for open curves (such as the

proximal femur profile).

During the creation of PHI, the calculation of the coordinate points into a single value in

relation to each other should be calculated as a deviation from a circle (PHI*), or a

deviation from a line (PHI). All shape functions were calculated as deviations from a

line (P1-Il) to account for the diversity in shape. Calculations based on deviations from a

circle are reserved for specific studies of variations of circular objects, for example,

examining the variation of the shape of eye lenses (MacLeod 1997: personal

communication).
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After the coordinate points have been converted into a shape function, the data are ready

to be put through the eigenshape program. The program runs through a set of questions

relevant to the type of analysis required. For this study of morphological sex differences,

covariance rather than correlation is selected. The series of questions, followed by each

hypothetical answer in parentheses, is as follows:

Enter name of input data file. (*.phi)

Enter number of objects in data. (30)

Enter type of similarity matrix to be used. (1. covariance)

Have the phi(*) shape functions been standardized. (2. No)

Then the program makes its calculations:

Calculating covariance mahix.
Performing Singular Value Decomposition
Successfully completed S.V.D.
Projecting Objects onto S.V.D. Axes.....
Calculating Eigenshapes and Scores.....

Shall I print out the Eigenvalues? (I. Yes)

Enter the name of the output file. (*.val)

Shall I print out the mean shape? (I. Yes)

Enter the name of the output file. (*.mn)

Shall I print out the eigenshapes? (I. Yes)

Enter the name of the output file. (.shp)

ShaH I print out the scores of the input shapes on the Eigenshapes? (1. Yes)

Shall I print out the size estimates in Column 1? (1. Yes)

Ent& the name of the output file. (*.scr)

When the eigenshape analysis is completed, the PHI file has to be converted back into

XY coordinate points again so that they may be plotted to produce the digitized shapes,

as illustrated in Figure 5.8. The resulting files from this conversion were termed XY

files.

The classic eigenshape program and the conversion programs (XY-PHI, PHI-XY) as well

as the extended eigenshape program can be downloaded from the PaleoNet site at

www.ucmp.berkeley.edu/Paleonet//ftp/ftp.html.
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Eigenvalues

Examining the eigenvalues from an analysis of shapes in a group will tell one

immediately which eigenshapes reflect the most significant differences between the

shapes compared (see eigenvalue listings for each bone group in Appendix E).

Eigenshapes represent shape trends in the group analyzed, and the eigenvalues indicate

the significance of each eigenshape in comparing and contrasting all the shapes in an

entire sample. Eigenshapes differ from discriminant functions in that the samples are not

separated into groupings before the analysis (a priori). In this case, males, females, and

castrates are analyzed together as one group by ESA. Also, ESA examines the data from

a different perspective than discriminant analysis (DFA). Eigenshape analysis seeks to

defme the major trends in shape variation within the given data. Discriminant analysis

demarcates the linear combination of observed variables that best separates groups that

have been predefined on other criteria (MacLeod 1998: personal communication). In this

study of sexual dimorphism, I have used both analyses to examine the data from both

perspectives. The ESA, as a method of separating sex groupings by differential

morphology, is more applicable to archaeological material since archaeological material

is of unknown sex and therefore cannot be classified in groups. If the sex of

archaeological bone could be recognized, multivariate techniques would not be required

to separate them!

When examining the eigenvalues, almost always, the first component, or eigenshape

reflects 90% or more of the shape function. In other words, this value represents the

amount of %iInilarity between all the shapes, rather than the differences. The second

eigenshape, then, represents the majority of the shape difference, and the third and fourth

represent less significant differences, decreasing in significance down to the number of

individuals compared.

The number of shape variable or components is calculated based on the total number of

individuals compared in the group. In Figure 5.11, for example, the number of

individuals in this group is 44, reflected in the number of eigenshapes produced from this

analysis. The number of variables of shape expression can be less, however, depending

on the amount of variation in a group and how many individuals are included in the
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23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

.011

.011

.010

.010

.009

.008

.008

.006

.006

.006

.006

.005

.005

.004

.004

.003

.003

.002

.002

.002

.002

.001

.009

.008

.007

.007

.007

.006

.006

.005

.005

.004

.004

.004

.004

.003

.003

.002

.002

.002

.002

.001

.001

.001

study. The simpler the shape and the more individuals included in a study, the less likely

one is to get as many components produced as there are individuals.

Elgenvalue Data Table

Column 1 = Elgenvalues
Column 2 = Total Variance: Percent
Column 3= Total Variance: Cumulative Percent

131.772
2	 .084
3	 .077
4	 .066
5	 .060
6	 .046
7	 .041
8	 .036
9	 .034
10	 .033
11	 .028
12	 .025
13	 .024
14	 .021
15	 .020
16	 .019
17	 .017
18	 .016
19	 .016
20	 .014
21	 .014
22	 .013

2

99.377
.064
.058
.050
.045
.034
.031
.027
.026
.025
.021
.019
.018
.016
.015
.014
.012
.012
.012
.011
.010
.010

3

99.377
99.441
99.499
99.548
99.593
99.628
99.659
99.686
99.711
99.736
99.758
99.776
99.794
99.810
99.825
99.839
99.852
99864
99.876
99.887
99.897
99.907

99.915
99.923
99.931
99.938
99.945
99.951
99.957
99.961
99.966
99.971
99.975
99.979
99.983
99.986
99.988
99.991
99.993
99.995
99.997
99.998
99.999
100.000

Figure 5.11
	

Eigenvalues for fox obturator foramen

Canonical variates analysis (CVA) was also performed on the eigenshape scores to

discover the linear results of group separation. The results of the CVA for each bone

group can be reviewed in Appendix J.

Mean shapes

The mean shape is a hypothetical shape that represents the average of all outlines

combined into one composite shape. The mean shape is created by calculating the

average point position along the outline of each shape function to compose a

representative outline of all the shapes combined. The mean shape is also used to

calculate the standard deviation of each object from the mean. Calculation of the mean
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shape becomes particularly important when the groups have been separated by sex after

the analyses. One can then compare the average shapes of males, females, and castrates

from all the data collected as illustrated in Fig. 5.12. See Appendix F for the mean shapes

of all the sexes from each bone group.

Figure 5.12	 Mean shapes of the male, female, and wether Ovis astragali

Visually examining and comparing mean shapes from each sexed bone group was, at

times, more meaningful and more conclusive than interpreting score plots. Because of the

enormous amount of similarity occurring between these shapes (as noted from eigenvalue

example in Figure 5.1 1), differences in shape were usually hidden in the results of the

eigenvalue and score calculations. Because differences only comprised about 1 or 2% of

the shape covariance, the insignificant individual variations, or noise, also concealed true

or significant differences.

Eigenshapes

Shape variables or principal components are also calculated during ESA to produce

comparable expressions of shape. In ESA, the components are referred to as eigenshapes.

Eigenshapes can be plotted to reveal the morphological trends that are being compared.

Understanding eigenshapes is the key to interpreting score calculalions and score plots.

ES-I
	

ES-2
	

ES-3

Figure 5.13
	

Eigenshapes for axial dens of Ovis
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Figure 5.13 demonstrates examples of eigenshapes. Extremes in shape are hypothetical

and reflect the shape trend represented by the shape component as labeled for each.

Plotting the eigenshapes is known as eigenshape modeling. Modeling can produce more

stimulating results if eigenshapes are superimposed, as in Figure 5.14.

IES-2IL-

Figure 5.14	 Eigenshapes overlain to reveal areas of difference

Investigating shape trends in this manner is useful in biological study. In the study of

sexual dimorphism, exercises such as these are invaluable when locating differences in

shape trends. In example 5.14, eigenshapes are superimposed to determine where the

differences in shape occur. Mean shapes can also be overlaid in this manner for an

immediate visual comparison of male and female shapes.

Eigenshape scores

Eigenshape scores demonstrate covariance (in this study) between the observed shapes

and the eigenshape functions. When plotted, these scores can locate each individual

within a variance-optimized coordinate system that forms a linear representation of the

'shape space' of the sample group (MacLeod 1999:7). Score values allow one to plot the

covariance results so that one can evaluate the separation of shape differences via shape

component combinations. For example, Fig. 5.15 illustrates a score graph plotting

eigenshape 2 (ES-2) against eigenshape 3 (ES-3). Since eigenshape I(ES-1) represents

the similarities of all shapes in a group, theoretically, the main differences between all

the shapes should be revealed by plotting ES-2 against ES-3.

The mean shape for these axes is located at position 0/0. The individuals represented by

male and female designated covariance points are plotted in relation to the deviation

away from the central mean shape. There are no overlapping covariance points which

125



suggests that identical shapes are not represented. Each area of the graph represents a

different shape trend. One could model an eigenshape for each corner, for example,

based on the coordinate points extrapolated from the X and Y axes to reveal which shape

trends are followed by the individual covariance points in the vicinity.
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Figure 5.15	 Score plot demonstrating covariance points of Cervu. elaphu.s pubic sections

In the case illustrated in Fig. 5.15, males and females separate out in clusters. Very rarely

do clusters separate out cleanly. The pubis, especially in large mammals, tends to be

extremely sexually dimorphic.

Occasionally when examining the plots of ES-1/ES-2, a pattern showing correlation will

appear between these two variables (see 'Foxglen.123', 'Foxphum.123', and

'Foxdhum.123' in Appendix 1.1 on the CD-ROM for examples). This phenomenon has

to do with the nature of covariance and the overall similarity of the shapes within a

group. Essentially it is a systematic rounding error. One can correct the problem,

however, by falling back on Lohmann's original eigenshape method: calculate the PHI*

(deviation from a circle) rather than the PHI (deviation from a line) shape functions, then

run those through the eigenshape routine, but decompose the correlation rather than the

covariance matrix. Plot the resultant correlations (= scores) in the usual way. The amount

of variance attributed to ES-i should go down and the correlation between ES-i and ES-

2 should disappear.
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In many cases, there is so much variance (over 99%) coming out on first axis (ES-i) that

rounding and tolerance adjustment errors are becoming visible on the subsequent

eigenshapes. These errors always exist in any eigenshape analysis. The dataset will

determine how dominant these errors will represent themselves.

In most of the datasets used in this study, similarity seems to be predominate feature of

the shapes. Each outline varies in some way from the other, of course, but the similarity

remains of one decreases the number of points representing the outlines or the number of

objects in the dataset. The only way to overcome the problem in an eigenanalysis system

is to transform the outlines in such a way as to magnify the differences between the

outlines. This is what the PI-1I function does. Of course, the representation of shape as

deviation from circularity is somewhat arbitrary. But for some datasets in this study, it

seems that examining shape deviations from a circle can be beneficial to get more

variation into the system for the eigenanalysis to produce more clear separations. For

consistency, all analyses were performed using the PHI shape function. Significant

differences in shape were still detected within datasets, even some of those exhibiting

correlation between the first and second axis. Since the objective of the study was to

identify significant shape differences, no serious detriments were encountered by using

the PHI function instead of PHI* function..

Eigenshape score values are listed in Appendix H, and the plots for the first three

eigenshapes for each bone group are compiled in Appendix I on the CD-ROM.

Extended eigenshape analysis

Extended eigenshape analysis incorporates similar steps as classical eigenshape analysis.

The same series of calculations follow through the course of this analysis, but with two

major differences. Extended analysis registers the outlines with respect to each other

more accurately than classical analysis. Secondly, the extended eigensbape program has

the capability of assigning as many points as is required to capture the major variations of

all the shapes in the sample. The assignment of coordinate points plotted along the shape

function varies with the degree of tolerance required by the user. In the extended

analysis, the user has four choices of tolerance criterion when converting the ASCII file

into a PHI file: 1) 0.1, 2) 0.05, 3) 0.0375, 4) 0.025. The tolerance criterion is used to
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interpolate the inter-landmark boundary curves so that the shape functions represent a

minimum tolerance of 99% of the original total segment length over the entire sample. In

other words, the lower the tolerance criterion is, the more detail from the original shape

outlines will be interpolated when calculating eigenshapes. For example, when using

extended analysis for sheep atlases, the coordinate points were interpolated to 33 points

from the original 200 using the tolerance criterion of 0.05. When the tolerance criterion

was changed to 0.025, the number of points interpolated were 155 points to represent the

outline and variation represented in the entire sample. The tolerance criterion for sheep

aliases was set at a tolerance of 0,.03 75, beca"ce the ca1ctilatd 108 points adeqwttely

represented the variation of shapes of the atlases without over-representing minor

inconsistencies of morphological differences (noise) inconsequential to our study.

Applicable bones for extended eigenshape analysis were the atlas, axis, and astragalus of

the skeleton. These bones were more angular and had more precise regular landmark

locations vthere points could be consistently placed on all the specimens in the sample.

The alias had seven landmarks, the axis had two, and the astragalus had four landmarks,

as well as the usual shape coordinates around the outline.

When coordinate points were placed along the outlines of specimens analyzed through

the extended ESA, the points were equidistant only within segments between landmarks,

as illustrated in Fig. 5.6.

Classical ESA plotted points around each outline equidistant to one another. The

extended method assigned more points to more complex segments of shape to adequately

represent the variation occurring in more detailed areas. The benefit of creating segments

is that certain sections can be extracted for a separate and more precise analysis, as in

Fig. 5.7.

The data collection technique and ESA formed the basis of the methodology used to

explore sexual dimorphism in skeletons of a few species of mammals. Other methods

were used to analyze the data and the bone parts under cxamination, such as CVA and

osteometrics, described in more detail below These two methods were implemented to

augment the investigation of sexual dimorphism. The data collection technique and ESA,
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used in context, were both new methods introduced to the field of zooarchaeology. Like

any method, precautions should be taken so that errors are minimized.

5.6	 Problems with Methodology

Processual problems can occur during the implementation of this methodology causing a

significant margin of error if care is not taken. Most inaccuracies derive from human

error, though a few instrumental errors can occur as well. Inaccuracies occur mainly

during data collection. If the data are collected in haste, without adherence to consistency

in bone positioning while profiling, errors could significantly affect the results of the

study.

Instrumental error derives mainly from the use of the profile gauges. Each pin of the

profile gauge is approximately one millimeter in diameter. The smaller the subject size,

the greater amount of error one will encounter from profiling with this somewhat

unsophisticated equipment. For this reason, small rodents, mustelids, and leporids cannot

be measured accurately in this manner. Misrepresentation of the bone section is also

likely when profiling bone with fine morphological features. Distal metapodials, for

example, cannot be represented adequately using standard profile gauges. The distal

condyles are very specialized and have a complex morphology that cannot be

meaningfully reproduced using only a millimeter scale, even when examining

metapodials from large mammals. Even if complex shape could be reproduced on a

millimeter scale, the margin of error using profile gauges is too great to be able to obtain

reliable results. The margin of error using standard gauges can be up to one millimeter

depending on the complexity of shape. The proximal tibia, for example, was notably

complex and could not be reliably profiled within a millimeter, as revealed by the

repeatability test of the pilot study (Chapter 4). The proximal tibia was subsequently

excluded from the study.

Profile gauges can also be difficult to press against bone. Certainly for more fragile bones

extra care must be taken to ensure that the pressure of the pins of the gauge do not

damage the bone. Because some gauges can be difficult to press against an object, one

may be led to believe that the whole profile may be taken just because the pins cease to
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advance. One must be careful that both edges of the gauges meet on either side of the

bone to establish a full and accurate section. To be sure that the entire section has been

taken accurately, the gauges should be lifted from the bone, and placed once again on the

subject. Replacing the gauges on the bone ensures that the profile is accurate and that

pins are in contact with the bone. Occasionally, pins can be pushed underneath each other

of pushed diagonally away causing gaps. Rechecking profiles on the subject, therefore, is

important in representing the specimen properly.

An alignment marker must be used to realign the gauges on paper after the bone is

removed (Fig. 5.1). A marker is made by pushing in a pin or two from one side of a

gauge to enable proper aligmnent when tracing the section on paper. Gauge placement on

the paper and the manner in which sections are traced must remains regular to provide a

consistent pattern of reproduction when representing the images through these indirect

means. The same is true for tracing the bones themselves. Although a more direct method

of bone profiling, tracing the actual object must follow consistent directions to allow for

a similar representation of specimens. The bone must be orientated on the paper in the

same manner, and the tracing sequence must be identical. If data collection is conducted

in a haphazard way, the results of the morphometric study will be measuring the variation

of one's data collection techniques! When tracing the profiles from the gauges, care must

be taken not to push in the pins with the pencil.

After the outlines have been transferred onto paper, scanning of the images via video

camera can occur. A reliable and consistent landmark must be marked on each image so

that outline digitization begins to plot coordinate points at the same feature. Coordinates

points mapped along the outlines will be compared with corresponding points on the

other digitized shapes in the sample group. If the digitizer is off by more than a

millimeter, the morphometric analyses will be comparing different features on the

specimens, resulting in inaccuracies. The obvious consequence of mismatching features

during morphological study would be the obscurity of the true morphologically

meaningful data

Important, also, is the calibration of the video equipment which should be measured with

patience and accuracy. A ruler must be placed under the video camera at a suitable

130



magnification to view the numbers and gradations clearly. The calibration axis is pulled

from one end of the ruler to the other on the screen with the cursor, and the length of the

axis entered into the calibration mode, as read on the ruler. Care should be taken to take

the longest measurement of the screen to account for the convexity of the display.

Mistakes can be made during digitization, caused primarily by human error of the eyes

and hands, and are unavoidable. The most sensitive task when digitizing, is placing the

first landmark on the outline. The utmost care should be taken to ensure that the primary

landmark is placed on the same biological feature of the bone shape on all the specimens

in a group so that the rest of the coordinate points plotted thereafter correspond on all

outlines. Error can be minimized with patience and planning before digitization begins.

About the most significant error that can occur in the whole process, is the

misidentification of sex of individuals in the test groups. The data set is large in

biological investigations of this nature, and getting specimen labels confused could be

very easy. Labels must be made at the point of data collection and attached to each

specimen immediately. A separate list of individuals must be made with information

from the collection catalogue. Labeling the actual shape outline and making a separate

list allows the researcher to check and double-check that the information has been

recorded correctly. Of course, the assumption is made that the curator has recorded the

proper sex classification into the collection records. Mistakes, however, can happen.

5.7	 Canonical variates analysis

Canonical variates analysis was incorporated into this investigation of sexual

dimorphism. The purpose of this exercise was to determine which eigenshape variables

best separated the sexes in an a priori analysis. For this analysis, groups by sex were

created from the sample groups. The shape variables, represented by the eigenshape

scores, were then run through a standard statistics package to analyze the variance

between the scores for the two (or three) sex groups (F ratio). The significance of the

differences between the scores were then defined using the Wilks lambda index,

converted into a chi-square value that enables the use the chi-square table of critical

values. This conversion and method is called Bartlett's chi-square test. These chi-square
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results do not measure contingency, as regular chi-square tests perfonn. Rather, Bartlett's

chi-square test is an analysis of variance revealing the significance of variance of the

scores (or shape variables) between the sex groups. The results are then compared to

critical values on the chi-square table, according to the degrees of freedom calculated by

the number of variables calculated. Variables were analyzed for the first three scores, and

the first ten to check variance.

In common practice, CVA should not be allowed to select shape trends that best separate

groups from eigenshape scores. Theoretically, the ESA calculated shape variables

without having separated groups prior to analysis. Performing an a priori analysis on

shape variables calculated on a sample as a whole defeats the purpose of conducting

ESA. The purpose of ESA, as explained, is to establish shape trends within a sample

without groups separated. Canonical variates analysis is designed to analyze variance and

significance of predetermined groups. Particularly for the study of archaeological bone,

assemblages form samples of species of unknown sex. Therefore, CVA cannot be

legitimately applied to this case.

On the other hand, if one examined the CVA results performed on the ES variables as a

separate inquiry, rather than an extension of ESA, the results can provide interesting

information about shape variables. The results of variance testing, in particular, can

check the non-chance probabilities of cluster separation of score plots.

The results of the CVA analysis are presented in the next chapter, in connection with the

morphometric data. The F ratio and Bartlett's chi-square index are presented in the text

for each skeletal element by species. A detailed listing of the complete CVA analysis can

be reviewed in Appendix J of the CD-ROM.

5.8	 Osteometrics

Standard bone measurements were taken from the bone sections to provide a more

traditional perspective of sexual dimorphism in the study group. Since osteometrics are

used extensively, a comparable data set from this material is useful for a few reasons.

Firstly, measurement data could be used as comparative resource by researchers in the
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metrical study of sexual dimorphism; secondly, the benefits of morphometric and

osteometric analyses can be compared or combined; thirdly, dimensional size could be

compared with area size calculated by ESA, and fourthly, the exercise could suggest

another use of bone section outlines for measurement of bone materials.

One to three measurements per bone part were taken from the specimens using the

standard bone measurements outlined in Von den Driesch (1976). Measurements

performed on bone parts are presented in Appendix C. 1 in Volume II. The metrical data

and plots are presented in Appendix K on the CD-ROM.

Discriminant analysis

Discriminant analysis was performed on metrical data to establish the significance of size

differences between the sex groups, and to test confidence of classification using size

differences. Means were tested using a standard two-sample f—test. When more than two

samples were present (as in sheep with three sex groups), ANOVA was used in place of

the t —test to analyze the variance of means.

The results of the discriminant analysis are presented in the text of Chapter 6 in relation

to the metrical data. The detailed results of the discriminant, f—test, and ANOVA

analyses can be reviewed in Appendix M on the CD-ROM.

The following chapter will present all the morphological, metrical, and statistical results

from analyses performed on the study group.
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Chapter 6.0 Results of Analyses

In the previous chapter, the methodology used to compare bone shapes was

presented. After reading Chapter 5, the basics of eigenshape analysis should be

understood, as well as the techniques used in this study for profiling bone shapes, and

measuring bone dimensions.

Chapter 6 presents the results of the morphometric and statistical tests performed on bone

shapes. The morphological and metrical differences between the sexes of selected bone

elements are examined here. The purpose of reviewing the results is not to determine

whether eigenshape analysis is superior or inferior to osteometrical analysis for

distinguishing between male and female remains. These methods are simply media for

exploring sexually dimorphism in bones. By implementing shape and size analyses, the

degree of sexual dimorphism in different bones in the mammalian skeleton can be

explored. Eigenshape analysis and osteometrics, along with statistical tools such as

canonical variates analysis and discriminant functions, are simply methods available to

investigate biological shape variation. Significance tests, such as the F—test, Bartlett's

chi square test, and the two-sample I-test, summarize the significant differences between

data means or standard deviations from either eigenshape variables or metrical data. A

comparative examination of results will indicate which bone elements are significantly

more different in shape and size between the sex groups, and thus, more accurate for sex

determination. At the end of each section on fox, deer, and sheep below, a table

summarizing all the meaningful statistical results will presented. A scoring system has

been developed for the purpose of comparing results from the various tests to establish

which bone elements are more discriminating between the groups. The scoring system

will be called the 'Success Index".

The subsequent Chapter 7 presents a discussion of the results presented here. Chapter 7

also deals with variations of the data to explore issues of sexual dimorphism in specific

breeds and populations of fox, deer, and sheep.
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The results from the morphometrical study have been manipulated and interpreted in

three separate ways: eigenshape analysis exploring group shape variation, and a priori

analyses exploring the significance of the canonical variates using the F—test for each

shape variable, and Bartlett's chi-square test the significant differences between the

groups for the set of variables. Contingency tables have been employed with relation to

measuring the significance of the canid 'Table Test' of sex identification from the

humerus.

As part of the results of the eigenshape analysis, mean shapes are presented. Mean

shapes are calculated separately for each sex by bone element and represent the average

shape of all the individuals in each sex group. When the shapes are compared between

groups and even superimposed, the differences in shape trends are exhibited, and in some

cases, provide a diagnostic feature for which to distinguish between the sexes.

Classifying the sex of a bone element by comparison of specimen's shape with a mean

shape from the study group will be called the Mean Shape Method.

Since biological variation between groups cannot be always universal or absolute,

identifications with likelihoods and probabilities of shapes revealing the sex of a bone is

useful for zooarchaeological fieldwork. With any method currently used for identifying

species, ageing individuals, or sexing specimens, certain assumptions apply and most

classification is based on likelihood rather than certainty. Enabling the faunal analyst to

discuss the 85% probability of a male classification of a certain bone based on relative

frequencies of shape, opens a whole world of interpretation that would not exist without

such inquiries. The Mean Shape Method also works with likelihoods rather than

absolutes. While some may question the validity of conducting such shape experiments

with a limited number of available specimens, it has become very clear to me during the

course of this study, that the amount of individual variation within species is as infinite

as there are individuals. Since we cannot measure all the individuals in the world, a

reasonable sample must serve to test hypotheses. Towards this end, traditional statistical

theory states that more specimens in a sample group are better than fewer, six are better

than four, and 50 are better than 40. Some samples examined in this study are small (e.g.

red deer), the reasons for which are explained in Chapter 4. Therefore, the results in these

situations should be regarded more as preliminary inquiry than conclusive statements.
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Osteometrical analysis has been applied to sample bone elements for this study as well.

While osteometrics have been used extensively in the past to distinguish between male

and female individuals, size alone cannot reflect the ways in which sexual dimorphism

manifests itself on parts of the skeleton. Body size is already a known and proven

secondary sexual character in certain species, especially larger mammals. As has been

stated in previous chapters, however, body size is dependent on many things, not only

sexual size dimorphism, but also environmental and breeding factors. The osteometric

analysis serves to show, not only the range and average size differences between each sex

group by bone element, but the influence breed and population origin plays in size trends.

Because the endeavour of this study is to explore morphological difference instead of

size variation in sex, emphasis is placed on the bivariate combinations of dimensions to

see if osteometrics can indicate shape variation as well, as in the distal metacarpus of

cattle, whose width is proportionately greater to breadth from males, rather than generally

larger in all proportions (Fock 1966).

For osteometrics, basic statistics have been produced, such as calculation of the mean

size, the median, the range of sizes, and the standard deviation, because these results best

summarize the osteometrical data. The metric data has been visually summarized in box

plots. T-tests, and discriminant analysis with cross-validation have been included for

testing significance of variation between the two (or three) sex groupings.

Small mammals, such as polecats, bares, and wild cats, were included in the preliminary

pilot study of species examined for diagnostic sex characters (Chapter 4). They are,

however, not included in this chapter because morphologically diagnostic characters,

after visual examination, could not be found. Osteometrical data from these three species

are available in Appendix K.! on the CD-ROM.

As representatives of the camd family, a sample of fox bones were examined for sexual

dimorphism using five bone elements, those which occur most commonly in

archaeology, and those large enough to be applicable to the morphometric methodology.

The Table Test is presented for sexing canid humeri. A sample of domestic dogs is

utilized to test this method along with the red fox.

136



Pigs could not be found in representative numbers in bone collections. A maximum of

nine specimens have been examined, and the morphological results of analysis are

presented in brief. Not only were adult male individuals almost non-extant in the

collections, but the breeds of pig varied greatly. Therefore, the results are precarious.

Two species of cervids (red and fallow deer) have been tested for morphological and size

variation between the sexes. The fallow deer sample has greater numbers of individuals

of the two species groups and therefore, produces better and more accurate results. The

red deer, in the end, show how low sample numbers under ten specimens can bring

ambivalence of results. The sample group also reveals how variation of population can

affect morphological differences but especially size differences.

Domestic sheep were examined for sexual dimorphism of shape and size using ten bone

parts. Five elements are shown to have significant morphological differences between the

sexes. The osteometric analysis does not perform well because of the inclusion of

individuals from at least five different breeds of sheep. However, the variety of sheep

support the universality of the sexual dimorphic characters discovered in the five

elements. The reliability of the mean shapes to determine sex of eight of the ten bone

elements is tested. The blind test results are presented in the section that follows that of

the bovids, the data and score plots of which are consigned to Appendix N.

The chapter is arranged in phylogenetic order of species, beginning with canids, pigs,

deer, and sheep. The blind test results conclude the chapter

Full details of all the statistical tests from each species and bone elements have been

included at the back of this volume in Appendices E through N.

6.1	 Canids

The results of the morphometric and allometric analyses of red fox are presented here.

The bones examined are presented in order of location in the skeleton from cranial to

caudal: glenoid fossa, proximal humerus, distal humerus, obturator foramen, and

proximal femur. Other skeletal elements could not be traced or profiled with gauges due
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to size. The morphometric results, including CVA, will be reported first, and the

allometric results will follow. The description and results of the Table Test for sex

classification of canid humeri will be presented after the metrical analyses. A summary of

results for sexual dimorphism in canid bones will end the section.

Eigenshape Analysis

The morphometric analysis of the canid specimens was restricted to Vulpes vulpes, for

the sake of consistency and availability of adequate numbers in the collections, as

mentioned in the introduction to this section. Canids, in general, are difficult to sex by

examination of bone remains, so success in finding distinct morphological differences

was uncertain. Applicable bones able to be reproduced by profiling using gauges or

tracing the actual bones were limited due to the small size of the elements. The glenoid,

the proximal and distal ends of the humerus, the obturator foramen and the proximal

femur were profiled and digitized using video imaging equipment and BioScan software

(see Chapter 5). The digitized coordinates produced by BioScan were compared for all

individuals in one bone group using the eigenshape program. Data produced were

eigenvalues for each shape component, mean shape coordinates, and scores. The

eigenvalues for each bone are listed in Appendix E (CD-ROM), mean shapes and

eigenshapes models in Appendices F and G (Volume II), scores in Appendix H (CD-

ROM), and score plots in Appendix I (CD-ROM). The original digitized outlines are

provided in Appendix D (Volume H).

A maximum of 72 individuals were used in this examination: 37 male, 34 female, and

one unknown. The unknown individual was exclusively included in the analysis of fox

bones. Because of the uncertainty of the smaller bone format with this examination, a

control was required to test morphometnc and osteometric results to determine if either

of these methods could confidently suggest a sex for this unclassified individual. For a

list of all specimens included in this study and their provenance, consult Appendix B

(Volume II).
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Glenoidfossa

The first three eigenshape scores were plotted for the fox glenoid to examine shape

trends. For the fox glenoid, no significant separation appears between male and female

shapes in the score plots. To reiterate from Chapter 5, the first eigenshape score records

the similarities of all the shapes combined into one component, while the second

eigenshape score records the greatest significant differences common in all the shapes.

The subsequent eigenscores again indicate differences, but in a descending order of

significance.

Examining the eigenvalues (Appendix E) can illustrate this point better. For example, the

eigenvalues for the analysis of the fox glenoid shows that 99.38% of the shape

information is summarized in the first eigenshape, while the second eigenvalue reveals

that only 0.11% of shape differences are allocated to the second eigenshape, 0.07 for the

third, and so forth. In accordance with this pattern, distinct shape differences should be

noticed when plotting the first three eigenshape scores, if they exist. To understand better

the shape trends represented by the eigenshapes, one should refer to Appendix G where

the first three eigenshapes have been modeled.

(S-I: I.Th0fl)
	

(S-I: tSSI:S neri
	

(S-I: I.4I1)

Figure 6.1	 Fox glenoid eigenshape models for shape trends represented by eigenshape I (ES-I)

Figure 6.1 shows the shape range of eigenshape 1 (or ES-i), with the mean shape of all

the digitized shapes located in the center. A shape that would summarize the majority of

the shape similarities of all the individuals would be the mean shape of ES-i.

At either end of the axis (the models to the right and left), the extreme shape trends are

represented in hypothetical shapes exaggerating the components of shape that are being

examined. For ES-2 (Fig. 6.2), different shape components are represented, again with
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the mean shape in the center and the extreme hypothetical cases at either end of the

component shape.

S-2 1J51:-t15)
	

(ES-2 1.1611.15)cm
Figure 6.2
	

Fox glenoid eigenshape models for shape trends represented by eigenshape 2 (ES-2)
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cm

Figure 6.3
	

Fox glenoid eigenshape models for shape trends represented by eigenshape 3 (ES-3)

Eigenshape 3 (Fig. 6.3) represents yet another shape trend, and the shape variations

continue for as many individuals that are represented in the group. The first three, again,

are theoretically the most significant shape trends represented in the group. In the case of

eigenshape 3, shapes are beginning to get more radical and farther away from typical

shapes expected.

A method of checking these shape trends in a sample group is by plotting the eigenshape

scores. Only after the shape trends have been examined (Figs. 6.1-6.3) does the score plot

(Fig. 6.4) make sense. Clusters at one location of a graph will represent a particular shape

trend, while other clusters represent another variation of shape. When clusters are not

formed or greatly overlap, the variation of shape is limited to minor differences. The

negative and positive ranges of a shape variable (i.e. ES-3) corresponds to the eigenshape

model displaying the occurring shape trend. For example, if a cluster of male fox

glenoids is located in the negative range of ES-3, than the negative eigenshape model (for

example, the model on the left of Fig. 6.3) can suggest the shape trend represented by the

male cluster.

140



.

U
U

U)
LU

-0.2	 -0.15 S -0.1

.

VulpesGlenoid Fossa

0.15

.

0.1	 U

.
0.	 •

•	 . .

	

•.	 •	 •.	 . PM;e

01.	 •Female

	

-	 OU # 0.	 • 01	 0.15	 Unknown
U

S•	 ••.
.

-0.1
. U

-0.15 -

Figure 6.4	 Score plot of fox glenoid shapes for eigenshapes 2 and 3

Figure 6.4 illustrates the score plot of eigenshape 2 (ES-2) versus eigenshape 3 (ES-3).

Eigenshapes 2 and 3 are usually plotted because the most significant shape trends are

theoretically located within the first three shape variables. Examination of the plot

reveals that the majority of female points (70%) have positive ES-3 values, while the

majority of the male points (56%) have negative values along the ES-3 axis. Also

important is the location of the mean points in each of the overlapping clusters; the

female mean shape is central to the points in the positive range in ES-3, while the male

mean is in the negative range. The separation caused by these differences are weak

because of outliers. For example, female points - 0.003: -0.1 16 and 0.023: -0.111 in Fig.

6.4 are clearly outliers in a male-dominant shape trend. Score plots then allow one to go

back to the original data and examine these two individuals. One can then pursue inquily

as to why these two should be dissimilar from the other female individuals, and even

beyond the male specimens. These individuals could be the result of a specific life

history of the individual, age, behavioural anomalies, cataloguing errors in the records of

the collections, or data collection errors.
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The unknown individual, distinguished by a triangular point, has a positive value among

a group of females. One might be tempted to infer that the unknown individual is female,

but the overlap between the shapes is great. The score plot would suggest, however, that

the unknown individual is more likely female than male.

An easy way to examine the eigenshape differences between the sexes in a visual

manner, as opposed to a numeric one, is to plot the mean shapes for males and females.

All eigenshape means shape models are located in Appendix 0. Examining models helps

interpretation of the plots, but one should keep in mind that shape variation is substantial.

Mean shapes and eigenshape models only summarize shape trends in the data.

Figure 6.5	 Fox glenoid fossa mean shapes for male and female individuals

At first glance, the shapes above (Fig. 6.5) seem identical, but upon closer examination

slight differences of shape can be noted. These differences are too slight to be reliable

sex indicators, particularly without the aid of computerized analysis, and are probably the

result of cumulative individual variation in each sample group. A more expedient way of

observing these shape differences is by overlapping the shapes.

By examining the mean shapes superimposed (Fig. 6.6), differences in overall shape can

be identified. In the case of the fox glenoid, very slight differences lie in the coracoid

process of the glenoid and in the ventral portion of the fossa.
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Figure 6.6	 Fox glenoid male/female mean shapes superimposed

In general, males seem to possess a slightly longer cavity in comparison with glenoid

breadth which has virtually no difference at all. Such a distinction between proportion

(i.e. longer but not wider) represents a morphological difference of shape rather than size,

though measurements for glenoid length versus breadth would detect this difference. The

differences, in general, are not very significant.

The F-test of variance was performed on the eigenshape scores for the fox glenoids. The

first ten eigenshape scores (shape variables) were separated into male and female groups

and analyzed to determine the F-ratio for each variable. The F —test is used to determine

whether two-sample variances are different, i.e. whether they are independent estimates,

or if they come from the same population. In this case, the groups are analyzed with the

hypothesis that some shape components or variables are significant in distinguishing

between the two groups.

The degrees of freedom are calculated by the number of groups - 1 and number of

objects minus the number of groups. In the case of the glenoid, the degrees of freedom

have been calculated as 2 - 1 = 1 and 70 —2 = 68 degrees of freedom (d.f.). The F-

distribution table can be found at the back of any statistics textbook. For the degrees of

freedom 1 and 68, the critical value ofF is approximately 3.99 at the 0.05 level of

probability (the top 5%). The level of probability will remain constant throughout this

study.
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0.15 •Male

• Female

1	 0.400
2	 0.966
3	 4.769
	

1—
4	 0.008
5	 4.907
6	 0.220
7	 1.391
8	 0.008
9	 0.003
10	 1.391

Table 6.1	 Results of the CVA test of shape variables for fox glenoid

The results of the F-test (Table 6.1) reveals that components three and five are above the

critical value of F. The low F value for component 4 (ES-4) between the two highest

values of significance is not surprising because each component is independent and can

represent an entirely different shape trend.

Vulpes Glenoid Fossa
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Figure 6.7	 Score plot for fox glenoid for eigenshapes 3 and 5 after CVA

Once one has performed CVA, it is possible to plot ES-3 and ES-5, as Fig. 6.7 above

demonstrates. One can see that the plot of these two components is not successful in

separating the sexes, although the clusters are fairly compact. A group of 12 male

144



individuals seem to have a shape trend represented in the positive range of ES-3 and the

negative range of ES-5. These shapes can be investigated by modeling the eigenshapes

for the fifth shape variable.

The use of CVA or ANOVA can provide a different perspective to view the data, and it

is left to the discretion of the user to decide the validity of the results based on

knowledge of the sample group. One can also test the results of the ANOVA, CVA, or

ESA by extracting a random sample of individuals from the sample group and running

the new groups through the program(s) again to see if the same results are produced.

Such a test would confinn or refute the original ranking of eigenshape components.

The x2 (chi-square) value for all ten components is the result of the CVA. The x2

calculation is an approximation the Wilks lambda result indicating the significance of the

first three or the first ten components as discriminating variables between males and

females. For the fox glenoid, x2 = 13.22 with 10 degrees of freedom (d.f.). The critical

value from the x2 distribution table is 18.31 for 10 d.f. with 0.05 level of probability (a =

0.05, this probability level will remain constant throughout the statistical analyses of this

study). Therefore we cannot reject the null hypothesis that there is no significant relation

between these shape components and the two groups (males and females). If one

examines only the first three eigenshape scores only, the x 2 value is 6.13, while the

critical value is 7.82 for 3 d.f. Again, we cannot reject the null hypothesis. Therefore,

significant shape differences do not occur between the male and female groups of glenoid

fossae.

Proximal humerus

The proximal humerus of Vulpes shows similar results after the morphometric analyses

of the shapes of 72 individuals (34 females, 37 males and I unknown). The plot (Fig.

6.8) reveals no clear separation of male and female clusters. In the case of the proximal

humerus, the means are similar since both male and female points are scattered in all

regions of the plots, showing comparable shape variations across the range of shapes.

145



-20 20

Vulpes Proximal Humerus

0.15

.0.1

.	 •

	

• • .. S .	 •MaIe
•s

•	 •Feniale
Ui

-0.2	 -5 •-o.	 0.05.	 • J.0j	 0.1	 15	 0.2	 Unknown

•	 •	 •	 •

0.05, •
•	 .

•	 U•	 -0.1
U

-0.15

ES-2

Figure 6.8	 Score plot of fox proximal humerus for ES-2 versus ES-3

The unknown individual rests closely by two male individuals, but is surrounded by

female points as well. The sex identification in this case is even more inconclusive than

the plot of the glenoid fossa reveals.

Male!

15

-15

Figure 6.9	 Fox proximal humerus mean shapes

Examination of the mean shapes reveal that males and females maintain roughly the

same shape of the proximal humerus. Similarities lay around the intertuberal groove of

the trochanter and the overall shape, but in a smaller size.
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From the CVA results, ES scores 4 and 6 best separate the males and females, but with

low F values of 2.84 and 2.32 respectively (see Appendix J for details). The critical value

for 1 and 69 d.f. on the F distribution table is approximately 3.99. The shape variables,

therefore, do not exhibit significant differences between the sample groups. The value

for all ten variables is only 6.95 which is well below the critical value of 18.31. The first

three ES scores produce a x 2 value of 1.32, again well below the critical value for 3 d.f.

of 7.82. Both the eigenshape analysis and CVA have revealed that the proximal humerus

cannot distinguish between males and female reliably.

Distal humerus

The distal humerus was a more difficult shape to profile because of the fine curves of the

small condyles. The shape profiled from the distal humerus is the caudoventral edge of

the condyles. The shape was reproduced using one profile gauge compressed against the

distal edge.

Vulpes Distal Humerus

0.3

.
S

U

C,,

-0.3

•
•	 a

•
•.	 .

• ••.
U

•.•	 S

	

-0.2	 -0.1	 0.
.?.

	

ti1U	 •a
a.	 S	• 	 a

	

a	 •	 -0.2
a

-0.3 -

Figure 6.10	 Score plot of fox distal humerus eigenshapes 2 versus 3

The score plot (Fig. 6.10) reveals that the positive range of the ordinate is occupied by

the majority of males (63%), while the majority of the females (60%) occupy the positive

range. The means of the male and female groups are slightly different as well.
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The unknown individual is located in the positive range of ES-3 but within the median

range of shapes. Only seven out of 34 females have scores as high as the unknown, but

19 out of 35 males are within ± 0.5 of the unknown. However, because of the heavy

overlap, the sex of the unknown specimen cannot be determined by the morphometric

examination of the distal humerus.

Male!
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Figure 6.11	 Fox distal humerus mean shapes

The mean shape models reveal a great likeness between male and female shapes. The

area which reveals slight differences is the lateral edge in Fig. 6.11.

The CVA of the distal humerus of foxes shows that variables 9, 3 and 4 (F ratios of 3.96,

2.88, 1.27) best separate the male and female groups (refer to Appendix J on the CD-

ROM for complete list ofF ratios). Theoretically, component number 9 cannot be

accepted as a valid significant component as it is too far removed from the significant

ranked variables. Moreover, the value prior to the F -ratio of 9 (3.96) is 0.000 for

variable 8, which leads one to believe that the ratio produced for 9 is the product of

electronic noise and not of any significant value. The other two ratios produced for

variables ES-3 and ES-4 are below the critical value ofF for 1 and 67 d.f. (3.99). The x2

value for all ten variables is 9.22, again below the critical value of 18.31. For the first

three variables, the x2 value is 2.89, below the critical value of 7.82. Therefore, the F

ratios and x2 values produced from the distal humerus of fox indicate that significant

shape differences between the male and female groups do not exist.
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Obturator foramen

The obturator foramen of the innominate was represented by 44 individuals (25 males, 18

females, and I unknown). The score plot of the second and third shape variables (Fig.

6.12) can be interpreted in two different ways. Firstly, that the male and female

individuals exhibit generally the same trends of shape, or secondly, that the male

specimens form one cluster, and the female individuals form two separate clusters, one in

the positive range of ES-2, and another in the negative range of ES-2. The unknown

individual lays amongst a group of female individuals, suggesting a similarity in shape.

The cluster of seven females in the negative range of ES-2 represent a specific shape

trend. Only three males exhibit a shape similar to this group of seven. To investigate the

second cluster of females, one can consult the eigenshape models (Appendix F). Figure

6.13 below illustrates shape trends along the ES-2 axis.
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Figure 6.12	 Score plot of fox obturator foramen of eigenshapes 2 and 3

The eigenshapes (Fig. 6.13) reveal a shape trend of a 'boxy' foramen toward the negative

range of ES-2, as opposed to the egg-shaped outline of the mean shape, and the pear

shape of the extreme positive range of ES-2.
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Figure 6.13	 Fox obturator foramen eigenshape models of eigenshape 2

Because the second cluster of females in Fig. 6.12 in the negative range of ES-2 is

comprised of only several individuals (39% of females), the boxy shape represented by

this group is not prominent in the calculations of the mean shape for the female obturator

foramen. Figure 6.14 below demonstrates the similarities of the foramina between the

sexes, suggesting that the means are very close.

Male!

____	 45	 _________

Figure 6.14	 Fox obturator foramen mean shapes

The male foramen appears slightly elongated in comparison with that of the female in the

centre. Appearances are confirmed upon examination of the superimposed shapes in Fig.

6.13. While the foramen of both male and female groups does not differ greatly in

breadth, the proportionate length of the foramen, does differ to a greater extent. The male

foramen, therefore, is longer proportionately than it is wide in comparison to the female

foramen. Metrical analyses would detect these differences as well.

F-test results for the fox obturator foramen reveal that ES scores 6 and 7 would best

separate the groups (11.57 and 1.905 respectively). The value of the F ratio for

component 6 is strikingly high at 11.57, since the other preceding values are considerably

lower. The critical value for 1 and 41 d.f. is 4.08, which suggests that ES score 6 is

significant in distinguishing between the two groups.
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Figure 6.15 confirms that these components separate the groups best. Perhaps it is the

'boxy' type of foramen that is represented here.
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Figure 6.15	 Score plot of fox obturator foramen for eigenshapes 6 and 7

Eigenshapes can be modeled to determine what shape trend these eigenshapes represent.

However, the modeled mean shapes for male and female obturator foramina in the

previous section would not change as they are calculated from the actual specimen data

rather than influenced by shape trends detected during analysis.

In general however, the x 2 test failed to show that there is any real significance between

the groups within the first ten components. A value of 15.51 was calculated for the group

often variables, while the critical value is 18.31 (10 d.f.). The x 2 analysis of the first

three variables was poor at 1.83 at a critical value of 7.82 (3 d.f.). Examination of the

first 7 components might raise the overall x 2 value over the critical value because the last

three insignificant variables in the series would be ignored. The x 2 test results as they

stand, however, reveal that there is no significant relationship between these components

and the distinction between the male and female groups for the obturator foramen.
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Proximal femur

The proximal femur was examined from 72 individuals (33 F., 38 M., and I unknown).

Vulpes Proximal Femur
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Figure 6.16	 Score plot of fox proximal femur for eigenshapes 2 and 3

The plot (Fig. 6.16) reveals that both male and female shape variations are wide-ranging

and greatly overlapping. Males and females, thus, exhibit similar trends of shape

variation in the proximal femur when comparing these two shape variables. The

unknown individual seems to be separated on its own, inconclusive of sex.

Male!

Figure 6.17	 Fox proximal femur mean shapes
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The mean shapes (Fig. 6.17) show a slight shape difference in the proportion of the head

and on the lateral edge of the trochanter. The head and trochanter differences seem to be

more significant when comparing the mean shapes than while examining the score plot

of eigenshapes 2 and 3. Perhaps the trochanter and head differences were not the focus of

any of the first three shape components. From modeling eigenshapes 1 through 3

(Appendix F), these components seem to focus on the proximal edge of the neck of the

head, and the groove in between the head and the trochanter.

The CVA results reveal that components 5 and 6 (F = 3.75, 5.14) best distinguish shape

between the groups. The critical value of F for 1 and 69 is 3.99, so the ratio calculated

for component 5 is just slightly below the value of minimal significance. The value for

component 6, however, is well over, and suggests that there is a greater variance for the

shape trend represented by this component between the two groups than there is for the

other shape components.

The x2 value of the first ten variables is 12.87, below the critical value of 18.31, while the

f value for the first three variables is 2.51, below the critical value of 7.82. As the case

with the obturator foramen, it is probable that the 2 value of the first 6 components

might surpass the critical level suggesting that a significant relation exists between the

first six variables and the distinction between the groups of sex. However, the F ratios

and chi-square values indicate no significant shape difference between the groups for the

proximal femur.

Summary

In brief, the eigenshape morphometric observations and statistical information show that

the glenoid and obturator foramen of the fox exhibit slightly more shape difference

between the male and female groups than do the other three bone parts. The unknown

individual appears to be a female individual according to the trends exhibited in the score

plots of the glenoid and obturator foramen..
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Osteometrics

Bone dimensions were measured from the bone outlines, using standard bone

measurements (Von den Driesch 1976). This method of measurement was useful for two

reasons: firstly, the bone outlines offered only the relevant dimensions applicable to a

comparison of methods for the bone shapes under examination, and secondly, the method

of measuring from the bone shapes offered another use for outlines.

The results of the metrical study are presented below. The measurements are summarized

by boxplots for each bone dimension with a discussion of the mean, standard deviation,

and size range for male and female groups. The unknown specimen is indicated by a

question mark in the boxplots to indicate its dimensions in relation to the male and

female sizes. The unknown specimen acts as a control to discover if metrical analyses are

able to classify sex for this individual, and if yes, for which bone dimensions.

A description of the area size profile (calculated by the eigenshape program) of the

specimens is presented. The reason for including area size results is to study comparative

methods of size to see if simple measurements can provide the same separation between

groups. The area size measures the interstices of the bone outlines in millimeters-

squared. The histograms are presented in ranking order of size, and are rather large in

size due to the number of individuals in the sample. Area size histograms can be

reviewed in Appendix L on the CD-ROM.

The dimensions from the metrical analyses are plotted in a scatter graphs to examine the

clustering of groups, and the differential separation of the groups for each measurement.

The results of the discriminant analysis of the osteometrical data and the t —test results

follow the metrical summary for each bone. The results of the statistical tests can be

reviewed in detail in Appendix M on the CD-ROM. The appendix includes the table of

descriptive statistics (containing the mean, median, range and standard deviation),

discriminant analysis including the confidence interval of classification results with cross

validation, and two-sample t -tests. ANOVA replaces the two-sample t —test for samples

with three groups, i.e. for the sheep sample where castrates form a third sex group.
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Like the morphometric results, the bones are presented in order of location in the

skeleton cranial-caudal. The results of the morphological and metrical analyses with

statistical tests will be summarized at the end of the chapter in table form. After the

summary of the analyses, the results of the Table Test for sexing canid humeri, will be

presented.

Glenoidfossa

Two measurements were taken from the fox glenoid, the length of the glenoid process,

and the breadth of the glenoid cavity.

Boxpk*s of Mpes Glenoid Lenh by Sex
	 Boxpkts of iMpes Genoid Breadth by Sex

Figure 6.18	 Box plots of fox glenoid length and breadth (M=Male, F =Female, ?=Unknown)

Box plots produced above summarize the osteometrical data for the two groups and the

unknown specimen. The actual boxes on the graph include 75% of the specimens in each

group, while the other 25% are represented by a vertical line running through each box to

indicate the extent of the size range. The line running horizontally through each box

marks the median.

The range of male glenoid length is greater than that of the female, but there is also

considerable overlap. The unknown specimen lies outside of the majority of the male

range, and is located close to the median length of the female group. On examining the

box plots of the glenoid breadth, the females appear to have a larger metrical range than

the males. The breadth size of the unknown specimen could easily fit within either the

male or female ranges.

155



14

12

E
E

18

2

0

0

The standard deviations (Appendix M on CD-ROM) reveal that males tend to have a

larger variability in size than females, more so for length measurements than for breadth

measurements. Males and females have a very comparable standard deviation for the

breadth measurements.

The area size histogram (Appendix L.l) of the glenoid places the unknown individual in

the middle range of sizes. Only the two largest individuals are male before the mixing of

groups begins, and the smallest seven arc female specimens. Therefore, the area size of

the fox glenoid fossa is not reliable for distinguishing between the sexes, or sexing an

unknown specimen with any confidence.

Vulpes Glenoid Fossa
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Figure 6.19	 Scatter plot of length versus breadth for fox glenoid fossa

In the scatter plot of length versus breadth (Fig. 6.19), great overlap appears of the sexes

with the unknown specimen located in the center of the scatter. Length appears to be

slightly more discriminating between the two groups. This observation is supported by

the position of the box plots and the standard deviations for male and female

measurements.

While the fox glenoid maintains roughly the same breadth between the sexes, the length

of the glenoid varies more suggesting that there is a general shape difference of the
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glenoid between the sexes, albeit slight. The eigenshape mean shape models also confirm

this speculation.

The discriminant analysis of length and breadth reveals that out of 70 individuals, 48

individuals (69%) appear to be correctly classified, 47 with cross-validation (67%). Both

males and females exhibit the same proportion of confidence of classification, because

both groups contain misclassified individuals.

The t-test results for length and breadth show that the difference in the sample means is

more significant for the length than for the width (t = 4.66 and 3.63 respectively) . Both t

values are higher than the critical value (1.67) of the t distribution (65 d.f., a 0.05)

indicating a significant difference between the two means. The probability values (P)

shows a finite possibility that the significant size differences are accidental because P is

less than the standard 5%.

Although the means are significantly different, the range of the measurements and

variability of size seem to hinder the reliability of these measurements to be confident

indicators of sex of the fox glenoid fossa. Osteometrics can be used only in 69%

confidence for sex classification of the glenoid.

Proximal humerus

The proximal humerus of the fox was measured for breadth and depth of the proximal

end. Seventy-one individuals were measured (37 males, 34 females).

Boxp4ots of Mpes Proximi Imeral Breadth by SX 	 Boxpots of 4es Proxni Ikjmer Deh by Sex
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Figure 6.20	 Box plots of the breadth and depth of the fox proximal humerus
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The box plots for breadth and depth look almost identical in pattern in terms of range and

variability between the two groups. The unknown individual confusingly appears most

like a female in the breadth measurement, and then like a male in the depth plot. The

breadth measurement of the unknown is beneath the range of male metrics but fits well

into the range of the female zone. The unknown resembles both groups in depth size.

The standard deviations reveal a slightly greater variability of sizes for males over

females, but an equitable variability of size ranges for the depth measurement between

the two groups.

The histogram of the area size (Appendix L. 1) shows females dominating the lower

range of sizes and the males in the higher range. The unknown is in the direct center of

the graph. Area size is therefore not helpful in identifying the sex of the unknown

individual suggestion.

The scatter plot displayed in Fig. 6.21 presents a summary of measurements of proximal

humeri from the fox individuals. Two compact clusters are presented for the males and

females, though the clusters overlap quite a bit. The breadth axis appears to better

separate the groups, though breadth is not entirely successful in distinguishing between

the males and females. The unknown individual is located in the center of the female

cluster on the breadth axis, while according to depth, the unknown seems to verge on the

larger females and the smaller males.
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Figure 6.21
	

Scatter plot of breadth versus depth of fox proximal humerus

While both the breadth and the depth size measurements are not very reliable indicators

of sex, the breadth measurement seems to separate the groups slightly better. Because the

two variables are incongruous, the proximal humerus appears to vary among the sexes

more in breadth rather than depth suggesting a slight morphological difference for the

proximal humerus between in the sexes of fox. Therefore, the proximal humerus of

males is proportionately wider than it is deep in comparison to the female individuals.

The results of the discriminant analysis show that out of 71 individuals in the proximal

humerus group, 54 (76%) have been classified correctly according to sex. With cross-

validation, the number correctly classified is 53 (75%), which is a fairly good confidence

score. The measurements of the proximal humerus better distinguish between the sexes

than does the measurements of the glenoid cavity. Both males and females had a

equitable proportion of individuals misclassified.

The two-sample t- test results reveal a higher t score for the breadth (6.43) than for the

depth (5.08), though both are significantly over the critical value of 1.67 (68 d.f.). This

result confirms that there exists a slightly more significant difference in the means of the

two groups for the breadth of the humerus as opposed to the depth. The P values are at 0
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for both dimensions and reveal that there is no possibility that the differences of the

means are a chance occurrence.

Overall, the proximal humerus shows significant mean differences and a satisfactory

score of confident classification. However, the measurements are not able to suggest

reliably a sex classification for the unknown specimen. On the other hand, the data show

that the measurements can confidently sex proximal humeri within 75%.

Distal humerus

Only one measurement, breadth, was taken from the distal humerus to keep consistency

with information available from the eigenshape outlines.

Boxplots of Vutpes Distal Humeral Breadth by Sex
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Box plots of distal humeral breadth of fox

The box plots summarizing size and range information reveal that females have a greater

range of size than do males. Their means are only about a millimeter apart. The unknown

individual could fit comfortably in either group, although the unknown is closer to the

mean female size than that of the male. The standard deviations show a slightly greater

variability of size from the mean for female individuals than do males.

The area size histogram (Appendix L. 1) of the distal end shows the unknown in the lower

sizes amidst a group often females, the smallest individuals in the group. Only the two
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largest individuals are males before mixing of group individuals begins. According to the

area size histogram, the unknown seems to be a female.

The scatter plot (Fig. 6.23) reveals that area size better distinguishes between the sexes

than does the breadth of distal humerus measurement. If interpreting the graph from the

perspective of the abscissa, the unknown individual sits in the middle range of the

measurements, while from the perspective of the ordinate, the unknown lies in the lower

range of sizes amongst the cluster of females. A scatter plot of breadth versus breadth

reveals complete overlap between the sexes.
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Figure 6.23	 Plot of breadth versus area size of fox distal humerus

The plot suggests that the distal humerus is slightly greater in overall area size for the

male individuals, but not distinguishable between the sexes with a simple breadth

measurement. The overall size of the distal end was calculated for the space occupied by

the curves of the condyles just above the olecranon fossa. See the bone outline data in

Appendix D for a better idea of how area size was calculated for this open shape. The

eigenshape models also confirm that there is no significant difference between the male

and female mean shapes for the distal humerus of fox.
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The discriminant analysis shows that of 69 individuals, 44 (64%) were correctly

classified. The same score was achieved with cross-validation. Males and females had

precisely the same confidence values of classification from this test. The t -score showed

significant differences between the means of the male and female groups. The t —value

was 3.75, greater than the critical value of 1.76 (1.67, 65 d.f.) indicating that the means

were legitimately from two different groups. The P value was 0.0004 confirming that the

differences reflected in the t —value are non-chance occurrences.

The distal humerus cannot be used to distinguish between the sexes of fox. The

confidence levels are low, and the variability high for both sexes rendering the distal

humerus a dubious indicator of sex. The means show significant difference but the

variability of size overshadows the reliability of this dimension to distinguish between

the group. The results of the morphometric analysis confinned the same observation.

Distal humerus (Ventral Plane)

During the pilot study, attempts were made to profile the section of the distal humerus,

analogous to the proximal end, in a closed shape (Chapter 4). The method proved to be

very difficult and time consuming because of the intricacy of the distal humerus shape

and the crudeness of the profile gauges. Brief osteometrical tests were run on the 22

individual sample that was extracted from this tangent study. Two measurements were

made from the ventral sections of the distal humerus, the breadth and the depth of the

distal end. The breadth measurement is actually a repeat of the previous test, but from

only 22 individuals.

The means of the two groups differ by 1.2 millimeters for the breadth measurement and

1.3 millimeters for the depth measurement, with similar sizes in the lower range, but

males extending farther into the higher range of sizes. The standard deviation suggests

that the variability of the sizes away from the mean is fairly equitable between the sexes.

There is no unknown specimen in this sample.
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The measurement histograms (Appendix L), in lieu of box plots, reveal that the breadth

of the distal humerus is actually a better separator of sex than is the depth, though neither

are vety reliable. The area sizes better distinguish between the sexes with only slight

mixing, although the second largest specimen is a female.

Vulpes Dial Humerus (Ventral Plane)
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Plot of breadth versus depth of fox distal humerus (ventral aspect)

The plot (Fig. 6.24) reveals a jumble of males and females with the cluster of males

reaching into the larger sizes of the sample group save for a single female. Breadth seems

a better separator in this case, though the breadth of the distal humerus in the past section

reveals that distal humeral breadth is not reliable as a sex indicator.

The discriminant analysis of the 22 (eight females, 14 males) specimens reveals that 15

(68%) individuals have been correctly classified, the same result was produced after

cross-validation. The percentage of correctly classified females exceeds that of males by

more than 10% (75%, 64%). Of course, the sample is small, and classifications may

improve or weaken with the addition of more individuals.

The results of the t test indicate little or no difference between the means suggesting a

poor separation between the two groups of measurements from the distal humerus. The t

values for breadth and depth are 1.94 and 2.79, respectively, for a critical value of 1.74

(16 d.f.). The P value is greater than 0.05 for breadth (0.07) indicating that there is a 7%
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chance that any differences between the two means could be a chance occurrence. This

small tangent confirms the conclusion of the previous section that the distal humerus of

the fox does not aid in determining sex.

Lateral humerus

The profile section of the entire humerus was taken using two profile gauges, but the

process was very tricky and time-consuming again due to the intricate form of the

humerus. The outlines produced could not be used in eigenshape analysis because of the

vastness of the shaft information which eclipsed the shape differences in the bone ends.

Twenty-two individuals were used for this brief experiment, and one measurement of

humerus length was taken from the specimens. The means between males and females

differ by 10 millimeters (125.52, 115.29 mm), the males having the larger mean. The

standard deviation reveals that females have a slightly higher variability of size away

from the mean than do males.

The histogram of humerus length (Appendix L. 1) shows a mixing of males and females,

with the females dominating the lower range, and the males dominating the higher range

of sizes. The area size histogram does not separate the sexes as well as the length

measurement, although greatest length has its limitations for sex determination.

The plot of length versus area size (Fig. 6.25) shows that the greatest length measurement

separates the two groups better than the area size measurement. The area size, however,

shows the great range of the male sizes.

Out of 22 individuals, 17 (77%) were correctly classified by greatest length of the

humerus, 16 (72%) after cross-validation. Again, the sample size is small, so these

figures could improve or weaken with the addition of individuals.
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Vulpes Left Humerus (Lateral Plane)
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Figure 6.25	 Plot of area size versus length of fox humerus

The t test results produced a value of 3.35, showing significant variation between the two

means of the groups, against a critical value of 1.78 (12 d.f.). In short, the length of the

fox humerus has the potential to distinguish between the male and female groups. The

confidence level of classification is more than 72% and the means are significantly

different. The overlap of size is restricted to four individuals, but the overlap could

increase with the addition of more specimens into this study.

Obturator foramen

Forty-three specimens (25 males, 18 females) and one unknown specimen were measured

for length and breadth of the obturator foramen.

The box plots reveal that males have a greater size range than females although their

means are only about a millimeter apart. The unknown individual fits comfortably into

both ranges of the males and females for length, but seems to fit better with the female

dimensions for breadth because it is in the smaller size range for this measurement,

within the 75% majority range of the females and below that of the males.
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Figure 6.26	 Box plots of the length and breadth of the fox obturator foramen

The standard deviations show that males have greater variability of size away from their

mean, especially for breadth (1.387 for males 0.846 for females).

The area size histogram (Appendix L. 1) shows, perhaps, a slightly better separation of

the two groups, though again, the lower range of sizes is heavily mixed with males and

females. The largest 13 specimens are male here. The unknown specimen is located at

the center of the histogram and is therefore unidentifiable to sex by area size.

Vulpes Left Obturator Fora men

Figure 6.27	 Plot of length versus breadth of the fox obturator forainen

The plot shows two overlapping clusters of the groups with the unknown in the

lower/mid range of sizes. In both measurements, the larger specimens are male without
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female inclusion. Measurements of the obturator foramen therefore cannot be helpful to

suggesting sex reliably unless the unknown specimen falls within the upper 17% of the

sizes where identification would be likely a male.

The plot also shows a slightly better separation for males and female by length rather

than by breadth suggesting a morphological distinction between males and females, the

males exbibiting a longer foramen than is proportionately wide. A visual example of this

can be viewed in the eigenshape mean models presented in Fig. 6.13 above.

The discriminant analysis shows that out of 43 individuals, only 28 (65%) could be

confidently classified by using these measurements, 27 with cross-validation (63%).The

confidence scoring is rather poor since the innominate is a bone of considerable sexual

dimorphism in other mammals (Bernstein & Crelin 1967; Black 1970; Brown & Twigg

1969; Buijalska 1964; Clutton-Brock et a!. 1990; Coleman 1969; Brelin 1960; Gardner

1936; Gingerich 1971; Gromova 1953; Iguchi eta!. 1989; Janaszek 1976; Lemppenau

1964; Lister 1996; Payne 1987; Suchey et a! 1979; Taber 1956; Tague 1988; Uerpmann

1973; Vesugi et a!. 1992; West 1990), although the shape of the obturator foramen has

never been formally examined or published.

The results of the two sample 1- tests are indicative of poor mean variations between the

two groups. The means for the length measurement fetched a I score of 3.03, greater than

the critical value of 1.68 (40 d.f., a = 0.05), indicating a significant difference between

the size of the groups means. The means for breadth scored poorly with a i—value of

1.86, only marginally significant. The P value for length is close to 0 and indicates a non-

chance occurrence of differences between the means, while the P value is at 7% for the

foramen breadth indicating a 7% chance that the marginal significance detected between

the group means is a random chance. Therefore, measurements of the obturator foramen

are not helpful to determine sex from fox pelves. With only a 63% confidence level,

these measurements can not be relied upon for a clear distinction between the groups.

Proximal femur

The outlines of 72 individuals of proximal femur were examined in this osteometrical

study. Outlines were taken from tracing the actual bone across the proximal head and
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trochanter producing an open shape. Therefore, in maintaining consistency with the

morphometric analysis, only the breadth of the proximal end was measured.

The box plots (Fig. 6.28) show that males and females have very similar ranges with one

outlier each from the rest of the individuals in the groups. The unknown individual rests

in between the means of the two groups, and fits comfortably with either group by size.

The means are approximately two millimeters apart, and the standard deviations indicate

that male and female proximal femora shapes have an equitable variability of shape

(1.626, 1.784 respectively) from the mean.

Boxplots of Vulpes Proximal Femoral Breadth by Sex
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Box plots of breadth of fox proximal femur

The area size histogram (Appendix L. 1) shows a fair separation of the sexes, though

outliers still exist. The second smallest individual is a male, for example, and the third

largest individual is a female. The unknown individual is in the middle of the size range,

and is therefore unidentifiable to sex by area size measurement.

The plot (Fig. 6.29) presents two overlapping groups with the unknown individual in the

center of the adjoining clusters, at the higher size range of females and lower size range

of males. Both measurements are equally as discriminating, although to a very limited

degree.

168
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Figure 6.29	 Plot of area size versus breadth size of fox proximal femur

The summary of classification from the discriminant analysis reveals that out of 71

individuals, 50 (70%) have been correctly classified. The same results were produced

even after cross-validation with 25 individuals from each sex group correctly classified

out of 38 males and 33 females. Seventy percent is a low confidence value of

classification.

The two-sample t- test for the means of the two groups of proximal femur breadth

produced a t -value of 4.45, over the critical value of 1.67 (68 d.f.) indicating significant

variation between the group means. The P value is 0 showing a random occurrence of the

differences.

The proximal femur is, therefore, not a reliable sex indicator by the breadth

measurement. Although the t -ratio indicated significant difference between the means,

the confidence values of classification are low and the size overlap between males and

females is considerable. The sex identification of the unknown specimen is uncertain.
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Summary of results

The following Table 6.4 summarizes the results of the fox morphometric and osteometric

analyses. The information included in the table is designed for the reader to have the

meaningful values and figures indexed into one reference sheet. Conclusions concerning

the shape and size differences of the fox male and female can thus be cross-referenced

easily with actual results from the various statistical tests.

The contents of each column is explained below, with the formula for calculating the

success index of each bone in detail.

The table is separated into two sections, the morphometric results and the osteometric

results. Each section ends with an SI column in grey shading indicating Success Index

for each bone or bone part in distinguishing between the sexes. The morphometric

section ends in the SIM column, and the osteometric section in the Sb column. The

index is explained in more detail below.

The column entitled SIGNIF ES (F - CVF) presents the results of the F test of variance

performed after the eigenshape analysis and before the canonical variates test. The most

significant eigenshape variable is indicated for each bone, if any, with the F ratio

produced for the enlisted variable. The F ratio listed, to be made comparable to other F

values, is the difference of the actual F ratio minus the appropriate critical value for the

sample group. Therefore, values given in this colunm are a derivative ofF minus the

critical F value so that the difference can be compared between other bone F ratios in

terms of significant variance above the critical value.
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The x2 column lists the chi-square values for the CVA of the first three components, and

then the chi-square values for the CVA of the first ten components are listed beneath the

first value. These figures represent the true chi-square values produced during the CVA

which are equitable because the degrees of freedom and the level of probability are equal

for each entry, therefore the critical x2 value are the same for each series of values. For

the first yj value listed for each bone, the critical value is 7.82 for three d.f. and a = 0.05,

for the second x2 value listed for each bone, the critical value is 18.31 for ten d.f. and =

0.05. The figures listed should then be compared to the critical values to determine the

significance of the group of shape variables.

The OL column represents an index of Overlap for the plotted variables. A entry of '1'

indicates that the score plot shows 0— 10% of the individuals overlapping in shape, an

entry of'2' indicates that the plot shows 10— 50% of the individuals overlapping, and an

entry of '3' indicates that there are 50— l00% of the individuals in the sample groups

overlapping in shape.

The SIM column is the Success Index of the Morphometric analysis. This index was

invented for the purposes of evaluating the success in distinguishing between the sexes of

the bone or bone part after analysis. The index is meant to be used in a comparative

manner between the bone parts so that the reader may evaluate the success of the bone

part in relation to the other bones examined for sexual dimorphism. Likewise, the index

can then be compared with the index provided after the osteometrical summary of the

table in column StO so that the reader can see which method will get a better separation

between the sexes.

The SIM values were calculated by points given in the following equation:

SIGNIF ES: 1 = a significant ES variable (F) in the top four ESs

2 = a significant ES variable (F)in the top ten ESs

3 = no significant ES variables (0.00)

1 = significant chi-square value for first three variables (>7.82)

2 first three variables <7.82, but first ten variables >18.31

3 = all x2 values below critical values of x2
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OVERLAP: 1 0— 10% of individuals overlapping

2 = 10 - 50% of individuals overlapping

3 = 50- 100% individuals overlapping.

By this system, the most discriminating bone shapes between the sexes would have a

score of 3-4 points. Bone shapes with potentially discriminating features between the

sexes would score 5-7 points, and bone shapes with no indications of discriminatory

features between the sexes would score 8-9 points.

The DIMEN column begins the metric section of the summary table. The measurements

taken of the bone parts are listed here in the abbreviation system used in Von den Driesch

(1976). Columns listing the means and standard deviations follow, to be read in rows in

concordance with the dimensions listed in column DIMEN.

The T RATIO column is also presented in concordance with the measurements DIMEN

column. The t ratio is the results of the analysis of the group means from the two-sample

t —test. The t ratio presented in this column, however, is not the true t value. Rather, it is

the t ratio minus the appropriate critical value oft. The difference can then be compared

in terms of the significance between the means of the sexes for all the bone parts.

The CONF LEVEL column is simply the confidence levels obtained from the

discriminant analysis of classification. The first figure in each cell is the proportion of

individuals in the total sample bone group correctly classified, and the second figure is

the proportion of individuals classified after cross-validation.

The OL again is the overlap observed of individuals from the two groups on a scatter

plot of measurements. The code value is the same as the OL column in the first section of

the summary table except that the overlap concerns size overlap of the sexes as opposed

to shape overlap as in the first section.

The Sb column is the Success Index of the Osteometric analysis of the study

representing the success of the bone or bone part in distinguishing between the sexes, in
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this case, by size measurements. For each bone, as in the first section, a score has been

calculated based on the following:

T RATIO: 1 = having a ratio> 2.00 after the critical value subtraction

2 = having a ratio> 0.01 and <2.00 after the critical value

3 = having a ratio < 0.00

CONF LEV: 1 both proportions> 80.0

2 one proportion < 80.0

3 both proportions <80.0

OVERLAP: 1 = 0— 10% of individuals from the groups overlapping in size

2= 10— 50% of individuals overlapping in size

3 =50— 100% individuals overlapping.

Therefore, with the following system, 3 —4 points would represent the most size

dimorphic bone parts, 5-7 points indicates potentially significant size differences, and

8 - 9 points indicates no indication of size differences between the sexes for the specified

bone or bone part.

Table 6.4 lists the meaningful statistical figures from the various morphometric and

osteometric tests for the analyses of various fox bone parts. The success indices (SIM,

SlO) at the end of each of the two sections of the table summarizes the information for

each bone into one score, as explained above.

Accordingly, the morphometric results combined (SIM) reveal that none of the fox bone

parts under study showed significant shape differences between the sex groups. The best

SIM score was produced for two bone parts, the glenoid fossa and the obturator foramen.

Although the score obtained is a 7, this score falls within the potentially significant

category, although at the low end. The classification of potential significance indicates

that with more specimens added to the group or specimens from the same population, the

ES scores, chi-square value or plots could show more significance. In other words, the

tests are showing minor shape differences which may or may not be significant.

Therefore, of the five bone parts applicable to the various tests, the glenoid and the

obturator foramen do show promise of sexual dimorphism. The proximal femur scored
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an 8, which indicates that there is no evidence of sexual dimorphism in the proximal

femur, although 8 is not the lowest score. The proximal and distal humerus revealed no

indications at all of sexual dimorphism.

The metric results revealed low scores as well. The SlO scores showed that all the fox

bones examined for size differences were potentially significant. The proximal humerus

showed slightly greater significance than the other four bones, the former scoring 6 and

the latter bones scoring 7. While some separation is apparent between the sexes, and the

confidence levels of classification are all over 60%, the reliability of determining sex via

these measurements is low. Perhaps with a closed population sample, osteometrics would

be more successful. The sample of foxes used for this study were intentionally selected

from different populations and geographic regions for maximum variation of shape and

size.

The SIM and SlO indices show that, while neither methods can sex the fox bones with a

high degree of confidence, osteometrics will separate the groups with some level of

accuracy. The Table Test, on the other hand, has even better precision for sex

determination than the morphometric and osteometric analyses of the humerus. The

details of the test are explained below.

The unknown individual showed greater evidence from the morphology of the glenoid

and obturator foramen, and the breadth size of the proximal and distal humeri, of a

female classification. In these instances, the unknown individual was located clearly

within a female shape and/or size range. Not a single bone element suggested that the

unknown was male in the same manner, though in most of the cases, the unknown was

located somewhere in between the two groups.

In general, the bones of the red fox were of inadequate size to reveal diagnostic sexual

characters using these methods of analyses. The greatest of the shape or size differences

was only about two millimeters difference, creating a dubious situation for accurate sex

classification. Almost all of the means, however, whether from shape scores or metrical

data, showed significant differences between the two groups. The sample size was
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adequate that the statistical tests could detect significant differences from the group

means by securing size ranges and lowering critical values.

Of the methods examined, all are based on a priori grouping of males and females except

for eigenshape analysis. Eigenshape analysis makes no attempt to maximize group

discrimination, but focuses on representing trends in shape variation within the pooled

sample (MacLeod 2000: personal communication). The eigenshape results reveal that the

major trends in shape variation within the samples do not coincide with male-female

distinctions to any great extent. The data do show, however, that male-female

distinctions in fox are reflected more strongly in size variables than in shape variables.

Therefore, sex identification for red fox bones is more confidently classified using

comparative size within a substantial sample. The sex of an individual can be suggested

fairly confidently by the humerus by conducting the Table Test.

The Table Test

The canid humerus received particular attention. During data collection,, the male and

female humeri specimens were set out for examination. A pattern was noticed: all the

male humeri had fallen over on their medial side, while the female humeri were resting

on their anteroventral plane. The differential development of the deltoid tuberosity was

the cause of this difference in posture. Sectioning the point of the bone through the

deltoid tuberosity with profile gauges was tricky and inaccurate, so I eventually relied on

the most simple, but most useful statistical methods to discover the frequency and

significance of this pattern for the rest of the fox individuals used in this study. Other

canids were checked for deltoid tuberosity development, and the reactions were the same

for most male individuals. Henceforth, domestic dogs were included in this study of

dimorphism of the deltoid tuberosity.

Materials and methods

The left humerus from the 72 red fox and 56 domestic dog specimens examined from

Canadian, United Kingdom and Greek collections were laid on a level surface of a table.

The proximal end was held in the hand and placed gently on the table with the

posterodorsal plane facing up. Upon releasing the bone, the reactions of the bone were
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recorded as either falling over onto its medial plane or resting on its anteroventral side

(see Fig. 7.31 in Chapter 7 for diagram).

Each bone was tested three or more times to establish repeatability, and although not

used in this study, right humeri were tested as well. In general, the right humerus

exhibited parallel development of the deltoid tuberosily, and reacted in the same manner

as the left humerus from the same individual.

Results

The results of the Table Test have been summarized in the contingency tables below for

fox and dog separately.

Vulpes vulpes

________	 MALE	 FEMALE	 TOTALS
0= 14.00	 0=4.00	 0=18
E = 9.25	 E=8.75

FALLS 
Row % = 0.78	 Row % = 0.22

_______ Column%=0.38 Column%=0.11 ______
0=23.00	 0=31.00	 0=54
E = 27.75	 E = 26.25

RESTS 
Row % = 0.43	 Row % 0.57

_________ Column % = 0.62 Column % = 0.89 _______
TOTALS	 0=37	 0=35	 N=72

Table 6.2 Contingency table for fox humeri table test results, where 0 = observed
frequency, E = expected frequency and N = total number of individuals.

While the results of the table test do not seem significant at first glance, careful

observation will reveal that of the humeri that fall over, 78% of them are male and only

22% are female. The humeri that rest on their anteroventral plane do not show a

significant separation between the sexes, though females tend to rest more frequently

than males by only 14% difference. The humerus falling over is the important event

to measure in these tests to suggest a male over a female identification of a humerus.

Calculations reveal that if a humerus from a red fox falls over during the table test, the

bone is 78% likely to be a male individual, or in terms of odds, about 3.2: 1 odds in

favour of a male identification. Chi-square (x2) calculations reveal a chi-square value of

6.69. Even with Yates' correction to account for possible error, the value of 5.35 still

remains above the critical x2 value. Yates' correction lowers the obtained cM-square
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value to make it more difficult to reject the null hypothesis of no difference (Grimm and

Wozniak 1990). The critical value from a chi-square distribution table for one degree of

freedom and a probability level of 0.05 is 3.84, therefore the results show a fairly

significant relationship between the sex of the humerus and the phenomenon of falling

over. We, therefore, can reject the null hypothesis that there is no relationship between

the two variables.

Canisfamiliaris

_________	 MALE	 FEMALE	 TOTALS
o = 23.00	 0=4.00	 0=27
E = 15.43	 E=1l.57

FALLS 
Row % = 0.85	 Row % 0.15

________ Column % = 0.72 Column % = 0.17 _______
0 = 9.00	 0=20.00	 0=29
E=16.57	 E=12.43

RESTS 
Row%0.31	 Row%0.69

________ Column % = 0.28 Column % = 0.83 ______
TOTALS	 0=32	 0=24	 N =56

Table 6.3 Contingency table for dog humeri table test results, where 0 = observed
frequency, E = expected frequency and N = total number of individuals.

For the domestic dog, the results are more significant. Of the 27 individuals that fell over

on the table, 85% were male and only 15% were female. Again, female humeri tend to

rest on their anteroventral plane (69% of the resting humeri), but at a more significant

ratio (2.5:1). Different breeds were used for this experiment to account for the different

physiological differences of the humeri in correlation with the variety of shapes and sizes

exhibited by the vast array of breed types.

The chi-square value for this set of data is 16.73, or 14.61 after Yates' correction. Again,

the critical value for one degree of freedom and a probability level of 0.05 is 3.84

showing a high relation between sex of humerus and falling over with a chi-square value

of 16.73. Therefore, if one fmds a dog humerus during archaeological excavation, the

table test can be applied to suggest the sex of the individual, lithe complete adult

humerus falls over, there is an 85% chance, or 5.7:1 odds in favour of the humerus being

from a male individual. If the humerus rests, the identification is more unreliable. In the

case of the domestic dog, about 70% of resting humeri are female.
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Perhaps the domestic dog results could be even more reliable if the long term effects of

castration on the animal skeleton were known. Not one of the canid specimens from all

the collections were marked as castrated or neutered even though many individuals had

been donated family pets; household dogs are frequently spayed or neutered. Sterilization

of pets, however, usually occurs after the animal is fully grown.

In short, the Table Test can suggest a male classification of a humerus that falls over with

78% confidence for red fox, and 85% for domestic dog. If a red fox humerus rests on its

anteroventral side, classification cannot be made, however, if a domestic dog humerus

rests, there is a 69% chance that the humerus is that of a female individual.

6.2	 Suids

The maximum number of individuals used for this study was nine (four males and five

females), including five different breeds and some subadult specimens. The sample was,

therefore, not a reliable group for investigations of sexual dimorphism because it could

not be determined whether shape differences are a product of breed morphology,

underdevelopment of bones, or individual variation. Shape analysis proceeded, although

metrical analysis was not performed. From the variation in breeds and ages, the sizes

were visually assessed as not being representative of the species or sexes with such small

numbers (see raw data outlines in Appendix D). Area size was compared, however, to

sunmianze the size information of the study group.

The shape analysis results were briefly reported because the data could be useful to future

researchers who wish to use these specimens. Since outlines were extracted from relevant

bones from the pig group for this study, eigenshape analysis was performed to examine

shape trends, even though the results could be non-representative. Area size was

summarized in histograms since the data was available from the eigenshape analysis.

Eigenshape analysis

A maximum of nine bone shapes were analyzed using eigenshape analysis, including the

atlas, the dens of the axis, glenoid fossa, proximal humerus, obturator foramen, proximal

and distal femur, distal tibia and astragalus
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Histogram of pig atlas area size

Atlas and axis

The atlas and the axis were represented by five and four individuals respectively. The

scores were plotted in case any signs of clustering could be observed between the two

groups. These plots can be observed in Appendix I. While clusters were created, the

individuals were widely dispersed in the area of the graph, so that shape similarities

could not be determined or summarized. When dealing with so few individuals, more

informative is the comparison of shapes directly from the raw data, that is, from the bone

shape profiles (Appendix D).

Histograms of the area size of the atlas and axis were calculated in millimeters-squared

by the eigenshape program and were plotted to summarize size information (Fig. 6.30).

The results show that the male individuals of the atlas are slightly larger than the females

in the group of five. The difference between the largest female and the smallest male

atlas is approximately 124 mm 2 which is equivalent to 1.24 cm2 area difference between

the two bone sections. With the addition of more individuals to this study, it is quite

possible that a female could be added that would be larger than the smallest male,

especially considering the size variation found amongst the breeds.
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Figure 6.30
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The size estimates for the axial dens of the pig (Fig. 6.31) separate better with the

difference in area size between the largest female and the smallest male being 152 mm2.
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Histogram of area size of the pig axial dens

Four individuals with only one male is not even close to a representative sample. The

graph is only useful, therefore, for summarizing the data.

Glenoidfossa

Eight individuals (five females and three males) were mcluded in the study of the glenoid

shape of pigs. Again, the score plot can be interpreted as two separate clusters, but the

individuals do not form tight groups, and the introduction of further specimens would

likely mix the groups further.

The trend lines show a convergence of the shape trends of the two groups at the positive

end of the abscissa. However, the trends are based on few individuals. Eigenshape 3

separates the groups better than ES- 2 within this sample.

The size estimates (Fig. 6.33) show how unstable the area size comparisons can be.

While the sample can be characterized as the lower range of sizes being dominated by

females and the larger individuals male, one female individual is significantly larger than

all the other specimens! Individual F7 is an older and larger breed than the other

individuals in the sample.
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Score plot of pig glenoid fossa for eigenshapes 2 and 3 with trend lines
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Figure 6.33	 Area size estimates for pig glenoid fossa

The large female exceeds the area size of the glenoid of the largest male by more than

264 mm2 (2.6 cm2).

Proximal humerus

The proximal humerus was compared between the sexes using eight individuals (five

females, three males). The score plots comparing the two groups could not be separated
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into two clear clusters, and there it is likely that the inclusion of more specimens into the

sample would create an even greater variation of shapes intermingling the groups further.
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Figure 6.34	 Area size estimates for pig proximal humerus

Size estimates (Fig. 6.34) show a mix of sizes of both male and female individuals in the

size range for the area of the proximal humerus.

Obturator foramen

Eight specimens were examined for shape trends of the obturator foramen. The area size

estimates (Fig. 6.35) resembles greatly the graph of the pig glenoid fossa (Fig. 6.32) with

converging trend lines of shape, but no overlap in the existing sample.

Sus Obturator Foramen Size Estimates

Figure 6.35	 Area size estimates for pig obturator foramen
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The area size estimates, however, resemble those of the proximal humerus with a mix of

males and females within the size range of the obturator foramina. In this instance, the

smallest and the largest individual is a male.

Proximal and distal femur

The same eight individuals (five females, three males) were examined for shape

differences between the sexes on the proximal and distal femora. Score plots of the first

three eigenshapes for both bone parts reveal a mix of male and female individuals along

all three axes (Appendix I).
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Figure 6.36	 Area size estimates for pig proximal femur

Sus DiaI Femur Size Eimates

Figure 6.37	 Area size estimates of the pig distal femur
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The patterning of the size ranges for male and female individuals between the proximal

and distal femur is clearly different. Both histograms reveal a mix of males and females

with females dominating the smaller size range. Males are present in the middle and

larger ranges. A comparison between the two histograms of individuals versus their size

rank reveals interesting information about individual variation of size proportion and

bone morphology. Only individual F2 is in the same position of size ranking as the

smallest individual in the sample. Individual F7 is still the largest female and M6 the

largest male. The order of size ranking for the male individuals is the same. The female

individuals show a swapping of places in the rankings of size between the proximal and

distal ends. Therefore, an individual that is large on one bone end, may not necessarily

maintain the proportionate 'largeness' on the distal end. The proportionate morphology

of the femur, at least, appears subject to individual variation.

Distal tibia

Eight individuals were examined for sexual dimorphism of the distal tibia. The score

plots of the eigenshapes reveal an intermingling of individuals on all axes with no clear

separation between the male and female groups.
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Figure 6.38	 Area size estimates for pig distal tibia

The patterning of the size estimate ranking of the distal tibia (Fig. 6.38) is similar to that

of the distal femur (Fig. 6.37) and the glenoid fossa (Fig. 6.33) with four females

representing the smallest individuals, followed by three males, and the largest individual

being a female. The only consistency with size is that F7 is the largest female throughout
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all size comparisons, and that M6 is the largest male. The size ranking of the rest of the

individuals in these size comparisons is variable. The interesting point here is the

proportionate bone size variation within each individual skeleton in comparison with

other individuals. In other words, not only does proportionate size vary on individual

bone parts, as noted in the femur, but disproportionate size of bones within the same

skeleton is also subject to individual morphological variation.

Astragalus

The astragalus was investigated for sexual dimorphism because previous studies of the

astragalus in mammals revealed diagnostic shape differences between the sexes

(Boessneck et al. 1964; Boessneck 1970; Ruscillo 1994; Steele 1976), particularly along

the plantar and medial edge. Nine individuals (five females and four males) were used in

this study of sexual dimorphism of the astragalus. The profile of the astragalus was taken

by directly tracing the bone.

Sus Left Astragalus

0.15

0.1

0.05

h	 o
Ui	

61.65	 1.66 • Female

-0.15

Figure 6.39	 Score plot of eigenshapes I and 3 for pig astragali

The score plots of the complete astragalus shape reveal no clear separation of the groups.

The plot of eigenshapes I and 3 (Fig. 6.39) reveals a slight tendency of divergence for the

shape trends of the two groups. The trend lines indicate a clear separation of means,

although an intrusive male exists closer to the female trend line and within the female

shape domain on both axes.
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Examining the mean shapes will lend some clues about the shape differences between the

two groups of astragali.

Male!

25

-25

6.40	 Mean shapes of pig astragali

By examining the first two mean shapes above of the male and female individual, one

will notice slight morphological differences along the distal edge of the astragalus with

slight variation on the dorsal edge. The overlapping image of the male/female mean

shape show the extent of the shape differences along those edges.

To examine these shape differences in sections along the outline, extended eigenshape

analysis was employed to isolate areas of the shape where differences may occur.

Extended eigenshape analysis is explained in more detail in Chapter 5 under the section

5.4. In brief, classical eigenshape analysis places one primary landmark in the same

location on every bone outline to regulate the point at which the digitization and plotting

of coordinate points begins along a curve. Extended eigenshape analysis allows the user

to place as many landmarks as is useful along the outline so that the digitized shape can

be separated into segments between points for closer examination. The advantage of this

type of analysis is that portions of shapes that are similar between the groups are

eliminated so that sections of interest can be analyzed independently.

For the pig astragalus, four landmarks were placed on each "corner" of the astragalus

shape (Fig. 6.41). Accordingly, the segments between points 1-2 , 2-3, 3-4, and 4—I

were run through the eigenshape analysis program separately. After examination of the

mean shapes, we find that sections 2-3 and 4— 1 are of particular interest.
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Figure 6.41	 Digitized pig astragalus with extended eigenshape landmarks

The score plot for the segment between landmarks 2 and 3 (Fig. 6.42) shows two slightly

overlapping 'clusters' representing the plantar section of the astragalus. The males

dominate the shape trend represented to the right of the plot while the females represent

the shape trend represented to the left.
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Figure 6.42	 Score plot of pig astragalus for segment 2 - 3

The score plot for the dorsal segment (Fig.6.43) of the astragalus shape shows a similar

pattern, with one individual from each group crossing over into the domain of the other

group.

The plantar and dorsal segments, however, produce better 'clusters' than the medial and

lateral segments (observable in Appendix I) which are a thorough mix of males and

females due to their overwhelming similarities
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Figure 6.43	 Score plot of pig astragalus segment 4 -

Clear clusters suggest distinct shape trends for each group, and, in this case, sexually

diagnostic characters. These traits represented by the eigenshape scores and the mean

shapes, however, are only preliminary results until further individuals are added.

Summary

In brief, the sample sizes for the study of sexual dimorphism in the pig skeleton were

small. The largest group size was nine individuals, of different breeds and ages. The

diversity of the specimens coupled with the low sample numbers, rendered the study of

suid sex morphology inconclusive. Useful from the study however, was the size

proportion information that came to light while following the size ranking order of

individuals in the area size histograms. The study showed that the size ranking of the

same eight individuals was not maintained between the proximal and distal ends of the

same bone. Therefore, individual variation dictates that an individual with the smallest

proximal femur does not necessarily have the smallest distal femur in a sample group.

Likewise, in wider terms, the study showed that the individual with the smallest femur

did not also have the smallest tibia, for example. Size variability not only occurs between

individuals, but within each individual skeleton, proportionate size changes.
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6.3	 Cervids

Two species of cervid (fallow deer, red deer) were examined for morphological and

metrical differences between the sexes. A maximum of 37 fallow deer (13 males, 24

females) and 16 individuals (seven males, nine females) of red deer were used in these

analyses. A total of eleven bone parts were examined for the study of cervid sexual

dimorphism. These include the atlas, axis, glenoid fossa of the scapula, distal humerus,

proximal metacarpus, obturator foramen of the innominate, pubis, proximal femur, distal

tibia, astragalus, and proximal metatarsus.

This section begins with the presentation of the ESA and CVA results, and a brief

summary at the end of the section. The study continues with the metrical analysis,

including the discriminant analysis. The summary of the results are presented at the end

of this section in table form, for fallow deer and red deer as separate groups.

Eigenshape analysis

Some bone elements mentioned above were not examined in both species due to the

differences in overall size between the species. For example, the atlas of the red deer was

far too large for the profile gauges to section, so they were omitted from the study. At the

same time, the fine features of the fallow deer pubis were too detailed to be profiled

accurately using the gauges, so only the red deer have been examined for the pubic

section. The proximal humerus was too large in either species to allow proper profiling

with the gauges, so this element has been omitted from the study of cervids all together.

Atlas

The fallow deer atlases were traced (appearing as a dorsal view of the atlas). See

Appendix C for method of profiling and Appendix D for bone shape outlines. Twenty-

one individuals (12 male, 9 female) were used for the shape study of the cervid atlas.

The score plot (Fig. 6.44) reveals a good separation between male and female individuals

for the atlas. The sexual dimorphism in neck vertebrae shape is predictable because of

the support required for the males for their considerable headgear, especially during

combat.
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Figure 6.44	 Score plot of Dama atlas for eigenshapes 2 and 3

The source of the morphological differences in the case of Fig. 6.44 is the shape and size

of the transverse processes.
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Figure 6.45	 Mean shapes for fallow deer atlas

The mean shapes (Fig.6.45) reveal that the male atlas is generally more robust than that

of the female. The caudal end of the atlas, that is the left side of the diagrams above,

seems very similar. The atlas is longer and wider on the male specimens, particularly the

transverse processes which continue their variation to the cranial or anterior end (right

side of diagrams). The transverse processes act as muscle supports for the heavier male

cranium. The robustness of the males, therefore, is not merely a reflection of body size
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variance, but also a morphological difference based on sexed physiology and behaviour.

The transverse processes were examined from a cranial perspective from red deer as

well.

Male
	

Female

Figure 6.46	 Transverse processes of red deer atlas mean shapes

Visually, this pattern of morphological difference is mirrored on the fallow deer

specimens examined, and as will be seen in the next section on sheep, applies to Ovis

atlases as well.

The atlas of the fallow deer was examined with extended eigenshape analysis to detect

the areas of shape-based sexual dimorphism along the outline of the dorsal atlas.

Figure 6.47	 Extended eigenshape analysis for Dama atlas (dorsal view)

Only three landmarks could be placed along the outline of the atlas because the shape is

comprised mostly of curved lines. Landmark number 1 was placed in the anterior, or

cranial, notch of the atlas, while 2 and 3 were placed on the posterior, or caudal,

protuberances. Landmarks segments 1-2, 2-3, and 3-1 were analyzed as separate shapes.
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The score plots for segments 1-2 and 3-1 (Appendix 1.3) are almost identical which is

predictable since the two segments are mirror images. Both plots show a clean separation

between the sexes, while segment 2-3 also produced fairly clean clusters.

The results of CVA can indicate in a numerical figure which of the segments represent

the most dimorphism. Firstly, the complete shape of the fallow deer atlas reveals a very

significant difference between the male and female groups for the first three eigenshape

components or scores. An F ratio of 15.14 was produced for the first component, while

the second component produced an F ratio of 24.33. The critical value for F for 1 and

19 degrees of freedom is 4.38. Both components score well above the critical value

indicating that the shapes represented by the first two components (see cigenshape

models in Appendix G) show significant difference between the first two groups (males

and females). A chi-square (x2) value of 16.93 was produced when analyzing the first

three components. The critical value for 3 degrees of freedom is 7.82. Again the value

produced is higher than the critical value which indicates that the first three eigenshapes

contain significant information enabling a reliable separation between the two groups.

The high x2 value also indicates that there is significant variation between the sexes for

the shapes analyzed. We can reject, therefore, the null hypothesis that no difference

exists between the shapes. Eigenshape 3 scored only 1.14 in the F test and, and the next

seven components score similar scores. The first two components are, therefore, the most

discriminant.

For atlas segment 1-2, the first shape component, or variable, produced an F ratio of

26.42, and the second, 8.89. The third component was considerably lower at 0.81. The

critical value for I and 19 d.f. is 4.38. Thus, the first two shape variables represent

highly significant difference between the sexes. The x2 value for the first three

components is 25.07 against a critical value of 7.82. The first three eigenshape variables,

then, are significant shape differences.

For atlas segment 2-3 (the posterior or caudal edge), the analysis produced an F ratio of

2.96 for the first component, 13.68 for the second component, and 5.31 for the third

component. In this case, eigenshape components 2 and 3 are more significant and over
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the critical value of 4.38. The x2 value for the first three eigenshapes for this segment is

21.89 indicating definite shape differences between the groups.

Atlas segment 3-1 is predictably similar to segment 1-2 with F scores of 15.61, 10.29

and 3.02 for the first three ES components. As with segment 1-2, the first two

components are the most significant when differentiating between the two sex groups.

The x2 value is lower at 14.53, but still well above the critical value.

In short, the first atlas segment 1-2 is the most significant and reliable indicator of sex,

although all three segments are significant and show a strong variation between the two

groups.

Axis

The dens of the axis was analyzed using 22 specimens (13 males, nine females) of fallow

deer and 12 specimens (five males, seven females) of red deer.

The score plot (Fig. 6.48) reveals that the axial dens is not a very reliable indicator of

sex. Both plots for the second and third eigenshapes for the axial dens of the fallow and

red deer show a scatter of individuals with no clear separation between the sexes. Notice

that the patterning of males and females are not maintained between the two plots. The

eigenshape program analyzes individuals within a group so that individual shape

variation changes within a group and consequently, different shape trends may be

represented by each eigenshape.
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Figure 6.48	 Score plots of deer Dama and Cervus axial dens

The eigenshape models and means reveal that the dens was not a very successful

candidate for digitization. The original data bone outlines (Appendix D) show that the

actual bone part is crescent-shaped with two pointed ends. Yet the digitization represents

the crescent with one blunt curved end and the other pointed. The pointed end was the

location of the landmark, so digitization of coordinate points began at this location. The

continuous plotting of points traced the ink of the original outline smoothly over the

second peak creating a blunt curve, while the first peak was created by the beginning and

end of the same line resulting in a point. The same is true of both species for their

digitized outlines.
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Figure 6.49	 Mean shapes of Dama axial dens

The mean shapes reveal this pattern. This newly created shape has been analyzed in

place of the true form of the dens, so that the calculations are made using coordinates

from the inaccurate shape and not the original. One could argue, however, that the same

error occurs for all the axial dens digitized shapes and that the program is actually
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determining differences from the rest of the outline. Nevertheless, superimposed images

of male/female individuals indicate that there are no areas of significant shape difference

anyhow.

These visual results are confirmed by the F-test results. For the first three ES

components of the axial dens for fallow deer, the F ratio produced was 1.83, 1.67, and

4.79, respectively. For the red deer, the F scores were 0.17, 0.45 and 2.32 for the first

three components. The critical value for F for 1 and 20 d.f. is 4.35 (applicable to the

fallow deer values), and the critical value for 1 and 10 d.f. in relation to the red deer

values is 4.96. Accordingly, only the third shape component of the fallow deer is

marginally significant for distinguishing between the sexes, and because of the

anomalous digitization, one cannot be sure that the shape trend it represents is valid.

The chi-square results of the CVA also do not exceed the critical value of 2. For

example, the f critical value for 3 d.f. is 7.82. The first three components fetched a 5.84

value for fallow deer, and an even lower value for red deer. With the ten first ES

components considered, the fallow deer groups received a 22.47 against a critical value

of 1831 (10 d.f.). While the figure suggests a significant shape difference between the

sexes, again one cannot be certain that the figure refers to the elements that are true to the

original shape.

Moreover, the extended eigenshape analysis of the shape of the axial dens could not

show the reliability of shape of the dens to distinguish between the sexes.

Figure 6.50	 Extended ES landmarks for deer axial dens
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Segments 1-2 and 2-1 were analyzed separately, however, the score plots, the F ratios

and the x2 values could not show significance (see Appendices H and J for details).

Glenoidfossa

The shape of the glenoid fossa was examined for both species of deer using 22

individuals (12 males and nine females) of fallow deer, and 14 individuals (eight male

and six female) of red deer. The shape of the glenoid was reproduced using two profile

gauges.
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Figure 6.51	 Score plot of Dama glenoid fossa for ES-2 and 3

The score plot above reveals a good separation between males and females. The score

plot for the red deer glenoid (Fig. 6.52) does not distinguish between the sexes as well,

yet the same patterning of male and female clusters is noticeable.

The males dominate the positive region of the abscissa while the females dominate the

negative side of the shape trend. The same is true of both species. Examination of the

eigenshape models will reveal that the shape of the cavity is being compared in ES 2.

The mean shapes (Fig. 6.53) also confirm that the cavity shapes are different for the

sexes.
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Figure 6.52	 Score plot for red deer glenoid for ES-2 and 3

The cavity is more globular for the male than for the female, which is more oval in

shape. The coracoid process is positioned more caudally on the female glenoid in

response to the shape difference of the cavity.
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Figure 6.53	 Mean shapes for fallow deer glenoid

The F test and the x2 test equates the sexual shape differences in comparative terms. The

first three components of the fallow deer glenoid analysis produced F scores of 3.834,

6.995, and 4.033 consecutively against a critical F value 4.351 for 1 and 20 d.f. While

ES components 1 and 3 come close to the critical value, ES-2 is the most significant

shape difference between the two groups of glenoids. The red deer glenoid F test showed
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little significance for the first three components, with ES-2 again as the most significant

variable with an F value of 3.330, still under the critical value.

The chi-square test produced a value of 10.63 for the relation of the first three

components with a critical x 2 value of 7.82(3 d.f.). The result shows significant shape

variation within the first three components. While the seven consequent shape variables

scored poorly for the F test of the fallow deer glenoid (the highest value excluding the

first three was 2.42), the first ten shape variables scored a 19.77 x2 value against a critical

x2 value of 18.31 revealing significant shape difference. The results for the red deer

group fared not so well. For the first three ES components, the chi-square value

calculated was 3.81 (critical value 7.82), and 6.91 for the first ten shape variables

(critical value 18.31).

In general, the red deer test values are lower than those of the fallow deer. This result is

likely due to the low number of individuals in the red deer sample since the shape

variations presented are fewer and trends are more elusive to the eigenshape and

statistical programs. Furthermore, three of the 14 red deer glenoids are from red deer

subspecies hunted and catalogued for the Natural History Museum, London in the late

1700's from Iraq, Kashmir and Tunisia. The inclusion of these three individuals may

skew results. Visually, they present larger more robust bone shapes to the sample group.

For control testing, these three specimens were omitted from the morphometrical tests to

determine how much their presence affected the results. Score plots of the smaller

sample indicate similar spatial patterning, resembling plots like those produced with the

entire group. Therefore, the small sample size seems more responsible for the low scores

and the scattered score plots than the geographic diversity of the specimens.

The mean shapes of the red deer glenoid fossae indicate, however, the same shape

patterning between the sexes, i.e. males with a more globular fossa than the oval-shaped

females (see Appendix F). The sample contained too few specimens to enhance the

differences statistically. However, the glenoid fossa exhibits a degree of shape-based

sexual dimorphic differences for these two species of cervid.
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Distal humerus

The distal humerus was profiled from the cervid groups instead of the proximal humerus.

The latter was far too robust to be profiled accurately using the limited score of the

profile gauges. Nevertheless, the circumstance created the opportunity to explore the

distal end of the humerus. Significant shape difference was not expected between the

groups from the distal humerus. As Payne stated, the humerus fuses far too early in life

(<one year) for any real dimorphic difference to occur between the sexes (personal

communication). While it is true that the distal humerus fuses before the onset of sexual

activities, perhaps tertiary characters could develop despite the lack of direct influence of

any causative secondary sexual character. The following investigation examines this

question.

The shape of the condyles and the olecranon fossa of the distal humerus was studied

using 25 individuals (15 males and 10 females) of fallow deer and 18 specimens of red

deer (nine males and nine females). The section of the bone was taken using two profile

gauges.

The score plots for both species reveal little or no separation between the sexes. The plot

(Fig. 6.54) representing the fallow deer group shows that neither shape variable (2 or 3)

is successful in separating the two groups. While a tendency exists for female specimens

to predominantly occupy the positive range of the ordinate, male individuals are not

restricted to any given area.

The red deer score plot (6.55) exhibits the same patterning, with females dominating the

positive range of ES-3 and males predominating the negative range, but there is a

thorough mix and overlap of shape trends.
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Figure 6.54	 Score plot of Dama distal humerus for ES-2 and 3
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Figure 6.55	 Score plot of Cervus distal humerus for ES 2 and 3

The larger cervid species of the two (red deer) does appear, however, to better separate

the two groups. A comparison of the mean shapes will show, and the chi-square figures

presented below will confirm, that the score plot 6.55 is a random pattern rather than a

meaningful separation. Figure 6.56 illustrates the mean shapes of the red deer.
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Figure 6.56	 Mean shapes for red deer distal humerus ('<'ligament insertion)

The mean shapes for the fallow deer look identical to those of the red deer (see Appendix

F). Although the width of the olecranon fossa is shared by male and female individuals,

the rest of the bone part is more robust for the male. Despite the size difference, every

minor curve in the outline is shared by both sexes. If one follows along the outline of the

Male/Female overlapping image, one will notice an almost identical parallel adjacent on

the other mean shape. A minor exception is the bump on the male outline along the

medial edge of the humerus. This feature represents the ligament insertion on the medial

edge, which many times exhibits variable pathology among individuals.

The F values produced from the univariate F test calculations for the fallow and red deer

do not exceed 2.00 in the first ten shape variables. The only exceptions are ES 6 and 7

for fallow deer, which are still below the critical value of 4.28, and ES 9 of red deer

(6.71), which is too removed from the initial, and theoretically, more significant shape

variables at the top. The variable must be reflecting 'noise' encountered during

digitization. The chi-square values are also well under the critical values off (2.55 for

fallow deer and 1.60 for red deer for the first three ES variables; critical value 7.82)

indicating no significant difference between the sexes. Therefore, we cannot reject the

null hypothesis that there is no differences between the sexes. Any separations appearing

in the score plots are, therefore, likely to have been produced by chance.

The distal humerus was examined using extended eigenshape analysis. Perhaps the

similarities of the majority of the shape conceal the differences. By separating the shape

into twop, one can examine the intricacies of the shape in more detail.
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Figure 6.57	 Extended eigenshape landmarks for deer distal humerus

Segments 1-2, and 2-1 from the shape above (Fig. 6.57) were analyzed as separate

curves. Curve 1-2 profiled the condylar surface of the distal humerus, while segment 2-1

profiled the medial and lateral sides and the olecranon fossa.

The score plots for both segments for the two deer species were just as scattered as the

complete outlines (see score plots in Appendix I). In general, segment 1-2 scored higher

in the F ratio test and the chi-square test of shape significance than did segment 2-1.

However, all F ratios for the individual shape variables and the chi-square values were

all well below the critical value for both segments, and for both species. The distal

humerus predictably could not provide reliable sex determination through morphological

differences.

Proximal metacarpus

The proximal metacarpus was profiled using 35 individuals (14 males, 21 females) of

fallow deer, and 13 individuals (six males and seven females) of red deer.

The plot (Fig. 6.58) below shows two clusters with overlap. One will notice, however,

that the males dominate the positive range of the ordinate while the females dominate the

negative range. The mean shapes (or centroids) of these two clusters are considerably

distant compared with the score plot of the distal humerus (Fig. 6.54), for example. The

score plot of the red deer shows similar patterning with each sex dominating a different

section of shape trend range.
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Figure 6.58	 Score plot of Dama proximal metacarpus for ES-2 and ES-3

The mean shapes of the red deer above (Fig. 6.59) parallel the shape differences apparent

in the fallow deer as well. While the shapes appear to be similar, however, the vertical

axis of the metacarpus seems shifted for the female (or the male), resulted in a slightly

twisted look of the shapes in relation to one another.
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Figure 6.59	 Red deer proximal metacarpus mean shapes

While the general outlines are similar, the orientation of the bone appears to be different.

This difference in orientation would explain the partial separation of the individuals

displayed in the score plot 6.58. In eigenshape analysis, each coordinate point plotted
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along a shape outline is compared to corresponding points plotted along each individual

in a bone group. In other words, each coordinate point of a digitized male proximal

metacarpus outline would have a different position on an XIY graph than a female

metacarpus, resulting in a difference in orientation, and hence, a different bone shape.

The univariate analysis of F ratios for red deer does not show significance of the

variables in distinguishing between the two sex groups (the first ten shape variables are

below an F value of 2.50). The individuals in the sample groups, however, are low, so

lesser values of significance are expected. The study will then focus on the results of the

analysis of the fallow deer with an ample sample size of 35 individuals. The first three

shape variables produced the highest F values. The most significant eigenshape

component is ES-i with an F value of 9.29, and then ES-2 with 6.03, and finally ES-3

with 4.13. the critical value ofF for I and 33 degrees of freedom is approximately 4.10,

indicating that all three shape variables are significant in distinguishing shape trends

between the two groups. The chi-square value for the first three components is 11.71

against a critical value of 7.82 indicating significant shape variation between the groups.

Even the red deer sample, which scored poorly on the F test, scored well on the chi-

square test for all ten shape variables with a x2 value of 21.33 against a critical value of

18.31.

The deer metacarpus, therefore, does reveal significant shape differences between the

sexes. The chi-square test reveals that there is a strong relation between shape and sex,

confirming the conclusion that the proximal metacarpus exhibits significant sexual

dimorphism, as does its distal end.

Obturator foramen

An alternative method for sexing innominates perhaps, is the shape of the obturator

foramen. Theoretically, if the pubis underwent a thinning and stretching during hormonal

development and gestation, the shape of the obturator foramen would be changed as

well.

The shape of the obturator foramen was tested using 18 fallow deer individuals (10

males and eight females), and 12 red deer individuals (five males and seven females).
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Figure 6.60	 Score plot for fallow deer obturator foramen for ES-i and ES-2

The score plot 6.60 shows a fairly good separation between the sexes using the first two

eigenshape scores. The separation indicates that the obturator foramen does exhibit

significant morphological differences between the sexes. The score plots for red deer do

not separate as well (Appendix 1.4). Perhaps the individuals in the sample are too few, or

the subspecies of red deer from Asia and North Africa have a morphologically distinct

pelvis which skews the sample trends.
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Figure 6.61	 Mean shapes of the obturator foramen of fallow deer

The mean shapes above reveal that the foramen is distinctly different between the male

and female individuals in the sample group. The male foramen is longer but just as wide

as the female foramen, which is shorter than the male. Figure 6.61 illustrates that these

206



dimorphic characters are not just reflections of size difference, but also shape differences

that relate to sexed behaviour and physiology.

The F test reveals that the best distinguishing shape features are represented in shape

variables 3 and 4 for the fallow deer, and variables I and 6 for the red deer. The F values

for the red deer are under the critical value ofFfor the appropriate degrees of freedom,

probably attributable to sample size and great individual variation. The F values for

fallow deer, however, are above the critical value. For example, the highest F ratio was

achieved by shape variable 3 with an F score of 8.20. Variables 4,2, and 1 follow with

ratios of 5.55, 3.81, and 1.38, respectively. The critical F value for 1 and 16 d.f. is 4.49,

meaning that shape variables 3 and 4 are significant shapes distinguishing between the

two groups. If we plot ES scores 3 and 4, we can see a better separation than that

presented in Fig. 6.61.
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Figure 6.62	 Score plot of Darna obturator foranien of ES-3 and ES-4 after CVA

The score plot (6.62) representing eigenshapes 3 and 4 shows a better separation of the

two groups with little overlap.

The chi-square test for the first three fallow deer shape components achieved a x 2 value

of 15.20 for a critical x2 value of 7.82 (3 d.f.), indicating significant differences within

the shape variables. The x 2 score for all ten variables was 20.92 for a critical value of
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18.31, designating the group of ten shape variables as representing distinct shape trends

between the sexes. The chi-square values produced during the analysis of the red deer

shape variables were not above critical level.

The obturator foramen, thus, is demonstrated as a good indicator of sex based on its

morphology.

Pubic section

The section of the pubis was studied from the red deer species alone. Only the red deer

individuals were large enough to produce an accurate sections of the pubis on the profile

gauges. The testing of the morphology using the eigenshape method also allows for the

development of an alternative method for sexing pubes. The pubic section was tested

using 13 individuals of red deer (six males and seven females).
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Figure 6.63	 Score plot of the pubic section of red deer for ES-2 and ES-3

The score plot of the individual pubic sections reveals a good separation between male

and female shapes, with the exception of one female individual which resembles more

the pubic section of a male. The female represented by this point on the plot close to the

male cluster is the individual acquired in Tunisia three centuries ago. While the oval

pubic section this specimen exhibits is still difficult to explain physiologically, perhaps

the individual was captive and never bore offspring, resulting in an 'unstretched' pubis.

The other possibility, is that the skeletal specimen was catalogued with the wrong

cranium, which I used to confirm the sex recorded on the label of the specimen. The
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individual (F13 on Cervus pubic section data list Appendix B) is also one of the largest

specimens in the red deer sample, further suggesting that this specimen has been

misidentified. One could argue, however, that the Tunisian population of red deer in the

18th centuty was massive, and this female individual could be a comparatively small

specimen! Nevertheless, the female with a male-like pubis is a cautionary note on using

even the most reliable methods for classifying sex identity.

The mean shapes below, including individual Fl 3, show a contrast between male and

female pubic section shapes.
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Figure 6.64	 Red deer pubic section mean shapes

The male pubic morphology is oval in section, while the female is more lung-shaped.

The superimposition of shapes summarizes the contrast in morphologies.

Only the second shape variable represented by ES-2 is a significant shape trend between

males and females. The F test produced an F ratio for ES-I of 1.33, for ES-2, 28.35, and

for ES-3, 0.0 12. The critical value ofF for 1 and 11 d.f. is 4.84, indicating that only the

second shape component is significantly different. The eigenshape models reveal that the

oval-to-lung-shaped trend is represented by this eigenshape score. The other seven

components of the first ten shape variables also fall under a 1.50 ratio. The first shape

variable achieved a cu-square value of 12.88 for a critical x 2 value of 7.82, showing

significant shape differences between the sexes.
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The pubic section is therefore a good indicator of sex by morphological distinction. The

F test indicates great significance of shape component 2, and the chi-square test

indicates significant shape differences within the shape variables.

Proximal femur

The proximal femur was tested because of its direct articulation with the pelvis. The

proximal femur was analyzed using 26 fallow deer individuals (15 males and 11

females), and 16 red deer individuals (seven males and nine females).

The score plot below (Fig. 6.65) shows two overlapping clusters. Trends indicated by the

patterning of points show that males dominate the negative range of ES-3 while females

dominate the positive range. The eigenshape models for ES-3 reveal that the angle of the

trochanter to the head is not in comparison here, but rather the shape of the dorsal edge

of the femoral head.
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Figure 6.65	 Score plot of Dama proximal femur for ES-I and ES-3

Eigenshape models are calculated using the coordinate data of all the individuals in the

sample, and the individuals are plotted with like shapes. In this case, males appear to

have a concave dorsal edge of the femoral head while females have a straight or slightly

raised edge in comparison. This interpretation is based on the position of the individuals

on the score plot 6.65.
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Figure 6.66	 Eigenshape models for negative and positive ranges of ES-3

The coordinate points indicated on the eigenshape models (Fig. 6.66) can actually be

located on the score plot above so that viewers may better understand shape trends

calculated by eigenshape analysis. The models are presented in a vertical orientation in

Fig. 6.66 reflecting the manner in which the eigenshapes were digitized. Although

confusing to the zoologically-trained eye since the proximal femoral edge should be

horizontal in orientation, the orientation of the bone shape does not affect the analysis of

these shapes. The mean shapes of the male and female proximal femur are presented

below.
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Male and female deer mean shapes superimposed
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The mean shapes reveal not only a change in the shape of the dorsal edge of the femoral

head, but also the angle of the trochanter in relation to the head. Both species of deer

exhibit this pattern of shape between the sexes, although the score piots do not separate

the clusters so well for the red deer individuals.

In fact, the red deer F test results show that the most significant shape component

distinguishing between the two sex groups is shape variable 10 with an F ratio of 5.41,

probably a reflection of electronic noise during digitization rather than a meaningful

figure. The rest of the F ratios for the other nine variables for red deer are under 2.00.

The fallow deer, on the other hand, shows better significance value for the first three

shape variables. The most significant variable according to the F test results is ES-3

with an F ratio of 7.78, then ES-i with 3.68. The critical value for F with 1 and 24 d.f.

is 4.26. ES-3, then, is the only significant variable in the group often after the univariate

F test.

The chi-square value achieved after the analysis of the first three shape variable for

fallow deer is 10.35 against a x critical value of 7.82 (3 d.f.). The z 2 value indicates a

significant shape difference between the groups. According to the test results of the score

plot, mean shapes, F ratios, and chi-square figure, the shape of the proximal femur is a

good sex indicator.

Distal tibia

Twenty-three individuals of fallow deer (14 males and nine females) were examined for

morphological differences in the distal tibia. Sixteen red deer individuals (seven males

and nine females) were examined as well.

The score plot for the fallow deer shows a random scatter of points. Although the means

of the scattered clusters of the two groups are different, the amount of overlap is great.

Interestingly, the red deer distal tibiae seem to separate a bit better than the sample of the

fallow deer.
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Figure 6.68	 Score plot of Cervus distal tibia for ES-2 and ES-3

Even with the red deer sample, great overlap exists between the two groups. However,

the males seem to dominate the positive range of ES-3, while females dominate the

negative range. If more specimens were to be added to the sample, the pattern might not

be maintained.
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Figure 6.69	 Mean shapes of Ceri'us distal tibia

The mean shapes do reveal some minor variations between male and female individuals.

These minor morphological differences are paralleled by the mean shapes of the fallow

deer mean shapes (Appendix F.3). Since the variations are small, they may reflect

cumulative individual variation instead of a group trend.
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The F test results reveal that the highest ratio of variability for the shape components of

red deer is 8.77 for ES-3, the second highest value is 8.28 for shape variable 9. ES-3 is

likely to be the only significant shape variable despite the high F value produced for ES-

9, which is probably the result of noise. The rest of the shape variable ratios are under

1.02, for a critical F value of 4.60 (1 and 14 d.f.). The highest variance for fallow deer

distal tibia shape variables is ES-lO with a F value of 6.46, but like the ES-9 value for

ES-9 in the case of the red deer, the variance level for this component is likely the result

of noise. The other components for fallow deer have an F value of less than 3.00 for a

critical value of 4.26 (1 and 21 d.f.).

The chi-square test reveals no relation between the distal tibia shape variables and the

sex of the groups for fallow deer. For red deer, however, the x2 value for the analysis of

the first ten shape variables is 25.86 (18.31 critical value), while for just the first three

variables, the x2 value is 11.39 (7.82 critical value). In both cases, the chi-square value

reveals significant shape differences represented in the first ten eigenshape variables.

Astragalus

The study of the cervid astragalus was conducted using 21 fallow deer individuals (11

males and 10 females), and 12 red deer individuals (six males and six females).
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Figure 6.70	 Score plot of fallow deer astragalus for ES-I and ES-3 with trend lines
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While the score points on the score plot (Fig. 6.70) above show greatly overlapping

groups, the trend lines reveal different shape trends between the sexes. Since the points,

however, do not form clean clusters, the differences in the shape trends are insignificant.

The score plots of the red deer astragalus (Appendix 1.4) resemble the fallow deer plots

overlapping of groups.

The mean shapes (Fig. 6.71) show that the male and female mean shapes have the same

outline, even paralleling the detailed curves. The differences, however, are seen in the

shape proportions. For example, the proximal end is more congruent in shape and size

than the distal side which is proportionately wider lateromedially. The distomedial

corner (a), in particular, is more robust in the males than the females, similar to that of

the suids. The slight differences between the sexes, however, seem not to be significant.
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Figure 6.71	 Cervus astragalus mean shapes

The results of the univariate F test show little variance between the shape variables

from the means. All F ratios for the red deer astragalus shape variables are less than

2.70. For the fallow deer, some variables show more significant variability than the red

deer shape variables. While all ratios are still under the critical value (4.38 for I and 19

d.f.), ES-I, ES-5, and ES-9 come close to the critical level with F ratios of 3.68, 4.07,

and 3.06, respectively. If we plot ES-i and ES-5 (Fig. 6.72), the groups still overlap. The

F test and chi-square test results show that these shape variations are still insignificant.

215



Dama Astragalu8

0.1

0.05

0
M)	 1
U)
Ui

-0.05

• I

I.
U.

1.53	 1.54	 1.55	 6s..J.57	 1.58	 1.59	 •MaIe

U Female

.

-0.1

-0.15

ES-I

Figure 6.72	 Score plot for fallow deer astragalus for ES-I and ES-5 after CVA

Ironically, the chi-square test revealed a greater significance of shape differences within

the ES variables of the red deer, rather than the fallow deer whose F ratios were

consistently higher. The x2 values achieved for the fallow deer were lower than the

critical values showing little or no shape variation between the groups. Meanwhile, the x2

value achieved for the red deer upon examining the first ten variables was 25.95 against a

critical value of 18.31 (10 d.f.) indicating significant differences between the canonical

variates. However, after analyzing the first three shape variables of red deer, the x 2 value

produced was a very poor 0.43 score against a critical value of 7.82(3 d.f.). While there

seems to be a significant shape difference represented by the first 10 variables for red

deer, there seems to be no significant difference between shapes for the first three, the

theoretically most discriminating shape variables in eigenshape analysis results.

Therefore, the eigenshape variables are not reliable criteria for sexing the red deer

astragalus.

Extended eigenshape analysis was applied to both the red and fallow deer samples. As

with the pig astragalus, a landmark was placed at each "corner" of the astragalus shape.

The shape was then separated into four segment curves (1-2, 2-3, 3-4, 4-1) and studied

separately. Unfortunately, the separate sections did not produce remarkable results.
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Figure 6.73	 Extended eigenshape landmarks for deer astragalus

In fact, the complete outline of the astragalus showed more significant variance of the

shape components (according to the F test), and more substantial shape differences

between the groups than any of the curve segments studied (see Appendices I, J for

details).

The cervid asiragalus, therefore, does not seem to be a good indicator of sex. Although

hypothesized to show some dimorphism between the sexes according to the examination

of the astragalus for other families, the astragalus in the case of the cervids, seems to be

riddled with high individual variation which conceal the basic shape trends. A problem

with analyzing the astragalus is the morphological variation of the distal end; the

articular condyle is shorter in breadth at times than the medial and lateral walls, which

confuses the placing of the landmarks. In other words, the "corners" are not as definable

as in other species. The placing of the landmarks, of course, will affect the overall

analysis of the bone, and the analysis of the segment curves.

Proximal metatarsus

The proximal metatarsus was examined using 37 fallow deer individuals (13 males and

24 females), and 13 individuals of red deer (six males and seven females). The profile

was taken from the bone end using two profile gauges.

The score plot below (Fig. 6.75) reveals almost complete overlap of ranges between

males and females. The red deer score plots show the same patterning of points, with no

clear clustering of groups, and great overlap.

217



-20 20

Dama Proximal Left Metatarsus

0.2

0.15

0.1

0.05

c,l
.4	 04
LU 

oos13 • 14

-0.15

•.
•	 I

•	 .

• .iu4lpI	 U

i	 6

p	
U.

•

S

• M&e

1.77	
1.78 UFenIe

.

Figure 6.74	 Score plot of Dama proximal metatarsus for ES-I and ES-2

Examination of the mean shapes reveals the reason for the total overlap of ES scores on

the plot above (Fig. 6.76). The proximal metalarsi for both groups are almost identical in

size and shape for fallow deer. The size differences are greater for the red deer, but the

shape is identical in that case as well.

Male/Female

-15 -

Figure 6.75	 Superimposed mean shapes for fallow deer proximal metatarsus

Not surprisingly, the variance is low for both species as indicated by the F ratios

produced for the shape variables. For fallow deer, variance levels do not exceed 2.40

(critical value 4.10, 1 and 35 d.f.). Red deer shape variables indicate only one shape

variable that exceeds the critical level, that of ES-8 with an F ratio of 6.72 (critical value

4.844). Unfortunately, this variable is too far removed from the theoretically most

distinctive shape components higher up. The first three shape variables, for example, are
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under 1.50, and the rest, save for ES-8, are all under the critical level. Therefore, the high

F value for ES-8 may not be meaningful. The x2 value for all ten shape variables is just

over the critical mark with a value of 19.74 for a critical x 2 level of 18.31 indicating a

significant shape difference in the shape variables. The x 2 value for the first three

components is a low 1.65 indicating little or no significant differences between the

groups within these variables.

The proximal metatarsus, therefore, cannot be used reliably to sex male and female

cervids. The score plots, mean shapes, F ratios, and chi-square values all indicate

insignificance of shape between males and females.

Summary

In concluding this section on the morphometric analysis of cervid bones for indication of

sexual dimorphism, only the atlas, glenoid, proximal metacarpus, obturator foramen,

pubic section and proximal femur can be used to sex deer bones using this method. The

comparative success of the forelimb bones to the hindlimb bones, presumably under the

influence of headgear for male individuals, is interesting. The results of the cervid

morphometric tests are summarized numerically in Table 6.05 (fallow deer) and Table

6.06 (red deer) at the end of the cervid section.

Osteometrical analysis

The metrics of archaeological deer remains have received little attention. Although deer

populations occur around the world in almost every climate, and occur regularly in

archaeological excavations, osteometrical studies of deer remains are few (examples are

Bartociewicz 1986; Clark 1971; Davis 1984; Legge & Rowly-Conwy 1988; Lister 1988;

Mitchell & Brown 1974).

The metrical analysis will be presented in order of location of bone in the skeleton

cranially-caudally. The statistical analyses will be incorporated into the report of results.

The section will end with a summary of morphometric and osteometric results.
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Atlas

Since the atlas of the red deer was too large to be incorporated in the morphometric

investigation, measurements were restricted to the atlas specimens used for the study of

cervid atlases from the fallow deer sample. Two measurements were taken from the

fallow deer atlas, the length of the dorsal plane (cranial to caudal edge), and the breadth

of the dorsal plane (wing to wing). The sample groups was comprised of 21 individuals

in all, 12 males and nine females. The box plots below summarize the metrical data

obtained from the Daina atlases.

Boxplots of Dana Alas Lenh by Sex	 Boxpêcts of Dana Alas Breackh by Sex

Figure 6.76	 Box plots of length and breadth of Dama atlas dorsal plane

The box plots reveal a contrasting difference between the ranges of the length and the

breadth of the fallow deer atlas in relation to the groups. The atlas lengths show great

overlap in the male and female groups, although their means are about 7 millimeters

apart. The breadths, however, do not overlap at all, and maintain about 8 millimeters of

space in between the groups, between the largest female and the smallest male

individual. The means of the breadth measurements for the two groups are almost 20

millimeters apart in contrast to the length means. From the box plots, one can

immediately see that the male atlases are proportionately broader in width than in length

in comparison to the female specimens, signifying a morphological difference.

The standard deviations are fairly equitable for male and female groups for the length

measurements (7.98, 6.66) indicating similar variability from the mean. For the breadth,

the female dimensions show less variability from the mean, than do the males (6.16

males, 2.67 females).
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The histogram of area size estimates (calculated by the eigenshape program by tabulating

millimeters2 within the shape outline) also show the larger sizes as males, and the

females in the smaller sizes. The histogram shows no overlap between the two groups

with a metrical hiatus between the largest female and the smallest male.
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Figure 6.77	 Plot of breadth versus length of Damcx dorsal atlas

The graph of measurements plotted against each other clearly shows that the length of

the atlas is useless in terms of dividing the groups. In contrast the breadth of the atlases

cleanly separates the males from the females. Therefore, the shape of the atlas differs

mostly in breadth, but not proportionately in length. Breadth is the most significant

distinction between the two shapes.

Discriminant analysis for breadth and length predictors that 100% of the individuals was

correctly classified into the appropriate groups. With cross-validation, the confidence

value decreases to 95.2% with 20 individuals of the 21 total correctly classified. The

single individual not correctly placed was a male. The females were 100% classified

correctly, even after cross-validation.

The two-sample t —test for the breadth measurement produced a 1—ratio of 10.86. The

high value of this t —score indicates remarkable variations between the two means. The

critical value of t for 15 d.f. is 1.75. The P value is 0.00 showing a non-chance
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occurrence of the differences. With the same criterion, the t —ratio for the length

dimension produced a value of only 1.56, below the critical value, indicating a no

significant variation between the means of the two groups. The high P value of 0.14

shows a 14% chance that any differences between the means for length are a

coincidence.

Overall, the atlas is a very reliable indicator of sex for the fallow deer, but only using the

breadth measurement from wing-to-wing. The considerable size variation between the

sexes reflects the differential requirements for head support, for males with headgear,

and for females without.

Axial dens

The axial dens was examined metrically for the red and fallow deer species. The samples

were comprised of 22 fallow deer (13 males and nine females), and 12 red deer (five

males and seven females). Two measurements were taken, the height (dorsal—ventral)

and the breadth (lateral-lateral) of the axial dens. The measurements and results of the

fallow deer sample will be considered first, and the red deer results will follow.

Boxpkts of Dama Acial Dens Height by Sex
	

Boxplots of Darna Ad Dens Breadth by Sex

Figure 6.78
	

Box plots of fallow deer axial dens height and breadth

The box plots show similar patterning of sizes between the sexes for both measurements.

In both the height and the breadth measurements, the males show a greater range of sizes

than the females, whose 75% box is generally shorter and whose range extension lines

are shorter as well. The box plots also reveal that the males are proportionately tall and

wide as the females in shape. Overlap exists between the group sizes for both

dimensions.
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The means for both measurements are approximately two millimeters difference, and the

standard deviations show, as the box plots suggest, greater variability of measurement

sizes from the mean for the males than for the females.

The area size estimate histogram (calculated by the eigenshape program for the area size

within the shape outlines) shows the larger size area range occupied by mostly male

individuals, while the smaller range is dominated by the females. The middle range is a

thorough mix of males and females.

The plot (6.79) reveals two slightly overlapping clusters. Both measurements seem to

separate the groups equally as well. In general, the males are larger than females, though

the larger females are congruent in size to the smaller males. The shape of the dens,

considering the above dimensions, does not change between the sexes. Likely, the

function of the dens has little to do with the support of headgear.

Dama Axis

30

25

Figure 6.79	 Plot of height versus breadth of Dama axial dens

The discriminant analysis results for the measurements of the fallow deer axial dens

indicate that out of 22 individuals, 19 were correctly classified, producing a good

confidence level of 86.4%. After cross-validation, the confidence level is reduced to

81.8% with 18 individuals correctly classified. The t —test produced a t —ratio of 4.75 for

height and 6.15 for breadth. Both figures show a significant differences from the means
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of each group. The critical t value is 1.73 (19 d.f.. The P values are both under 0.05

showing that the differences are not a chance occurrence.

The same measurements of height and breadth were taken for 12 individuals (five male

and seven female) of the red deer sample.

8oxpots of Cervus M Dais Heigil by Sex 	 Boxplots of Cvuc Ad D	 edth by Sex

Figure 6.80	 Box plots of height and breadth of Cervus axial dens

In this case, the box plots show a significant size difference between the male and female

groups with no overlap, save for a single female individual inside the male range for the

height (indicated by an asterisk). This individual is the odd specimen from 18th century

Tunisia. The males show a greater size range than the females which have more

individuals in their group than the males. The boxes representing 75% of the sample are

clear in size from each other, even leaving a small size hiatus in between the groups.

The means of each group and measurement, however, are not far removed from each

other. For example, the difference between the means for the height measurement

between the two groups is merely three millimeters, and only two millimeters between

male and female groups for breadth. The standard deviations indicate in both cases that

the male sample shows a greater variability away from the mean than do the females.

The area size histogram shows males in the higher size range, and females in the lower

with only one female individual just barely passing the smallest male in area size.

The plot (Fig. 6.81) shows that the males have a greater size range than do the female

individuals, both height and breadth seem to separate the groups equally as well, but

certainly better than the fallow deer individuals. While it is true that the sample groups
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are smaller for the study of the red deer, the Cervus species are a larger type of deer with

more pronounced body size dimorphism. The size differences may be more noticeable

for this species of deer, but the shape of the axial dens seems to maintained for the males

and females, as does the dens for the fallow deer sample.
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Figure 6.81	 Plot of Cervus height versus breadth of axial dens

The discriminant analysis shows that, out of 12 individuals, 11 were classified correctly

at a confidence rate of 91.7%. After cross-validation, 10 individuals were correctly

classified at a confidence level of 83.3%. While these results seem better than those

achieved for the fallow deer sample, the proportions classified correctly for the different

species is equitable. The t —test results indicate significant variations from the mean for

both measurements as both results are greater than the critical level of t (2.02). The t

ratio for breadth (4.67) is greater than that for height (2.80) indicating a more significant

difference between the mean of males to females. The P value is very low for breadth but

at 0.049 for the height indicating that the differences in height might be chance rather

than reality.

As a whole, the axial dens is a fair sex indicator for cervids. The results of the

discriminant and r tests indicate that the measurement of the dens with these two

measurements is equally as useful for both the red and fallow deer samples. The

accuracy of sexing an unknown specimen in comparison to these measurements is
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greater than 80%, which is reliable enough for plausible suggestion. No clear shape

differences are inherent in the dens between males and females, but size seems to better

classify individual sex. Of the two dimensions studied, breadth is slightly more

discriminating between the groups than height.

Glenoidfossa

The glenoid was examined metrically for size differences. Since the morphometric

results concluded that the glenoid exhibited significant shape dimorphisms, size was

examined to determine whether these shape dimorphisms could be captured by

measurements. Two measurements were taken of the glenoid fossa, after Von den

Driesch (1976: 74), the length of the glenoid process, and the breadth of the glenoid

cavity. For this investigation, 22 fallow deer (12 males and 10 females) were examined

as well as 14 red deer individuals (eight males and six females). The fallow deer sample

is considered first, as in the previous section.

Boxplots of Ceivus Olenoid Length by Sex
	

Boxplots of Cevus Glenoid Breaclh by Sex
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Figure 6.82
	

Box plots of Dama glenoid length and breadth

The box plots reveal relatively concentrated size ranges in comparison to the cervid

bones investigated prior to the glenoid. The extension lines representing 25% of the

individuals do extend the range of the sexes considerably, the male and female extension

lines overlapping in size for the length dimension. The means are approximately five

millimeters apart for both measurements revealing some congruency of proportion

between males and females. The standard deviations for the male and female groups for

the length are almost the same (1.70, 1.77), while the variability between the sexes

changes slightly for the groups with the standard deviations of the breadth, the males

showing greater variability away from the mean (1.43, 0.92).
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The histogram of area size estimates (calculated by the eigenshape program)

interestingly shows no overlap between the male and female ranges. There is a 5 7mm2

difference (0.6 cm2) between the smallest male and the largest female.

Dama Left Glenoid

35 I

Length of glenoici process (mm)

Figure 6.83	 Plot of Dama glenoid length and breadth

The plot shows a good separation between the sexes, length showing a bit of overlap, but

breadth separating the two groups by a slim margin of measure. The comparison of

dimensions reveal that the shape differences between the males and the females are

significant. The slight overlap of the groups, revealed by the length but not the breadth,

indicates that perhaps the male glenoids are a little more wide than they are long in

proportion compared to the females. The meaning of the minor overlap, however, should

not be applied to the entire male group since most individuals are clear away from the

female cluster.

The discriininant analysis for the fallow deer metrical data reveal that 21 out of 22

specimens were correctly classified, producing a confidence level of 95.5%. All females

were classified correctly, and only one male was classified as a female. The proportions

remained the same after cross-validation with 95.5% correctly classified. The t —test

results reveal significant variability between the groups and the means of the

measurements. A t —ratio of 6.33 was produced for length, and a i—ratio of 10.43 was

produced for breadth. The critical value for I for 19 d.f. is 1.73, indicating that the size

variability is considerable for both measurements. The P values are both at 0.00.
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The sexual size differences of the red deer glenoid were examined using 14 individuals

(eight males and six females).

Boxpks of Cerwus Olenoid Length by Sex
	

Boxpêots of Cas Oenoid each by Sex

The box plots of the measurements reveal that the males have a considerably greater size

range even though the male sample group has only two individuals more than the female

group. The females, by comparison, have a more consolidated size range of a three

millimeters margin for length, and five millimeter margin of size variation for breadth.

The range of the males for glenoid length spans some 23 millimeters, and for breadth 15

millimeters. Range overlaps exist for the groups for both measurements. The means for

the length are seven millimeters apart metrically (51.87 M, 44.48 F), and for the breadth,

six millimeters apart (38.55 M, 32.00 F). The standard deviations show considerable

variability for males from the means in contrast with the comparatively unswerving

females for both measurements.

The histogram of area size shows no overlap between the male and female individual

sizes. The males show remarkable area size differences from the females. The females

are a fairly standard size, while the males show a large size range between the largest and

smallest individuals in the male sample. A 47 millimeters 2 difference exists between the

smallest male and the largest female (0.5 cm2)
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Plot of Cervus glenoid length versus breadth

The plot shows two slightly overlapping clusters. The length measurement shows less

overlap between the two groups, in contrast to the fallow deer scatter plot (Fig. 6.83) in

which the breadth separates the groups cleanly, with slight overlap for length. No shape

differences are apparent here.

The discriminant analysis shows that out of 14 individuals, only 10 were correctly

classified (71.4% correct classification), and after cross-validation, only nine individuals

were correctly classified lowering the confidence level of the measurements for sex

distinction to 64.3%. All females were correctly classified, but only half ofthe males

were. Alter cross-validation, a single female could not be classified correctly.

The t —test result indicates that there are marginally significant differences between the

means of the two groups for both measurements. The length and the breadth produced

similar t —ratios (3.00, 2.79) just over the critical value of 1.83. The P values were below

5% so that the significance differences represented by the t —ratios are real.

Overall, the glenoid is a significant indicator of sex by size. The discriminant analysis of

the red deer glenoids, however, showed that the variability of size for the male

individuals in the small sample caused a discrepancy in classification, and as a result

caution should be taken when using metrics to separate glenoids by sex for small, diverse

groups. Discriminant analysis for the fallow deer measurements showed a 95%
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confidence level of classification of sex. While measurements can be used to attempt sex

separation of these two groups, morphometric analysis showed greater differences

between the two groups. The results of the canonical variates test in the morphometric

section revealed a chi-square value more significant for shape variables than the t - ratios

showed for the metrical data. Furthermore, while simple measurements showed overlap

between the sexes, the area size calculations by the eigenshape programs showed no

overlap, better separating the groups for both deer species. In short, the glenoid presents

sexually diagnostic traits in these two cervid species, especially if dealing with

specimens from the same population.

Distal humerus

The distal humerus of the fallow and red deer was examined metrically with two

measurements, breadth (media —lateral) and depth (cranial—caudal) of distal end (Von

den Driesch 1976: 76). Twenty-five fallow deer individuals (15 males and 10 females),

and 18 red deer individuals (nine males and nine females) were incorporated into this

study of sexual size differences. As before, the fallow deer results will be considered

first, and then the red deer results second. The fallow deer sample group was comprised

of 15 male and ten female individuals.
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Box plots of Dama distal humeral breadth and depth

The box plots summarize the metrical data obtained from the fallow deer distal humerus

sample. The breadth measurements for the two groups show similar variability and range

with some overlap of one or two individuals. The depth, however, shows differences

between the more concentrated female sample and the wider-ranging male sizes. Overlap

exists for the depth measurement as well between the two groups.
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The means for both measurements are only a few millimeters apart for male and female

groups. The standard deviations show, as do the box plots, a similar variability of sizes

from the means for males and females for the breadth measurement, but males having a

greater variability of size for the depth of the distal humerus.

The histogram of area size (calculated by the eigenshape program) shows no overlap

between males and females, though only a minute difference exists between the largest

female and the smallest male.

The plot (Fig. 6.87) of the basic measurements shows a good separation between the two

groups, with depth more distinguishing between males and females than length.
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Figure 6.87
	

Plot of Dama distal humerus breadth and depth

Overlapping of the size ranges exist for both measurements. No shape differences

between the sexes is suggested by these results.

The discriminant analysis shows that out of 25 individuals, 24 were correctly identified

(96%). After cross-validation, 23 individuals were correctly classified (92%). In the

latter, a single male and female were misclassified. The t —tests show a significant

difference from the means for both measurements. For breadth, the t —ratio produced
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from analysis was 6.95, while for depth, 8.21. The critical value fort for 22 d.f. is 1.72,

showing a meaningful variation of the means. Both P values are 0.00.

For the red deer, 18 individuals were examined, nine individuals in each sex group.

8oxplols of Cervus Distal Humerus eacJh by Sex	 Espe*c..0 DHae Dp b1rStI
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Figure 6.88
	

Box plots of Cervus distal humerus breadth and depth

The box plots for breadth of depth of the red deer distal humerus look almost identical in

size and range. Over lap exists between the measurements of the male and female

groups, and males consistently have the greater size range for the individuals in the

sample. For breadth, the means of the male and female metrics are 11 millimeters apart,

while for the depth, the means are seven millimeters apart. The standard deviations

reveal that males have a greater variability of size from the means for both

measurements.

The histogram of area size shows that males dominate the larger range of sizes, while

females dominate the smaller sizes. A mixture of males and females occurs in the middle

range of the data. The histogram also reveals the dramatic variability of size that the

males exhibit over the females.

A considerable overlap exists between the two groups in the plot (Fig. 6.89). Interesting

is the relatively tight cluster of females, as opposed to the scattered male individuals. No

significant shape differences, regarding the breadth versus depth of the distal humerus,

appear here.
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Figure 6.89	 Plot of Cervus distal humerus breadth versus depth

The discriminant analysis shows that, of 18 individuals, 16 have been correctly

classified, producing a confidence level of 88.9%. The results after cross-validation

remain the sample. The females, once again, have been classified correctly 100%, while

two males of the male sample have been classified to the female group. The I —test

reveals a ratio of 3.99 for the breadth dimension which is over the critical value of 1.83

(d.f.=9). The 1—ratio is also significant for depth as well with a score of 3.45 against a

critical t value of 1.81 (d.f.=10). The results show that there are significant differences

between the means for both measurements. The P values are well under 5% indicating a

non-chance occurrence of size variation between the means.

In summary, the distal humerus is best sexed by using osteometrics since the tests show

more significant differences of size as opposed to shape. The fallow deer, again, revealed

better separations metrically, as in the previous bone cases. Fallow deer was successful

in classifying correctly 92%+ of the individuals, while the red deer classified 89%. The 1

- tests also showed that the fallow deer measurement groups had more significant

differences between the means of the two groups than did the red deer. The osteometrical

analysis of the distal humerus from both species indicate only size rather than shape

differences. The male shapes are proportionately almost identical to the female shapes.

The similarities are confirmed by the morphometric analysis.
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Proximal metacarpus

The proximal metacarpus was examined metrically for both species of deer. The

morphometric analysis revealed significant shape differences between male and female

individuals. The metrical traits of the proximal metacarpus is examined here using two

basic measurements, breadth (medial—lateral) and depth (cranial— caudal) of proximal

end (Von den Driesch 1976:92). Thirty-five fallow deer individuals (14 males and 21

females) were used for this investigation, along with 13 red deer individuals (six males

and seven females). The fallow deer results will be considered first.
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Figure 6.90	 Box plots of Dama breadth and depth of proximal metacarpus

The summary of the metrical data is shown in the box plots above. Both measurements

show overlap of sizes between the two groups. The boxes representing 75% of the

individuals in each sample, however, do not overlap in size, indicating that the

recurrence of sizes is minimal. The males have a greater range span for the breadth

measurement than for the depth measurement, and the male size is more concentrated for

the depth. The means of the two groups are only a couple of millimeters difference for

both dimensions. The standard deviations, however, indicate that for depth, males and

females have similar variability of sizes from the mean, while for breadth, males have

considerably more variability of sizes than the females.

The histograms of area sizes show almost no overlap between the male and female

individuals, save for one female individual which lays just before the second smallest

male individual.

The plot below (Fig. 6.91) shows an overlap of male and female clusters, the breadth

measurement more distinguishing between the sexes than the depth. The variability of
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male breadth is striking against the size repetition of the depth measurement. This trend

could suggest a shape difference that portrays the male shape as wider than the proximal

end is deep, in proportion to the female shape.
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Figure 6.91	 Plot of Dama proximal metacarpus breadth versus depth

The discriminant analysis indicates that out of 35 individuals, 32 were correctly

classified into their respective groups. The proportions correctly categorized produces a

confidence level of 91.4%, and 88.6% after cross-validation (31 individuals correctly

classified). Both the male and female groups had individuals that were not classified

correctly. The t —test results show a significant difference between the means for both

measurements. The breadth shows at —ratio of 5.81 against a critical value of 1.74 (17

d.f.), and al—ratio of 6.88 against a critical value of 1.72 (21 d.f.). P values are 0.0.

The red deer sample is comprised of six males and seven females.

Doxplots of Cervus Proximal Metacarpal Breadth by Sex Boxplots of Cervus Proximal Metacarpal Depth by Sex

Figure 6.92	 Box plots of Cervus metacarpal breadth and depth
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The box plots summarize the metrical data. In general, the males show a notable degree

of variability of size over the females whose size range is condensed in comparison. Both

dimensions experience some degree of overlap of size between the groups. The means

between the groups are at a greater distance from each other than was seen by the fallow

deer mean sizes. The means are five to seven millimeters apart. The standard deviations

note a remarkable contrast between the variability of sizes of the male individuals and

the female. The males are highly variable in size away from the mean.

The histogram of area sizes show no overlap between the large males and the smaller

females. The difference between the smallest male and the largest female, however, is

only about 15 millimeters 2 (0.15 cm2). The graph also shows the range of the male

sizes.
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Plot of Cervus proximal metacarpus breadth and depth

The plot shows overlap between the two groups, with the exception of three males

considerably larger than the other individuals. Both the breadth and the depth seem to

distinguish the two groups equally. Like the fallow deer metacarpi, the male individuals

appear to be wider than they are deep in comparison to the female metacarpal shape.

The discriminant analysis reveals that out of 13 individuals, 11 were classified correctly

(84.6%). After cross-validation, the confidence level drops to 69.2% with only nine

individuals correctly classified. The t —ratios also indicate slight significant differences
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between the means of the two groups. The ratio for breadth is 2.50, and the ratio for

depth is 2.91, against a critical value of 1.94 (6 d.f.). The P value for breadth is 0.055,

above the standard probability level indicating that differences detected between the

means for breadth can be a chance occurrence. The P value is below 5% for the depth.

In summary, statistical results showed that the red deer proximal metacarpus did not

appear to have significant size differences between the sexes to allow for reliable sex

identification of individuals. Likely, the small sample size and the wide geographical

range of the individuals in the red deer sample contributed to the low confidence levels.

The fallow deer, on the other hand, showed that the breadth and depth measurements

could accurately classify the individuals by sex up to 91%. The I —ratios showed

significant differences between the means. Even though the red deer spread the mean

measurements of the groups farther apart that the fallow deer measurements, the

increased variability of the male size of the red deer caused a poor i—ratio indicating low

significant differences between the group means. The metacarpus is reliably sexed by

morphometrics for both species, and the area size measurements concede.

Obturator foramen

The obturator foramen exhibited dimorphic traits between the sexes. The obturator

foramen was examined using both species of cervid, the fallow and red deer. Eighteen

individuals of fallow deer (10 M, eight F) were used in the investigation, and twelve

individuals of red deer (five M, seven F). Two measurements were taken of the foramen,

the inner length and the inner breadth (Von den Driesch 1976:82). The results of the

analysis of the fallow deer and red deer obturator foramen are presented.

Boxplots of Dams Ot*urator Focamen Lenh by Sex	 Boxpêots of Dams Ot*xstor Fonen Brsacth by Sex

Figure 6.94
	

Box plots of Dama obturator foramen length and breadth
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The length measurement indicates no size overlap between the groups. The size ranges of

the two groups are somewhat equal. The breadth measurement shows a striking contrast

to the length. The entire female group is encompassed into the size range of the males,

with the exception of one outlier. Furthermore, almost 100% of the female range is

concentrated within a two-and-a-half millimeters margin of size, while the male has a

margin of eight millimeters. The means, however, are farther apart for the length

measurement (6.6 mm) than for the breadth (2.2 mm). The standard deviations show a

correspondent variability between the male and female sizes from their means, while the

breadth dimension shows great variability of size in contrast to the female group.

The histogram of area size for the fallow deer obturator foramen (Appendix L), shows

only a slight overlap in sizes where the smallest male and the largest female have

inverted places. The males exhibit greater variability of size, and are predictably the

largest specimens in the total sample group.

The plot (Fig. 6.95) shows total separation for the groups. Great overlap exists for the

breadth measurement, but no repetition of sizes exists for the length measurement.

Again, the size variation of the males is greater than that of the females.
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Plot of Dama obturator foramen length and breadth
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The length and breadth measurements show the shape differences as well as size

differences between the two groups. The male obturator foramen is longer than it is

wide, in comparison to the proportion of the female shape.

The discriminant analysis shows 100% of the individuals in the sample group to be

correctly classified. Even after cross-validation, the specimens are all correctly classified

at the I 0O% confidence level. The t —test shows that the length measurement has

significant differences between the means of the two groups with at —ratio of 6.18

against a critical value of 1.75 (15 d.f.). The t —ratio obtained from the analysis of the

means for the breadth dimension, however, do not show significant differences between

the two means. The I —ratio produced from analysis is 2.69, below the critical level of

1.80(11 d.f.). Therefore, the length is a good sex discriminator while breadth is less

significant. Together, however, as the discriminant analysis shows, the measurements

confidently classify the groups.

The red deer sample of obturator foramina is smaller with twelve specimens. Again, the

sample contains individuals from a greater geographical range than the fallow deer

sample.

Boxpks of Ceri'us Ottisor Form.n Lenh by S*x
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Figure 6.96
	

Box plots of Cervus obturator foramen length and breadth

The box plots are similar in that they show females with a smaller size range than the

males, and the two measurements have corresponding overlap in size. The means of the

two groups are farther apart than were the means of the fallow deer group. There is a

distance of six millimeters between the means of the male and female for length, and

seven millimeters distance for the breadth. The standard deviations show that males have
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a great variability of size from the mean over the female, especially for the length

measurement (10.39 M, 2.19 F).

The area size histogram also shows great size variation for the males and a more

standardized size for the female individuals. While the males are generally larger, and

the females smaller, there is mixture of males and females in the middle range of the

sizes.

Cerius Left Obturator Foramen

Length of obturator foramen (mm)

Figure 6.97
	

Plot of Cervus obturator foramen length and breadth

The plot (Fig. 6.97) shows slight overlap between the groups in contrast to the fallow

deer group which had complete separation, particularly by the length measurement. In

this case too, length seems the better separator for the two groups. The size range of the

males is revealed here, as well as the characteristic tight female cluster typical of cervids

so far. The plot shows the male obturator foramen to be longer than it is wide in

proportion to the female foramen, similar to the plot of fallow deer (Fig. 6.95). Plot 6.97,

however, is less convincing of this trend.

The discriminant analysis shows that out of 12 individuals, 11 have been correctly

classified into the correct groups (91.7%), and after cross-validation, the number of

correctly classified individuals drops to 10 (83.3%). In both cases, the females have been

correctly classified 100%, while the males misclassify one or two individuals by using

these two dimensions. The t —ratios just barely make it over the critical level. For length,

the t —ratio is 3.38 against a critical value of 2.13 (4 d. f.), and for breadth the I —ratio is
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2.49 against a critical value of 2.13 (4 d.f.). The P value is above 0.05 for the breadth

measurement at 0.067 indicating that there is good possibility that the differences

indicated in the t —ratio are a chance occurrence.

In short, the obturator foramen is an excellent sex indicator for the fallow deer sample,

but less so for the red deer sample. The shape differences revealed from the

morphometric analysis are reiterated here, that the male obturator foramen is longer than

it is wide in comparison to the proportions of the female individuals. In both species,

breadth is not a critical measurement for distinguishing sex, while length is.

Pubis

The morphometric analysis showed remarkable shape differences between male and

female individuals. Unfortunately, fallow deer could not be included in this investigation

due to the fine details of the pubic section not replicable by the unrefined profile gauges.

Thirteen individuals were examined for this study (six M, seven F) using two

measurements not specified by Von den Driesch (1976), but created for this study by the

author. The height of the pubic section, and breadth of the anterior part of the pubic

section. The anterior or cranial part of the pubis was chosen because the morphometric

analysis revealed that the majority of the shape differences occurred in this area of the

pubic section.

p
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Figure 6.98
	

Box plots of Cervus pubic section height and breadth

The box plots reveal almost total overlap of pubic height measurements. In contrast, the

breadth measurement shows no overlap save for a female outlier that gets into the range

of male sizes. Both dimensions show similar variability of sizes between the two groups.
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The means are almost identical for the height measurement, while for the breadth

dimension there is a 5.5 millimeters difference. The standard deviations show similar

size variability away from the mean for the two dimensions, with a slight decrease in

variability for the female group for the breadth sizes.

The histogram of area sizes shows a thorough mix of males and female with only two

smallest individuals classified as females, and the three largest as males. The pubic

section cannot be sexed reliably using area size.

The plot (Fig. 6.99) shows a complete separation of the sexes, save for a female outlier

resembling a typical male dimension. Complete overlap is noted for the height

measurement while almost total distinction is made by the anterior breadth dimension.

The shape differences are revealed in plot Fig. 6.99 showing that males are more oval in

shape than the female pubic sections which are lung-shaped, as shown in the

morphometric section. By these measurements, however, the shape of the female is

simply made to look thinner than the males in section while maintaining the same height.

Cesvus Left Pubis

Height of pubic section (mm)

Figure 6.99
	

Plot of Cervus pubic section height and breadth

The discriminant analysis predictably shows that out of 13 individuals, 12 were classified

correctly (92.3%). From the summary of classification, six out of seven females were

classified correctly, and 100% of the male individuals were classified in their appropriate

group. The t —tests showed almost no difference between the means of the male and
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female heights (t 0.05). The breadth, however, showed a significant difference

between the means of the two groups. The t —ratio for breadth was 5.16 against a critical

value of 1.81 (10 d.f.). The t —ratio would undoubtedly be higher, thus denoting a greater

significant difference between the means, if the male-like female did not exist in the

sample. The P value is very low for the breadth of anterior end but very high for the

height with a value of 0.96. This indicates that any differences detected in the breadth

measurement is a coincidence. As stated above during the morphometric analysis of the

pubic section, this specimen could either have been a captive individual which never

bore offspring, or have been a male that was catalogued with the wrong cranium in the

Natural History Museum, London records, or a paradox of nature.

In truth, the pubis is one of the most known reliable indicators of sex. Fortunately, in

ruminants, one does not even require morphometric or osteometric techniques to observe

the sexually dimorphic traits. The morphometric and metric analysis of the pubis can

serve then as a control of test results for a known highly dimorphic character in relation

with newly found or suspected sexual characters.

Proximal femur

The proximal femur was measured for body size differences between the sexes to learn

whether the shape differences discovered in the morphometric section can be detected by

a simple measurement. From the shape information gathered from the proximal femur,

only one measurement could be taken, that is the breadth of proximal end (Von den

Driesch 1976:84). Twenty-six individuals of fallow deer (15 M, 11 F), and 16

individuals of red deer (seven M, nine F) were examined in the metric investigation of

the proximal femur. The fallow deer results are presented immediately below.

The box plots (Fig. 6.100) show overlap of only one individual, where a outlier female

enters the male range. The males exhibit the greater size scope, apart from the line

extensions of size, the box representing 75% of the individuals in the sample shows a

greater variability of male dimension. The means are seven millimeters apart, and the

standard deviations reveal that the two female outliers have increased the female

variability from the mean considerably, showing similar inconsistency of size (2.71 M,

2.14 F).
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Figure 6.100	 Box plots of Dama proximal femur breadth

The histogram of area size (calculated by the eigenshape program), shows males in the

higher range of sizes, and females in the lower range. A slight mixture of males and

females occur in the middle range with two females entering the male size scope.
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Figure 6.101	 Plot of Dama proximal femur breadth and area size

The plot shows a good separation of the male and female groups with slight overlap from

two female individuals. Area size better distinguishes the groups by more contrasting
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ranges, but the overlap is shared with both measurements, area size and breadth. The

male individuals tend to be wider than the females.

The discrirninant analysis shows that, out of 26 individuals, 25 were classified correctly

(96.2%). One-hundred percent of the male individuals were classified into the proper

group, while one female was classified incorrectly as a male. The same results stand even

after cross-validation. The t —ratio calculated by examining the difference of the means

shows that the means of the two groups are significantly different, and therefore create

two legitimate groups. The t —ratio is 7.78 against a critical t value of 1.71 (23 d.f.). The

P value is at 0.00.

The red deer sample was comprised of 16 individuals (seven M, nine F). The box plots

(Fig. 6.102) show overlap between male and female sizes. Males have a greater size

range than females, even though there are less males in the sample. The box representing

75% of the female group is quite condensed in size in contrast to the huge span of the

male box plot.
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Figure 6.102	 Box plots of Cervus proximal femur breadth

Fourteen millimeters (1.4 cm) separate the male mean from the female mean, and the

standard deviations show that males have a great variability of sizes away from the mean

in contrast to the moderate variability of the female group (10.88 M, 2.95 F).
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The area size histogram shows a clear separation between the two groups with no

overlap extant in the graph. The males represent the largest individuals in the total

sample, while females are the smaller, though only two millimeters separates the largest

female from the largest male.

The plot (6.103) resembles that of the plot of the proximal femur measurements of fallow

deer (Fig. 6.10 1) in pattern. Overlap of sizes exists for the breadth measurement, and the

area size measurement separates the groups better, if only by a small margin. Again, the

area size reveals the greater size range of the males versus the concentrated cluster of

females, by comparison. Male proximal femora are wider and more robust, as the area

size suggests.

Cervus Proximal Left Femur

120

E 100
..

80!

60	 ..s	 •Mele

e	 •Fernale

'•	 401

i 20

0	 -

0	 20	 40	 60	 80	 100

Area size of proximal end (mm)

Figure 6.103	 Plot of Cervus proximal femur area size and breadth

The discriminant analysis summarizes that, out of 16 individuals, 14 were correctly

classified (87.5%). The same statistic is maintained after cross-validation, with 100% of

the females being accurately categorized and two individuals of male incorrectly placed

in the female group. The t —ratio is just over the critical value for t. The ratio is 3.38

while the critical value is 1.94(6 d.f.). Although the means are significantly distant

metrically, the immense variability of male size increases the standard deviation and

standard error mean, creating a low r score. The final result, however, does indicate

significant difference between the two sample means. The P value is below 5%.
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The proximal femur of both species is a good indicator of sex by this metrical method.

The breadth of the proximal femur fetched a 96% confidence level for fallow deer and

87% for red deer, though the latter had less individuals in the sample. The morphometric

method also revealed significant difference indicating that the proximal femur is sexually

dimorphic in shape and size for these two species of cervid.

Distal tibia

The distal tibia of the red and fallow deer was examined for size differences between the

sexes. Twenty-three individuals of fallow deer (14 M, nine F), and 16 individuals of red

deer were incorporated into this investigation. Two measurements were used to

investigate size differences, the breadth and depth of the distal end (Von den Driesch

1976: 86).
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Figure 6.104	 Box plots of Daina distal tibia breadth and depth

The box plots summarize the metrical data. The breadth measurement shows no overlap

between the groups, with similar variability of size and range. The depth dimension, on

the other hand, shows significant overlap, again with males and females exhibiting

similar range span. The means are three millimeters apart for both measurements, and the

standard deviations show similar variability of size for both groups away from the mean.

The histogram of area size shows no overlap between male and female sizes, with the

exception of the smallest male which enters the female size range span after three of the

largest females.

The plot (Fig. 6.105) shows a fair separation of the group clusters, but only because

breadth seems to be a good trait to distinguish between males and females. Depth shows
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considerable overlap for the group sizes. From the plot results, male distal tibiae appear

to be wider than they are deep in proportion to the female shape.

The discrirninant analysis reveals a 100% confidence level for classifying the

individuals correctly using these two measurements, but the level is reduced to 91.3%

after cross-validation where one male and one female were incorrectly classified. The I -

tests showed that both the breadth and the depth are significant separators for the sex

groups.

Dama Distal Left Tibia
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Figure 6.105	 Plot of Dwna distal tibia breadth and depth

Both I —ratios are over the critical levels, particularly for the breadth measurement. The

t —ratio for breadth was 7.34 against a critical t value of 1.72 (20 dS), and the ratio for

depth was 3.43 against a critical value of 1.76(14 d.f). The means of the two groups,

therefore, are significantly different, supporting the confidence levels of the discriminant

analysis. The P values are well under 5%.

The red deer distal tibia was examined using 16 individuals (seven M, nine F). The box

plots (Fig. 6.106) show typically the wider range span of the male sample, and the more

concentrated range of the female group, especially for the distal tibia breadth. The

majority of the sample (75%) is shown on the right by the depth measurement to be of

equal range span with the male group, but the line extensions of range show that the

other 25% of males more than double the range span of the male group. The means are
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six and four millimeters apart for the breadth and depth between the sexes. The standard

deviations show that the males have a greatly variability that the females for both

dimensions, but especially for the breadth (4.90 M, 1.71 F).
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Figure 6.106	 Box plots of red deer distal tibia breadth and depth

The histogram of area size shows five males to be the largest specimens, and six females

to be the smallest specimens. The other five individuals in the middle range are a mix

group. The largest male specimens have great variability, according to the graph.
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Figure 6.107	 Plot of Cervus distal tibia breadth and depth

The plot shows a pattern much like the fallow deer metrical separation for the distal tibia

(Fig. 6.105). The breadth measurement distinguishes between the sexes better than does

the depth measurement, though size overlap exists for both. A slight tendency exists for

the male distal tibiae to be wider than they are deep, a shape difference more clear in the

fallow deer plot.
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The discriminant analysis indicates that out of 16 individuals, 14 were correctly

classified correctly (87.5%). One-hundred percent of the female individuals were

correctly categorized, but two male individuals were placed in the female group by the

use of these two measurements. After cross-validation, a female individual was

incorrectly classified as well, decreasing the confidence level to $1.2 %.

In summary, the distal tibia can be sexed by comparison of distal breadth and depth

measurements. For fallow deer, the confidence level of distinguishing sexes via these

dimensions is 91%+, while for red deer, the confidence level is 81%+. The distal tibia

breadth appears to be the more significant sex indicator, according to the scatter plots

and t —test results. Breadth consistently, for both species, showed a greater separation

between the two groups, and the t —ratios suggest that the means for the breadth

measurement are significantly different, and to a lesser degree for the depth.

Osteometrics can identify sex more reliably than with morphometric analysis, for bones

for which F ratios and chi-square figures showed little or no significant differences.

Astragalus

The astragalus was examined for sexual size differences.
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Figure 6.108	 Box plots of Dama astragalus lateral and medial length, and distal breadth
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The morphometric results could not detect any significant shape differences, but perhaps

size differences can distinguish between the sexes. Three measurements were employed

to investigate the size of the astragalus, the length of the lateral half, the length of the

medial half, and the breadth of the distal end (Von den Driesch 1976:88). Twenty-one

fallow deer individuals (11 M, 10 F) were measured, and 12 red deer specimens (six M,

six F) as well. The results of the fallow deer analysis of the astragalus were as shown in

Fig. 6.108.

All the measurements reveal some extent of overlap between the sexes. Similar range

spans are also observable, indicating similar variability of size in the two groups. No one

dimension seems more discriminating than the other at first glance. The measurement

means are 1-2 millimeters apart, and the standard deviations reveal a similar variability

between the sexes for all three measurements.

The area size histogram reveals that the largest six specimens are male, then the seventh

largest individual is a female, and a mix of males and females continues. The third

smallest is a male. Area size, in the case of the astragalus, does not appear to work as a

sex indicator.
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Figure 6.109	 Plot of fallow deer astragalus length and breadth

The plot above shows length of lateral side versus breadth of distal end. Of all three

combinations of metric plots for the astragalus, this combination of measurements
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creates the best separation between the groups. Length of medial side seems to be the

least discriminating variable of the three, while length of lateral side seems the most

discriminating. Breadth of distal end does not seem to separate the groups well. The male

individuals, in general, are larger than the females, but do not indicate any sign of shape

difference by proportions of morphology.

The discriminant analysis shows that out of 21 individuals, 18 were correctly classified

(85.7%) using the three measurements. Both male and female groups contain

misclassified individuals. After cross-validation, 16 individuals were correctly

categorized, dropping the number of classified females to 60%, and the total proportion

of individuals correctly classified to 76.2%. The two-sample t —test for length of the

lateral side produced at—ratio of 2.68 versus a critical t value of 1.73 (18 d.f.),

indicating a significant difference between the means of the two groups. The t —ratio for

length of the medial side was 2.56 for a critical value of 1.73 (18 d.f.), also indicating

significance, and the t —ratio for breadth was 3.89 for a critical level of 1.74 (17 d.f.).

Accordingly, the distal breadth appears to be the most significant variable of the three

measurements for distinguishing between the sexes because of the differences of the

means. Perhaps with added individuals, the separation of the groups via distal breadth

would become more apparent.

The red deer astragalus study included the measurement of 12 specimens (six M, six F).
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Figure 6.110	 Box plots of Cervus astragalus lateral and medial length, and distal breadth
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The box plots show a fair amount of consistency of proportion of the astragalus shape.

Females and males seem to maintain the same box sizes and range spans throughout the

metrical data. Size overlap consists for all measurements, and males have a greater

variability of size than do females. The means are consistently six millimeters apart

between male and female means for all dimensions. The standard deviations show that

males have considerably more variability from the means than do females. For example,

for length of the lateral side, the standard deviations are 4.87 M, and 1.80 F; for length of

the medial side, the standard deviations are 5.12 M, and 2.27 F. The standard deviations

for breadth of distal end are identical to the latter, indicating greater variability of size

from the mean for the male individuals, typical of cervid metrics up until this point.

The histogram of area size shows almost no overlap. Males are the largest individuals

with greater variability of size than the smaller females. The exception is the third

smallest individual of the sample of 12 is a male.

The plot (Fig.! 11) below shows the measurements that best separate the groups (for

others see Appendix K). Overlap of sizes occurs for both measurements represented

above, though, save for one male individual, the groups would separate cleanly. The

sizes ascend along a diagonal line suggesting that the shape of the astragalus is not

changing, but only getting larger.

Cervus Left Astragalus

Length of lateral half (mm)

Figure 6.111	 Plot of red deer astragalus length and breadth
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The discriminant analysis shows that out of 12 individuals, 11 were classified correctly

(91.7%). One male was misclassified as a female when checking the confidence level of

these three measurements. The same confidence level is maintained even after cross-

validation.

The t —test results show significant differences between the means of the two groups, but

only marginally. For example, the t —ratio produced for the analysis of the length of the

lateral side was 2.97 for a critical level of 1.94(6 d.f.), and for the length of the medial

side 2.50 for a critical level of 1.94 (6 d.f.). The distal breadth shows significant

difference between the two group means similar to the medial length results. The P

values are all under 0.05, though the medial length and distal breadth come close with

values of 0.047, indicating a slight chance that the differences detected between the

means of these measurements could be a chance occurrence.

In brief, the cervid astragalus goes shows significant differences between the male and

female groups. In the case of the fallow and red deer, statistics show significant

differences between the metrics and the means of the two groups, but marginal

significance. Score and box plots show overlap between all measurements and no shape

differences of proportion are evident. The osteometric data shows better separation for

the groups than does the morphometric data. Using these measurements, particularly the

length of the lateral side and the breadth of the distal end, confidence levels are 76%+.

The astragalus is, therefore, a fair indicator of sex by size alone.

Proximal metatarsus

The proximal metatarsus was measured for sexual differences of size and shape. The

proximal metatarsus was examined using 37 individuals of fallow deer (13 M, 24 F), and

13 individuals of red deer (six M, seven F). Two measurements were employed to

examine size differences, breadth and depth of proximal end (Von den Driesch 1976:92).

The fallow deer results are considered immediately following, and the red deer results

will be examined later on.
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Figure 6.112	 Box plots of Dama proximal metatarsus breadth and depth

The box plots show size overlap in the ranges of the dimensions, though the overlap

occurs only with the line extensions of range representing only 26% of the group. One

female outlier extends into the boxed range of the males for the breadth. Males show

more variability of size, though females have considerable variability as well, not

common for cervid females when observing the metrical data of other bones. The means

of the two measurements of fallow deer are consistently two millimeters apart indicating

similar shapes between males and females. The standard deviations show increased

variability for the male individuals in the sample than the females, for example the

standard deviation for breadth is 1.26 for males and 0.70 for females. The standard

deviations for the depth measurements are similar to the breadth.

The area size histograms show overlap in the mid-large size range. Specifically, out of

37 individuals, the eight largest specimens are males, then the largest female follows and

a mixture of males and females. The smallest 19 individuals are females.

The plot (Fig. 6.113) shows the breadth versus the length dimensions of fallow deer.

Considerable overlap exists between the two sexes, especially for the depth

measurement. Breadth separates the groups better, but only a few males of the 13 are free

from the overlapping points. No shape difference is observable here, though the females

are in a tighter cluster than the males, especially in breadth comparison.
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Figure 6.113	 Plot of Dama metatarsus breadth and depth

The discriminant analysis shows that out of 37 individuals, 34 have been correctly

classified into appropriate groups (91.9%). Both male and female groups have

individuals that have been misclassified. After cross-validation, the number of

individuals correctly classified drops by one individual to 33 correct (89.2%), still a high

confidence level.

The t —test results show that the means of the two groups have significant differences for

both measurements. For the breadth, a t —ratio of 6.12 was produced against a critical

value of 1.75 (16 d.f.), for the depth, r = 5.72 for a critical value of 1.73 (18 d.f.). The P

values are 0.00. Therefore, the means of the fallow deer proximal metatarsus are

significantly different, and the confidence level of the classification of groups by using

breadth and depth measurements is high, despite the overlap of sizes displayed by the

metric plot (Fig. 6.113).

The red deer sample was comprised of 13 individuals (six M, seven F) and was

examined for significant size differences between the sexes.
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Figure 6.114	 Box plots of Cervus proximal metatarsus breadth and depth

The box plots show an extensive size range for males in comparison to females. Slight

size overlap exists for the breadth measurement only. The means are consistently six

millimeters apart for both dimensions, indicating no shape differences between the sexed

groups. The males show great size variability in comparison to the female individuals

according to the standard deviations. For example, the standard deviation for male

breadth is 4.97 while for female breadth, the deviation is 1.36. The depth measurement

indicates similar variability between the sexes.

The area size histogram shows no overlap between the groups, and the extent of the

variability of the male size. The difference between the smallest male and the largest

female is, however, only about 10 millimeters 2 (0.1 cm2) making the complete

separation very unstable.
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Figure 6.115	 Plot of Cervus proximal metatarsus breadth and depth
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The plot (Fig. 6.115) shows an almost clear separation of male and female individuals,

especially via the depth measurement. The opposite is true of the fallow deer scatter plot

of the same measurements where the breadth was the more discriminating size variable,

but only marginally. The inconsistency with the more distinguishing size traits of cervids

confirms that there is no shape difference between males and females, but only size

difference. The morphomeiric results also confirm this conclusion.

The discriminant analysis reveals that, out of 13 individuals, ten could be classified

correctly (76.9%) using these two measurements. One-hundred percent of the female

individuals could be classified correctly, while only half of the males (three) were

correctly categorized. The same results were maintained even after cross-validation. The

t —test results show that significant differences exist between the means of the two

samples for both dimensions. The t —ratio produced for the analysis oft for breadth was

2.89 for a critical value of 2.02(5 d.f.), and for depth t = 2.90 with the same critical

value. The P values are 0.034 for both groups indicating a rare occurrence that the size

differences detected by the measurements are accidental. The significance values are

therefore marginal but still valid as two distinguishable groups for both measurements.

In short, the proximal metatarsus can be used to separate the sexes of cervids at a 77%+

level of confidence. The larger sample of fallow deer shows higher confidence in sex

discrimination by these two size variables (89%+). Although overlap does exist in the

ranges, observable on the scatter plots, the consistency of smaller range for females and

larger sizes for males allows for a fairly high confidence level. The t —test results confirm

that the means, in all cases, are significantly different, though marginally.

Summary of results

The following tables will summarize the morphometric and osteometric results for each

species and for each bone. The defmitions of the columns and their contents are given in

detail in section 6.1 of this chapter. The scoring of the OL (Overlap) column has been

adjusted to conform to the fewer number of deer individuals in the sample groups.
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Table 6.5 represents the summary of the statistical results of the evaluation of the

specified bones of fallow deer as sex indicators, either by shape or by size. For the

morphometric section, five bones have earned a SIM score of 3 or 4, indicating

significant shape differences between the sexes. These bones are the atlas, the glenoid

fossa, the proximal metacarpus, the obturator foramen, and the proximal femur. The

eigenshape variables showed significant variance between the sexes within the first three

eigenshape components, the canonical variates analysis produced significant chi-square

results for the independence of the variables for the groups, and the shape overlap

between the sexes from the score plots was low. All these factors constitute evidence that

these bones exhibit sexually diagnostic morphology which enables the sexes to be

identified within reasonable probability.

The axial dens shows signs that some shape differences exist. From the sample

employed, these shape differences can be chance occurrences, or they are differences that

would become more viable as sex indicators if more specimens were included in the

investigation. Another possibility is that the differences exist, but the scanning method

could not accurately reproduce the bone shape, hiding the true diagnostic features within

electronic noise or error. Visually, I have seen that there is a difference between the male

and female dens, particularly the thickness of the dens within the ventral ridge, the

impetus for choosing the dens in the first place. But the profile gauges and the

digitization of the profiled shapes could not capture the subtle differences.

The distal humerus, distal tibia, astragalus, and proximal metatarsus did not show signs

of sexually dimorphic characters in the fallow deer.

Almost all of the bone elements under study showed significant size differences between

the sexes of fallow deer. The atlas, the axial dens, the glenoid fossa, the distal humerus,

the proximal metacarpus, the obturator foramen, the proximal femur, and the distal tibia

all were proportionately larger for males than for females. Borderline size discriminants

were the astragalus and proximal metatarsus. The atlas, the glenoid, and the obturator

foramen showed the greatest metrical differences between the sexes, scoring a perfect

SlO 3. The significant r ratios, the high confidence levels of classification, and clear

separation of the groups on the size plots show that these are the most reliable sex
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indicators by size. The bones scoring an excellent 4 are also very reliable sex indicators

by measurement (the dens, the distal humerus, the proximal metacarpus, the proximal

femur, and the distal tibia). The only difference between these bones and the perfect Sb

scoring bones was the amount of slightly increased amount of overlap occurring in the

plots for the sample groups.

Interestingly, the perfect-scoring bones for the morphometric section of the analysis

(SIM = 3) also scored a perfect score for the osteometrical section of analysis (SlO = 3).

The atlas, the glenoid fossa, and the obturator foramen are all highly sexually dimorphic

bones or bone parts, which exhibit both shape AND size differences. The bones which

scored an almost perfect score of 4 on both the SIM and SlO were the proximal

metacarpus and the proximal femur, two very reliable sexually diagnostic bone parts.

The remainder of the bones studied from the fallow deer sample, the dens, the distal

humerus, the distal tibia, the astragalus, and the proximal metatarsus are not highly

dimorphic bones, but are more accurately sexed by metrics rather than by morphology.

The astragalus scored the lowest for both success indices.

Table 6.6 presents the results of the shape and size analysis for red deer. The small size

of the sample and the wide geographical range of the individuals in the sample concealed

the potential sexual dimorphic traits. After all, the sexually dimorphic traits discovered in

the fallow deer should also be apparent in the red deer, and even more so because of their

larger size as a species. Theoretically, the traits discovered in the fallow deer should exist

in other deer species whose skeletal structure and behaviour are similar (Chapter 2).

However, for the reasons stated above concerning sample size and geographical

variation, the results found for the red deer sample could not parallel those of the fallow

deer. For example, the glenoid, found to be one of the most reliable sex indicators by

shape AND size for the fallow deer, scored a very low 8 for the SIM, and a low 7 for the

SlO. Another discrepancy between the two samples of cervids was the scores for the

distal tibia. For fallow deer, the distal tibia was one of the lowest scoring bone parts, but

for red deer, the distal tibia is second best scoring sex indicator! Actually, according to

the eigenshape models, the distal tibia of the red deer is sexually dimorphic in shape,

while the subtle difference was not detected in the smaller fallow deer bone.
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The only bone part that received a perfect score of 3 for both shape and size analysis

was, predictably, the pubic section. The distal tibia scored an almost-perfect score of 4

and 5 for both sections. Other potentially significant bones for sex determination by

shape and size, according to the red deer statistical summary, were the proximal

metacarpus, the proximal femur, and the proximal metatarsus. With more individuals

added to the sample, the distinguishing shape trends between the sexes would no doubt

become more apparent. In general, the red deer sample was best separated by metrics,

save for the pubic section and distal tibia.
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6.4	 Bovids

Unlike other mammal groups previously discussed in this study, the sheep sample has

the added complexity of dealing with bones from a third group, castrated male

individuals, or wethers. The following study is the first of its kind in zooarchaeology,

using eigenshape analysis to discover trimorphic differences between the sexes. As

before, the eigenshape analysis results are presented first with reference to score plots,

eigenshape trends, and mean shape models. The F test results are given for each of the

first ten shape variables, and the chi-square results of the canonical variates analysis of

the shape variables are presented. The osteometric information is then reviewed with box

plots, scatter plots, and histograms of area size. The results of the discriminant analysis

are considered. Because the sheep sample has three groups, including castrates (or

wethers), the usual two-sample t —test could not be used. Instead, analysis of variance

(ANOVA) has been employed to examine the extent of difference between the group

means.

A maximum of 55 individuals were examined from the sheep sample. At least five

breeds of sheep were incorporated into the study with the purpose of examining

universality of sexual dimorphism despite breed differences. These include Shetland,

Soay, Herdwick, Ronaldsay, and (a) Greek breed(s) (breed type unrecorded in the

collections of the Wiener Lab and the Fitch Lab in Athens). The examination of extent of

sexual dimorphism within breeds and populations will be examined in the following

Chapter 7 in Discussion.

Ten bones or bone parts were examined morphologically and metrically, the atlas, the

axial dens, the glenoid fossa of the scapula, the proximal humerus, the proximal

metacarpus, the obturator foramen of the innominate, the proximal femur, the distal tibia,

the astragalus, and the proximal metatarsus. The morphometric analysis results are

reviewed first.

Eigenshape Analysis

The individuals in the sample were analyzed as a complete group with eigenshape

analysis to discover whether shape trends existed within the group that could be
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expressions of sexual dimorphism. The first three eigenshape scores were plotted against

each other and the plots producing the best separation between the three groups are

presented below for each bone. The eigenshape models for the first three eigenshapes are

located in Appendix G. The mean shape models have been collected in Appendix F, but

are also presented in this chapter for a visual summary of shape differences.

Atlas

Sexual dimorphism of the sheep atlas was investigated using 39 individuals (nine males,

20 females, 10 wethers).

Figure 6.116 below shows the separation of groups by comparison of eigenshapes 1 and

2. Three clusters are almost clear in the score plot indicating that a shape trend is

occurring for each of the groups. The males are located in the positive range of ES-2

along the higher range of ES-I.
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Figure 6.116	 Score plot of Ovis atlas for ES-I and ES-2

The females are located in the center of the plot and the wethers are located in the

negative range of ES-2 and the middle range of ES-I. The male atlas seems to have a

shape trend of its own, while the wether atlas mimics that of the female. More overlap

occurs between wethers and females than for other group combinations. A glance at the
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eigenshape 2 models for the sheep atlas (Appendix 0) will show that the shape

component under investigation involves the shape of the transverse (or lateral) processes.

The male transverse processes are more robust and straight horizontally. The female atlas

is more gracile, and the transverse processes are proportionately shorter with a slight

curve ventrally from the horizontal position. The wethers are similar to the females

except that the dorsal tubercie is taller and rounder giving a more curved appearance to

the transverse processes ventrally. A glance at the mean shapes will summarize the shape

differences.

The male atlas is clearly more robust than that of the female or wether. The angle of the

transverse processes can be observed by comparing the superimposed images, but also

by the angle of the processes in relation to the X axis.

MaIeI	 /Wether

25

-25

Figure 6.117	 Ovis atlas mean shapes superimposed

The shape variance can be explained by differential use and physiology of the head.

While many breeds of sheep exhibit females with headgear, the female horns are less

substantial and do not endure the force that male horns do during combat (Kitchener

1985, 1988).

The F test results indicate that the most significant shape variables distinguishing

between the three groups are 1 and 2 with F ratios of 7.53 and 18.02 for a critical F

value of approximately 3.26 (2 and 51 d.f.). Furthermore, eigenshapes I and 2 seem to

separate the groups significantly judging from Figure 6.116.
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The results of the canonical variates analysis reveal a significant f value for the first ten

shape variables. The x2 value produced is 49.90 for a critical value of 31.41 (20 d.f.)

showing that the variables are sufficiently discriminating between the sexes.

The atlas is strongly dimorphic, but including the wether group, the atlas is shown to be

sexually trimorphic. Studies of sexual dimorphism of the sheep atlas have been

performed in the past (Boessneck eta!. 1964; Boessneck 1970; Gromova 1953;

Lempennau 1964), but these studies did not consider the morphological differences of

the wether atlas.

To further investigate the atlas, extended eigenshape analysis was used to isolate

segments of the atlas shape for more intense study. Seven landmarks were placed along

the atlas shape and segments were examined separately. Figure 6.118 below shows the

location of the landmarks. The points were strategically placed at positions along the

outline that would allow specific curves to be analyzed for shape.

Figure 6.118	 Extended eigenshape sheep atlas with landmark points

Segments examined closely were curves 1 —4, 3 - 5, 4— 1, 4 - 6, and 5 - 7.

Interestingly, all five segments produced significant F ratios within the first three

eigenshape components, and high x2 values for the first three shape variables. Score plots

for these segments can be reviewed in Appendix I. F test and canonical variates analysis

results can be reviewed in Appendix J for these segments. While all curves produced a

chi-square ratio well over the critical value (12.59 for 6 d.f., ), two segments stand out as

particularly trimorphic. Landmarks 4-6 examines the ventral side of the wing, over the

atloidian fossa to the midpoint of the ventral tubercie. The most significant eigenshapes
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with high variance F ratios are I and 3 with F scores of 4.83 and 13.42, respectively.

The critical F value is 3.26 (2 and 36 d.f.). The chi-square ratio is 32.85 for a critical

value of 12.59 (6 d.f.) indicating great significant differences between the group scores.

Predictably, the curve for segments 4 - 1 which profiles the complete ventral plane of the

atlas, is significant also. The most important shape variable is eigenshape 3 having an F

value of 15.86 (critical value 3.26 for 2 and 36 d.f.). The first three variables received a

chi-square value of 26.65 (crit. val. 12.59 for 6 d.f.).

In short, while all segments showed evidence of significant difference between the three

groups of sexes, the ventral plane of the atlas showed more variance between the groups

than the dorsal plane. The atlas is an excellent bone to use in sex determination, and even

helpful for castrate identification.

Axial dens

The axis of the sheep was investigated for sexual dimorphism by examining the dens of

40 individuals (ten males, 20 females, ten wethers).
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Figure 6.119	 Score plot of sheep axial dens for ES-2 and ES-3

The score plot does not reveal any coherent separation between the three groups. In fact,

most individuals tend to collect in the positive range of ES-2 indicating that the shape

trend is equal for all three groups, though group means will be different. Representatives
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-15 15

from all three groups also scatter into the negative section of ES-2 indicating a few

outliers from the mean shapes not specific to any one group.

Male!	 IWether

15

-15 __

Figure 6.120	 Ovis axial dens mean shapes superimposed

The mean shapes (Figure 6.120) and the eigenshape models (Appendix G) show no great

difference in outline, particularly in thickness, as was witnessed visually directly from

the bone specimens. The female does seem more narrow between the two peaks, but

perhaps this is only a reflection related to the smaller proportions of the dens in general

for the female individuals. The wether neither resembles the male nor the female.

Individual variation of the specimens probably play the defming role of the mean shapes

of these groups.

The results of the F test of variance indicates that the shape variables ES-4, ES-5 and

ES-6 have significant variance between the groups showing F ratios of 3.38, 4.92, and

4.26 (critical value ofF 3.27 for 2 and 37 d.f.). The score plot of eigenshape scores 5

and 6 (Figure 6.121) show a better separation.

However, great overlap still exists, but the groups are slightly better clustered. The

females have gathered in the center of the plot while the males tend to flank the females

on the right side (positive range of the abscissa) and the wethers tend to flank the females

on the left side (negative range). A shape trend seems to be apparent for the three groups,

but the significance still seems minimal.

269



Ovis Axial Dens

o.1

SOB

0.06 •

•	 0.04
•	 A

A	
•MaIe

'	 •Femae
-0.15	 0.1	 O.O	

02 0 
•	 O.	 0.1	 A Wether

•	 •••• A	 A
-0.04

•	 A
-0.06

-008

-0.1

ES-5

Figure 6.121	 Score plot of sheep axial dens for ES-5 and ES-6 after F

The chi-square value produced for the analysis for these canonical variates was 31.53 for

a critical value of 31.41 (20 d.f.), indicating marginally significant differences between

the groups with these shape variables.

The analysis of the dens was hindered by the inaccuracy of shape reproduction during

digitization, similar to the problem of analyses of the axial dens for the deer species. The

problem is caused by the landmark placement on the second peak occupying different

positions with the sequence determined from different specimens (MacLeod 1999).

Nevertheless, extended analysis was performed on individuals to investigate whether any

curve differences between the sexes could be detected for the dens.

The curves 1 —2 and 2— 1 were examined separately using landmarks along the shape

outline. Both curves showed little to no significant difference between the groups.

Segment 2— 1, however did produce a better F ratio for ES-2 than for the other variables

for either segment with a value of 3.62 for a critical value of 3.27(2 and 37 d.f.). If

significant differences occur between the groups, curve 2— 1 along the ventral side of the

dens is the most significant although numerically, it is marginally significant.
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Figure 6.122	 Extended eigenshape landmarks on sheep axial dens

Eigenshape 2 of the segment 2— 1 does distinguish between the rounder shape of the

male and the more half-oval shape of the female, with the wether in between both shape

tendencies. The chi-square value does not support the significance of these findings.

The axial dens, while showing slight indications of sex differences, cannot be reliably

used in association with this morphometric method to determine sex. The problems

encountered during digitization are likely hindering the proper evaluation of the sexual

dimorphic qualities of this feature.

Glenoidfossa

The morphology of the glenoid of cervids showed dimorphic traits in the shape of the

fossa. The glenoid of the sheep was also tested for sexual dimorphism using 55

individuals (ten males, 29 females, 16 wethers).

While the overlap is considerable in Fig. 6.123; males are gathered in the positive range

of ES-2, while wethers are located in the mid to negative range of ES-2. Females

encompass all shape variations of the glenoid fossa, but are contained mostly in the mid

range of ES-2 and ES-3.

The eigensbape models for ES-2 show that the shape variable being compared here is the

position and stnicturc of the coracoid process. The shape of the fossa, like the cervids,

does not seem to be the main point of difference in the case of the sheep, but the
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orientation of the fossa with the coracoid process appears to show significant difference

between the three groups, particularly between the males and females.
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Figure 6.123	 Score plot of sheep glenoid for ES-2 and ES-3

The mean shape models show that the coracoid process of the male is more squarish and

upright in relation to the cavity, in contrast with the female which is smaller, but more

curved along the cranial wall of the coracoid process.

Male!	 JWether

Figure 6.124	 Mean shapes for sheep glenoid fossa superimposed
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The wether resembles more the shape of females with a more angled coracoid process

along the cranial ridge, but is almost the size of the male. In fact, the outline of the

wether glenoid cavity is almost eclipsed by that of the male, except for the coracoid

process which is more angled and displays a "beaked" appearance of the process on the

caudal ridge. The glenoid then, particularly the morphology of the coracoid process, is

sexually trimorphic, the wether recognized with the size of a male, but the process shape

of a female.

The F test shows three shape variables with significant variance, ES-I, ES-2 and ES-6

with scores of 3.68, 5.93, and 4.02, for a critical value of 3.20(2 and 52 d.f.). The

significance of the variables as a group produced a chi-square value of3 1.38 for a critical

2 value of 31.41(20 d.f.) showing marginal significance.

The glenoid fossa, therefore, shows stable morphology differences. Within a large

sample not necessarily from the same population, perhaps wethers could be recognized

by these morphological differences. Though individual variations of morphology occur,

the differences of the orientation of the coracoid process could likely be mapped so that

similar differences from the sex groups could be detected.

Proximal humerus

The proximal humerus was examined through 48 representatives of sheep (nine males,

30 females, nine wethers).

The score plot (Fig. 6.125) shows great overlap between male and female individuals

particularly. The wethers, however, are collected into a relatively tight cluster in the

positive range of ES-2. From the eigenshape models, the shape component being

compared is not immediately apparent A glance at the mean shapes (Figure 6.126) can

help identify the areas of difference.

The male and female shapes (Fig. 6.126) are virtually identical irrespective of size,

however, the outline of the wether is slightly different from the other two groups.
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Figure 6.125	 Score plot of sheep proximal humerus for ES-2 and ES-4

The morphological difference lies in between the lateral and medial tuberosities in the

intertuberal groove . The lateral tuberosity is narrower and the intertuberal groove is

longer in relation to other two specimens. The rest of the wether outline is eclipsed by

the male outline. Differences could be due to delayed fusion in wethers (Davis 2000).
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Figure 6.126	 Mean shapes of sheep proximal humerus superimposed

The most significant eigenshape variables are ES-2 and ES-4 with F ratios of 3.82 and

2.31. The critical F value is 3.20 (2 and 45 d.f.) meaning that only the F ratio for ES-2 is
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significantly discriminating between the three groups. The chi-square value shows

significant differences between the first ten variables and the groups with a score of

37.69 against a critical x 2 value of3 1.41 (20 d.f.).

The proximal humerus is therefore sexual dimorphic, but only between males or females

and wethers. Again, a large sample would have to be tested so that this subtle variation in

shape could be recognized. The F ratios show a marginal significance of this variation in

shape. Perhaps the significance would improve if the caudal portion of the shape could

be isolated and compared separately between the groups.

Proximal metacarpus

The proximal metacarpus showed sexual dimorphism in cervids. The investigation of the

proximal metacarpus now focuses on sheep. Twenty-eight individuals (four males, 17

females, seven wethers) were examined for sexual trimorphism.
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Figure 6.127	 Score plot of sheep proximal metacarpus for ES-3 and ES-4

The extent of the shape overlap is considerable (Fig. 6.127), however, the males seem to

be moving away from the main cluster of individuals. With the exception of one outlier

male in the main group, the male individuals appear to be following a different shape
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trend. The females and whether are of similar shape, as we have already seen in the case

of the glenoid and atlas.

The mean shapes (Figure 6.128) confirm this interpretation. The females and the wethers

maintain the same outline, while the males are more boxier rather than curvy again along

the craniotateral ridge of the proximal end. The wethers, however, are the of similar size

to the males, but their shape is more akin to that of the female metacarpus.

Male!	 /Wether

15

Figure 6.128	 Mean shapes of sheep proximal metacarpus superimposed

The current study of the proximal end of the metacarpus identifies castrated animals

using a different method. Although only a few males were incorporated into this study of

the proximal metacarpus, studies of other ungulates in this dissertation, namely cervids,

also confirm a morphological difference between males and females. Wethers are an

added dimension in this study of sheep, and the similarities with female shape but with

male size are recognized in other bone elements as well.

The F test of variance of the sheep metacarpus indicates that eigenshapes 3, 4, and 8

represent significant shape differences between the three groups. The F ratios are 4.75,

3.85, and 4.51, respectively, for a critical F value of 3.38 (2 and 25 d.f.). Bartlett's chi-

square shows significance for the first ten shape variables in distinguishing between the

three groups, with ax2 value of 33.23 against a critical value of3 1.41 (20 d.f.).
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The proximal metacarpus, therefore, shows significant shape differences between the

three sexes. The differences, again, are slight and care should be taken when attempting

to distinguish specimens of unknown sex using this method. The shape of the wether

proximal metacarpus mimics that of the female, and has the size of a male. With the use

of size and shape, the three sexes can be distinguished from each other, therefore, the

proximal metacarpus is sexually trimorphic.

Obturator foramen

The obturator foramen was examined using 52 individuals (11 males, 25 females, 16

wethers). The score plot (Fig. 6.129) shows a scatter of individuals from the three

groups. If the wethers were extracted from the plot, the male and female individuals

would form almost two separate clusters. The wethers are then scattered across the shape

trends of both groups.

Ovis Right Obturator Foramen

? -0.15	 -0.1•
Cl)
LU	 •

0.1

U

MU

.
- .	 0	 0.05	 0.1	 0.15

U

-0.05

I

•MaIe
0.2

• Ferrule

Wether

-0.1

S

-0.15

ES-2

Figure 6.129	 Score plot of sheep obturator foramen for ES-2 and ES-3

Examination of the eigenshape models (Fig. 6.130) for ES-2 will reveal that the shape

trends express a different figuration for the male and female foramen. The model on the

left of Fig. 6.130 represents the shape trend of the individuals located on the extreme left

side of the score plot 6.129 (negative range of ES-2).
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0
Eigenshape models for shape trends expressed by ES-2

The center model represents the mean shape of all the individuals in the sample group,

and the right model represents the individuals on the extreme right side of the score plot

for the sheep obturator foramen.

The coordinate points have been included with the eigenshape models in Fig. 6.130 so

that their location on their score plot can be established and individual points in the

vicinity of the models on the plot can be identified with a shape trend. Accordingly, the

male individuals, located in the negative range of ES-2 have a 'boxy' shape in contrast to

the females which have a more oval, symmetrical shape. The wether obturator foramen

expresses both variations of shape.

Male!	 /Wether

15

Figure 6.131	 Mean shapes of sheep obturator foramen superimposed

The mean shapes show that the mediocranial side of the foramen has the greatest

difference between the three groups, with significant differences along the laterocaudal

edge adjacent. The variation of the morphology of the pubis has elongated the

mediocranial curve of the male and reorientated the structure of the foramen. The wether
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foramen shows an influence of both trends and thus resembles a shape that is neither

completely akin to one nor the other group. The shape of the wether foramen can be

described as the size of the male foramen, but the of shape of a combined male and

female mean. The shape of the wether is not entirely like that of the female because of

the eclipse of the male outline on most of the wether diagram. Moreover, the wether

outline is not a proportionate enlargement of the female shape; it is almost touching the

female outline in some places, but at a greater distance from the female in other areas,

specifically at the mediocranial and laterocaudal edges.

The F test shows three eigenshape variables that exhibit significant variance between the

three groups. They are ES-2, ES- 3 and ES-6 with F ratios of 7.21, 4.30, and 5.77 for a

critical value of 3.20 (2 and 49 d.f.). The chi-square value indicates very high level of

significance with a score of 55.89 for a critical value of3 1.41 (20 d.f.). The eigenshape

variables represent very significant shape differences between the three groups.

In summary, the obturator foramen can be used to suggest sex of sheep specimens, and

perhaps for other bovids. Since the morphology of the pubis is similar within the family

of bovids, the associated shape of the foramen is likely to respond in the same way to the

variations of the pubis in other species in this family. The score plots, mean shapes and

statistical analyses of the morphometric data all indicate significant differences between

the three sex groups, i.e. the obturator forainen is sexually trimorphic. The identification

of wethers is particularly important, because wether pubic morphology often resembles

that of the female and can be misidentified.. The examination of the pubis and the shape

of the obturator foramen can aid significantly to identifying the presence of wethers in a

sample. The sample, of course, should be large enough to allow room for comparison

between individuals to determine shape trends in the sample.

Proximal femur

The proximal femur was examined for sexual trimorphism using 55 individuals of sheep

(ten males, 30 females, 15 wethers). The score plot (Fig. 6.132) shows individuals from

the three groups compared for shape trends of the proximal femur.
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Figure 6.132	 Score plot of sheep proximal femur for ES-3 and ES-4

Similar to the case of the obturator foramen, the proximal femur score plot shows an

almost clean separation between male and female individuals. Wethers are scattered over

the two groups indicating a tendency of shape like that of the males and the females for

castrated individuals. The females tend to side in the positive range of ES-4, while males

side primarily on the negative side. ES-4 separates males and female very well, while

wethers occur in both positive and negative ranges. ES-3 does not separate male and

female individuals very well, but wethers are almost all in the positive range of the ES-3.

Examination of the eigenshape models (Appendix G) shows that ES-3 concentrates on

the shape of the intertuberal groove. The positive range exhibits a U- shape, while the

negative range displays more of a V- shape. Accordingly, wether proximal femora are

more U-shaped between the trochanter and the head. Male and females are mostly

somewhere between a U and a V in profile. ES-4 also exhibits variations of U and V -

shapes of the groove, but has the added feature of the shape of the base of the head

within the groove. A small bump where the epiphysis of the head fuses with the neck of

the femur is apparent. The positive range of ES-4 shows more of a U-shape of the groove

(though not as pronounced as positive ES-3) with a small bump at the base of the head,

while the negative range of ES-4 shows more of a U-shape groove with a wider, less
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steep bump at the base of the head. Therefore, females are more U-shaped with a small

bump, and males are more V-shaped with a low-lying bump at the base of the head.
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Figure 6.133	 Mean shapes of sheep proximal femur superimposed

The mean shapes show a summary of the profiles of the proximal femur for each group.

The curve of the wether is completely eclipsed by the male, however minute variations

could still exist between the two groups. The female curve is at a smaller angle than the

male/wether curve. Using a flat compass, the difference in angle between the male and

female curves is about 10 degrees (100 for the female, 110 for the male).These mean

shapes are representative of all the breeds and populations represented in the sample

group. A sample from one population of a single breed and size range would likely

produce a more dramatic difference.

The F test reveals two shape variables that are significantly variant between the three

groups, ES-3 and ES-4, with scores of 8.45 and 8.79 for a critical value of 3.20 (2 and 52

d.f.). Therefore, the shape of the groove and the variations of shape within the groove

significantly separate the groups. The chi-square test shows that the first ten shape

variables are highly significant with ax2 value of 45.11 (critical value 31.41).

In short, the proximal femur appears to display statistically significant morphological

differences between the three groups. Wethers are elusive, however, as the score plot and
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mean shapes will testify. The score piots indicate that the wether proximal femur can

exhibit shape features like those of the males and females, especially clear when

comparing ES-4. Eigenshape 3 indicates that wethers have their own shape trend as they

exhibit a tendency to group towards the positive range of this variable. Yet, the trend is

apparently minor and does not reflect a significant difference on the mean shape model.

The proximal femur then is sexual dimorphic between male/wether and female groups,

though the F ratios and chi-square value indicate that the variables are distinguishing for

all three groups.

Distal tibia

The distal tibia was examined using 52 individuals (nine males, 28 females, 15 wethers).
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Figure 6.134 Score plot of sheep distal tibia for ES-3 and ES-4

The score plot 6.134 shows considerable overlap between all the groups, though the

means are clearly different. When comparing shape component ES-3, particularly, the

wethers seem to dominate the positive range, the females the mid range and the males

the negative range. In the case of the distal tibia, the plot appears to indicate that the

wethers separate better from the males than do females from males. If female individuals

were removed from the plot area, the wethers and males would almost be in two separate

clusters, save for the outlier wether in the negative range along with the males.

282



-20 20

Male!	 /Wether

15

-15—

Figure 6.135	 Mean shapes of sheep distal tibia superimposed

The mean shapes confirm that the male and female outlines are very similar while the

wether distal tibia seems to have a slightly different shape, particularly on the medial

side. The medial malleolus of the wether is just as extensive as that of the male, although

the rest of the outline is more akin with that of the female.

Two eigenshape variables were found to be of significant variance between the groups.

ES-3 and ES-4 surpassed the critical value of F with ratios of 6.74 and 4.03 9

respectively, against a critical F value of about 3.20 (2 and 49 d.f.). The chi-square value

for the first ten eigenshape scores was 33.52, just over the critical level of 31.41(20 d.f.,

a 0.05). The first three variables are of higher significance for distinguishing between

the groups with a score of 18.27 (critical value 12.59 (6 d.f.).

Briefly, the distal tibia shows evidence of sexual trimorphism between the groups. While

there is great overlap in the score plot, the mean shapes define three shape trends

maintained by the individuals in the three groups. The male distal tibia is more robust

than the female although the profiles of the distal end are not strikingly different. The

wethers follow more the outline and size of the females with the exception of the medial

side which more resembles the size and shape of the males. The F ratios indicate that

eigenshapes 3 and 4 distinguish between the three groups most significantly of all the

shape variables, both well over the critical value ofF. The chi-square values also confirm

significance of the variables for distinguishing between the three sexes.
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Astragalus

Fifty-four individuals (ten males, 30 females,14 wethers) were examined for sexual

trimorphism of the astragalus. Figure 6.136 shows the score plot of eigenshapes 1 and 3.

All three groups exhibit considerable overlap, and neither eigenshape variable can

separate the groups very well, though this is the clearest separation any of the score plots

can produce. Even if one group was removed from the plot area, there would be no hint

of a separation between any combination of groups. But the closed curve of the

astragalus is rather complex, so perhaps distinguishing shape features are represented in

lower eigenshapes.
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Figure 6.136	 Score plot of sheep astragalus for ES-i and ES-3

The mean shapes of the astragali seem very unpattemed and none of the groups appear to

resemble each other greatly, although about 75% of the wether outline is eclipsed by that

of the male. However, the medial side of the astragalus reveals a feature that could be a

defining trait. The "sharp ridge", as Boessneck defines, "usually stands obliquely and

protrudes dorsally and medially between the trochlea and head" (1970:352). Boessneck

identified the ridge as a feature distinguishing between sheep and goat rather than a sex

identifying feature. The sharp ridge, however, seems to be well-developed and

consistently occurring the female and wether individuals but not in males. The sex-

defining feature of the astragalus, according to Boessneck, is the "projections at the
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Figure 6.137	 Mean shapes of sheep astragalus superimposed

proximoplantar angle of the medial articular ridge of the trochlea" (1970:350) which is

more strongly developed in the males than females. This feature is supported as a sex

difference in the mean shapes, but in the profile that has been created, the perspective

does not capture the full extent of this attribute. The projection is only slightly taller on

the proximal end for males and wethers than females. A medial profile would likely

elaborate this feature better. From the caudal perspective, however, the sharp ridge on the

medial side is apparent, and can be seen better when the shapes are separated as below.
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Figure 6.138	 Mean shapes of male and female sheep showing the ridge on the medial side

The wether astragalus is similar to that of the female in the morphology of the medial

ridge, but is generally the size of the male astragalus. The lateral side also shows a

different curve between the three groups. Actually, the lateral side is the only side of the

four at which all lines from the three group means can be seen without overlap.
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However, there does not appear to be any definable shape trend to attribute to each sex

group.

As a complete shape, the F test revealed two eigenshapes that were significant in

distinguishing between the three groups, ES-6 and ES-7 with F ratios of 5.33 and 4.07

(critical value 3.20 for 2 and 51 d.f.). Unfortunately, the preceding five eigenshapes are

below critical value making the lower eigenshapes suspect. Furthermore, the score plot

for ES-6 and ES-7 (Fig. 6.139) does not show a significant impmvement of separation

from the plot 6.136.
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Figure 6.139	 Score plot of sheep astragalus for ES-6 and ES-7 after F test

The males and the wethers show a similarity of shape trend in the plot 6.139 since both

groups are almost exclusively in the positive range of ES-7 while females, while

scattered throughout the plot, dominate the negative range. These results cannot be

reflecting the ridge of the medial side of the astragalus since the wethers resemble the

females in that respect.

The chi-square test indicates that the first ten shape variables are highly significant with

a score of 41.99 (critical value 31.41,20 d.f.). The analysis of the first three components,
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however, did not pass the critical level. The astragalus thus has morphological

differences between the sexes, but they are perhaps minor.

Extended eigenshape analysis was performed on the sheep astragalus to investigate each

side separately. By isolating the four curves, more indepth examination of the

morphology of the astragalus can occur. Figure 6.139 displays the landmark locations

along the astragalus outline, and the order in which the segments were divided.

2

.,

Figure 6.140	 Extended eigenshape landmarks for sheep astragalus

Segments 1-2, 2-3, 3-4, and 4—i were isolated and examined using the eigenshape

program and significance tests. The only part showing significant results is segment 3-4,

the lateral side. Both the F test and the chi-square test reveal that segment 3-4 can

significantly distinguish between all three groups. ES-3 for segment 3-4 shows an F ratio

of 8.29 against a critical F value of 3.20(2 and 51 d.f.). The chi-square value for the first

three shape variables is 19.28, well over the critical value of 12.59(6 d.f.). Therefore, the

lateral side indicates the most significant difference between the three groups. However,

as stated above, the lateral side does not exhibit any definable feature that can be

compared from other samples of sheep asiragaloi, the lateral side simply shows the same

curve between the three groups, but at slightly different degrees of size.

In summary, the astragalus does exhibit a small degree of sexual tnmorphism. The lateral

side of the astragalus exhibits the most significant differences between all three groups,

although unsubstantial. The medial side shows a ridge or bump that can be used to

distinguish between male (or wether) and female groups by an absence/presence of the

medial bump. The x2 value for the complete astragalus shape reveals significant
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differences between the groups in the first ten eigenshape variables, but not for the first

three variables, and the F ratios indicate significant variance of shape variables, but only

for lower eigenshapes. Thus, the most reliable feature for the astragalus for sex

determination is the minor feature of the ridge located on the medial side. The wethers

exhibit the morphology of the females on the medial side, but the size of the males. The

astragalus, therefore, is a sexual trimorphic bone with a fairly reliable distinguishing trait

between the sexes on the medial side.

Proximal metatarsus

The proximal metatarsus was examined for sexual trimorphism using 53 individuals (ten

males, 28 females, 15 wethers).
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Figure 6.141	 Score plot of sheep proximal metatarsus for ES-I and ES-2

The score plot (Fig. 6.14 1) shows great overlap between the three groups. Both shape

components are equally unsuccessful in separating the sexes. No clusters seem to be

formed by any of the groups.

The mean shapes (Fig. 6.142) confirm that there is almost no variation in shape between

the three groups. The outlines are almost identical with slight size differences between

the males/wethers and females. The only area of variation is in the caudal portion of the

proximal end where the second vestigial metatarsal articulates.
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Figure 6.142	 Mean shapes for sheep proximal metatarsus superimposed

In this area, the three groups agree in form and size, but can provide no distinguishing

feature which can be used to separate proximal metatarsi with any reliability.

The F test indicates two shape variables that reveal significant difference between the

groups, ES-4 and ES-5 with Fratios of 3.60 and 4.17 for a critical value of 3.20 (2 and

50 d.f.). The ratios indicate marginal differences, and the eigenshapes prior to these two

components are well under the critical level. Therefore, the true significance of these

shape variables is suspect. These variables have been plotted below (Fig. 6.143).
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Figure 6.143	 Score plot of sheep proximal metatarsus for ES-4 and ES-5 after F test
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The score plot for ES-4 and ES-5 shows much better clustering for the groups, though

great overlap is still apparent. Four outlying males in the negative range of both

eigenshapes indicate a specific shape trend, however, this trend is not shared by the other

six male individuals. Three outlying wether in the positive range of ES-5 but in the

negative range of ES-4 also suggest a different variation of the same shape theme, but

the majority of wethers seem to resemble the female morphology.

The chi-square test results indicate insignificant differences between the shape variables

and the sex groups. The x2 value for the first ten components is 26.33 for a critical value

of 31.41(20 d.f.). For the first five eigenshapes, a value of 19.10 was obtained for a

critical value of 18.307, indicating marginal significance for the first five shape

variables.

In short, the proximal metatarsus does not appear to be a useful bone part for sex

determination. The morphologies are too similar between the three groups to be useful as

a sexing tool. Even significant eigenshapes revealed by the F test cannot sufficiently

separate the sexes, and the chi-square values indicate little or no significance.

Summary

The table summarizing the morphometric analysis and results is located at the end of this

section in which the bones are evaluated for their reliability to determine sex. The bones

are classified by a score in the Success Index according to their performance after the

tests.

For the purposes of concluding this section of morphometric analysis, a recapitulation of

the results for sexing ability of examined bone parts is reiterated. The atlas is the most

reliable of the bones examined because of its highly trimorphic nature. The transverse

processes are very diagnostic of sex because of the muscles (and muscle attachments) on

the atlas required to maintain and use headgear. Other significant bones parts reliable for

sexing from the sheep skeletons are the glenoid, the proximal metacarpus, the obturator

foramen, and the proximal femur. Potentially significant diagnostic elements are the

proximal humerus and the distal tibia. The axial dens and the astragalus are also

potentially useful as sex indicators, but to a lesser degree than the proximal humerus and
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distal tibia. The bone with the least success for distinguishing between the sexes is the

proximal metatarsus.

In general, the majority of the 10 bones examined from the sheep skeleton are dimorphic

between males and females. To identify wethers, the shape and the size of the elements

has to be examined together because a common pattern of wether individuals is to have

similar morphology with the females but exhibiting the size of the males. Males, on the

whole, were more robust and 'boxy' in comparison to the females and wethers.

These skeletal shape differences between the sexes became clear despite the variations of

breed type and population. The trimorphisms then, are examples of tertiary characters

that arise during life due to sexed behaviour and physiology irrespectively of breed and

overall body size. Most of these tertiary traits defined in this chapter have arisen due to

differential loading of body and head weight, as well as in respond to skeletal stress due

to differential behaviour such as male combat. While these traits have been recognized in

a sample of mixed breeds, the morphological differences would likely be more

pronounced in a large sample of sheep from a single breed andlor population because the

controlled size of the animals and the closed breeding pool would limit individual

variations.

Osteometrics

Metrical analysis of the same bone elements examined for morphological difference was

performed. The purpose of conducting an osteometric investigation of the sheep bones

was to add another dimension to the morphometric analysis. Clear from the

morphometric analysis was the distinguishing characters of wethers from males and

females by shape and size. Therefore, a study of the size of the sheep bone elements

will enable a better understanding of wether morphology particularly. Unlike previous

studies osteometric studies of canids and cervids in this dissertation, sheep have the

added complexity of breed variation, apart from the geographic, population, and

individual variation factors to consider affecting body size. For example, Soay sheep are

a particularly small breed of sheep, while Herdwick sheep are a heavier set. Soay males

could even be smaller than Herdwick females. Breed sizes could therefore hinder an

investigation of metrical sex determination from sheep bones.
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The elements are examined again in the order of cranial to caudal, dorsal to ventral order

as they occur in the skeleton. The bones were measured according to the metrical

standards set by Von den Driesch (1976). Only the dimensions examined in the

morphometric analysis were investigated to augment the morphometric study performed

previously, and to focus observations on particular features of bone without introducing

new elements. The metrical data are summarized in box plots with the means and

standard deviations indicated in the text. Histograms have been produced for the area

size within outlines of each individual to have a more complete picture of comparative

dimensions between specimens (Appendix L.5). The area size has been calculated by the

eigenshape program.

Scatter plots have been produced for measurements to observe size variation among

groups. Results from discriminant analysis with cross-validation are then presented to

indicate confidence intervals of classification by measurement criteria. Because the

sheep sample was comprised of three subgroupings, a two-sample t —test could not be

implemented. Rather, the one-way analysis of variance was used to test the means of the

groups.

Atlas

Thirty-nine individuals of sheep (nine males, 20 females, ten wethers) were examined for

size variation of the atlas. Two measurements were taken from each atlas, the height of

the anterior plane, and the breadth (Von den Driesch 1976:67).

Boxplots of Ovis Alas Height by Sex
	

Boxpots of Ovis Alas Breadth by Sex

E

Sex	 U	 •	 a
	

Sex	 u

Figure 6.144	 Box plots for sheep atlas height and breadth (CCastrate, FFemale, MMale)
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Both measurements show overlap for all three groups. Male individuals are generally the

largest specimens in the groups, while wethers are mid size range, and females contain

the smallest individuals in the sample. The means of the groups are clearly different, and

males show the greatest size range span of the three. The means for the height dimension

are about 3-4 millimeters difference, while for the breadth, a greater variation of size

exists with 8-9 millimeters difference between the group means. The standard deviations

show that males have the greatest size variability of the three groups while females and

wethers have similar variability of size.

The histogram of area size shows considerable overlap, with the largest five atlas

individuals of male sex followed by three wether. The mid size range is dominated by a

mix of female and wether individuals. The smallest nine individuals are female, out of a

total sample group of 39.

Ovis Atlas

Height of anterior plain (mm)

Figure 6.145	 Plot of sheep atlas height versus breadth

The plot reiterates the findings of the area size histogram with a group of males

representing the largest specimens, and a group of females representing the smaller

individuals. Wethers overlap in size with male and female individuals. The sample forms

a regular diagonal line indicating that there is no shape difference indicated by these

measurements; the atlases are in the same proportion for each of these groups.
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The discriminant analysis reveals that out of 39 individuals, 24 were correctly classified,

obtaining a 61.5% confidence level of classification. The proportion classified remains

the same after cross-validation. All three groups contained individuals that were

misclassified.

The one-way analysis of variance (ANOVA) results for the height measurement

produced a high F value of 18.40 for a critical value of 3.26(2 and 36 d.f.) indicating

considerable variance between the group means. The probability (P) value was 0.00, so

we can reject the null hypothesis that no significant variation exists between the group

means for atlas height. The ANOVA results for the breadth measurement of the atlas

again produced a high F value of 17.40 for a critical value of 3.26 showing a significant

difference in the means of the three groups. The P value was 0.00, so we can again reject

the null hypothesis that no significant variation exists between the group means for atlas

breadth.

in short, the atlas exhibits significant size differences between the three groups. The

analysis of the means indicate a high size variation of the means between the groups.

While the means may be significantly different, the amount of overlap between the sexes

reduces the confidence level of classification to 61% lowering the reliability of the

measurements to confidently identify sex. Analysis of only the male and female groups

would improve the confidence levels of classification greatly, according to the scatterplot

and the range of sizes.

Axial dens

The dens was examined for sexual trimorphism using 40 individuals (10 males, 20

females, 10 wethers). Two measurements were taken from the dens, the height of the

dens, and the breadth. The measurements were created as a standard measurement of the

dens by the author.

The box plots (Fig. 6.146) show considerable overlap between the three groups,

particularly the males and wethers. The largest individuals by dens height is represented

by males, while for the breadth, wethers produced the widest dens.
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Figure 6.146	 Box plots of sheep axial dens for height and breadth

The variability for all groups is great, noted by the extent of the boxes (75% of

individuals) but also by the line extensions from the boxes (25% of individuals). The

means of the groups are very close, however. Only one millimeter difference exists

between the means of height, while only two millimeters exist between the means of

breadth. The standard deviations reveal that all three groups present similar variability of

size away from the mean for the height dimension, but for the breadth, males and

wethers have greater variability than the females.
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Figure 6.147	 Plot of sheep axial dens for height versus breadth

The histogram of area size shows a great mix of individuals. The largest four individuals

are males followed by two females. The smallest individuals is a female, and the second
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smallest is a wether. The area measurements show a remarkable overlapping of

individuals from the three groups.

The plot of height versus breadth (Fig. 6.147) confirms the unpatterned mix of

individuals with wethers completely overlapping with individuals of the other two

groups. A tendency does appear to exist for males to be larger, however, and females to

be smaller in size, while wethers locate within the mid-size range. Height distinguishes

between the groups slightly better than does the breadth of the dens. No significant shape

difference seem to exist between measurements proportions, though wether tend to be

slightly wider than they are high in proportion to the male and female shapes.

The discriniinant analysis shows that out of 40 individuals, only 24 could be correctly

classified into the appropriate sex grouping (60.0%) using the two measurements. All

groups produced misclassified individuals. The 60.0% confidence level was maintained

after cross-validation.

The ANOVA results for height produced an F value of 10.42 indicating strong variance

between the three group means (3.27 critical value, 2 and 36 d.f.). The P value was 0.00

rejecting the null hypothesis that there does not exist difference between the group

means. The variance test results for breadth produced an F value of 7,58 indicating a less

significant but valid difference between the means (3.27 critical value, 2 and 36 d.f.).

In summary, the means of the axial dens were significantly different showing that the

samples are from legitimate groups. The overlap, however, was too great to allow for

confident classification of sex via these measurements. Only 6O% of individuals could be

classified correctly. Males and females were better separated via these dimensions than

the group of wethers from the other groups. However, overlap existed for the male and

female groups as well. Measurements would produce more significant results if wethers

were removed from the analysis.

Glenoidfossa

The glenoid fossa was examined for sexual trimorphism using 55 individuals (10 males,

29 females, 16 wethers). Two measurements were taken of the glenoid, the length of

glenoid process, and the breadth of glenoid cavity (Von den Driesch 1976:74).
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Figure 6.148	 Box plots of sheep glenoid length and breadth

The box plots (Fig. 6.148) summarize glenoid sizes. The male group contains the largest

individuals of the sample, and the females the smallest. The wether individuals are mid

to larger size. Males appear to have the greater range span, though females have a few

large outliers. Both measurements indicate the same pattern of size distribution between

the groups. The group means for the glenoid length are 4-5 millimeters apart, and 3-4

millimeters apart for the breadth. The standard deviations indicate the females and

wethers have the same variability of size from the mean, and that the males have

considerably more variability for both dimensions.

The histogram of area size shows fair overlap between the groups. The four largest

individuals are male followed by three wethers. The smallest 17 individuals, however,

are all female, indicating some patterning of size between the groups. The mid-size range

is a mix of individuals from the three groups.

The plot of the measurements (Fig. 6.149) shows considerable overlap between the

groups. The length better separates the groups than does the breadth. The latter cannot

define clusters in the least, while some patterning of size is noted for the length

measurement. The difference between the measurements in defming groups suggests that

a morphometric difference of the glenoid is detected by the combination of these two

variables. The male individuals are proportionately longer than they are wide in

comparison to the size proportions of the female and wethers. This morphological

difference is applicable to only four of the ten male individuals. If the wethers were

omitted from the sample, the males would still overlap with the females more than 50%.
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Figure 6.149	 Plot of sheep glenoid fossa for length and breadth

The discriminant analysis reveals that out of 55 individuals, 39 could be correctly

classified (70.9%) using these two measurements. All groups possess misclassified

individuals, though the wethers particularly had trouble with correct classification with

only 43.8% of the individuals assigned to the correct group. With cross-validation, only

60.0% of the individuals could be correctly classified; no males were classified properly

with this test.

The analysis of variance of the group means for the length measurement produced an F

value of 12.69 (critical value 3.20, 2 and 52 d.f.), indicating strong variations between

the group means. The P value indicates not probability of group mean error. The null

hypothesis is rejected. The ANOVA results for the breadth showed a very significant

difference between the group means with an F ratio of 23.54, with a P value of 0.00.

Although the plot (Fig.6.149) of measurements appears to show length as the more

significant discriminator, breadth statistically reveals more significant differences

between the group means.

In short, the basic dimensions of the sheep glenoid fossa can be used to distinguish

between the sexes, but only at a very low confidence level of 60%. If the wethers were

omitted from the analysis, confidence levels would be greater, although size overlap is
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exhibited between males and females in any case. The group means are, however,

significant indicating that the glenoid groups are not chance separations.

Proximal humerus

The proximal humerus was examined for sexual trimorphism by 48 individuals (nine

males, 30 females, nine males). Two measurements were taken from the bone part, the

breadth and depth of the distal end (Von den Driesch 1976:76).

Boxpots o Ovis Proximi imeri Breach by r	 Boxpcts of Ovis Proximi Fb.jmeri Depth by Sex

Figure 6.150	 Box plots of sheep proximal humerus breadth and depth

The box plots show a great amount of size overlap. For breadth, the males show great

variability of size while the wether and female groups show a more concentrated range

for the majority of individuals in their sample groups. Including the three female outliers,

however, the females have a greater size range than even the males. For depth, a similar

pattern is produced with considerable overlap between the wethers and males, but with

more similarity of range. The females have a notably smaller range for this variable, in

comparison with the other two groups, even including the one female outlier. The groups

means are 2-4 millimeters apart for the breadth, and 6 millimeters apart for the depth.

The males and the wethers have an almost identical depth mean. The standard deviations

show remarkable variability for all three groups for both measurements, particularly for

the breadth where males show, as in the box plot, great variability away from the mean.

The histogram of area size (Appendix L.4) shows a fair amount of size overlap between

the sexes. The largest three individuals are males followed by three wethers. The

smallest 21 individuals are females assigning a good proportion of the group into a large

cluster.
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Figure 6.151	 Plot of sheep proximal humerus breadth and depth

The plot (Fig. 6.15 1) illustrates the size variation of individuals. Seven individuals create

a small cluster and are notably larger than the rest of the sample group. The small cluster

is comprised of representatives from each of the three groups and is best separated from

the main cluster of points by the depth measurement. Considerable overlap exists for

both clusters, but the female individuals form a tight cluster in the lower range of sizes.

A few outliers comprised of three females and a single male exist, showing considerable

breadth size variation, perhaps because of slight pathology or breed size differences. If

wethers were omitted from the analysis, considerable overlap would still exist between

males and females. No shape differences are noted in the sample.

The discriminant analysis reveals that out of 48 individuals, 32 were correctly classified

(66.7%). The proportion correct decreases to 56.2% with cross-validation. All groups

have misclassified individuals, especially males with 0% classified correctly with cross-

validation. The analysis of variance for breadth produced an F value of 5.43 for a critical

F value of 3.20 (2 and 45 d.f.) indicating significant differences between the group

means. The P value is 0.008, lower than the standard probability of 0.05 supporting the

significant difference of means. The ANOVA results for depth show a highly significant

result for F with a 22.24 ratio (3.20 critical value) and a 0.00 P value.
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In summary, the proximal humerus exhibits minimal sexual trimorphism of size. Overlap

is considerable between the sizes, even the larger specimen range contains

representatives from each group. The area size calculations separate the groups better

with 21 females clustered into a tight group in the smaller size range. The depth is a

more distinguishing variable than the breadth, the former also exhibits notably more

variance between the means. The confidence levels of classification are low at 56%+

indicating that these measurements are not reliable tools for determining sex from

proximal humeri.

Proximal metacarpus

The proximal metacarpus was measured for significant differences between the three sex

groups. Thirty-one individuals (five males, 19 females, seven wethers) were examined

using two dimensions, the breadth and depth of the proximal end (Von den Driesch

1976:92).

Boxplots of Ovis Prox1m3I Wmtacarp Breh by Sex
	

Box4ots of Ovis oxinl htacarpaI Depth by Sex

Figure 6.152	 Box piots of sheep metacarpal breadth and depth

The box plots contrast the range and variability of the male sizes and the ranges of the

females and wethers. Despite the fact that the female group has almost four times as

many individuals in its sample group, the males still show greater variation of size. The

wethers and the females are comparatively concentrated into a limited size range, save

for two large outlier females. The box plots for both measurements show similar patterns

of size between the sexes. The means are 1-3 millimeters apart for both measurements.

The standard deviations show considerable variability for the male group size away from

the mean, and the wethers exhibit the least variability.
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The histogram of area size shows overlap only in the mid-to-large size range. The

smallest 14 individuals are all female, and the largest individual is a male followed by a

female and a wether.
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Figure 6.154	 Plot of sheep proximal metacarpus breadth and depth

The metrical plot shows overlap between almost all individuals in the sample. Only two

males form a separate cluster, and only from the perspective of the depth measurement.

Wethers form a tight cluster in the middle size range. If the wethers were excluded from

the analysis, the proximal metacarpus could still not separate the remaining two groups.

The discriminant analysis shows that out of 31 individuals, 18 were correctly classified

(58.1%), 15 after cross-validation (48.4%). The especially low confidence of

classification could be due to the small numbers of male and wether individuals. All

groups exhibit misclassified individuals, especially the males.

The ANOVA results show a marginal significant variance for the breadth with an F ratio

of 3.33 for a critical value of 3.34 (2 and 28 d.f.) and a P value of exactly 0.05. Because

the results are not over the critical level and probability value indicates marginal

significance as well, we cannot reject the null hypothesis that no variation exists between

the group means. The means for the proximal metacarpus breadth, therefore, do not

exhibit significant variance and cannot represent independent groups. The ANOVA
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results for depth, however, do produce significant results. The F value is 6.00 for a

critical value of 3.34, and the P value is well-below the 5% level.

In short, the proximal metacarpus cannot be used to sex individual sheep remains. The

box and metrical plots indicate severe overlap, and only the depth measurement indicated

significant variation of the group means. The poor results for this bone part could very

well be the low numbers of the male and wether groups, but the existing group

specimens still overlap greatly with females and with each other. Added specimen might

increase the size range of males more, but the overlap between the groups may increase

as well.

Obturator foramen

The obturator foramen was examined for sexual trimorphism using 52 individuals (11

males, 25 females, 16 wethers). Two measurements were used to quantify foramen size,

that is the inner length and breadth of the obturator foramen (Von den Driesch 1976:82).

Boxplots of Ovs Obturator Foramen Lenh by Sex 	
80a of Ovis Obturator Foramen Brea&h by Sex

Figure 6.154	 Box plots of sheep obturator forainen length and breadth

The box plots show similar size ranges for the wethers and males, with a larger range

overall for the male group. All three groups have considerable size range spans and

overlap. Both measurements indicate similar pattern of sizing between the sexes. The

group means are 2-4 millimeters apart for both dimensions. The standard deviations

show that males have more variability of size than the other two groups.
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The histogram of area sizes (Appendix L.4) shows a great mix of males, females, and

wethers in all size ranges. The largest three individuals are males and the smallest two

individuals are females. The remaining individuals are a thorough mix of the three

groups.
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Figure 6.155	 Plot of sheep obturator foramen length and breadth

The metric plot (Fig. 6.155) shows two group clusters according to size. The smaller

group representing the larger individuals is comprised of mostly males and wethers,

though a single female is present within the cluster. The larger cluster has individuals

from all three groups in a tight cluster in the small to mid size range. The length shows

greater variability for all the groups, but neither measurement distinguishes between the

sexes very well.

The discriminant analysis reveals that out of 52 individuals, only 31 could be correctly

classified (59.6%). The confidence level drops slightly after cross-validation with 53.8%

of correctly classified individuals. All groups have misclassified individuals, especially

males. The ANOVA results reveal that both length and breadth have a equitable level of

significance with F ratio of 7.24 and 6.68 respectively (3.20 critical level, 2 and 49 d.f.).

The P values are well below the standard probability of 0.05 at 0.002 and 0.003.

Therefore, the means are significantly different and we can reject the null hypthesis.
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In short, the obturator foramen is not a very good sex indicator by size. Again, the

difference in breed sizes will have a negative effect on the success of osteometric sex

detennination. The plots and histogram exhibit considerable overlap, and the

classification levels are low. The means show a significant level of variation as well, but

the variability of size has an adverse effect on the confidence levels reached.

Proximal femur

The proximal femur was examined using 55 individuals of sheep (10 males, 30 females,

15 wethers). Only one measurement was taken from the proximal femur because the

morphometric analysis examined only the profile of the head, groove, and trochanter.

Therefore, the only applicable measurement was the breadth of the proximal end (Von

den Driesch 1976:84).

Boxplots of Ois Proximal Femoral Breadth by Sex
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Figure 6.156	 Box plots of sheep proximal femur breadth

The box plots show that wethers and males have similar range spans, although 75% of

the wethers are condensed into a more concentrated size cluster, while all of the male

individuals are spread out over the entire size range. The females also have a

considerable size range, including the three large outlier individuals. The means are 7-8

millimeters apart, but the mean of the wether proximal femur breadth is very close to that

of the male. The standard deviations show that males have great variability of size away
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from the mean, and that females and wethers have similar deviations of fairly high

variability as well.

The histogram of area size (Appendix L.4) shows a thorough mix of the three sexes from

the mid to large size range. The three largest individuals are represented by a single

male, wether and female. The smallest 18 individuals, however, are purely females.
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Figure 6.157	 Plot of sheep proximal femur area size versus breadth

A metrical plot (Fig. 6.157) has been created using data from the area size calculations

and the breadth measurements. A small cluster of large individuals is comprised of

mostly male and wether specimens, and one female. The majority of the males and

wethers, however, overlap with the large female cluster. Both measurements are equally

unhelpful at separating the sexes.

The discriminant analysis shows that of 55 individuals, 35 were correctly classified in

the appropriate group. All groups experience misclassified individuals. The confidence

level of classification decreases with cross-validation to 58.2% of the individuals

correctly classified, a rather poor statistic. The F value from the ANOVA testing shows a

ratio of 19.12 against a critical value of 3.20(2 and 52 d.f.) indicating highly significant
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differences in the group means. The P value is 0.00 shows that there is no possibility that

the mean differences are chance occurrences.

In short, the proximal femur is not a good sex indicator by measurement of breadth. The

box plots and metric plots confirm that the size overlap is great between the groups, even

between males and females. The means are clearly different, but the variability of the

sizes warrant a poor confidence level of classification 58%-F.

Distal tibia

The distal tibia was measured for size differences between the sexes. Fifty-two

individuals were examined (nine males, 28 females, 15 wethers) with by two

measurements, the distal breadth and depth (Von den Driesch 1976: 86).

Boxplots of Ovis Distal 11bi Breadth by Sex
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Figure 6.158	 Box plots of sheep distal tibia breadth and depth

The box plots show a summary of the metric data for the distal tibia. Both measurements

show the same distribution of sizes between the sexes. Males have the greatest

variability, as seems typical, wethers and females appear to have comparable size

variation. Overlap exists between all three groups. The means are 2-3 millimeters apart

for both measurements, and the wethers and females have close means in both cases. The

standard deviations indicate, as do the box plots, similar size variability for wethers and

females, and males have greater variability than the former two.

The histogram of area size (Appendix L.4) reveals considerable size overlap within the

total range of sizes. Only the two largest individuals are males, and only the last four
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individuals are females. Between these individuals, a thorough mix of males, females,

and wethers occur.
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Figure 6.159	 Plot of sheep distal tibia breadth and depth

The metric plot (Fig. 6.159) shows a typical pattern of points. A small group of large

individuals is comprised by representatives from all three groups, and most of the

specimens from the sample group overlap in the main cluster of small to mid size range.

The discriminant analysis shows that out of 52 individuals, 36 were correctly classified

into the right group (69.2%). A slight reduction in the confidence level occurs after

cross-validation with 65.4% of the individuals properly classified. All three groups have

misclassified individuals.

The ANOVA results show an F value of 8.33 for breadth, a significant difference

between the means since the value is higher than that of the critical level 3.20 (2 and 49).

The P value is very low (0.001) indicating that there almost no chance that the

differences of mean could be accidental. The analysis of variance results for the depth

measurement reveal an F value of 10.71 indicating a significant difference between the

means again. The P value is 0.000 showing that there is no possibility that the mean

differences are chance occurrences.
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In brief, the distal tibia, like most of the other sheep bones, cannot be used reliably to sex

sheep remains using the reported measurements. While the means of the groups are

significant different, the size variability and overlap between the groups render this

element a poorly performing sex indicator. The confidence levels of classification are

low, not only for the three groups, but for any two group combinations as well, as the

box plots and metric plots will testify.

Astragalus

The astragalus size was evaluated for sexual trimorphism using three measurements, the

length of lateral half, the length of medial half, and the breadth of distal end (Von den

Driesch 1976:88). Fifty—four individuals were examined (10 males, 30 females, 10

wethers) for significant size differences.

The box plots (Fig. 6.160) show overlap for all three measurements. The males, again,

show considerable variation of size, particular for the lateral length and the distal

breadth. The medial length appears to exhibit less variability for all individuals,

especially the males, whose 75% of individuals are in a condensed size range, but the

two outlying largest and smallest males extend the range of the medial length quite a bit.
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The means are 2-3 millimeters apart for all three measurements. The standard deviations

show a fairly uniform pattern of similar female and wether variability of size, while

males show more variability for all dimensions than the other two groups.

The histogram of area size (Appendix L.4) shows the greatest mix of males, females, and

wethers than any other bone. The largest specimen is a male followed by a female, and

the smallest individual is a female followed by a males. The complete size range shows a

thorough mix of all groups.

The metric plot of the astragalus medial length and distal breadth (Fig. 6.16 1) represents

the separation typical of the astragalus individuals by any of the three combinations of

measurements plotted against each other. A great overlap exists between the sexes, with

three large males discernable from the main group cluster only by the distal breadth

dimension. The wethers are in a tight cluster overlapping both male and female groups.

No shape difference is indicated for any of the groups.

Ovis Astragalus

.

I. • Mole

• Ferle

Wether

0	 - ----	 --------

0	 5
	

10	 15	 20	 25	 30	 35

Length of medial half (mm)

Figure 6.161	 Plot of sheep astragalus medial length and distal breadth

The discriminant analysis reveals that out of 54 individuals, 35 could be correctly

classified (64.8%). The confidence level of classification decreases after cross-validation

with 55.6% of the sample proportion correctly classified. All groups show misclassified
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individuals, especially the males with only 30% correctly classified in normal

classification, and 0% correctly classified with cross-validation.

The ANOVA results shows that of the three measurements, distal breadth exhibits the

most significant differences between the means with an F value of 10.55. The F values

for the lateral and medial lengths are 5.78 and 4.33 for a critical F value of 3.20(2 and

51 d.f.). The P values also indicate that differences between the means are non-chance

occurrences as they are all over 5%. Therefore, we can reject the null hypothesis that

there are no differences between the group means.

In summaly, the astragalus size cannot adequately distinguish between the sexes using

these three dimensions. Again, the means present significant differences between them,

but the variability of size and the overlap of individuals from all three groups

consequently result in a low confidence of classification. Distal breadth appears to be the

most significant discriminator by observation on the metric plot separations, and the

results of the ANOVA tests.

Proximal metatarsus

The proximal metatarsus was examined for sexual trimorphism of size using 53

individuals (10 males, 28 females, 15 wethers). Two measurements were employed to

evaluate the size differences of the three groups, the proximal breadth and depth (Von

den Driesch 1976: 92).
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FIgure 6.162	 Box plots of sheep proximal metatarsus breadth and depth

The box plots (Fig. 6.162) show similar patterns of size distribution between the three

groups. Wethers are entirely eclipsed by the male range, and females show less
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variability than the other groups, save for the three large female outliers that extend the

female range extensively. The means are 2-3 millimeters apart for both dimensions

which exhibit very similar metrical ranges. The standard deviations shows that females

and wethers have comparable variability from the mean, while males show greater

variability that the former groups for both dimensions.

The histogram of area size (Appendix L.4) shows a fair amount of overlap, however, the

three largest individuals are males, and the 15 smallest specimens are females. Wethers

are thoroughly mixed with males and females between the two points of size.

Ovis Proximal Metatarsus

t25,

IA•
20

g	 •Maies
4 15	 •Females

Wethers
o

w
0.
0

15	 20	 25	 30

Breadth of distalend (mm)

Figure 6.163	 Plot of sheep proximal metatarsus breadth and depth

The metric plot (Fig. 6.163) shows a tight cluster of females at the smaller size range.

The males form a constant line from the smallest to the largest size ranges. The wethers

are concentrated in the middle range, overlapping males and females. If the wethers were

excluded from the analysis, separations between males and females would be more

apparent, though more than half of male individuals are still eclipsed by the tight female

cluster.
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The discriminant analysis shows that out of 53 individuals, 33 have been correctly

classified (62.3%). The same proportion of the sample is classified correctly with cross-

validation. All groups have misclassified individuals.

The analysis of variance shows that the groups maintain significantly different means

from each other. The F value for breadth is 10.86 and for depth, it is 9.34 for a critical

value of 3.20(2 and 50 d.f.). The P value supports the significance of the mean variance

with a value of 0.00 for both measurements. Therefore, we can reject the null hypothesis

that there are no differences between the means.

In summary, the metatarsus cannot be used to sex sheep remains reliably. The means

show significant difference between the groups, but the overlap and variability of size for

each group results in a low confidence level of correctly classification. The results would

show better separation between males and females if wethers were omitted from the

analysis, but still results show that more than 50% of male individuals are still

overlapping with females individuals.

Summary of results

In conclusion, the metrical dimensions used in this investigation of trimorphic sex size

cannot be used to reliably classify sex an assemblage of sheep remains. These

measurements would probably produce better results if the analyst was certain that the

remains under examination were from a single herd of sheep of the same breed,

population, geographical area, with no castrates in the population. While the assumptions

seem substantial, an archaeological sample from one period of occupation in an isolated

region usually exploit one population of sheep.

The possibility of the presence of wethers also complicates the size separations. Wethers

in the archaeological records could easily be interpreted as males or females, depending

on age of castration and age of death. Morphometric analysis of certain bone parts can

suggest the presence of wethers in a sample with the help of metrics, even if the sample

remains do hail from different breeds.

The results of the morphometric and osteometric analysis of sheep bones are summarized

in the following tables. Success scores are calculated for the various bone elements in the
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study according to their success in distinguishing between the sexes. Success scores are

calculated separately for the morphometric results (SIM) and the osteometric results

(Sb). Through these indices, the reader can observe which bones performed better

throughout the statistical results. Evaluations can then be made about the reliability of

the bones to classify bone sex, and which method of sexing can provide the best

probabilities of identification. For more detailed defmitions of the table columns and

their contents, please refer to section 6.1 of this chapter.

Ovis aries

BONE	 N (M,F,W)	 SIGN1F ES	 OL	 SIM
____________ __________ (FC1IF) _____ ____ _____
Atlas	 39 (9,20, 10)	 ES-2: 14.76 33.92	 1	 3
_______________ ____________ ES-I: 4.27 49.90 ____ ______
Axial dens	 40(10,20, 10)	 ES-5: 1.65	 8.53	 3	 7
________________ ____________ ES-6: 0.99 31.53 ____ ______
Glenoid	 55 (10, 29, 16)	 ES-2: 2.73	 14.04	 2	 4
________________ ____________ ES-6: 0.82 31.38 ____ ______
Proximal humerus	 48(9, 30, 9)	 ES-2: 0.60	 16.73	 3	 5
_________________ _____________ ___________ 37.69 _____ _______
Proximal metacarpus 31(5, 19, 7)	 ES-3: 1.37	 15.90	 2	 4
_________________ _____________ ES-8: 1.13 33.23 _____ _______
Obturator foramen	 52 (11, 25, 16)	 ES-2: 4.07	 30.54	 2	 4
________________ _____________ ES-6: 2.57 55.89 _____ _______
Proximal femur	 55 (10, 30, 15)	 ES-4: 5.59	 16.14	 2	 4
________________ _____________ ES-3: 5.25 45.11 _____ _______
Distal tibia	 52(9,28, 15)	 ES-3: 3.52	 18.27	 3	 5
________________ _____________ ES-4: 0.83 33.52 _____ _______
Astragalus	 54 (10, 30, 14)	 ES-6: 2.13	 11.69	 3	 7
_______________ ____________ ES-7: 0.87 41.99 ____ ______
Proximal metatarsus	 53 (10,28, 15)	 ES-5: 0.97	 15.48	 3	 8
_________________ _____________ ES-4: 0.40 26.33 _____ _______

Table 6.7	 Summary of morphometric results for Ovis with success index ()

Abbreviations: N (M, F, W) = Number of individuals in sample (Males, Females, Wethers); SIGNIF ES
= Significant elgenshape score, 0.00 = none, ES-x = most significant ES score: F ratio minus critical value
of F; x2 = chi-square value for first three ES over chi-square value for first ten ES; OL = Amount of
overlap (1 = 0-10% of individuals overlapping on ES plot, 2 10-50%, 3 = 50%+ of individuals
overlapping); SIM = Success index for morphometric analysis (3-4 = significant difference between
groups; 5-7 = potentially significant; 8-9 = no indication of significant difference).

The most significant morphological differences between the sexes are indicated in the

bone elements listed in the table above. The scores of the calculated success rates of each
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element are presented in the SIM column (Success Index of Morphological analysis).

The SIM has been calculated based on the analytical results of the F test of eigenshape

variables, Bartlett's chi-square test, and the amount of shape overlap between the sexes

occurring within the most discriminating score set, as revealed in the score plot presented

in the text. One to three points have been allotted to each of the cells of the SIGNIF ES,

x2 and OL columns. For the SIGNIF ES column, 1 point was given for a significant

eigenshape variable within the first three eigenshape score (according to F), 2 points

were given for a significant eigenshape score within the top ten eigenshape variables, but

not in the top three, and 3 points were given if there were no significantly discriminating

eigenshape scores in the top ten eigenshape variables. In the x2 column, significant

values are calculated by subtracting the critical value of 7.815 for the first value listed

representing the first three ES variables, and by subtracting the critical value of 18.307

from the second chi-square value listed in each cell representing the first ten shape

variables. A resulting positive integer indicates a significant difference between the

groups and shape variables. One point was given for a significant chi-square value for

the first three and ten shape variable groups, 2 points were given for a significant x2

value for the first ten components only not including the first three, and 3 points were

given for no significant difference between the groups through the first ten shape

components. The OL column represents the scoring for the Overlap occurring in the

scores as revealed in the score plots presented in the text. One point was given for a 0-

10% of all the individuals overlapping in shape, 2 points were given for 10-50% of all

the individuals overlapping in shape, and 50-l00% overlap was given 3 points. The SIM

was calculated by the sum total of the pointage given for each bone element for the three

columns. The best SIM score, representing the most reliable shape difference for

distinguishing between the sexes, would then be a 3 (1 point from each of the three

columns). The most unreliable sex determinant would receive a 9. The SIM score

interpretation is as follows: 3-4 points = significant morphological difference between

the groups, 5-7 points = potentially significant differences between the groups, and 8-9

points = no indication of significant morphological differences between the groups.

Accordingly, Table 6.7 reveals that the atlas exhibits the most significantly

discriminating morphological differences between the males, females, and wethers with a

perfect score of 3, indicating significant results for all analyses. The glenoid fossa,
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proximal metacarpus, obturator foramen, and proximal femur also produced a significant

SIM score of 4. These elements exhibited morphological differences that would allow for

reliable sex identification within a large assemblage of bone remains. Bone elements

showing slight morphological differences between the sexes which exhibit a lower

confidence level for sex identification are the axial dens (7), the proximal humerus (5),

the distal tibia (5), and the astragalus (7). The morphological variations displayed by

these elements could possibly be improved with increased homogeneity of the sample

breed or geographic oiigin. The proximal metatarsus showed little to no indications of

morphological difference between the sexes.

Table 6.8 summarizes the osteometrical analyses of the sheep bone elements. For a

detailed definition of columns and their contents, please see pages 48-51 for this chapter.

The success rate of size as a distinguishing factor of sex for each element has been

calculated in the SIO column (Success Index for Osteometric analysis). Similar to the

SIM calculation, the SIO combines scores allotted for the ANOVA, CONF LEVEL, and

OL column. Figures in the ANOVA column represent F values produced from the

analysis of variance test for each measurement. The column is to be read in concordance

with the measurements listed in the DIMEN column. To ensure comparability, the

critical values have been subtracted from the appropriate critical values, so only the

significant portion of the F value is observed. All positive integers in this column are

significant. Points were assigned for each cell with the following system: 1 point

significant F values for all measurements, 2= significant F values for one measurement,

and 3 = no significant F values. The CONF LEVEL colunm represents the confidence

level of classification. The top figure in each cell of this colunm is the proportion of

individuals correctly classified in the discriminant analysis, the lower figure in each cell

represents the proportion of individuals correctly classified with cross-validation. One

point was given for both confidence levels over 80%, 2 points were given for one

confidence level over 80%, and 3 points were given for both confidences level under

80%. The OL column contains the score of the amount of size overlap of the individuals,

similar to the OL column of Table 6.7. An entry of 1 = 0-10% of individuals overlapping

in size, 2= 10-50% of individuals overlapping in size, and 3 50-100% of individuals

overlapping.
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The SlO column is the sum of the scores awarded for the previous three columns, and

represents the overall success rate of the performance of the measurements to separate

the sexes for each bone element. Therefore, the best overall SlO score is 3 representing

the highest reliability level of the dimensions to distinguish between the sexes for a

particular bone element, and 9 indicates no significant difference between the bone

element sizes of the sexes. Interpretation of the SlO scores is as follows, 3-4 = significant

size differences between the groups, 5-7 = potentially significant size differences

between the groups, 8-9 = no indication of size differentiation between the groups.

Accordingly, all bones examined received Sb scores representative of potentially

significant size differences between the sexes. The atlas and glenoid were slightly more

successful for separating between the sexes by size, but only scored a 6 overall in the

SlO. The rest of the bone elements, that is, the axial dens, proximal humerus, proximal

metacarpus, obturator foramen, proximal femur, distal tibia, astragalus, and proximal

metatarsus, all scored a 7 overall. While these scores do not indicate reliable separation

between the three groups, they do indicate that there is potential for significant size

differences to exist if the sample group was all from the same breed and/or geographic

origm, or if mote males were added to the sample group. Specifically, for all the bone

parts examined, the means generally showed significant size differences between the

group means, however, the confidence levels never surpassed 70% of sample proportions

correctly classified with the criteria used in the discriminant analysis, and the size

overlap and size variability of the groups were great in all cases.

In conclusion, several conclusions can be made about the sexual dimorphism of sheep

skeletons: I) breed and geographic origin play a significant role in overall body size of

populations; 2) wethers cannot be detected using metrical criteria used in this study; 3)

wethers were detected in the sample in many cases by morphometric criteria, particularly

in identifying the shape of females with the size of males; 4) morphometric criteria better

separated the three sex groups than osteometrics despite breed and geographic

differences; 5) the atlas and glenoid were the most dimorphic bones in the sheep skeleton

by morphometric and osteometric criteria, 6) the proximal metacarpus, obturator

foramen, and proximal femur also exhibited significant morphological differences

between the three groups; 7) the proximal metatarsus shows no indication of significant
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difference between the sexes; 8) the axial dens, proximal humerus, distal tibia, and

astragalus shows potentially sexual trimorphic traits in morphology and size, but not

significant traits during these tests, and finally 9) the atlas, glenoid, proximal metacarpus,

obturator foramen, and proximal femur of the sheep skeleton are sexually trimorphic and

can be used in zooarchaeological work to identify sex with reasonable confidence using

presented mean shape differences. These skeletal elements were tested in a blind test

reported in the next section.

6.5	 Blind test

A blind test was performed using modem osteological material that had not been

examined during data collection. The purpose of the blind test was to check the

applicability and accuracy of the Mean Shape Method. Results from the morphometrics

study were examined to extract the information concerning sexually dimorphic traits and

how they could be recognized on material of unknown sex.

Materials

Osteological material from the Department of Biodiversity and Systematic Biology in the

National Museum of Wales, Cardiff, was used for the test. This collection had not been

included in material examined for the original study group.

Fourteen sheep individuals were tested using the data collection and eigenshape

morphometric techniques, particularly the Mean Shape Method. The individuals

represented different breeds of sheep which was an ideal situation; variety of skeletal

shapes and sizes would test the universality of the sexual dimorphic characters.

Eight of the ten original bone elements were examined during the blind test. The axial

dens and the proximal metatarsus were omitted from the blind test because the

morphometric and accompanying statistical analyses concluded that these two bone

elements did not exhibit significant shape differences between the sexes. Furthermore,

the dens was not a successful candidate for eigenshape analysis because the shape could

not be accurately reproduced during digitization. The bones tested using the Mean Shape

Method were the sheep atlas, glenoid, proximal humerus, proximal metacarpus, obturator

foramen, proximal femur, distal tibia, and astragalus.
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Appendix N lists the details of breed, age, and sex of each of the specimens used. The

specimens are of unknown provenience because most were acquired from abattoirs.

Methods

The test was segmented into three parts: 1) the repeatability of the data collection method

by another person other than myself, 2) the identification of sex from unknown bones by

visual comparison of shapes and diagnostic characters defined using morphometric

analysis, and 3) the inclusion of the blind test data into the covariance matrices of

already existing data to establish shape trends.

The methodology was shown to Mr. Peter Howlett, curator of the osteological collection

in Cardiff. Mr. Howlett kindly agreed to aid in testing the methodology as an external

referee. By having a second person learn and use the methodology, the applicability and

repeatability of the technique was tested. The test was interactive rather than separate

between the two researchers. The predictions, therefore, were joint decisions after

discussions of each test specimen in comparison to the mean shapes from the original

test.

The applicable bone elements from the test group were profiled and compared to the

mean shape illustrations. A sex was assigned to each specimen by visual comparison.

After the classification of sex from the test individuals, the sex information from the

collection records were recorded and compared with our classifications made using the

new method.

The blind test individual bone shapes were also reproduced using the profiling methods

outlined in Appendix C, and digitized by the video imaging equipment. The specimens

were then incorporated with the original study individuals and run through the

eigenshape program all together. Score plots were then produced to illustrate where the

test individuals lay in relation to the test specimens. The score plots and the data are all

located in Appendix N for the blind test.

Osteometrics were not implemented during this study for two reasons. Firstly, the

osteometric portion of this study concluded that metrics could not detect wethers and

distinguish sex from a small sample of sheep remains from a variety of breeds and
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geographic origins. The blind test sample had representatives from twelve breeds

including four specimens of hybrids. Secondly, the main purpose of the blind test was to

investigate the reliability and utility of shape comparisons for identification of sex from

unknown individuals. The main morphometric method utilized for the blind test was a

comparison of the mean shapes produced for each bone from the original study sample

with the shapes profiled from the test specimens. The method has been named the Mean

Shape Method.

Results

The results of the blind test are presented below. Each of the eight skeletal elements were

examined separately. Profiles were made from the test bones and compared to the mean

shapes produced during the original analysis by Mr. Howlett and myself. The predictions

of sex identification are a result of our analysis of the test material together.

The profiles were later digitized and included in the original sheep sample to determine if

the shape trends exhibited by the original sample were exhibited by the test specimens as

well. The test individuals were in these plots are usually clustered together. This

clustering does not reveal true shape trends. Rather, the test specimens were digitized

and attached to the original ASCII files. The different calibration of the video equipment

likely affected the digitized size of these test specimens, creating a different sample of

shape. The plots cannot be reliably used to draw any conclusions about the shape trends

of the test individuals. The score plots can be viewed in Appendix N.

Atlas

Five atlases were examined from the test sample. A dorsal-ventral profile was taken from

each specimen resembling the caudal perspective of the atlas. Each individual outline

was compared then to the mean shapes illustrations produced from the original study

sample. A prediction was made about the sex identification of the individual.

Below, the sheep atlas mean shapes are presented again, and the test individuals are

presented individually with an explanation of the predictions of sex identification for

each specimen. The results of the atlas blind test are presented in table form at the end of

the atlas section. The mean shapes and specimens will not be presented for every bone in
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the blind test. The test has been presented this way for the atlas only so that the reader

can understand the method that was used to classify sex during the blind test. Instead, a

results table will be presented for each bone following the atlas. All score plots produced

for the blind test individuals, and specimen shapes can be found in Appendix N. The

mean shapes of the original data can be found in Appendix F.

Male
	

Female

Wether

Figure 6.164	 Mean shapes for sheep atlas

The mean shapes for the sheep atlas have been displayed for ease of comparison. The

main diagnostic features between the sexes are the angle of the transverse processes and

the general robustness of the outline.

The first specimen to be tested was the atlas of specimen NMW 471 (Fig. 6.165). The

atlas is small and gracile, and the transverse processes are gently sloping ventrally. In

comparison with the mean shapes from the original study (Fig. 6.166), this specimen

appears to be that of a female. The predictions are stated here, and the correct

classification is presented in table form below with the success rate of prediction against

the true recorded sex.
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NMW 471

25

-25

Figure 6.165	 NMW 471 atlas test specimen #1

Specimen #2 for the test atlases has slightly longer transverse processes that the female,

but is too gracile to be male. The processes are sloping ventrally. In comparison with the

mean shapes (Fig. 6.164), specimen NMW 656 resembles that of a wether.

NMW 656

Figure 6.166	 NMW 656 test atlas specimen #2

Specimen #3 (Fig. 6.167) is a large specimen in comparison with the other specimens.

NMW84

27

Figure 6.167	 NMW 84 test atlas specimen #3
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5

The model had to be down-scaled to fit in the plot areas (note the slightly extended axis

line measurements). The individual is robust with straight transverse process, relative to

the abscissa. The prediction is that this individual is a male.

NMW 21

2&-j-

Figure 6.168	 NMW2I test atlas specimen #4

Specimen #4 in the test group is a good example of individual variation. The protrusions

of the ventral tubercie are like no other in the original or test sample. And yet the

individual is robust with transverse processes straight relative to the abscissa. The

prediction, therefore, is that this specimen too is a male.

NMW 647

Figure 6.179	 NMW 647 test atlas specimen #5

Specimen #5 again shows another variation of the atlas. This individual had to be down-

scaled slightly to fit into the plot area, because it is quite robust. The transverse process

are almost sloping dorsally in this specimen, but are stocky and almost straight. The

prediction for this specimen identification is of a male.
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_______ SPECIMEN PREDICTED ACTUAL CORRECT
1	 NMW471	 F	 F	 Yes
2	 NMW656	 W	 W	 Yes
3	 NMW84	 M	 M	 Yes
4	 NMW2I	 M	 M	 Yes
5	 NMW647	 M	 M	 Yes

TOTALS	 5	 3M, IF, 1W 3M, IF, 1W	 100%

Table 6.9	 Results of blmd test for sheep atlas

By comparing the mean shapes produced from the study group with the specimens

profiled during the blind test, sex could be classified to a 100% confidence level from the

atlas. It is important to reiterate that these specimens are from different breeds and of

unknown place of origin. Unknown is the headgear that these specimens maintained

during their lifetime, and yet the atlas has aided in obtaining sexing information. These

specimens could very well represent archaeological specimens. The most significant

result of this group is the identification of the wether individual. Castrated individuals

have been elusive to identification from archaeological sites. This new method of sexing

could prove useful during fauna! analysis of bovid remains.

Glenoidfossa

Thirteen individuals of glenoid were retrieved from the Noddle collection for testing the

reliability of the Mean Shape Method for sex identification. The test specimens are

available for viewing in Appendix N.

_______ SPECIMEN	 PREDICTED	 ACTUAL CORRECT
I	 NMW56	 W	 W	 Yes
2	 NMW17	 W	 F	 No
3	 NMW47I	 F	 F	 Yes
4	 NMW56I	 F	 F	 Yes
5	 NMW543	 M	 M	 Yes
6	 NMW85	 M	 M	 Yes
7	 NMW656	 W	 W	 Yes
8	 NMW84	 M	 M	 Yes
9	 NMW21	 M	 M	 Yes
10	 NMW423	 F	 M	 No
11	 NMW65O	 W	 W	 Yes
12	 NMW65I	 M	 W	 No
13	 NMW652	 F	 F	 Yes

TOTALS	 13	 SM, 4F, 4W	 SM, 4F, 4W	 77%

Table 6.10	 Results of the blind test for sheep glenoid
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Out of 13 individuals, 10 were correctly classified to sex. Although not a perfect score,

the shape of the glenoid was able to identif' 77% of the specimens correctly.

Importantly, three out of four wethers were identified using this method, whereas with

traditional techniques, not one would be recognized. The purpose of new methodology is

only to be as accurate as possible in suggesting the sex of the remains.

Proximal humerus

Thirteen specimens were examined of proximal humeri for the reliability of the Mean

Shape Method. The bone element received a score of 5 on the SIM scale (potentially

significant), so the actual confidence of classification using this proximal humerus for

identifying sex was tentative.

_______ SPECIMEN	 PREDICTED	 ACTUAL CORRECT
I	 NMW56	 M	 W	 No
2	 NMWI7	 F	 F	 Yes
3	 NMW47I	 F	 F	 Yes
4	 NMW56I	 F	 F	 Yes
5	 NMW543	 M	 M	 Yes
6	 NMW85	 M	 M	 Yes
7	 NMW656	 W	 W	 Yes
8	 NMW84	 M	 M	 Yes
9	 NMW2I	 M	 M	 Yes
10	 NMW423	 F	 M	 No
II	 NMW65O	 M	 W	 No
12	 NMW65I	 W	 W	 Yes
13	 NMW652	 F	 F	 Yes

TOTALS	 13	 6M, SF, 2W	 SM, 4F, 4W	 77%

Table 6.11	 Results of the sheep proximal humerus blind test

Using the morphology of the intertuberal groove along with overall robustness, the sex

of 77% of the individuals was correctly identified. Only two out of four wethers were

recognized, the other two castrated specimens were misclassified as males. The

confidence level of identification of the sample is satisfactory for suggesting sex in an

archaeological sample.

Proximal metacarpus

Ten specimens of metacarpi were examined for sex classification using the Mean Shape

Method.
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_______ SPECIMEN	 PREDICTED	 ACTUAL CORRECT
I	 NMW56	 M	 W	 No
2	 NMW17	 F	 F	 Yes
3	 NMW471	 F	 F	 Yes
4	 NMW56I	 M	 F	 No
5	 NMW543	 M	 M	 Yes
6	 NMWSS	 M	 M	 Yes
7	 NMW656	 W	 W	 Yes
8	 NMW65Q	 M	 W	 No
9	 NMW65I	 M	 W	 No
10	 NMW652	 W	 F	 No

TOTALS	 10	 6M, 2F, 2W	 2M, 4F, 4W	 50%

Table 6.12	 Results of the sheep proximal metacarpus blind test

Clearly, the wethers were difficult to identify. With only 50% success of classifying the

correct sex, the proximal metacarpus does not appear to be a reliable sex indicator. The

trouble with comparing the test shapes with the mean shapes from the original study was

that the differences of outline were too small to recognize. Perhaps, the eigenshape

program could detect minor differences that the naked eye cannot immediately

recognize. If this be the case, the proximal metacarpus could very well have significant

differences between the three sex groups, but if they cannot be recognized by eye, than

the differences are insignificant for the purposes of zooarchaeological analysis.

Obturator foramen

Ten specimens of sheep innominates were examined for sex identification. The mean

shapes were compared to the tracings of the individuals from the test group, and a

prediction was made accordingly.

_______ SPECiMEN	 PREDICTED	 ACTUAL CORRECT
1	 NMW56	 M	 W	 No
2	 NMWI7	 F	 F	 Yes
3	 NMW561	 F	 F	 Yes
4	 NMW543	 M	 M	 Yes
5	 NMW656	 M	 W	 No
6	 NMW84	 M	 M	 Yes
7	 NMW647	 M	 M	 Yes
8	 NMW65O	 W	 W	 Yes
9	 NMW651	 W	 W	 Yes
10	 NMW652	 F	 F	 Yes

TOTALS	 10	 5M, 3F, 2W	 3M, 3F, 4W	 80%

Tabk 6.13	 Results of the sheep obturator foramen blind test
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Out of 10 individuals, eight were correctly classified. Only two out of the four wethers

were identified, and the other two wethers were misclassified as males. These are the

results of sex identification by the shape of the obturator foramen only. Presumably in

archaeology, when a complete ellipse of the obturator foramen is recovered, the whole

innominate is usually intact. This means that the researcher will have the opportunity to

check his/her results against the shape of the os pubis. The obturator foramen of the

wether has the shape of a male, and a pubis like that of a young female. If the pubis had

been checked against the shape of the foramen, the two wethers misclassified above

would likely have been correctly identified. The pubes were not examined during the

course of data collection. All the specimens had been put away before the foramen

tracings were compared against the mean shapes from the original study. The reason for

not examining the pubes was to test the sexing reliability of the foramen shape alone, the

morphology of the pubis having been established previously as a reliable sex indicator in

sheep (Boessneck 1970; O'Connor 1982; Payne 1987; Prurnmel & Frisch 1986; Tague

1988; Tchirvinsky 1909; West 1990). The foramen alone was able to classify 80% of

individuals correctly.

Proximal femur

Fourteen specimens of proximal femur were examined during the blind test.

_______ SPECIMEN	 PREDICTED	 ACTUAL	 CORRECT
I	 NMW56	 F	 W	 No
2	 NMWI7	 F	 F	 Yes
3	 NMW47I	 F	 F	 Yes
4	 NMW561	 F	 F	 Yes
5	 NMW543	 W	 M	 No
6	 NMW85	 M	 M	 Yes
7	 NMW656	 W	 W	 Yes
8	 NMW84	 M	 M	 Yes
9	 NMW2I	 M	 M	 Yes
10	 NMW 423	 M	 M	 Yes

11	 NMW647	 M	 M	 Yes
12	 NMW65O	 F	 W	 No
13	 NMW65I	 F	 W	 No
14	 NMW 652	 F	 F	 Yes

TOTALS	 14	 5M, 7F, 2W	 6M, 4F, 4W	 71%

Table 6.14	 Results of sheep proximal femur blind test

Only two wethers out of four were recognized by the proximal femur. The mean shapes

will show that the wether proximal femur outline is eclipsed by that of the male. Errors
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in identification above involved mostly castrated individuals. Overall, the method was

able to identif' 71% of the specimens correctly. The proximal femur is a good indicator

of sex between males and females, but the similarity of morphology of wethers to males,

or females as in the cases of specimens 12 and 13, is great and the confidence level of

classification consequently suffers. The morphology of the proximal femur is good to use

if one is not searching for wethers in a bone sample.

Distal tibia

Twelve distal tibiae were examined from the Noddle collection for sexual trimorphism.

The distal sections were compared to the mean shapes from the original study group.

_______ SPECIMEN	 PREDICTED	 ACTUAL CORRECT
1	 NMW56	 W	 W	 Yes
2	 NMW47I	 F	 F	 Yes
3	 NMW56I	 F	 F	 Yes
4	 NMW543	 F	 M	 No
5	 NMW85	 M	 M	 Yes
6	 NMW656	 F	 W	 No
7	 NMW21	 M	 M	 Yes
8	 NMW423	 F	 M	 No
9	 NMW647	 M	 M	 Yes
10	 NMW65O	 M	 W	 No
11	 NMW65I	 M	 W	 No
12	 NMW 652	 F	 F	 Yes

TOTALS	 12	 5M,6F,IW	 5M,3F,4W	 58%

Table 6.15	 Results of sheep distal tibia blind test

Only 7 out of 12 individuals could be correctly classified from the test group. In this

case, the problem of identification did not involve only recognition of wethers, but in

two instances, males were mistaken for females. The distal tibia scored 5 in the SIM

category for success of sex classification, indicating potential significant differences

between the three groups, but not proven significant ones. Therefore, the distal tibia is

not a reliable indicator of sex.

Astragalus

The astragalus was tested using 12 individuals from the Noddle collection. The astragali

were traced and compared to the mean shapes. The SIM score from the morphometric

analysis of the astragalus from the original study group was 7, a low potential score. The

morphomeirics did not capture, however, the sharp ridge on the medial side of the
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astragalus. The test specimens were compared to the medial and lateral sides of the mean

shapes only.

______ SPECIMEN PREDICTED ACTUAL CORRECT
I	 NMW56	 W	 W	 Yes
2	 NMW471	 F	 F	 Yes
3	 NMWS6I	 W	 F	 No
4	 NMW543	 M	 M	 Yes
5	 NMW85	 M	 M	 Yes
6	 NMW656	 F	 W	 No
7	 NMW84	 M	 M	 Yes
8	 NMW21	 M	 M	 Yes
9	 NMW423	 M	 M	 Yes
10	 NMW65O	 W	 W	 Yes
11	 NMW65I	 W	 W	 Yes
12	 NMW652	 F	 F	 Yes

TOTALS	 12	 SM, 3F, 4W 5M, 3F, 4W	 83%

Table 6.16	 Results of sheep astragalus blind test

The test showed an 83% confidence level of classification. The two individuals

misclassified were wether/female mix-ups which is expected because both sexes exhibit

the medial ridge feature to a different degree. Male individuals were not only more

robust, but they did not exhibit a medial bump. The astragalus, therefore, is a good

indicator of sex, especially if one is dealing with a sample from a single population. In

that case, the males and wethers would likely be of similar size, but the wethers would

have a medial bump.

Conclusions

In summary of the blind test results, the atlas was the most reliable bone element from

which to identifr the sex of the individual.

BONE	 SPECIMENS MISCLASS % CORRECT
Atlas	 5	 0	 l0O%
Clenoid	 13	 3	 77%
Proximal humerus	 13	 3	 77%
Prox. metacarpus	 10	 5	 50%
Obturator foramen	 10	 2	 80%
Proximal femur	 14	 4	 71%
Distal tibia	 12	 5	 58%
Astragalus	 12	 2	 83%

Table 6.16	 Results of blind test
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Of course, fewer atlases were examined according to what was available in the

collections, so the chance of error was reduced. However, the shape differences inherent

in the complete atlas structure, and the contrast of the shape of the transverse processes

in particular, render the atlas an excellent sex indicator.

The obturator foramen and the astragalus were successful in identifying sex with scores

around 80%, closely followed by the glenoid, proximal humerus, and proximal femur

over 73%. The distal tibia and proximal metacarpus proved to be the most difficult to use

for sexing with the Mean Shape Method. It is no coincidence that the distal tibia and

proximal metacarpus bone shapes are the smallest profiles of the whole study. The

difficulty was not that significant differences did not exist, but that they were difficult to

recognize with the naked eye on such small profiles. These two bones, therefore, cannot

be used to sex sheep remains without the aid of computer imaging and the eigenshape

program.

The atlas, glenoid, proximal humerus, obturator foramen, proximal femur, and astragalus

can be used to suggest the sex of sheep remains from archaeological sites within

reasonable accuracy, even detecting the presence of wethers, in most cases. The Mean

Shape Method is easy, and while not 100% for factors of variation, the usefulness of

enabling a researcher to suggest sex classification within a sample can be a very useful

tool, especially when dealing with remains from closed populations of sheep, where

morphological differences would be more standardized.
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Chapter 7.0 Discussion

The results of analysis presented in the previous chapter are discussed and

interpreted in Chapter 7. The osteological manifestations of sexual dimorphism in

mammalian skeletons shown in Chapter 6 are examined from a functional, physiological

and evolutionary perspective. The chapter is separated into several sections exploring

different issues affecting sexual dimorphism. Specifically, the physiological effects of

captivity are explored with partial samples extracted from the fox study group, and

pronounced sexual trimorphism in an isolated population is addressed using a group of

Shetland sheep. The advantage of using partial group analysis to explore a specific

question of sexual dimorphism is that the results can then be compared with the

conclusions from the mixed group analysis to identify the differences caused by the

omission of certain individuals. The disadvantage, of course, is that the sample sizes

become considerably smaller. The specialized group studies, therefore, are only

preliminary, and seek to detect possible trends of shape and size between sex

subgroupings. In other words, partial samples have been produced examine specific

questions contrived from the analysis of the original groups, rather than issues pertaining

to tertiary sexual trait development being explored for mammalian skeletons in general.

The first section of Chapter 7 deals with the location of morphological differences on the

skeleton and the functional reasons for their existence in the particular areas of the body.

The second part of Chapter 7 addresses the issue of the morphological effects of

captivity on the development of tertiary characters on the fox skeleton. If tertiary traits

arise during life due to differences in sexed behaviour and physiology, what happens if

the animals cannot behave normally because their feeding and breeding are controlled by

humans? A sample of captive red fox from Canada are compared with feral populations

from Canada (Ontario) and the United Kingdom (Bristol).

The third section of this chapter explores morphological differences within a specific

breed and population. Shetland sheep individuals from the original sheep sample have

been isolated and tested for the extent of sexual trimorphism. The study presented in
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section 7.3 deals with a semi-feral sheep group exploring the effects of breeding and

population isolation on the development of tertiary sexual characters.

The fourth and fmal section of Chapter 7 summarizes the contents of the discussion, and

concludes with a synopsis of new field methods for sex determination of archaeological

bone. The conclusion of this chapter then leads into Chapter 8, the archaeological case

studies, where the new sexing methods have been used and tested.

7.1	 Functional sexual dimorphism

Results of the statistical analyses show that sample size and geographic diversity of the

individuals in the sample contribute to the shape and size variation exhibited for the

different bone elements. For example, the contrast between the almost complete

separation of the sexes for the fallow deer glenoid fossa shape (Fig. 6.51) and the

increased variability of the red deer glenoid shape (Fig. 6.52) is apparent. Both species

live in similar habitats, and behave in the same manner. Certainly the body size

differences of these cervids, the size of the samples, and the geographic diversity of the

red deer individuals contribute to the contrasting results.

However, parts of the skeleton are more sexually dimorphic or trimorphic than others.

The tendency of specific areas of the skeleton exhibiting sexual differences is a pattern

observed not only within a species group or family, but for different quadruped species

altogether. For example, the mammal groups examined show more pronounced sexual

dimorphic differences in the anterior limb bones than the posterior limb bones. A more

specific example of this patterning paralleled mammalian species is the glenoid fossa

which shows potentially significant sex differences in the fox skeleton, and significant

shape and size differences in the cervid and bovid skeletons as well. The pattern of

common bone elements of the quadruped skeleton showing significant shape differences

between the sexes in cross-species comparisons is not likely coincidental. The

differences probably develop in response to functional necessity dictated by differences

in behaviour and physiology of the sexes.
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Anterior limbs

The success of sex determination from the comparison of the shape of the atlas is

associated with the adaptation of the cervical vertebrae to support the weight and use of

horns and antlers. In other words, the greater the sexual dimorphic differences of the

headgear in a species, the greater the morphological differences will be in the atlas.

Theoretically, the extent of the headgear and its frequency of use for combat influence

the development of the morphology of the atlas during life (Clutton-Brock eta!. 1982;

Kitchener 1985). For example, the shape of the atlas of the wether resembles that of a

ewe rather than that of a ram. Although the wether is born male, the lack of androgens

introduced into the body resulting from castration at a young age causes the horns to

become stunted in growth and anomalous in shape (Armitage and Clutton-Brock 1976;

Clutton-Brock et a!. 1990; Hatting 1975; Luff 1994). Furthermore, the animal becomes

placid resulting in diminished combative behaviour with less use of the horns. In the case

of the wether, the atlas neither bears the weight of male headgear nor the pressure of

impact from head-to-head combat. The effects of castration are therefore indirectly

reflected in the tertiary sexual characters of the atlas but directly reflected in the shape of

the horns (secondary sexual characters).

Tertiary sexual characters of the atlas develop in response to the growth of musculature

bearing the weight of the cranium. The extent of the neck muscles, particularly the

brachiocephalicus, rectus capitis ventralis minor, rectus capitis lateralis, longissimus

capitis Ct atlantis, splenius, obliquus capitis posterior, and the obliquus capitis, is

influenced by the weight and stress produced by the headgear. The cervical vertebrae

synchronously develop proportionate muscle attachments, particularly on the transverse

processes, as shown in Chapter 6.

The loading effect caused by the weight of the cranium and its appendages is most clear

in the atlas, but the morphology of the anterior limbs is affected as well. Both the glenoid

fossa and the proximal metacarpus show signs of sexual dimorphism in cervids and

bovids. These bone parts are more robust in males than in females and reflect differences

in weight bearing Interestingly, the atlas, glenoid and proximal metacarpus all fuse early

in life in all mammals. The bones of the atlas (ventral and dorsal arch and wings) fuse at

approximately six months of age, while the proximal metacarpus fuses before birth

(Silver 1969). The robustness of these bones in the male individual, therefore, develops
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post-fusion and mostly after sexual maturity. Metrical studies have shown that the

condyles of the distal metacarpus are sexually dimorphic as well (Bedard 1974, 1975;

Beneke 1988; Bosold 1968; Calkin 1961; Davis 1984, 1985; Fock 1966; Haak 1965;

Higham and Message 1969; Howard 1963; Jewel! 1963; Lister and Chapman 1988;

O'Connor 1982; Payne 1969; Webb Thomas 1985; Zalkin 1962), revealing that tertiary

sexual characters are not exclusive to bones that fuse within the first year of life.

The stress of weight bearing affects the norma! growth and maintenance of bones,

particularly bone density and the formation of articular surfaces of bones throughout life.

To accommodate the extra weight and stress impact from combat, the skeleton equips

itself with ample support of musculature, muscle attachments on bones, and expanded

surfaces of articulation where stress is targeted most in the body. Heavier bone density

supports greater body weights and enables greater stress impact with less risk of bone

breakage. These processes are responses to greater weight and stress on the skeleton and

develop simultaneously with the growth of the body and are therefore not pathological,

as hyperostosis or osteoarthritis are considered in response to trauma to the body or body

part.

Another point of interest is that the development of tertiary sexual characters is directly

related to the development and use of primary and secondary sexual characters. As stated

above, the greater extent of the secondary characters, such as horn and antlers, the

greater extent of tertiary sexual differences in muscles and bones supporting the

secondary characters. The development of tertiary characters, however, is patterned. The

farther away a bone is situated from the source of weight or stress in the skeleton, the

less the extent of the morphological changes in the bone will be in association with the

source. For example, from the results of morphological study, the atlas shows the

greatest variability of shape between the sexes because it is closest to the cranium and

headgear were the source of weight is located. The glenoid shows a fair amount of sexual

dimorphism, particularly in the larger mammals, and the proximal metacarpus shows

noted sexual dimorphic differences, but to a lesser extent.

Challenging this theory, the proximal and distal humerus does not reveal significant

shape differences between the sexes which could be 1) a reflection of weight distribution

on the anterior limbs, or 2) its disassociation with relevant muscles supporting head gear.
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Figure 7.1	 Skeleton of a dog showing the position and movement of the
humerus in response to weigit (skeleton from Davis 1985)

Figure 7.1 shows the position of the humerus in the mammalian skeleton. With greater

weight or stress on the anterior limbs, the humerus acts as shock absorption with a

spring-like effect (Alexander 1995). The position of the humerus, unlike the other

anterior long bones, is diagonal in orientation and therefore does not bear weight directly

on its ends or shaft. When exposed to cranial weight or stress, the proximal end pivots in

the glenoid cavity, while the distal end bends on its condyles to absorb shock. In this

manner, weight is not directed to either end of the humerus. Instead, the humerus adjusts

itself to absorb strain.

Direct connections with neck muscles to the humerus are minimal. The exception would

be the brachiocephalicus muscle which begins on the transverse processes of atlas and

second, third and fourth cervical vertebrae (and on the mastoid process of the temporal

bone and the nuchal crest), and extends to deltoid tuberosity and fascia of the shoulder

and arm (Sisson and Grossman 1953). This direct link from the neck vertebrae to the

humerus would affect the morphology of the deltoid tuberosity in association with the

greater brachiocephalicus muscle, but not necessarily the bone ends. The deltoid

tuberosity ir the fox, for example, has shown significant sexual dimorphism causing the

tumbling effect of the male humerus on a level surface as illustrated by the Table Test
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(Chapter 6). The proximal and distal humerus of the fox, meanwhile, do not reveal

significant shape differences.

In contrast to cervids and bovids, canids do not have headgear or significant weight

differences of the cranium to explain the dimorphic differences of the glenoid or deltoid

tuberosity. Male foxes do display, however, greater use of their canine teeth in

conjunction with combative behaviour, especially during the mating season (MacDonald

1995). This exposure to greater stress on the neck from combat would develop more

extensive musculature as well as more robust muscle attachments on bones of the

anterior limbs. The male fox is also slightly larger than the female, in general, as the

osteometrical data will attest. The larger body size and weight would develop

proportionately larger muscles and corresponding bony attachments.

Posterior limbs

Similar to the anterior limbs, tertiary sexual characters of the posterior longbones

develop under the influence of primary and secondary sexual characters, and in response

to stress and functional differences between the sexes. While the posterior limbs may

provide residual support for the weight and use of headgear, the morphology and

function of the posterior limbs are more influenced by the function of the pelvic region

of the body. Specifically, the stress of pregnancy and the widening of the innominate of

the female to accommodate offspring affects the morphology of the supporting limb

bones. The results from Chapter 6 reveal that the pubic section represents the most

significant morphological differences between the sexes. The obturator foramen and

proximal femur also show significant shape differences between the groups, particularly

for the larger mammals examined. The distal tibia and the astragalus show a potentially

significant amount of shape differences between the groups. Like the anterior limbs, the

closer the bone end is to the source of stress, the greater the associated variability of bone

morphology. Specifically, the source of stress in the posterior limbs is located in the

pelvic region with pregnancy. The greatest variation of bone shape between the sex

groups is located therefore in the innominate. Next, the proximal femur shows a

significant difference of shape between the groups, but to a lesser extent than the

innominate. The distal tibia and the adjoining astragalus show potentially significant

morphological variation, again less significant than the proximal femur. In the case of the
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posterior limbs, the proximal metatarsus did not reveal any significant morphological

difference between the sexes, unlike the proximal metacarpus of the anterior limbs.

There are two contributing factors for the lack of sexual dimorphism of the proximal

metatarsus, 1) the source of stress is not as consistent as headgear in the anterior limbs,

and 2) the weight distribution on the posterior limbs is not directed to the proximal end

because of the diagonal orientation of the bone (Fig. 7.2).

Although the distal femur and proximal tibia could not be examined extensively for

shape differences, the preliminary investigations from the pilot study revealed that no

significant differences in the morphology of the bone ends could be recognized. If the

observable trend for the anterior limbs holds for the posterior limbs, the distal femur and

the proximal tibia would not show signs of tertiary sexual dimorphism due to loading

factors because, like the distal humerus/proximal radius/ulna joint, the articulation is

more developed for shock absorption of the posterior body.

Figure 7.2	 Skeleton of a dog revealing the position and movement of the distal femur
and proximal tibia joint in response to weight (skeleton from Davis 1985)

Figure 7.2 shows the position and orientation of the distal femur and proximal tibia. Both

bones are orientated in a diagonal position, so that added weight is absorbed rather than

born directly on the bone ends.
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Again, the age of fusion of the bones does not seem to affect the tertiary development of

the bone morphology. For example in larger mammals, the innominate fuses at about six

months, the proximal femur at around three years and the distal tibia around two years

(Silver 1969). The astragalus is formed at birth and develops the morphological changes

associated with loading and stress during life, probably as a response to the change in

bone density according to body weight.

The proximal femur does not show tertiary characters associated with weight bearing.

Instead, the angle of the head of the femur to the trochanter is dimorphic, reflecting the

change of posture associated with the gestation of offspring. For example, the angle

between the femur head and trochanter of the female deer is slightly smaller than that of

the male. Also, the medial slope of the trochanter within the proximal groove is concave

for the male deer and straight for the female (Fig. 7.3). The same pattern is noted for the

canid and bovid specimens (see Appendix F for proximal femur mean shapes from the

difference species).

105°

Figure 7.3	 Proximal femur profiles of male (black line) and female (grey line)
fallow deer showing angle and shape differences

The distal tibia, however, shows a tertiary development of robustness in males associated

with larger body size. Likewise, the pointy medial ridge feature of the female astragalus

could be a reflection of underdeveloped medial muscle attachments, also associated with

lighter body weight overall. One may consider that this medial facet present on the

female sheep astragalus but not on the male, may represent specialized muscle

attachments associated with the loading support for pregnancy. However, wethered

animals seem to exhibit this feature as well. On the other hand, the facet cannot be

explained by the smaller body size of females because wethers grow just as large, or

sometimes larger than males. The key is gracility. Male sheep tend to be more robust

while wethers are large as males, but gracile as females (Mylona 1996; O'Connor 1982;
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Tchirvirisky 1909). These characteristics of wethered animals are also reflected in their

bone structure, long and slender. The robustness of the male body, mostly caused by

extensive muscle development, rather than mere size, is responsible for the well-

developed medial edge of the astragalus which eclipses the pointy facet present in the

female and wether astragalus.

Comparatively, the anterior long bones reveal a greater degree of dimorphism for the

species examined for this study than the posterior bones. This is particularly true for

cervids and bovids with headgear. While pregnancy only lasts the duration of gestation,

the weight of headgear is either a persistent weight to bear for a lifetime, or, as in the

case of cervids, for many months every year. Furthermore, stress endured from head-to-

head combat further intensifies the weight strain on the anterior limbs of the quadruped

body, an impact stress that is not paralleled with the phenomenon of pregnancy.

7.2	 Feral versus captive individuals

During the study of sexual dimorphism in red fox skeletons, it was noted that many

specimens from Ontario, Canada were raised in captivity for the fur industry. If we

understand tertiary sexual dimorphism as a physical response to physiological function

of the body, then captivity might impede the natural development of the muscles and

skeleton. For example, characteristic of captive animals, their breeding and feeding are

controlled by humans. Therefore, the captive animals cannot act akin to their nature and

instincts. Perhaps male combat does not occur in captivity; some males even may be

castrated or neutered for enhanced fur (see Clutton-Brock et a!. 1990 for the effects of

castration on sheep fleece which is reported to be finer). Some females may never be

bred at all. Diet may not include items such as bones which would aid in the

development of strong bones and teeth, and muscles and their attachments like the

saggital crest. Furthermore, a caged environment would not allow for free movement and

normal muscle development resulting in underdeveloped muscle attachments on bones

and diminished bone density for captive animals as opposed to feral specimens.

Without knowing the precise conditions under which these 16 captive individuals were

born and raised, the original study group of 72 red foxes were separated into three groups

to examine whether the inclusion of these individuals into the study misrepresented the
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species in the results of the shape and size analysis. The groups include 23 feral

individuals from Ontario, 1 captive individuals from Ontario and 25 feral individuals

from Wales. The remaining seven individuals were excluded from the study because

they could not be associated with any of these three groups due to their unique

provenance. The division of the original group into three subgroups could also allow for

a tangent study of population sexual dimorphism, particularly examining the Bristol

group of red foxes which all hail from the same forest in Bristol. The theme of group

sexual dimorphism is examined more closely in the following section with regard to a

specific sheep breed and population.

Score plots for the shape analysis of the three fox subgroupings can be observed in

Appendix 1.6 on the CD-ROM of Volume II. The osteometrics can be found in Appendix

K.2 also on the CD-ROM

Glenoidfossa

The glenoid fossa produced the most significant morphological variation between the

sexes, although the statistical results were only marginally significant. The score plots

for eigenshape scores ES-2 and ES-3 from each of the three groups reveal a consistent

trend between them, regardless of captivity. Even the closed population of red fox from

Wales shows no signs of separation between the male and female groups. The mean

shapes are only slightly different between the sexes for all three study groups. The

standard deviations, however, reveal that males have a greater variability of shape than

do the females, but only for the feral populations of Ontario and Wales. The opposite

pattern is found in the captive group from Ontario where the female individuals show a

greater variability of shape. Examination of the other bones will determine whether this

pattern is consistent, that captive females show greater variability of shape than do feral

female foxes.

Osteometrics of the glenoid show overlap between the three study groups of foxes.

Figure 7.4 represents size plots for all three groups of glenoid fossa. The groups are

indicated by colour and the sexes are indicated by shape, males with circles and females

with triangles.
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Figure 7.4	 Size plot of fox glenoid fossa representing fox groups and sexes

In general, the length of the glenoid process is more discriminating between the sexes

than is the breadth measurement. The feral individuals from Ontario show a good

separation of size between the sexes, even though the individuals are representative of

numerous different populations in Ontario. Most of the larger specimens are male, save

for the presence of three females in the larger ranges, and the majority of the smaller

individuals are female. The same can be reported of the captive individuals, but to a

lesser extent since more overlap in size occurs. In both the feral and captive cases, the

females show a slightly greater variability of size. The feral individuals from Wales

show a considerably greater variability of size. The majority of the male individuals from

Wales exceed all the other specimens in the sample in length, while the female

individuals from this group are only slightly larger on average than the other females.

In short, captivity seems to have weakened the metrical separation between the sexes in

the case of the glenoid fossa perhaps, presumably, because the individuals may have

been likely interbred creating a very homogenous group. The population of feral fox

from Wales shows a very good separation of the sexes in that group with comparatively
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great size variability for its individuals. The males and females from this group exhibit a

marked sexual size dimorphism not present in the other two groups of fox glenoids.

Proximal humerus

The shape analysis of the proximal humerus of the feral and captive foxes does not

reveal any pointed differences between the three groups for sexual dimorphism. The

mean shape coordinates for the male and female groups for each sample are very similar

when ES-2 is plotted against ES-3. The standard deviations are also very close between

the male and female individuals indicating a similar shape variability overall.

Contrasting with the previous findings for the glenoid fossa shape, however, the feral

populations of fox exhibit a slightly greater shape variability for females than for males,

while the captive group shows the males with greater shape variability. These results are

opposite fmdings than those of the glenoid fossa shape analysis where the captive

females showed greater variability of shape over the males. However, the standard

deviations for both bones are similar and the graphs may be illustrating a arbitrary

configuration of the coordinate points that could change with the addition of another

specimen into the analysis. In general, the morphometric finds are not notably different

from those produced for the study of the entire sample of foxes together presented in

Chapter 6.

The metrics show a similar pattern of size separation for the three groups between the

sexes, females dominate the smaller range of sizes, males dominate the larger range of

sizes and overlap exists in the medium size range. Again, the feral individuals from

Wales show a greater variability of size than do the other two groups, while the captive

individuals seem to have less. The difference between the size analysis of the glenoid

fossa and the proximal humerus is that separations between the sexes seem to be uniform

for feral and captive groups. The feral population from Wales produced the smallest

individuals and the largest individuals in the entire sample, again suggesting that the size

dimorphism between the sexes of the feral Welsh group is slightly more pronounced.

Figure 7.5 illustrates the metrical information from the three groups. The breadth of the

proximal end of the humerus is more discriminating than the depth measurement.
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Figure 7.5	 Size plot of fox proximal humerus representing fox groups and sexes

Overall, the proximal humerus shows less sexual shape dimorphism than the glenoid, but

shows greater size dimorphism between the sexes. The feral and captive groups exhibit

the same patterning of sex separation of shape and size, although the feral group from

Wales exhibit a more pronounced size dimorphism due to its greater size range.

Distal humerus

Comparison of the eigenshape score plots for the distal humerus show considerable

overlap between the sexes for all three groups. The mean shapes are slightly different for

the males and females, especially for the captive group. The standard deviations show

that the shape variability is greater for the captive females and for the feral females from

Wales than for their male counterparts, while male and female individuals from the feral

Ontario groups show similar shape variability. No specific differences between the

separate plots and the original inclusive plot for the entire sample are noted.
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The metrical analysis of the distal humerus was examined by the use of one

measurement, the distal breadth. To plot the metrical results of this study, the breadth

was plotted against the area size of the distal end to examine group separation.
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Size plot of fox distal humerus representing fox groups and sexes

The area size and distal breadth are equally as discriminating between the sexes. The

scale of the area size is more condensed, misrepresenting the potential of the

measurement to separate the groups. There is more overlap on the breadth axis than on

the area size axis for the sexes. Compared to the proximal humerus, the distal humerus is

not as size dimorphic. Feral and captive groups show similar patterning. The feral group

from Wales, again shows the greater size range of the three groups and a more marked

separation between its male and female individuals.

Obturator foramen

Specimens of innominates from the Wales group unfortunately were not available for

examination. The study of the innominate therefore was confined to feral and captive

groups of fox from Ontario only. The score plots of the two groups below show the

shape distribution of the obturator foramen for both samples. Figures 7.7A and B

illustrate the comparison between these two groups of foxes.
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Figure 7.7	 Plots for the shape trends for feral (A) and captive (B) fox obturator foramen

The variability of shape for the feral individuals is greater for the male specimens. The

opposite pattern is found for the captive group. The males in the latter group show less

variability of shape than do the females. The mean shape for the male and female

individuals in plot A are very similar, while the mean shapes in plot B are further

removed from each other. A better illustration of this is seen iii Figure 7.8 where the

mean shapes of the sexes from the two groups are shown.
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In general, the captive individuals are larger than the feral individuals. Perhaps the

captive specimens are bred for size, or maybe these specimens were fed with advanced

diet items to enhance size and quality of fur. Surprisingly, the feral group show less

sexual dimorphism than the captive group. Perhaps this is because the feral individuals

are not from the same population of animals, while the captive individuals, all from the

same fur farm, are likely inbred, enhancing sexually dimorphic features by limiting

genetic variation in skeletal structure. Again, the environment, diet and lifeways of the

captive animals cannot be reconstructed to judge how their environment affected the

development of their secondary and tertiary sexual characteristics. Instead, from

examination of these results, one can offer that their captivity (in this case) has not

affected the normal development of sexually dimorphic traits, and has not had a

detrimental effect on the study of the sexual dimorphism of canids by their inclusion in

the study sample.

The size observations made from the examination of the mean shapes of the fox

obturator foramen can be confirmed by the metrical data.

Figure 7.9 summarizes the metrical information for the fox obturator foramen for the

feral and captive groups. The results of the obturator foramen make for good comparison

because the innominate considered a common area of the body for the manifestation of

sexually dimorphic features, particularly in mammals.
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Figure 7.9	 Size plot for feral and captive fox individuals

The length of the obturator foramen seems to be the better measurement for

discriminating between the sexes. In general, the captive individuals separate more

cleanly than do the feral individuals where some of the smallest specimens are actually

males. The feral foxes have a greater variability of size, probably owing to their origins

from mixed populations. The captive individuals are, on average, larger. Interesting to

note is that if the groups had not been indicated and Fig. 7.9 was simply a male/female

size plot, the overlap would have been considerable. But having separated the

individuals by provenance, one can understand the size distributions better.

Proximal femur

The score plots for the feral and captive individuals for the shape analysis of the

proximal femur are very similar to those of the obturator foramen (Figs 7.7A and B); the

feral individuals show a greater variability of shape than do the captive individuals, and

the captive specimens show a higher degree of sexual dimorphism. The female

individuals show a greater variability of shape in the captive sample while both males

and females have similar standard deviations for the feral groups.

The metrical information is summarized in Fig. 7.10 below.
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Figure 7.10	 Size plot of feral and captive fox proximal femur

Only one conventional measurement was used to compare the sizes of the different

groups and sexes, proximal breadth. The area size information was used to supplement

the study, and the size plot was produced illustrating both measurements. Both the

breadth and area size are comparable discriminators of sex for the three groups for the

proximal femur, although area size seems to distinguish the sexes better for the feral

group from Wales while the breadth measurement seems the better discriminator for the

feral Ontario sample. As with the other bones examined in this section, the feral group

from Wales exhibits the greatest size diversity and the best separation between males and

females. The feral sample from Ontario, however, do not separate between the sexes as

well as the captive group. This pattern supports the hypothesis that closed populations of

animals exhibit pronounced sexual dimorphism than do random individuals.

Conclusion

In conclusion and summary, the captivity of a portion of the fox study group did not

affect the normal development of the secondary and tertiary sexual characters of these

skeletons. In fact, the assumed closed population and interbreeding of these 17

individuals seems to have produced enhanced sexually dimorphic features, similar to
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those exhibited by the feral group from Wales. The latter group contained the largest and

often the smallest individuals in the entire fox sample, displaying the largest variability

of size compared to the other groups. The feral sample of foxes from Wales consistently

showed the best metrical separation between the sexes than did the other groups. The

feral group containing specimens from different regions in Ontario did not produce good

sexual shape or size dimorphisms. Separating the fox sample into three groups by

provenance did not improve the results of the morphological analysis of sex. The score

plots produced for the separated groups showed no better separation than when the

individuals were lumped into a single study sample. However, the separation of the

sample by provenance did help in understanding the metrical data. What was once a

large overlapping cluster of male and female points, was transformed into three clusters

of grouped individuals with a much better separation between the sexes within each

cluster.

When animals are kept in captivity but are given reasonable living conditions, the

secondary and tertiary sexually dimorphic traits develop normally (with the exception of

instances of castration), and an isolated population of a species is created. When a host of

animals of varied provenance are sampled together, the size separation between the sexes

is significantly diminished. This finding confirms the need to examine shape in

conjunction with size to sex archaeological material because the provenance of the

individual remains cannot be known.

7.3 Breed and population sexual dimorphism

A population of Shetland sheep has been placed and maintained on Hoy, an island in the

Hebrides, by English Heritage. The isolated population is used as a control group for

educational purposes concerning sheep and the effects of breeding, isolation and

environmental factors on development. This population of sheep is semi-feral as they

roam freely on the island, breed, and graze without herding or transhumance. Individuals

in this population are culled at regular intervals according to age so that skeletal

development can be studied at different stages. One such work was that conducted by

Davis (1999) on the age of epiphysial fusion, particularly after castration. Most male

individuals are castrated within the first week of life to control breeding by limiting the

number of mating rams while providing a sample group of castrated individuals for
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study. The number of culled adult ram individuals, therefore, are few because the mating

males are required to maintain the population.

From the original sheep sample, a maximum of 21 Shetland individuals originated from

the by population, including 1 male, 11 females, and 9 wethers. These individuals were

separated into a study group to examine population and breed sexual trimorphism. The

purpose of this tangent study was to determine if the isolated population of sheep and

breed would show an enhanced incidence of sexual trimorphism in comparison to the

original sheep study group incorporating numerous varieties of sheep of different

provenance. The major difference between this study and the previous study of fox

population dimorphism is the examination of castrated individuals to see how well they

separate from the males and females in a closed population.

The enhancement of sexual characters from a closed population of animals was

particularly clear in the study of size dimorphism, as illustrated from the previous

examination of fox populations. A study of size, therefore, will not be repeated in this

tangent because metrical analysis has been shown to be particularly successful on sexual

dimorphic analysis involving same population/same breed individuals. Furthermore, for

domestic sheep with hundreds of breeds of various size ranges worldwide, a closed

population of a single breed would logically separate sexes osteometrically better than a

mixed group of breeds. The following tangent study, therefore, will focus on shape.

The eigenshape scores and score plots for the Shetland sheep sample are located in

Appendix 1.7 of the CD-ROM. For those interested in the osteometrics of these

individuals, the metrical information of the Shetland specimens in located in Appendix

K.5 in conjunction with the catalogue list of individuals located in Appendix B.5 in

Volume II, where age information about the Shetland individuals can be found.

Atlas

The atlas exhibited the most clear incidence of sexual dimorphism for bovids and

cervids. The score plot of the Shetland sheep shows, as the plot for the original group,

that the shape of the atlas of the wethers are more similar to those of the females than

that of the male (Fig.7.1 1).
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Figure 7.11	 Score plot for Ovis atlas for Shetland individuals

The wethered individuals exhibit slightly more curving transverse processes than the

females, a feature common among the two groups. The transverse processes of the male

are straight by comparison, placing the male individual in a shape trend all its own.

The trimorphism of the atlas seems enhanced by a closed population. From the albeit

limited sample presented in Fig. 7.11, the females and wethers are farther removed from

the male individual (which has negative scores on both axes) than on the original plot

(Fig. 6.116) of the sheep samples. The trimorphology of the transverse processes

however, seems consistent for all breeds and populations of sheep.

The results of the morphometric analysis for the axis was also similar to the original

study presented in Chapter 6, but the axis profile, reported previously, was not

reproduced accurately during the digitization process and therefore cannot be discussed

conclusively.

Glenoidfossa

The glenoid fossa produced significant morphological differences showing evidence of

sexual tricnorphism in the original study. The Shetland groups also showed evidence of

good separation between the three sex groups.
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Figure 7.12	 Score plot for Shetland sheep glenoid fossa

The score plot (Fig.7. 12) shows a very similar patterning of shape distribution between

the three groups much like the original plot of the sheep individuals (Fig. 6.123). The

glenoids of the wethered individuals resemble those of the females in shape, particularly

the coracoid process. The male individual exhibits a slightly different shape trend. The

difference between this plot of Shetland individuals and the original plot containing

different sheep breeds is that the wethers are exhibiting a slightly different shape trend

than the females. Although overlap exists between the two said groups, the wethers from

the isolated population tend to cluster in the positive range of ES-3 with less overlap than

exhibited in the original study. The group separation, therefore, is slightly enhanced by

the smaller sample from the same population.

Proximal humerus

The proximal humerus showed some indications for sexual trimorphism in the original

study specifically from the statistical analysis which showed significant shape difference

between the three groups. The wethers in the original study formed a cluster in a single

shape trend, although males and females occurred in that particular shape as well. The

mean shapes produced from the original sample of sheep showed that male and female

proximal humeri did not show much difference in shape. Interestingly, the wethers

showed a slightly different morphology compared to the other two groups.
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Figure 7.13	 Score plot for Shetland sheep proximal humerus

Figure 7.13 shows a similar trend. All three groups share mostly the same features, and

the wethers are clustered closely together. The two outlying females indicate that females

occasionally can share similar attributes of the proximal humerus as wethers. The male

individual is in close proximity to the female group. Although the results of the Shetland

individuals seem a better separation than the original study, the coordinate points are still

very close to each other indicating that the shape trends are still similar. The greatest

shape difference occurs between the wether proximal humerus and that of the male.

Proximal metacarpus

The proximal metacarpus showed significant sexual dimorphism in the sheep sample in

the original study. A good separation occurred in the Shetland group as well. Figure 7.14

below illustrates the shape trends of the proximal metacarpus for the three groups. The

wethers and the females form two slightly overlapping shape trends, while the male

individual between the two clusters.

The Shetland sample shows a better separation between the groups though the pattern of

shape trend distribution is similar to the original sample presented in Chapter 6 (Fig.

6.127) where females dominate the positive range of ES-2 and wethers dominate the
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Figure 7.14	 Score plot for Shetland sheep proximal metacarpus

The shape trends, therefore, represented in Fig. 7.14 are similar to those represented in

Fig. 6.127, but are slightly more developed in the Shetland group for better contrast.

Obturator foramen

In the original sample of sheep innominates, the score plot indicated that the male and

female groups represented a different shape trend for the obturator foramen and that the

wethers occurred in both shapes. The mean shapes revealed that the wethers produced a

morphology more resembling that of the females, but at the size of the male specimens.

The Shetland group showed a better separation between the wethers and the females, and

a more distant shape trend between the wether and the male individuals. The same

pattern, in other words, but the differences in morphology are more clear. Figure 7.15

below shows the shape distribution amongst the Shetland individuals.
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Figure 7.15	 Score plot of Shetland sheep obturator tbramen

The wethers and the females are still overlapping, but to a lesser extent than the original

score plot (Fig. 6i29). Unfortunately, only a single male specimen was extant in this

group so that patterns of male shape could be illustrated. The male individual occurs

furthest away from the wethers and closer to the two outlying females. The inclusion of

more male individuals would likely produce a separate cluster for the male shape trend of

the obturator foramen.
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Figure 7.16	 Score plot for Soay sheep obturator foramen
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To illustrate this point, Soay sheep were extracted from the original sheep sample (Fig.

7.16). Although the Soay individuals are not from the same population (see Appendix

B.5, p.476 for details of provenance), the score plot indicates a better separation between

the sexes. The Soay sample, however, is comprised of individuals of the same breed and

from the country of origin (UK). Perhaps these factors also allow sexually dimorphic

features to become enhanced so that morphological skeletal differences can be more

recognized.
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Figure 7.17	 Mean shapes for Soay sheep obturator foramen

Examination of the mean shapes (Fig.7.17) demonstrates the enhancement of differences

of the shape of the obturator foramen in the Soay sample in comparison with the mean

shapes produced for the original mixed group of sheep specimens (Appendix F.5, p.

606).

In the case of the Soay sample of obturator foramen, apparent is that breed and similar

environmental provenance can be enough to enhance sexually dimorphic traits, as does

population isolation. The Soay breed has had a small gene pool since its creation,

producing a 'bottleneck' effect for specific physical traits. The former two factors,

however, a likely more significant influences on the development of morphology than

population isolation for domestic breeds. For example, an isolated population of two or

three different breeds of sheep would unlikely produce similar dimorphic or trimorphic

traits in the skeleton simply because each breed carries different genetic information,

different body weight, and different secondary traits such as headgear and wool.
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Proximal femur

The proximal femur produced significant results during the original morphometric

analysis of the mixed sample of sheep breeds. The Shetland group of sheep also

indicates a good separation of shapes between the sexes. The mean shapes of the mixed

group of sheep revealed that the male and wether shapes of proximal femur were almost

identical while the female groove between the femur head and trochanter was narrower.
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Figure 7.18	 Score plot for Shetland sheep proximal femur

The Shetland sample shows less overlap between the females and wethers than the

previous score plot of the proximal femur (Fig. 6.132). The pattern of shape trend,

however, is maintained indicating that the same features of the intertuberal groove are

maintained and enhanced in this selective sample. The male individual is placed in

between the group clusters.

Distal tibia

The morphometric results of sexual trimorphism in the distal tibia improved slightly

with the extraction of the same population individuals from the original group. The

statistical analysis revealed only potential significance of shape differences between the

sexes.
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Figure 7.19	 Score plot for Shetland sheep distal tibia

Figure 7.19 shows that two wether outliers fall out of range of the main wether group

into the female shape trend while a few females also cross over. With the addition of

more specimens of distal tibia, the overlap of the two groups would become more clear.

The shape tendency of the male individual is farther removed from the main wether

cluster than the female indicating that its shape more resembles that of the female.

Astragalus

The variability of shape range is greatest for the wether in the original study of the sheep

astragalus. The same result is revealed for the study of the Shetland sample of astragali.

Figure 7.20 below shows both females and wethers with a large range of shape trends.

Both groups extend into all four quarters of the plot showing that shape variation of the

astragalus is shared by both groups.

The male individual is located close to the mean shape of the group. The "bump" on the

medial side of the astragalus of the female and wether sheep is not detected in this

isolated study, similar to the original study.
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Figure 7.20	 Score plot for Shetland sheep astragalus

Proximal metatarsus

Much like the results of the astragalus, the proximal metatarsus also did not improve

much in the isolated group study. Figure 7.21 shows a scatter of points in all four

quarters of the plot with representatives of all three sexes.
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Figure 7.21	 Score plot for Shetland sheep proximal metatarsus
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The original study of the proximal metatarsus of sheep showed that the proximal

metatarsus produced the least significant shape differences between the three groups. The

same pattern appears to have been maintained in the study of the Shetland population.

The variability of shape, like the astragalus, is wide for at least the female and wether

groups.

Summary

In conclusion and summary of the Shetland sheep tangent study of sexual dimorphism in

an isolated population showed a general improvement of morphological distinction

between the three sex groups. The existing shape characters revealed in the previous

chapter from the mixed sample of sheep were enhanced in this study due to the greater

homogeneity of the Shetland sample individuals. In general, bone parts that produced

significant shape differences between the sexes also showed evidence of sexual

dimorphism or trimorphism in this isolated study, but separations between the sexes were

often better. For bone parts, like the astragalus and proximal metatarsus, the extraction

of the homogenous individuals from the main group did not improve the sexual

trimorphic separation.

This study also provided evidence that breed type, regardless of population provenance,

produced enhanced sexually dimorphic traits, as shown in the case of the Shettand and

Soay groups. The latter group was comprised of individuals from around the United

Kingdom, yet the separation of sex by morphology of the obturator foramen was better

than the original study and the isolated population of Shetland sheep. This result was

affected by several factors: I) more males were available for the Soay study, 2) most

breeds of sheep were created in the last few hundred years so that environment might not

have a great influence on genetic variation within breed yet, 3) a single breed generally

has a standard average body size and weight, and other standard secondary features such

as headgear, which influence the development of standard tertiary characters.

7.4 Applicable field methods

From the results and discussion of the morphometric examination of bones from the

canid, cervid, and bovid groups, several new and alternative methods for classifying sex
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of archaeological bone have arisen. These methods have been shown to be universal. In

other words, the morphological differences discovered in certain bone parts occur

regardless of size, breed, environment, and geographic provenance. Instead, these

morphological distinctions occur between the sexes due to the physiology and nature of

the sexes and sexed behaviour which are universal to mammals. For example, only the

female animal is able to gestate a fetus, bear offspring, and lactate. Male animals produce

androgens that produce greater weapomy (canines, antlers, horns) which require

muscular support for maintenance and impact stress during use. The male is often of

larger and heavier body size and the loading aspect reflects in the robustness of some

bone parts. The default for mammalian development is female, so that when an animal is

castrated early in life, its structure and morphology develops like that of a female without

the influence of androgens. Wethers, therefore, in bone morphology more resemble

female morphology rather than male, but the common delay of bone fusion due to

castration can cause the wether to grow to the size of males yet maintain a gracility of the

bones like a female.

When sexing archaeological bone using osteometrics or the Mean Shape Method, the

confidence level of classification will not always be 100%. The truth is that the variation

of shape and size, even within populations and breeds, is as great as the number of

individuals on earth; no two skeletons are exactly the same. Furthermore, when dealing

with archaeological material, one cannot be certain whether the individuals recovered are

local or from the same population, if castration occurred, and the lifeways of the animals

cannot be reconstnicted. In fact, these are questions that the zooarchaeologist attempts to

answers by analyzing faunal remains. However, the chances of classifying sex correctly

are greatly increased if:

1) the preservation of the faunal material will allow for morphometrics to be applied;

2) the number of individuals present are numerous enough to allow the establishment
of patterns of size and shape for any one bone group;

3) the breed and population of the individuals are the same;

4) both osteometrics and the Mean Shape Method are used to complement each
other, and support classification;

5) one is able to separate the sheep from the goat individuals in their sample before
applying osteo- and morphometrics;

6) the individuals in your sample are adults.

362



If these criteria are supported by the archaeological material, a profile of sex selection,

culling patterns, and even the incidence of castration may be reconstructed from the

faunal material.

The justification for the occurrence of some morphological differences between the sexes

are based mostly on universal sex differences occurring in some species rather than

lifeways (see section 7.1 for more detailed explanation). Therefore, many of the findings

of morphological differences discovered could likely apply to different species of the

same family. Evidence of this is shown between cervids and bovids which are not even

of the same family, yet share similar tertiary sexual dimorphisms because both families

are quadruped, large bodied individuals with long slender legs, that bear headgear.

Therefore, the sexual dimorphisms or trimorphisms found in the sheep skeleton would

likely occur in the goat and cattle skeleton as well, because the body structure,

behaviour, and secondary characters are so similar. The same is likely true for canids,

suids, and cervids as well. However, the smaller the species, the less apparent will be the

manifestations of tertiary sexual characters.

From the morphometric study of the applicable mammalian skeletons, the atlas, glenoid,

obturator foramen, pubis, proximal femur, and the astragalus were useful for sexing

individuals. The humerus was useful for sexing canids. Below is a brief review of the

Mean Shape Method and the Table Test for applicability on archaeological specimens.

Cervids and Bovids: Mean Shape Method

Atlas

The atlas of the cervid and bovid individuals are highly sexually dimorphic. According

to the extended eigenshape analysis, the atlas is significantly dimorphic in all parts of its

structure. The most clear difference that can allow for easy visual classification of sex is

the orientation of the transverse processes.
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A longitudinal section of the atlas produced by the use of two profile gauges will allow

for an accurate reproduction of the shape of the transverse processes in two dimensions.

Male/Female/Wether

25-

-25

Figure 7.22	 Mean shapes for sheep atlas longitudinal section

The female atlas is smaller and more gracile with transverse processes bent ventrally.

The wether transverse processes are bent more ventrally than those of the female, but the

atlas is larger. The male is robust and the wings of the atlas are straight along the x-axis.

Figure 7.23	 Transverse process of the cervid atlas in section (male left, female right)

Larger cervids exhibit this pattern of orientation more clearly, and the shape of the wings

can be observed by using one profile gauge.

Glenoidfossa

The glenoid fossa for both cervids and bovids show a fairly distinct pattern of shape. In

general, the male glenoid cavity for cervids is rounder than that of the female (Fig 7.24).

364



-30 30

-20 20

Male!

-30

-30

Figure 7.24	 Mean shapes for the cervid glenoid fossa

While the glenoid cavity is more robust for the ram as well, the more distinctive feature

between the sexes of sheep is the orientation of the coracoid process.

Male!	 !Wether

15

-15 -

Figure 7.25	 Mean shapes of the glenoid fossa of sheep

The female and the wether have the same orientation of the coracoid process (Fig. 7.25),

that is bent ventrally. The male exhibits a straighter coracoid process compared to the

other two groups. The wether, however is the size of the male.
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Pubis

Examining the shape of the pubis to classify sex is not a new method of sexing. In fact,

pubic shape is one of the older methods of sex identification. However, examining the

pubic section using profile gauges is an alternative method for visually assessing the

shape of the pubis.

Male I

15

-15

Figure 7.26	 Mean shape of the cervid and bovid pubic section

In general, the female pubic section is more kidney-shaped and the male is more oval.

The wether tends to be more oval shaped but slightly thinner.

Obturator foramen

The obturator foramen is rarely complete in the archaeological record. However, if the

innominate is found complete, examination of the shape of the obturator foramen along

with the shape of the pubis can aid in identifying castrates in the sample. If the pubis is

male-like and the obturator foramen female-like than the individual could be a castrate.

There are instances where the ilium and ischium are intact but the pubis missing. This

pattern is common in cultures where butchering the carcass in half along the spinal cord

is in practice. In these situations, the shape of the obturator foramen can suggest whether

the individual is male or female.
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Figure 7.27	 Mean shapes of sheep obturator foramen

The female and wether obturator foramen is more symmetrical horizontally in a more

oval shape. The male is more angular and less symmetrical.

For cervids, the orientation of the obturator foramen is slightly different. The female is

shorter craniocaudally but the same width of the male (Fig. 7.28).

Ma left- em ale

20 -

-20

Figure 7.28	 Mean shapes of the cervid obturator foramen

The male is orientated more laterally than the female.

Proximal femur

The proximal femur can be useful for classifying sex, but a good number of individuals

is required to establish a pattern of shape.
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Figure 7.29	 Mean shapes of cervid and bovid proximal femur

The proximal femur will not help in identifying wethers in an archaeological sample. As

can be noted from Fig. 7.29, the wether and male are almost identical in shape. The

female has a narrower intertuberal groove. The same pattern for males and females can

be noted for cervid species as well. Caution should be used when applying this method

to separate males from females because the proximal femur of goat has been recognized

as narrow as well (Boessneck 1970). The goat has an even smaller angle of groove than

the female sheep, so goat individuals should be separated out before applying this

method to sex sheep individuals.

Astragalus

The astragalus was useful in sexing sheep skeletons alone. Although statistically, the

astragalus could not show significant difference between the sexes, a small sharp ridge

on the medial side helped identify sex in the blind test with good accuracy. The same

feature could not be found in the deer astragalus likely due to its larger size overall.

A simple tracing of the astragalus (see Appendix C.2, p. 490) will show whether the

bump on the medial side is present, and depending on the comparative size of the

astragalus, the sex can be suggested by this feature.
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Figure 7.30	 Mean shapes for the sheep astragalus

The female and wether have a bump on the medial side, but the wether is the size of the

male. A good sample size is required for this method to be useful.

Canids

The Table Test

If domestic dog or fox remains are recovered from excavations, a complete adult

humerus can suggest the sex of an individual at up to an 85% confidence level of

classification (see Chapter 6 for contingency table 6.3 and discussion).

The method is more useful for identifying males than females in a sample. The Table

Test cannot determine whether an individual is castrated or neutered. To perform the

test, the humerus is held in one hand at the proximal end with the posterodorsal side

facing upwards. The humerus is placed on a level surface, such as a floor or table, and if

the humerus tumbles over on its medial side, the individual is 85% likely a male

individual. If the humerus remains on its anteroventral side, the individual could be

either a male or a female, though statistics have shown that a resting humerus (as

opposed to a tumbling one) has a 70% of being female.

Figure 7.31 below illustrates the results of the Table Test.
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Figure 7.31	 Table test results: humerus tumbled on its medial side (A),
humerus resting on its anteroventral side (B)

If the humerus tumbles over on its medial side, as illustrated in Fig. 7.31 A, then the

individual is 85% likely a male. If the humerus rests on its anteroventral side, as in Fig.

7.31 B, then sex identification is more vague, but could be a female at a 70% probability.

Although this method cannot claim 100% accuracy, to date, it is the most reliable

method for sexing canids, apart from finding the baculum. Fortunately, the method uses

the humerus, a sturdy bone of the dog skeleton that commonly preserves intact in the

archaeological record.
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Chapter 8.0 Case Studies Using
Archaeological Bone

At the end of Chapter 6, the Mean Shape Method was examined in a blind test to

examine confidence levels of sex classification from bone elements shown to exhibit

sexual dimorphism between the sexes (section 6.6). The significance of the shape

differences was established through the presentation of results in Chapter 6, and then

summarized in Tables 6.4 through to 6.8 inclusively. The overall significance established

from the scoring of the results in the above mentioned tables indicated the reliability of

the shape differences, while the results of the blind test for each element determined the

confidence of classification.

The next stage of this study was to record these same bone element (with the exception

of the axis) from three archaeological assemblages. Applicable elements then were the

atlas, glenoid fossa, proximal humerus, distal humerus, proximal metacarpus, obturator

foramen, proximal femur, distal tibia, and astragalus. Both right and left outlines were

recorded from the bones in the sample. The bone elements from the opposite side of the

skeleton which were not examined from the modern specimens, were sexed by

comparison with mirror images of mean shapes.

Chapter 8 presents the final experiment for testing the methodology of the Mean Shape

Method. The analysis of archaeological material examines the applicability of the

methodology to zooarchaeological analysis. The purpose of examining the archaeological

bone assemblages here is not to analyze the complete samples and to offer a thorough

proffle of diet and economic strategies of ancient peoples, rather, the samples are used

mainly as illustrations to show how the new methodology is implemented. The potential

value in archaeological interpretation is also demonstrated.

As stated, the shape of the archaeological bone outlines is compared to the mean shapes

of the modem specimens. The area sizes of the archaeological specimens are compared
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to other specimens in the archaeological sample to determine size separation of sexes

with an assumed population of animals. A comparison of the area sizes of the

archaeological specimens to those of the modern specimens would not be appropriate

since we have established that the size of an individual is influenced also by

environmental and genetic factors. The specimen lists and recorded outlines from the

archaeological material can be observed in Appendix 0.

8.1	 Archaeological sites

The archaeological sites used to illustrate the Mean Shape Method and the Table Test are

as follows:

Silchester, Hants:
	

Dog humeri
Star Carr, Seamer:
	

Red deer remains
Canterbury, Marlowe Car Park:

	
Sheep remains

The sites are examined in the above order according to phylo genetic order of the species

examined. Unfortunately, a single archaeological sample could not be located to contain

adequate amounts of bone remains from each of these species to warrant a good

demonstration of the Table Test and the Mean Shape Method. Hence, three

archaeological samples were examined separately.

8.2	 Silchester

Silchester is a village located 13 kilometers south of Reading inside the Hampshire

border in the United Kingdom. Excavations there occurred during the late 19th/early 20th

centuries uncovering the late Roman town of Calleva Atrebatuin. The main publication

for reports on excavations there is Boon (1974) Silchester the Roman Town of Calleva.

Other excavations reports are located in early issues from the 1 950s of Archaeologia. A

portion of the faunal collection from the Silchester excavations, containing mostly the

remains of dog burials, is maintained in the Natural History Museum, London (NHM).

The other portion is located in the Reading Museum. Permission to study the collection

at the Natural History Museum was granted by Mr. C. L. Cram, Principle Curator and

Curator of Archaeology of the Reading Museum Service in Reading.
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Materials

Twenty-six skulls and several incomplete skeletons were located in the NfIM. Twenty-

five skulls appear to originate from medium sized-dogs and only one dog cranium is

from a smaller breed of domestic dog, presumably a lap dog. Only eight adult humeri

were present in the sample at the NHM, six left and two right, all from medium-sized

individuals. The list of specimens is located in Appendix 0.

Methods and results

The Table Test was performed on the eight humeri. Out of eight individuals, eight rested

on their anteroventral sides. Only one individual humerus (NTJM 1969.547), medium-

sized but slightly stocky like a beagle, was unstable and fell over on to its lateral side

during some trials. This specimen provided the only evidence in the sample for a male

classification, however because of its unstable nature on the level surface, a male

classification could not be assigned with any certainty. According to the Table Test

results, all eight individuals have a 70% probability that they originate from female

individuals because they did not fall over. In the case of the unstable individual, the result

of the test is unclear, and could also represent an individual that has fallen over onto its

lateral side. If we accept this scenario of a tumbled result, than the chances of this

individual (1969.547) being a male are 85%. Overall, there does not appear to be any

clear signs of male individuals in this sample.

The crania from the dog burials at Silchester were examined according to the method of

The and Trouth (1976) for sexual classification. It was hoped that the sex determination

from the cranial material could shed light on the results of the sex classification of the

individuals by the humeri. The cranial method of sex determination examines the shape

of the basioccipital region of the dog cranium for sexual dimorphism. Through my own

interpretation of the method described in their article, I could not implement the

basioccipital method. I consulted with four other zoologists in the Mammals Section of

the NHM, and they too could not decipher the directions given in The and Trouth's

article. Consequently, I could not sex the dog crania using their technique.
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In conclusion of the dog humeri test from Silchester dog burials, the presence of male

individuals in the sample could not be shown. Although many humeri were missing, the

eight individuals that were examined are 70% likely to be female individuals, although

one individual from the group could also be interpreted as male due to its unstable nature

on a level surface.

These results suggest that female pets were buried in Roman Silchester. These eight

individuals are only a portion of the archaeological dog material from Silchester (the rest

of the remains were inaccessible). Perhaps male dogs were buried as well, but the eight

specunens examined here can only suggest the presence of female dog burials.

8.3	 Star Carr

The Mesolithic site of Star Carr in the town of Seamer near Scarborough, Yorkshire, has

received considerable attention since the site discovery and excavation in the period

between 1949 and 1954. Legge and Rowley-Conwy (1988) produced a review of the

literature concerning the excavation, artifacts and fauna from the site. The main

publication, however, was written by Clark, the principle excavator of the site, in 1971.

Within the latter publication, Fraser and King (1971) reported on the fauna! remains of

the site, an assemblage of great importance for the reconstruction of hunting strategies,

bone and antler industry, and studies of seasonality of occupation of Mesolithic Britain

Ca. 9,000 BC.

Twelve species of mammalian remains are reported from the site by Fraser and King,

along with nine species of birds. Among the mammalian remains, three species of cervid

are represented in the sample: roe deer, red deer and elk. By far, the cervid remains

comprise the majority of the fauna! material. The red deer remains are particularly

plentiful in the collection. One-hundred-and-six red deer antlers were recovered from the

excavations, 65 from animals which were carrying them when they were killed, and 41

shed antlers with the pedicle, presumably collected after shedding. By siding the antler

remains, the minimum number of individuals (MNI) represented in the sample was at

least 52 individuals of red deer. Primarily from the information of antler growth and

shedding of the three cervid species, Fraser and King (1971) determined that the season
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of occupation of the site of Star Carr must have been during the winter months through to

April. Legge and Rowley-Conwy (1988), however, during their reconstruction of the

faunal remains, conclude that summer occupation of the site is more likely after their

reanalysis of the large mammals. Recent work by Carter (1998) on mandibular

development of deer using radiographic techniques has shown that the original

supposition by Fraser and King (1971) of a winter/spring occupation of the site is the

more likely interpretation after all.

While the post-cranial remains have been measured from the red deer (Fraser and King

1971: 82-86), no attempt was made to sex the individuals in the original publication.

Legge and Rowley-Conwy (1988) reassessed the measurement information and

attempted sexing from the dimensions of the distal humerus and the distal metacarpus.

The patterning of the size variation was compared with modern red deer skeletons from

Rhum. Legge and Rowley-Conwy (1988) stated that their metrical evidence shows a

"roughly even sex ratio" among the Star Carr red deer (p. 58). Their findings are in

contrast with the conclusions of Jarman (1972) who reported "a strong bias... in favour of

males" (p. 131). This finding was based on tremendous amount of antler material found

on the site. Legge and Rowley-Conwy (1988) maintain that some antlers must have been

brought to the site.

In light of these studies, sexing the post-cranial remains from Star Carr could offer

another perspective on the sex ratio of the deer remains. The sex determination of the

deer remains could also offer important information concerning hunting selection during

the Mesolithic occupation of the site.

Materials

Most of the red deer post-cranial material is maintained at the Natural History Museum,

London. In comparison with the number of elements counted from analysis of Fraser and

King of the red deer remains from Star Carr, some specimens from the collection are

missing from the sample at the NHM. Other bone specimens could not be included in

this study because of immature age (unfused) or because of partial preservation.

Examined here for this case study then are 26 glenoid fossae of the scapula (17 right,

nine left), 13 distal humeri (seven right, six left), 16 proximal metacarpi (three right,
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eight left), 26 distal tibiae (17 right, nine left), and eight proximal metatarsi (three right,

five left). A catalogue of specimens used for this case study is located in Appendix 0

under Archaeological Samples. Linear metrical information is located in Appendix K.6)

Interestingly, no remains of proximal humeri or femora exist in the sample, confirmed by

the analysis of Fraser and King and Legge and Rowley-Conwy, the former having found

only a single proximal femur in the original sample, with no distal ends extant. Both right

and left specimens from applicable elements were profiled and tested.

Methods

Mean shapes from the study of the modern specimens in this dissertation were compared

with the shapes profiled from the red deer Star Carr material. Red deer and fallow deer

mean shapes were compared with each other to ensure that the red deer sample, small in

its size, was accurate in its summaiy of the sex differences inherent in each bone element.

While the fallow deer sample showed more significant differences statistically between

the sexes, the mean shapes indicated that both species of cervids exhibited similar

dimorphism between the sexes. Both right and left specimens were examined. The mean

shapes were flipped for the right-sided elements for shape comparison.

A histogram of area size was plotted for each element, grouping right and left individuals

together. Because the interstices of the outlines are being measured, sidedness should not

greatly afl'ect overall size of the specimens. The area size was used to reaffirm sex

classification, and offered more size information than linear measurements.

Results

The results of analysis are presented in table form with the specimen number assigned to

each for this study, the N}IM catalogue number, the specimen side, and the classification

of sex based on shape alone. The area size histograms are then presented for each

element to check the size comparisons against shape classification. The elements are

presented in cranial to caudal order in the skeleton.

Glenoid

Eighteen right and 22 left glenoid fossac were examined from the NHM Star Carr

collection. In general, the male glenoid is more robust and more globular than the female
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glenoid. The circular body of the male shape is almost symmetrical so that if a line was

draw through the center of the glenoid cavity, both halves would resemble a semi-circle.

If a line was drawn through the center of the female shape, one half would resemble a

semi-circle, and the other half would look like half of a tear-drop, if sectioned through

the coracoid process. The summary of sex classification is listed below.

STUDY NO.	 NHM NO. SIDE SEX
1	 400	 L	 M
2	 385	 L	 M
3	 397	 L	 M
4	 384	 L	 F
5	 382	 L	 M
6	 388	 L	 M
7	 383	 L	 M
8	 398	 L	 M
9	 391	 L	 M
10	 399	 L	 M
11	 389	 L	 M
12	 393	 L	 M
13	 394	 L	 M
14	 390	 L	 M
15	 395	 L	 M
16	 387	 L	 M
17	 404	 L	 F
18	 402	 L	 F
19	 386	 L	 M
20	 403	 L	 M
21	 392	 L	 M
22	 381	 L	 M

1	 416	 R	 M
2	 408	 R	 M
3	 422	 R	 F
4	 428	 R	 M
5	 412	 R	 M
6	 414	 R	 M
7	 427	 R	 F
8	 418	 R	 F
9	 406	 R	 M
10	 417	 R	 M
11	 410	 R	 M
12	 419	 R	 M
13	 415	 R	 M
14	 421	 R	 M
15	 420	 R	 F
16	 411	 R	 M
17	 409	 R	 F
18	 406	 R	 M

Table 8.1	 Star Carr Cervus glenoid sex classification results
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Of the 40 total specimens, ten individuals were identified as females (six right, four left).

The MIN count indicates that there are at least six females represented in the glenoid

assemblage (right glenoids), and at least 19 males, suggested by the 19 left male-shaped

glenoids. The predominance of male individuals is expected because of the recovery of a

large number of antler remains, confirming that male individuals were hunted, and

perhaps preferred, due to their larger size and meat yield, and the bonus of secondary

products for the antler tool industry at Star Carr (Clark 1971).

Below, the area size of the specimens is considered in a histogram. The individuals have

been arranged in ascending of size. The individuals have been labels according to Study

Number and side so that size information can be referred back to Table 8.1 or the actual

outlines of the material located in Appendix 0, if needed. The specimens that have been

classified as females have been indicated in red to distinguish them from the male

classifications (indicated in blue).

Figure 8.1 below presents the area size information calculated from the glenoid outlines

by the eigenshape program. Area size is assumed to be a more inclusive of dimensional

information than simple directional size measurements because it considers the entire

space which the object occupies rather than only the sizes that are quantified by the

measurement. As we have noted from previous exposure to area size histograms in

Chapter 6, not all of the smallest individuals in a sample are female.

In Figure 8.1, many of the smallest individuals have been assigned female classifications.

The blue male individuals in between the red ones may be smaller than some female

classifications, but their shape most resembles that of a male (globular and symmetrical)

and could represent immature specimens. The glenoid fuses before birth, so ageing the

individuals at time of death from the glenoid is not feasible.

Determining sex by shape is not an absolute method, but perhaps the likelihood of the

female identifications being accurate is better than sex determination by size. For

example, Fig. 8.1 shows no substantial break in sizes between smaller and larger

individuals.
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Figure 8.1	 Area size histogram for glenoid size ranges of the classified individuals
(red = female classifications, blue —male classification)

The same pattern can be noticed from directional measurements presented by Fraser and

King for the Star Carr glenoids (1971: P. 83, Table 8). Determining sex from the metrical

information from these specimens would entail guessing judgements, while comparing

shape to previously established shape trends from specimens of known sex is helpful.

The female identifications are revealed to be all in the smaller range of the sample

individuals. If we accept size dimorphism as a clue to sex identity, than the ten

individuals classified as females conform to the expectations of a female glenoid, both in

size and in shape. More females could very well exist in the sample, but are not of typical

female shape. We can only state that the ten glenoids that have been classified as females

are the most likely of all the glenoid specimens to represent female individuals.

Morphometric and size information supports these identifications. In short, the glenoid

assemblage from Star Carr represents at least 19 male individuals, and at least 6 female

individuals.
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Distal humerus

Thirteen distal humeri (seven right, six left) were examined for sexual dimorphism in the

Star Carr sample. The significance tests for the shape differences presented between male

and female cervid individuals have shown poor significance values for the distal

humerus. The mean shapes for the cervid distal humeri show almost no difference

between the male and female distal humeral shapes. The only distinguishing character is

the pronounced protrusion on the medial side of the male specimens, and the

comparative robustness of the distal humerus outline. Table 8.2 presents the specimen

and sex classification summary.

STUDY NO.	 NHM NO. SIDE SEX
1	 441	 L	 M
2	 435	 L	 M
3	 431	 L	 F
4	 434	 L	 M
5	 439	 L	 M
6	 440	 L	 M
1	 449	 R	 M
2	 442	 R	 M
3	 444	 R	 M
4	 447	 R	 M
5	 443	 R	 M
6	 453	 R	 F
7	 445	 R	 M

Table 8.2	 Star Carr Cervus distal humerus sex classification results

From the 13 distal humerus individuals, only two specimens seemed gracile enough to

represent potential female specimens. Six out of seven right-sided specimens were large

and robust, the seventh (6R) was gracile by comparison. One out of six left-sided

individuals (3L) was more gracile than the other individuals. These individuals could

also represent young males; the distal humerus, like the glenoid of the scapula, fusing

within a year of birth (undiagnostic of age). The shape criteria for the distal humerus are

less defmed than the glenoid, therefore, the female classifications have been made on

speculation.
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Figure 8.2
	

Area size histogram for distal humerus (red = female, blue = male)

Figure 8.2 shows the ascending order of size for the distal humerus sample. The two

suspected females are in the smaller range of individuals, although three suspected males

are just as small in size. Again, the distal humerus is characteristically void of sexual

characters, but 6R and 3L are the most likely to represent female specimens. In all, at

least one female individual is represented and at least six males in the distal humerus

sample, if we accept this interpretation.

Proximal metacarpus

The proximal metacarpus, while revealing significant differences statistically between

males and females, produced a 50% confidence value for blind classification in Chapter

6. Like the distal humerus, diagnostic sexual characters may be present but are not easily

identified by eye. The most diagnostic feature is the robustness of outline. Eleven

proximal metacarpi were available for examination in the Star Carr collection (eight left

and three right). By comparison to the mean shapes, the following sex classifications

were made (Table 8.3).

Out of eleven specimens, one left individual could be classified as female based on the

comparatively gracile shape. The outline of 6L was smoother with less developed

features.
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STUDY NO.	 NHM NO. SIDE SEX
1	 5009	 L	 M
2	 64	 L	 M
3	 62	 L	 M
4	 65	 L	 M
5	 63	 L	 M
6	 61	 L	 F
7	 59	 L	 M
8	 60	 L	 M
1	 57	 R	 M
2	 51	 R	 M
3	 58	 R	 M

Table 8.3	 Star Carr Cervus proximal metacarpus sex classification results

These characters could also describe the bone of an immature male. Nevertheless, of all

the specimens, specimen 6L is most likely to be a female than the other individuals

present in the sample. The proximal metacarpus fuses before birth so that age could not

be a determining factor in the identification of this specimen.

Figure 8.3 below shows the size range of the metacarpal sample from Star Carr.

Star Carr Red Deer Proximal Metacarpus Area Size
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Figure 8.3	 Area size histogram for proximal metacarpus (red = female, blue = male)

Although the suspected female is not the smallest individual, it is located in the smaller

range of individuals. Another interpretation could be that there are no females in this

assemblage, and specimen 6L is just a smaller or immature male individual. However, if

a female is represented in this collection, the criteria are insignificant as they are for

distinguishing sexual dimorphism in the proximal metacarpus, indicate that 6L is most
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likely to be the female representative. If we accept this interpretation, a minimum of one

female and seven males are represented in the proximal metacarpal sample from Star

Carr.

Distal tibia

Twenty-six complete adult distal tibiae were available for examination in the sample

(nine left, 17 right). The distal tibia fuses early at around two years of age (Silver 1970),

so immature specimens might be identified more easily in the distal tibia sample than in

the previous three bone samples examined in this case study. Unfortunately, the distal

tibia was not one of the successful bone elements producing clear diagnostic

characteristics between the sexes, although statistical results for Cervus distal tibia state

otherwise. Again, the most diagnostic character is robustness of outline for males. The

caudal edge is more curved for female individuals in general (see mean shapes in

Appendix F). Table 8.4 indicates the classification information using the Mean Shape

Method for sexing distal tibiae.

STUDY NO.	 NHM NO. SIDE SEX
1	 98	 L	 M
2	 102	 L	 M
3	 103	 L	 M
4	 100	 L	 F
5	 95	 L	 M
6	 96	 L	 M
7	 97	 L	 M
8	 99	 L	 F
9	 101	 L	 M
1	 85	 R	 M
2	 78	 R	 M

3	 88	 R	 M
4	 82	 R	 M

5	 87	 R	 M

6	 84	 R	 M

7	 86	 R	 M

8	 94	 R	 M
9	 93	 R	 M

10	 77	 R	 M

11	 80	 R	 M

12	 90	 R	 M
13	 91	 R	 M
14	 79	 R	 M

15	 92	 R	 M
16	 83	 R	 M
17	 5009	 R	 F

Table 8.4	 Star Carr Cervus distal tibia sex classification results
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Of the 26 distal tibia, three could be identified as possible female individuals. In fact, 8L

and 1 7R are so similar in outline compared to the other iiidividuals, that they might

originate from the same individual. These three specimens are slender in form and have

distinct curvatures along the caudal and lateral sides. The other 24 individuals are robust

in comparison. The three suspected females are also appear more compressed cranial-

caudally and hence distinguish themselves as different from the rest of the group

specimens. Perhaps these individuals represent young males or males from a different

population, but because specimens 4L, SL and I 7R are fully fused, the immature

hypothesis becomes less likely. Unless two red deer individuals wandered considerably

out of range to be hunted and schiepped to Star Carr by the site occupants, the latter

suggestion also seems implausible. For these reasons, the probability of these three

specimens representing female individuals is good. If we accept these classifications, the

distal tibia sample represents at least two female and 16 male individuals.

Star Carr Red Deer Distal Tibia Area Size
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Figure 8.4	 Area size histogram for distal tibia (red = female, blue male)

Figure 8.4 shows the size range extent of the distal tibia specimens from the Star Carr

sample. The three individuals that were identified as female are the smallest individuals

in the group. If area size was the only criteria being used to distinguish females, difficulty

would be encountered to know where the female sizes begin and end; no clear size

distinction exists in the group that might suggest sex, except perhaps for the size gap in
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between specimens 8L and 4L. If we accept this interpretation of sex classification, then

the distal tibia assemblage represents at least two females, and 16 males.

Astragalus

Twenty-two astragali (14 left, eight right) were examined for sexual dimorphism from

the faunal assemblage. Unlike the sheep remains, the cervids did not exhibit any

particular feature which could aid in sex determination. Moreover, the astragalus cannot

be aged accurately because it is complete at birth. The only clue to sex identification was

visual size, although the smaller individuals could actually represent immature males.

Of the 22 individuals, two left astragali could be identified as possible females (7L, 9L)

because of their smaller size. Table 8.5 below summarizes the classification results.

STUDY NO.	 NHM NO. SIDE SEX
1	 203	 L	 M
2	 198	 L	 M
3	 207	 L	 M
4	 195	 L	 M
5	 201	 L	 M
6	 196	 L	 M
7	 206	 L	 F
8	 204	 L	 M
9	 200	 L	 F
10	 197	 L	 M
11	 199	 L	 M
12	 205	 L	 M
13	 208	 L	 M
14	 202	 L	 M
1	 192	 R	 M
2	 189	 R	 M
3	 190	 R	 M
4	 185	 R	 M
5	 188	 R	 M
6	 194	 R	 M
7	 187	 R	 M
8	 191	 R	 M

Table 8.5	 Star Carr Cervus astragalus sex classification results
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Since the classification was based on visual size, the area size histogram might confirm

the size difference of these two specimens compared to the other individuals.

Star Carr Red Deer Astragalus Area Size
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Figure 8.5	 Area size histogram for astragalus (red = female, blue male)

The area size histogram reveals that the two visually smaller individuals (9L and 7L) are

indeed the two smallest individuals in the astragalus group. Specimens 3R and 8R are in

close proximity in size to the two classified females. The latter two specimens are fairly

robust and present complex curves indicative of well-developed features, particularly on

the lateral surfaces. In consideration of these traits, these two individuals (3 R and 8R)

can either be interpreted as old females or small males.

If we accept either interpretation, the MM count from the astragalus still suggests the

presence of a minimum of two female and 12 male individuals.

Proximal metatarsus

Only eight complete proximal metatarsi were examined in the Star Carr collection, five

left and three right. The proximal metatarsus was the least significant bone to present any

dimorphism between the cervid sexes. The only potentially diagnostic feature is that the

female individual tends to be more slender mediolaterally in proportion to the male.
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STUDY NO.	 NHM NO. SIDE SEX
1	 5009	 L	 M
2	 158	 L	 M
3	 56	 L	 M
4	 159	 L	 M
5	 150	 L	 M
1	 152	 R	 M
2	 149	 R	 F
3	 151	 R	 M

Table 8.6	 Star Can Cervus proximal metacarpus sex classification results

With this shape criteria, only one individual could possibly represent a female individual,

specimen 2R. This specimen is both slender and smooth in outline. The proximal

metatarsus fuses early in life, so this individual could represent a young male as well

since age-at-death information is not available from the specimen itself.

The area size histogram (Fig.8.6) shows that specimen 2R is the smallest of the group.

The sample, however, is small, so the comparative material is limited.

Star Carr Red Deer Proximal MetatarsusArea Size
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Area size histogram for proximal metatarsus (red = female, blue = male)

A small size gap appears between 2R and the next smallest specimen I R. This gap

represents 78 millimeters2 (0.8 cm2) area size difference between the two shapes

indicating that 2R is noticeably smaller. Either specimen 2R is the only female in the

group or it is a young male. If we accept the first interpretation, then the proximal

metatarsus sample is comprised of the remains of at least one female and five males.

1400

1200
c.l
E 1000
E

800
N
'a,
	 600

a,	 400
4 200

0

387



Conclusions

In conclusion of the Star Carr case study of sexual dimorphism from archaeological

cervid remains, the maximum number of possible female individuals represented in the

existing sample in the NHM is at least six individuals (MN!), suggested by the presence

of six female-like shapes right glenoid fossae. The MNI for males in the collection is 19

counted from 19 left glenoids. For all the elements examined, there are consistenfly about

3 times as many male bones as there are female. This finding supports the conclusions of

Jarman (1972) that mostly males were hunted at Star Carr. Although the number of antler

remains do suggest that antler was brought to the site, some post-cranial remains are

missing suggesting that schiepping of body parts occurred. Therefore, males were likely

the preferred game, and their antlers could have been cut and schlepped back to the site.

From other kill sites. Because of the evidence of bone industry at Star Carr, it is logical

that males would be the preferred game since their antlers provided resources.

The morphological evidence showed the presence of small males in the sample. The

analysis of the glenoid remains compared with the area size histogram after

classification, showed that at least seven males were in the female range of sizes. This

finding reveals that sexing by size alone can be misleading. Legge and Rowley-Conwy

(1988) assumed equal presence of male and female individuals in the sample because

smaller individuals were classified as females.

Unfortunately, more diagnostic bones like the innominate and proximal femur were not

recovered from the excavations in a state of preservation that would be useful for sex

determination using the Mean Shape Method. The most reliable identifications, however,

were obtained from the analysis of the glenoid group and the distal tibia group. The

proximal metacarpus and proximal metatarsus also make a good case for the presence of

female individuals in the collection as well. The other bones (distal humerus and

astragalus) were not as successful for sexing using the Mean Shape Method, although

visual recognition of size differences from the bone profiles did indicate a size difference

between the classified females and the other individuals in the sample groups. These

differences, however, could indicate the presence of female remains in the assemblage or

immature males.
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That the total sample of red deer from Star Carr contains predominantly male individuals

is not unexpected because of the abundant recovery of antler remains, as Jarman (1972)

concludes. Perhaps the site occupants preferred to hunt male individuals because of their

greater meat yield and/or because of the resource of antler for the tool industry. Perhaps

they hunted males for the same reason most modern hunters prefer stags, as trophies and

in environmental consciousness to spare females to bear and protect offspring. Evidence

from the morphometric analysis of the red deer remains, however, suggests the presence

of a few female specimens as well, revealing that meat was a primary incentive for

hunting deer in Mesolithic Star Carr.

8.4	 Canterbury

Excavations in the Marlowe Car Park began in 1978 in advance of urban redevelopment

of the area. The main publications of the site occur in various reports of the Canterbury

Archaeological Trust (1978, 1980, 1981), and in a book published by Blockley eta!. in

1995. Permission to study the material was granted by the Kevin Reilly at the Canterbury

Archaeological Trust, and the curator of the collections maintained in the store of the

Institute of Archaeology, University College London (Karen Excel).

The fauna! material has not been published to date. Most of the material was excavated

from a butchery pit (MT 82211(3)) dated between the Sthto the 11th century AD. Pit 211

in the MT area was not associated with any particular architecture. The pit cut through

Roman stratigraphy into the underlying brick earth and contained the remains of a timber

lining (Blockley eta!. 1995: 363). The faunal remains contained within were comprised

mostly of cattle bones, pig, and sheep with a few remains of goat as well. Some remains

of avian species were present also.

Materials

The fauna! assemblage from Pit 211 was heavily butchered, so few remains could be

salvaged for sex determination from the sheep species. For the purposes of this

experiment, cattle, pig, goat and bird remains were extracted, and attention was paid to

the sheep remains alone. Sheep bones were recorded and the applicable specimens

examined for sexual dimorphism in this dissertation were profiled whenever possible.
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Unfortunately, after the other species were removed only a scanty sample of sheep

material remained. The list of the entire sample of sheep remains is located in Appendix

o with the profiled outlines from the applicable sheep bones. Linear measurement

information is located in Appendix K.7 on the CD-ROM. Profiled for morphometric

analysis were representatives from the sheep atlas, glenoid fossa, proximal metacarpus,

obturator foramen, distal tibia, and astragalus. As with the previous sample, no proximal

femora were recovered from excavation.

In general, the sheep appear to be from a single small breed of sheep, perhaps resembling

the Soay breed in size. All parts of the sheep skeleton were present in the sample save for

proximal femora, the most meat-bearing bone.

Methods and results

The atlas, glenoid fossa, proximal metacarpus and distal tibia specimen shapes were

recorded using profile gauges, while outlines of the existing obturator foramen and

astragalus specimens were traced. The outlines were then compared to the mean shapes

and classified accordingly. The non-applicable specimens to this experiment were

recorded in a list so that a full description of the sheep remains would be recorded. The

bone outlines and sheep remains list from Pit 211 from Canterbury are available for

viewing in Appendix 0.

The some elements with more than two individuals were plotted by area size to compare

sex classifications with size ranges.

Atlas

Only two atlases were retrieved from the sample. The most clear sexual dimorphic traits

are located in the transverse processes of the atlas, even atlases butchered medially could

have been included, however, only two complete atlases were recovered.

STUDY NO. SIZE (MM 2) SIDE	 SEX

	

840.9	 -	 M
2	 852.5	 -	 W

Table 8.7	 Canterbury sheep atlas sex classification results
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Since the material has never been formally studied, no catalogue numbers have been

assigned to each specimen. The area sizes of the specimens have been included for a

comparative size reference. Specimen I has been given a classification of male, although

the male must be of a young age to account for its small size. Of course, this could be a

trait of the small breed, but for a male individual, the atlas seems very small. A male

classification was assigned because of its robust and geometric ventral tubercie and its

straight transverse processes. If the individual was a female, the ventral tubercle is not

usually so well-developed. As was noted in Chapter 2, mammals during development

assume the shape of females until the influence of androgens is introduced in the body

during sexual maturation. To have assumed a male-shape, this individual would have

developed male androgens that would induce male-type horn growth, and robustness in

the atlas.

Specimen 2 has been classified as a wether because of its robust ventral tubercie, and its

slightly-curved transverse processes. The specimen is only slightly larger than specimen

1 but exhibits a slightly different shape. The confidence of classification as revealed from

the blind test in Chapter 6 was 100% for the atlas for sexual trimorphism. These sex

identifications, therefore, have a good probability of correct classification. Having

identified a possible wether in the faunal assemblage from Canterbury can suggest the

practice of castrating sheep as a herding strategy in the local economy at the time.

Glenoid

Six right glenoid fossae were recorded from Pit 211 (two lefi, four right). The results of

sex classification are listed below in Table 8.8.

STUDY NO. SIZE (MM 2) SIDE SEX
_____________	 397.6	 L	 M

2	 340.8	 L	 F
______________	 479.4	 R	 W

2	 452.6	 R	 W
3	 433.5	 R	 M
4	 452.4	 R	 M

Table 8.8	 Canterbury sheep glenoid fossa sex classification results

From the shape of the glenoid fossae in the assemblage, representatives of the three sexes

can be identified. The confidence of classification based on comparison with the mean
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shapes during the blind test was 77% (two wrong out of 13 specimens). Therefore, there

is a good chance that these identifications are correct. Individuals IL, 3R and 4R

exhibited a straighter lateral edge than the other three specimens. Specimens 1 R and 2R

were as large as the male specimens, but had an angled lateral edge of the coracoid

process. Specimen 2L also had an angled coracoid process, but was smaller than the

other individuals. All individuals were fully fused indicating an age of over 10 months

old, however, all specimens were not likely full adults (ca. 3.5 years) because of their

small size and smooth outline of shape, indicating under-developed features.

Canterbury Sheep Glenoid Area Size
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Individual

2R	 1R

Figure 8.7
	

Canterbury sheep glenoid area size histogram
(red = female, blue = male, yellow wether)

The area size histogram reveals that the individuals classified as wethers are the largest

specimens in the sample. The smallest specimen was classified as a female, and the

middle range size individuals were classified as males. This pattern of size versus sex can

be explained by the delay of epiphysial fusion occurring after castration. Studies have

revealed that castration at a young age can induce a delay in epiphysial fusion, causing

the castrated individual to occasionally grow larger than the male (Davis 2000; O'Connor

1982; Schramm 1967). Another interpretation, if we accept the sex classifications, is that

the wethers are simply older than the other individuals.

From the presented classifications of sex using the Mean Shape Method, the sheep

glenoid assemblage from Pit 211 contains the remains of at least two males, a female,

and two wethers.
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Proximal metacarpus

Six specimens of complete sheep proximal metacarpi were recovered from Pit 211 (two

left, four right).

STUDY NO.	 SIZE (MM 2) SIDE SEX
1	 255.1	 L	 F
2	 303.8	 L	 M
1	 256.7	 R	 W
2	 263.4	 R	 M
3	 214.8	 R	 F
4	 266.5	 R	 W

Table 8.9	 Canterbury sheep proximal metacarpus sex classification results

Table 8.9 summarizes the results of the sex classifications from the proximal metacarpus

specimens. Although the proximal metacarpus scored well statistically for sexual

trimorphic differences, the blind test established that these differences could not be

reliably recognized with the naked eye. The confidence of classification determined from

the blind test was 50%. Therefore, the classifications as presented above cannot be

considered reliable. They are merely suggestions based on speculation of shape. The

female specimens are smaller, and the males have been distinguished from wethers by a

more complex and curvy cranial edge (see mean shapes in Appendix F.5).
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Table 8.8	 Canterbury sheep proximal metacarpus area size histogram
(red = female, blue male, yellow = wether)

The area size histogram shows the size distribution of the specimens based on the sex

classifications. Again, the females are the smallest individuals and the wether and male

individuals are the larger. But this is only one interpretation of the material. The
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probability for the accuracy of the female classifications are better, but the blind test has

revealed that the males and wethers are easily misidentified for each other.

Obturator foramen

Two tracings of obturator foramina were taken from the remains of two partial right

innominates. Unfortunately, the pubis was not preserved in both cases so that the sexing

of these individuals could not be aided by the information that it provides. The low

number of specimens recovered could not provide a comparative sample with which to

establish shape trends. Another problem was that the specimens appear to be from young,

under-developed individuals, suggested by the roundness of shape of both specimens,

rather than a teardrop shape that is typical of adult individuals. For these reasons, the two

specimens of obturator foramina could not be sexed.

Distal tibia

Five distal tibiae were excavated from Pit 211 (two left, three right).

Table 8.10	 Canterbury sheep distal tibia sex classification results

The results of classification show that three male specimens, a wether and a female

specimen were identified in the sample. The wether shape is more slender and elongated,

according to the mean shapes, while the male is more robust, and the female is more

gracile. The distal tibia, however, did not score well either in the statistical tests or the

blind test. In the case of the distal tibia, the wether shape differs from the male and

female shapes, the latter two resembling each other quite closely, save for their average

sizes. The blind test, however, was complicated by several types of breeds and sizes of

sheep so that males and females were commonly confused. The confidence of

classification achieved during the blind test was 58%. Perhaps these classifications

presented here from the archaeological material could be slightly more reliable if we

assume that the specimens are from the same breed from individuals of approximately
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the same age. If we accept these assumptions, then the confidence values of the

classifications increase. If the assumptions are too great, then the confidence level is

considerably lower.

Canterbury Sheep Distal Tibia Area Size
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Figure 8.9	 Canterbury sheep distal tibia area size histogram
(red = female, blue = male, yellow = wether)

The classified female is the smallest individual in the sample, and a male is the largest

followed by a wether in the position of second largest individual. If we accept this

interpretation, then the distal tibia sample from Pit 211 represents a single female, a

single wether and at least two male individuals.

Astragalus

Only one left astragalus was excavated from the butchery pit at Canterbury.

STUDY NO.	 SIZE (MM2) SIDE SEX
527.3	 L	 W

Table 8.11	 Canterbury sheep astragalus sex classification results

The lack of comparative material from the same source made this identification difficult.

The presence of the sharp ridge on the medial side of the specimen suggested it did not

originate from a male individual, according to the mean shapes. The specimen then is

either a female or a whether. Extrapolating from the sizes of the distal tibia, the bone

with which the astragalus directly articulates on the dorsal end, the astragalus is too large

to have been from a female individual. Therefore, the astragalus have been classified as a

395



wether. Of course, this method of extrapolation is dependent on the assumption that the

sex identifications of the distal tibiae were correct, and that the individual represented by

the single astragalus does not originate from a unique individual of different breed or

considerably older age.

Conclusions

In conclusion of the case study of sheep sexual dimorphism from Pit 211 at Canterbury,

the presence of all three sexes is suggested by the atlas, glenoid fossa, distal tibia and

astragalus. The most reliable identifications were those made by the atlases and the

glenoid fossae, as indicated by the statistical tests and blind test presented in Chapter 6.

The classifications made by examining the proximal metacarpi are perhaps the most

dubious, while classifications made on the distal tibia and astragalus are tentative on

assumptions that the sheep represented in the sample are roughly the same age and are

individuals of the same breed. If we examine the results from all the sexing experiments

and accept the interpretations, the sample represents at least two males, a female and two

wethers, suggested by the results of the glenoid fossae classifications.

An interpretation of the sample based on the results of analysis and sex classification is

that the butchery pit remains are from a small breed of sheep, the size of the Soay breed.

The herding strategy is likely supportive of a meat economy suggested by the young

individuals, indicated by mandibular evidence. The evidence of wethers in the sample

also supports the suggestion of a meat economy since domestic animals are commonly

castrated to increase meat yield, though wethers are reported to produce softer, fmer wool

as well (Clutton-Brock eta!. 1990; O'Connor 1982). An economic strategy seldom has

only one objective; the wool from sheep in a meat-based economy is still shorn from the

sheep and used to make textiles, lithe primary objective of herding sheep was a milk

economy, then young female sheep would not be slaughtered, but rather kept for milk

yield.
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8.5	 Assessment of application

Overall, the Mean Shape Method and Table Test facilitated the classification and

interpretation of sex ratios represented from the different archaeological interpretations.

For Silchester, the evidence supported the practice of female dog burial. In Star Carr, the

morphological evidence showed a predominantly male representation in the assemblage.

In the Star Carr case study, it was particularly important to be able to offer another

perspective on an assemblage that has been studied and published so widely. Another

important finding was that small males appeared in the sample at Star Carr, indicating the

problems of size comparison alone to interpret size ratios.

At Canterbury, evidence for the presence of all three sexes were present in the small

assemblage. Although insufficient in remains to be able to offer insight into culling

patterns, the assemblage at Canterbury served to show that morphological analysis of

bones can be performed on even small archaeological samples. The identification of

wethered individuals is significant because castrated individuals have always been

elusive in faunal analysis.

In general, the methods were easy to use, and met all the criteria suggested in Chapter 5

for the development of an appropriate method. The results, tests, and applications have

shown that the Mean Shape Method and the Table Test cannot offer I 00% confidence in

classification, but can offer a significant probability margin to sex certain bones. The

morphological analysis worked best in combination with size inqumes as well, especially

to classify wether bones, which are usually of female shape and male size.
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Chapter 9.0 Conclusions

This chapter of conclusions will provide a summary of the new data and

information concerning sexual dimorphism in skeletons, revealed from the results of the

analyses. The two new methods of sexing will be evaluated with reference to the results

from the archaeological case studies, and contributions of the research to zooarchaeology

and general studies of sexual dimorphism will be reviewed. Future research areas in

sexing methodology will be suggested in closing.

9.1	 Summary of results

The results of the morphometric, osteometric, and statistical analysis were presented in

Chapter 6. The data were discussed in phylogenetic order beginning with small mammals

and carnivores.

The small mammals, specifically polecats, wild cats, and hares, could not been analyzed

thoroughly using the methods developed here. Visually, no evidence of morphological

differences between the sexes was clear, hence these smaller mammals were omitted

from the study group after the preliminary pilot study.

Canids

Canids were represented by red fox to avoid complications of variable breed size and

morphology inherent in the domestic dog species. Of the five skeletal elements that were

examined, the glenoid fossa of the scapula was the most morphologically different bone

between the two sexes of red fox. The breadth of the proximal humerus showed the most

metrical difference between the two groups. All data, morphometrical and osteometrical,

showed low to no significance shape or size differences for the five bone parts of red fox

examined. The humeri of red fox and domestic dog were tested for the development of

their deltoid tuberosity by using the Table Test. The results showed that 78% of well-

developed red fox tuberosities were male specimens while only 57% of underdeveloped

tuberosities were female individuals, in domestic dogs, the results were more significant.
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Of the well-developed tuberosities, 85% were male, and for the underdeveloped ones,

69% were females. The effects of castration of male dogs on muscle development are not

known and, thus, cannot be detected by observing the development of the deltoid

tuberosity. The Table Test is described in section 9.3.

Sus

The results of the morphometric investigation of the pig skeleton were limited due to the

unavailability of adult post-cranial skeletons

Data from a maximum of nine individuals was examined for morphological difference

and presented in terms of area size of the bones and eigenshape score plots. The data

showed that the atlas, glenoid, and astragalus exhibited the most significant shape

difference between the sexes, although test sizes were very small.

The interesting point that arose from this study of pigs was that the size proportions in an

individual skeleton were highly variable. For example, in comparison of the bone area

size of the other individuals, a femur from a large individual may have had the largest

proximal end, but not the largest distal end in the same group. Furthermore, an animal

with the smallest femur did not have also the smallest tibia, for example. Size variability

not only occurred between individuals, but within each individual, proportionate size

changed as well.

Cervids

Two species of cervid were examined for morphological and metrical sex differences.

Unfortunately, the red deer specimens were too few in number and of wide geographical

range to produce reliable results. Nevertheless, similar morphological sex differences

were noted between the two groups of cervids.

The greatest morphological differences between the sexes occurred in the atlas, glenoid,

and obturator foramen. The proximal metacarpus and the proximal femur also produced

significant morphological differences. The metrical results coincided with the significant

findings of shape difference in the above mentioned skeletal elements, and also produced
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a significant size separation between the sexes for the axial dens, distal humerus, and

distal tibia.

Ovis

Domestic sheep were the only group to include three sex categories, male, female, and

wether. The study group was made up of several different breeds from different regions.

The presence of wethers in the sample confused size issues considerably. As a result,

osteometrics alone were unable to distinguish between the three groups. Morphological

comparisons were able to separate the three groups for the atlas. The combination of

morphology and size was able to distinguish between the three groups for the glenoid,

metacarpus, obturator foramen, and proximal femur. In general, the morphology of the

wether bones was found to be more like that of the female individuals, but exhibiting, at

the same time, comparable male size.

Patterns of sexual dimorphism in the skeleton were discussed in terms of function. The

anterior limbs were found to have a higher degree of sexual dimorphism than the

posterior limbs, likely due to the increased weight on the anterior limbs caused by the

cranium and its accessories. Further strain is caused by cranial impact on animals with

head gear. The most dimorphic bone parts were the weight-bearing articular surfaces.

The distal humerus and the proximal radius/ulna, for example, form a shock-absorbing

joint, as with the distal femur and proximal tibia. Without the direct weight strain, these

joints will show little difference between the sexes due to differential loading.

Evidence from both the bovid and cervid studies show that the anterior section of the

body exhibits sexual dimorphism to a greater extent than the anterior portion. This

fmding is supported by previous work (Payne and Bull 1988).

A tangent study has been performed on sexual dimorphic differences between the sexes

of feral red foxes and captive red fox. Evidence suggested that the captivity of the foxes

actually enhanced sexual dimorphic features within the group. These foxes were likely

living in reasonable conditions and allowed to act like foxes. In the process, the

inbreeding of the group caused dimorphic traits to become more pronounced. The feral

group had a greater variability of size and bone shape, in general.
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Another tangent study examined the influence of breed and population on sexual

dimorphism. A study group of Shetland sheep from an isolated population on the island

of Floy in the Hebrides was formed from the original study group. Another group of Soay

sheep from various localities in the United Kingdom was also separated. Both groups

showed an enhanced sexual dimorphism than the original study had demonstrated. The

shared geography, genetics, and standard secondary sexual characters in the breeds were

responsible for the enhancement of the manifestation of tertiary sexual characters.

Towards the goal of making such distinctions in zooarchaeological investigations of sex,

new methods were developed to examine bone sex morphology

9.2 Two new methods

Mean Shape Method

Male and female individuals were separated into groups for each species per skeletal

element in order to conduct a different morphological test. By separating the male and

female individuals, the mean shapes for each bone could be calculated and modeled for

each sex using the eigenshape program. Sex differences in overall bone morphology were

noticed using this method, when differences existed. After modeling the mean shapes,

bone shapes of the same element and species were compared with the models and

associated in outline with the mean shape of the sex it mostly resembled. This formed the

basis of the Mean Shape Method.

Chapter 7.4 outlines the applicable skeletal elements with diagrams that can be used for

the classification of sex for cervids and bovids.

Table Test

Fox humeri were laid on a level surface on their anteroventral plane for examination. The

majority of male humeri tumbled over on their medial sides while the majority of the

female specimens remained stable on their anteroventral sides. The reason for these

reactions was the differential development of the deltoid tuberosity; the male tuberosity

is generally better developed than that of the female and thus, does not allow the humerus

to lie on its anteroventral side.
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This simple test, named the Table Test, is actually testing the morphology of the deltoid

tuberosity. Statistical analysis shows that if the humerus of a red fox tumbled unto its

medial side, there is a 78% chance of the humerus being from a male individual. In

domestic dogs, if the humerus tumbled, there was a 85% chance of being from a male

individual. The humeri that rested on their anteroventral plane included both sexes,

though in domestic dogs, 69% of the cases were from female individuals.

The Mean Shape Method and the Table Test were applied to archaeological samples to

check their usefulness in classifying sex and in the interpretation of results.

Archaeological case studies

Chapter 8 presented the results of the two new methods applied to actual archaeological

material. The results of the archaeological tests revealed the usefulness of sexing by

morphology to obtain interpretive information.

For red deer remains from Star Carr, sexed by the Mean Shape Method, the majority of

the long bone remains appeared to be from male specimens (19 MN!) while female

individuals were consistently represented less in the sample (6 MNI). These findings

suggested that the antler remains recovered from the excavations at Star Carr were likely

still being carried by the hunted game. The identification of a majority of males in the

assemblage coincides with the observation of Jarman (1972) concerning the sex

classification of the majority of remains. The interpretation of the metric analysis by

Legge and Rowley-Conwy (1988) claimed, however, that an even sex ratio of males and

females were extant in the Star Can assemblage. The morphometric results suggest that

Jarman was correct in his assertion that most animals were male. The morphometric

analysis also showed a number of small males in the assemblage, easily mistaken for

females in metrical comparisons. The case study showed the drawbacks of osteometrical

analysis in some situations. The method also provided sex information about the deer

from the site. Male deer seems to have been the preferred game to hunt, probably for

antler resources, and the occasional female was likely killed to be eaten.

From the archaeological assemblage in Canterbury, again using the Mean Shape Method,

evidence pointed to the presence of all three sexes represented in the animal remains.
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These findings were important, despite the limited data, because of the indications of the

practice of castration at the 8-1 1th century occupation. Evidence of castration has been

elusive in the archaeological record. Using the Mean Shape Method in conjunction with

metrical analyses would improve identification of castrated individuals in archaeological

assemblages. The small assemblage from Canterbury illustrated one of the advantages of

shape over metric analysis: that the shape analysis could be used to suggest the sex of one

or more bones from a site, while metrics needs many specimens to establish size ranges

for sex determination. Nevertheless, metrics are useful in conjunction with shape analysis

to identify wethers; the wethers exhibit the shape of the female with the size of a male.

The Table Test performed on the eight dog humeri from the dog burials at Roman

Silehester found evidence of female individuals only. The humeri remained stable on the

level surface without tumbling over, indicating an underdeveloped deltoid tuberosity.

This feature is common in 70% of female dogs suggesting that, with good probability,

the dog burials were those of female pets, or under-exercised male dogs.

During the archaeological application, the advantages and drawbacks of the methods

became clear. The major advantage of these methods was the ease in which they were

applied during the analysis. Mean shapes had been prepared beforehand, and only

profiles were needed from the bones for shape comparisons. The Table Test was very

simple. No equipment is required, and no calculations or time for comparison was made.

The results were instantaneous.

Another advantage of the methods is that they can be used in a sample of one individual.

A judgment concerning the sex morphology can be made without reference to other

specimens in the sample, though confirmation in a comparative sample is useful. The

method can be used on fragmentary bone, and records of the bone shape can be taken

with you wherever you may wish to perform the analysis. The bone shapes can also

calculate area size, saving the time for profiling and measurement.

The methods give insight into otherwise elusive factors in archaeological animal bone.

For example, the sex of dog remains has always been problematic because of the

variability of size and skeletal shape due to extensive breeding. The presence of wethers
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in an archaeological sample has, at times, been suspected but unsupported. The sex of

deer post-cranial bones has been sexed by size in the past, when morphological studies

shows that male individuals can be in the smaller range of sizes as well as females.

The methods are not offer in place of osteometric analysis. Rather, they are offered as a

supplement so that information can be interpreted from bones more regularly and with

more confidence during zooarchaeological work.

Several drawbacks exist concerning mainly the scope of these methods. Profile gauges

are fairly unsophisticated tools. Using gauges to profile bones, therefore, limits the size

of bones that one can profile. From the results, applicable animals for this type of study

would have to be larger than a red fox. Metric analysis, however, can be applied even to

insects.

The methods work only for a very limited number of bones and only for adult skeletal

elements. The Table Test, in particular, is useful only for two bones (humeri) of the

whole canid skeleton. If canid remains are recovered without the presence of humeri,

sexing information is still not available. The final drawback is that the methods do not

provide a an answer with certainty. They are based on probabilities.

In short, the methods are very useful for shedding light into areas of zooarchaeology

where information has always been obscure. More work needs to be performed to refine

these methods to include large as well as small animals and to improve probability

classifications.

9.3	 Significance of research

This research has attempted to fulfill the objectives set out in the first chapter: to perform

a study of sexual dimorphism in mammalian skeletons in order to develop new methods

to aid in sex determination of archaeological bone.

The study offers a concise background study regarding the influences and mechanisms of

sexual dimorphism from its evolutionary beginning, and for its on-going development in
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individuals and in species. A review of the existing methods for sexing provides a useful

synopsis of the areas in which research has been performed. Collected appendices offer

resources for animal bone collections and contacts for access to modern skeletons.

The methodology implements eigenshape analysis for the first time for archaeozoological

inquiry, perhaps encouraging other researchers to pursue its use in other areas of faunal

analysis. The extent of the statistics performed on shape differences seek to provide a

good understanding about the extent and significance of tertiary sex differences. The two

new methods, although preliminary attempts at controlled morphological testing, have

been shown to be useful in applications of archaeological bone analysis and

interpretation. The discussion concerning where shape differences occur and their

influences helps in understanding their development in mammalian skeletons. The

bibliography also offers references for sexual dimorphic inquiries.

9.4 Future work

This dissertation attempts to examine sexual dimorphism in mammals, from the

evolution of its development, to identi1ying primary, secondary, and tertiary sexual

characters in the skeleton.

Sexual dimorphism is such a broad topic that many focused studies could be conducted

beginning with a study group of modern skeletons of known sex. I feel that future work

should continue locating and defining tertiary sexual characters in the skeleton.

Primary and secondary characters have been located and used for sex identification in

archaeology since the 1960's. Tertiary characters, with exception of the distal metacarpal

width and the pubic section, are unknown to zooarchaeologists. The term 'tertiary sexual

character', save for a two examples in unrelated articles, has not entered the vocabulary

of the zooarchaeologist. And yet, the possibilities that tertiary characters offer to sexing

mammal remains are wide-ranging and reliable. New methods are required to locate

them.
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The research conducted in this presentation could be expanded to include more

individuals from different geographic locations. The methodology used to compare male

and female shapes can be extended to other species and other skeletal elements.

Eigenshape analysis can be performed in three dimensions as well, which would provide

important information about differential bone structure between the sexes.

Other future work on manifestations of tertiary sexual dimorphism in mammalian

skeletons should focus on bone structure. Following the example of Horwitz and Smith

(1990) who compared radiographs from male and female metapodials, more research

should be conducted on the differences in cortical thickness between the sexes.

The work of Jaslow (1989) on the sexual dimorphism of cranial sutures should be

continued on a variety of species of mammals. Crania are often found fragmentary in

archaeological assemblages. Much of the fragmentation of the skull occurs along the

cranial sutures. Therefore, it would be useful to learn to identify the sex differences of

sutures to enable sex determination from fragmentary cranial pieces.

Landmark analysis performed on fossil crania and extant hominids to determine sexual

dimorphic difference (O'Higgins et a!. 1990, 1993) could likely produce similar results

on mammals with dimorphic crania and dentition. Landmark analysis should be

performed on modem specimens of carnivore and omnivore to discover whether male

individuals also exhibit pronounced facial prognathism in other species.

Microscopic structure of cancellous bone has been demonstrated by numerous authors to

be different for domestic and wild animals (Daly et al. 1973; Gilbert 1989; Zeder 1978).

Similar work should be performed to examine differential microstructure of bones

between the sexes. Although microscopic work may not be useful when conducting

fieldwork, in the lab, an electronic microscope might allow for sexing information to be

extracted from bone.

More work needs to be performed on the identification of castrates in archaeological

assemblages. Identifying castrates in the archaeological record is important for several

reasons: it would I) provide information on ancient herding practices and economic
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strategies; 2) provide ontological and anatomical infonnation about the effects of

castration; and 3) help misclassification of male and female individuals in archaeological

assemblages. The latter point is, perhaps, the more crucial; male, female, and wethered

animals are herded for different reasons. Misidentifying sexes in an assemblage could

lead to the misinterpretation of the sample from a site, and thus, misrepresent the

lifeways of the people who deposited them.

Osteometrical analysis on post-cranial bones (Fock 1966; O'Connor 1982), and research

on epiphysial fusion (Davis 2000; Moran and O'Connor 1994; Scbramm 1967) has been

helpful in understanding the effects of castration on the development of the castrate

skeleton. A morphometric study focusing on the skeletons of castrated individuals may

be helpful in identifying more diagnostic features in the castrate skeleton.

This research is only the beginning of morphological inquiries of sex determination in

skeletons. The amount and detail of work performed on ageing and tooth wear, for

example, is vast in comparison with research on sexual dimorphism in animal skeletons,

which tend to focus only on known characters. Perhaps future work on sex determination

will allow zooarchaeologists to extract sexing information from many more animal

remains, to better interpret the ancient relationship between human and animal.
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