THE UNIVERSITY LIBRARY

PROTECTION OF AUTHOR’S COPYRIGHT

This copy has been supplied by the Library of the University of Otago on the understanding that
the following conditions will be observed:
1.

To comply with s56 of the Copyright Act 1994 [NZ], this thesis copy must only be used for
the purposes of research or private study.

2.

The author's permission must be obtained before any material in the thesis is reproduced,
unless such reproduction falls within the fair dealing guidelines of the Copyright Act 1994.
Due acknowledgement must be made to the author in any citation.

3.

No further copies may be made without the permission of the Librarian of the University of
Otago.

August 2010

UNIVERS:;:TY

Declare.'::"

OF

OTAGO

LIBR1\RY

thesis

Author's full nome:
1'i tle :

Degt"P-C? :

Rachel Francis Baskerville
Pelvic Dimensions - an account of studies
of the pelvis
1885 - 1988
Doctor of Philosophy
11.11 thropology

Dq)arl:.ment:

I agree that this thesis may be consulteu for research and
study purposes and that reasonable quotation may be made
'from it, provided that pt"oper acknowledgement of its use
is made. I expect that my permission will be obtained
before any material is published.
I

consent to this thesis being copied in part or in whole for
library

i)

"\

I i.)

an incli vidual

at the discretion of the Librarian of the University of Otago.
OR

I \o/i511 to modify the above conditions as follows:

./
'/

Date:

/

December 12,1988

/

/

Pelvic Dimensions:

An Account of Studies of the Pelvis 1885-1988
Rachel F. Baskerville

A thesis submitted for the degree of
Doctor of Philosophy
at the University of Otago, Dunedin,
New Zealand.

December, 1988

Frontispiece

11

"Inside Out"

iii

Abstract
This thesis is an historical/analytical account of the ways in which the pelvis has
been studied. The starting point is Turner's 1885 study in which the pelvis was used
as a 'thing' to demonstrate racial progressionism. The thesis continues with a detailed account of the systems of classifying pelves in obstetric studies; and studies
of racial and sex differences in the pelvis as undertaken in physical anthropology.
The second part looks at the ways ideas developed from these studies were used in
the formation and appeal of 'The Reproductive Dilemma' and the use of the pelvis
in theories about bipedalism and human evolution. The importance of the 'Reproductive Dilemma' in theories of human evolution can be attributed to the appealing
imagery with strong narrative elements, which appear to mirror nineteenth-century
theories about the recapitulation ofphylogeny in ontogeny. The discussion on neoteny and retardation considers whether or not Bolk's inclusion of the pelvic form
as a neotenous trait was confusing, as more recent authors have suggested. In combining data from studies of hormones, diet and other determinants of pelvic form,
it can be seen that the ideas of sex differences in pelvic bones are based more on
nineteenth century social concepts of gender functions, rather than any demonstrable biological selection for parturition in the female pelvis. An examination of the
way in which the pelvis of Homo. s. neanderthalensis has been studied is a good
illustration of this. A second illustration of the argument is a study undertaken on
a small sample (29) pelves from a collection of New Zealand prehistoric material.
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1
Introduction
As an object of scholarly interest, the pelvis has received top priority in obstetrics. It
also ranks number one in sexing archaeological material, and ranks second behind
the cranium in studies of early hominid fossils. Dr. Melendy remarked in her 1922
gynrecological handbook for maidens, wives and mothers, that the pelvis is "replete
with interest since through it must pass the fectus or unborn child (1922: 61)". It
is because of this connection with reproduction that it has received so much attention compared with other parts of the skeleton. This thesis is a historical/analytical
study of the way in which the pelvis has been studied in physical anthropology,
obstetrics and paleoanthropology in Europe and North America. The compatibility or discontinuity between different disciplines is highlighted by focusing on the
pelvis from these differing perspectives.
The result is not a simple description about verifiable methods replacing false
methods, nor new information displacing the old, nor successful cross-disciplinary
fertilisation of ideas and concepts. The successive studies of pelvic form and the
evolution of the pelvis display what Gould has called the "interesting property of
incommensurability (1988 (a): 16)". Obstetricians did not divide pelves into similar categories when they measured them. In paleoanthropology the pelves from
different species were all lumped together for analysis, whereas the crania of those
different popu1ations were carefully differentiated and studied separately by other
physical anthropologists. Successive theories about pelvic form and making sexual differentiation from the pelvis embodied fundamentally di fferent views about
the nature of the causes of the differences. The new ideas were not simply more or
better information piled on the explanatory structure of the old. In the history of
pelvic studies there was a successive replacement of mutually incompatible views,
not "a stroll up the pathway of objective knowledge (ibid)".

In the preference of one view over another, it is possible to observe the points at
which social influences on the disciplines were shaped by the dominant ideology.
Few scholars now would claim that scientific enquiry operates completely independently from its cultural matrix, objectively distant from any ideological influence.
Science is part of culture, and as Robert Young plaintively titled his 1985 paper
'Darwinism is Social', so I was tempted to title this study: 'Physical Anthropology is Social Anthropology'. He noted that the distinction between Darwinism and
Social Darwinism is one of level and scope, not what is asocial and what is social
(1985: 610). The same could be said of physical anthropology and social anthropology: that the differences are onesof level and scope, not what is physical and
what is social. Young claimed that science is social, and of all science the theory
that links humanity to the history of nature is likely to be most so (ibid : 636). This
thesis gives substance to that claim.
There were four beliefs which run threadlike through many of the studies of the
pelvis:
• Belief in a purpose-directed or deterministic evolution
• Belief in a close structure/function relationship in anatomy
• Belief in progressionism through evolution
• Believing that male and female form two discrete groups, appositional in
nature
The ideological significance of these four beliefs can in part be attributed to the
nineteenth century perceptions of what Darwinian Evolution implied about the
human condition. Darwin himself rejected any progressive or adaptationist bias,
and challenged determinism 'halfway' (Gould, 1983: 100). But these beliefs, what
Gould calls some of the deepest biases of Western thought (ibid : 95), were incorporated in the general understanding of what Darwin's theories of evolution meant.
For example, the purpose-directed bias perceived in .evolution was attributed by
Francois Jacob (1982: 13) to the consideration of the purposive activity of man as
a universal model for what appears as goal-directed processes in nature. He elaborates on the two different levels at which this belief appears; firstly, at the individual
level, and secondly, concerning the whole living world and its present state. Jacob
contrasts this with the Darwinian view which has the inescapable conclusion that
the actual living world as we see it is only one among many possible ones (ibid : 15).
The actual path of the history of life is not predictable. Any observed order is
merely a chance phenomenon-a side consequence of reproductive struggle. There
has never been any justification for the expectation that we should have evolved.
2

The essential creativity in evolution that has allowed us to appear is 'quirky'; if
evolution was predictable in the way we would like it to be, we would not be here
at all. As George Williams noted, evolution is a by-product of the maintenance of
adaptation (1966: 19) and it is unfortunate that natural selection was first developed as an explanation for evolutionary change. It is much more important as an
explanation for the maintenance of adaptation (ibid: 54). The misunderstanding
of the nature of optimal natural selection results in a simple model of predictable
and observable patterns of local optimum, with a close one to one mapping of a
structure with its function.
There is a fundamental bias in reading into nature our own importance. Although we are prone to see our appearance as the final goal and culmination of the
evolutionary process, evolutionary theory does not privilege the present. The belief
in purpose-directed evolution was attributed by Taylor (1986: 112) to an expression
of human vanity. Gillian Beer suggested that evolutionary theory has "persistently
been recast to make it seem that all the past has been yearning towards the present
moment and is satisfied now (1983 : 13)". She attributes this tendency to the blow
to the universal narcissism of men (sic) and their self-love which Freud considered
had been dealt to humans from Darwin's evolutionary theory (ibid: 12).
The second belief, that of a close relationship between structure and function
creates an inappropriate expectation which contributes to some of the classic dilemmas in evolutionary biology, such as the arguments about the incipient stages of
useful structures, e.g., the 10% wing-what use is it? This close relationship is very
dominant in anatomy, as seen in the opening sentence in Tague and Lovejoy' s analysis of the Lucy pelvis: "A postulate in anatomical studies is that structure relates
to function (1986 : 237)".
However, we have not moved through a graded sequence of stages in our physical and social evolution. Adaptation as observed in one to one mapping between
a structure and its function is prevented; firstly, because the rate of environmental
challenges is so great that an organism never reaches optimality. A species' target of adaptation is continually moving and never reached-first suggested by Van
Valen and nicknamed 'The Red Queen Hypothesis'. As Darlington noted, most
species are not fully adapted to their environments most of the time, but are just a
little better than their competitors for the time being (1977: 1647). If adaptations
were perfect, adaptive evolution would stop, but it has not. Closely related species
differ in many small apparently non-adaptive details (ibid), Secondly, quirks of
history become drafted on to form, and the regularities in the nature of structure
prevent optimising. The constraints provided by the existing structure of each organism means that most changes occur in a process of what Francois Jacob calls
bricolage, poorly represented in English by the word 'tinkering'. All that can be
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said of the end product is that "it could be of some use". For what? That depends
on the circumstances (1982 : 34).
Much of George Williams' book constituted an attack on what he considered
were unwarranted uses of the concept of adaptation; considering that it should be
used only as "a last resort (1966: 11)". So many functions are solved intuitively that
biologists had not adopted a formal system of determining functional relationships.
The "mere fact of the effects' being beneficial from one or another point of view
should not be taken as evidence of adaptation ... parsimony demands that an effect
be called function only when chance can be ruled out as a possible explanation
(ibid: 261)."
The failure to achieve what could be considered close structure/function mappings in many aspects of morphology guarantees sufficient sloppiness, and bursts
with potential. There is a redundant potential in the nature of structures; what MeClintock calls the resourcefulness in the natural order in the sense not so much of
adaptability as oflargesse and prodigality (as quoted in Keller 1985: 162). This is
more or less the opposite of the much older concept of the principle of parsimony in
nature. The erratic shifts in function which occurred in the evolution of the pelvis
inevitably results in a form in which some aspects could be seen as structural redundancies. The increasing number of functions of the pelvis with upright posture
and bipedal locornotion led to the pelvic form having multiple utilities and being
underspecialised in the human physique to a degree which constantly challenges
analyses based on the expectation of a close structure-function mapping.
The third belief listed above, that of progressionism in human evolution, means
that evolution is perceived as having "ladderlike properties of progressive, cosmic
advance (Gould, 1983: 95)". This is often observed simultaneously with the first
one, of determinism in evolution. Some of the consequences of seeing progressionisrn in evolution are:
(a) a tendency to see races as rungs on the evolutionary ladder. This led to
an expectation of the non- Western pelvis being closer to the ape-like (anthropoid)
form; and the birth experiences of 'primitive women' as being closer to a form of
'natural' birth for humans. In George Stocking's essay on polygenist thought in
post-Darwinian anthropology, he clearly identified the confusion between social
and biological processes in the formation of races. The polygenists attempted to
apply pre-evolutionary concepts of species as absolute, supra-individual, essentially distinct and hierarchical entities (Stocking, 1968 : 68); yet the application of
polygenist ideas is not entirely dead today (ibid : 45).
(b) a tendency to attribute perceived maladaptions in pelvic form to the process
of an ongoing adaptation to bipedaIism. The potential for improvements still to be
fulfilled was not ruled out, as will be further described in Chapters 9 & 11.
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(c) a belief that the pelvis would show a progressive evolution from quadruped
to bipedallocomotion, with the intermediary fossil hominids showing a perceived
intermediate stage, like a stepping stone allowing us to cross the Rubicon to the
human condition. The pelvis has been significant in the demarcation debate for at
least the last century. But "to seek for stepping-stones across the gaps between is
to seek in vain, forever (D' Arcy W. Thompson, 1942: 1094)".
(d) the suggestions that male and female were also stages in evo1ution- sometimes suggesting that the male was less neotenous and therefore less evolved (Hooton, 1947: 253) and in other cases the female form was more mammalian and therefore less evolved (Derry,1909: 270).
The last of the four beliefs which dominate studies of the pelvis is the belief
that there was a natural grouping of the sexes, and that male and female formed
two groups, physiologically. This particular belief is a direct consequence of the
fallacy of expecting a close relationship between structure and function. It was
based on an understanding of the morphology of the extreme types of male and
female, and from that making a functional interpretation relating the differences to
gender function. The history and importance of the perceived demarcation between
the sexes and its influence on pelvic studies will be covered fully in Chapter 2.
The variation between male and female data was not thought of as idiosyncratic
at an individual level, but rather as selection operating on one sex for reproductive optimisation, and on the other sex for locomotor efficiency (females nurturing,
males provisioning). There was a very strong ideological component to such determinist arguments as well as scientific weaknesses.
The division between the sexes was invested with enormous social importance, and blessed with very little reliable information as to the causes of sexual
dimorphism in the early years of physical anthropology. In such a case, as Gould
(1981 : 22) pointed out, there is a very low ratio of data to social impact, and the
scientific attitudes are little more than an oblique record of social change. Questions are formulated in such a restricted way that any legitimate answer can only
validate a social preference. As noted by Barbara McClintock, much of the work
done is done because one wants to impose an answer on it (Keller 1985 : 162).
The potential in physical anthropology as an instrument for identifying the cultural
constraints on it cannot be fully realized until those involved give up the myth of
objectivity, and the idea of an inexorable march towards truth.
The thesis which follows attempts to place the studies of the pelvis in a cultural
context, influenced by those four beliefs as outlined. It looks at certain techniques
for studying the pelvis, and why they were considered a proper method of yielding
scientific knowledge; especially how the differentversions were produced, and how
the participants maintained their versions. This should not judge as superior the
5

results or method which seems most tenacious. Possibly the opposite applies, as
we tend to hold on to that which represents our belief system most closely and
thus could be seen as that which yields a result most sympathetic to contemporary
cultural values.
One of the most important developments in physical anthropology was its establishment as a 'numerative' science. The appeal in numbers as a source of hard
facts is also observed in obstetrics, for the same reasons. Lord Kelvin's dictum,
as quoted in Chapter 4, was often quoted favourably by specialists in both fields,
and can be seen as a manifestation of the strong appeal of objective analysis. This
is because it was thought that in desiring to be objective, we are open to the full
existence and nature of the organism and can understand it as it is in itself, not as
we want it to be (Taylor, 1986: 126). The particular distortions we are prone to
are most likely to arise when we are studying ourselves as a species, which places
a high premium on developing a methodology emphasising objectivity right from
the start in physical anthropology. The emphasis on objectivity in physical anthropology can also be understood with reference to the nature of the institutional
structures of the new disciplines of obstetrics and physical anthropology as they
both developed over the last century.
The Nature/Culture division had been implanted into the organisation of human knowledge for centuries. The Arts were those studies which covered products
of human culture. The Sciences were those subjects which covered naturally occurring phenomena. Anatomy was decidedly a science, and the training for both
obstetricians and physical anthropologists was basically a training in anatomy. It
is characteristic of physical anthropology last century that the subject was not defined as physical anthropology as such, but was undertaken in the common context
of Victorian scientific enquiry. In Robert Young's description 0 f this common context in which science was undertaken last century, he traces the increasing demarcation between specialist studies to a point of fragmentation characterised by the
development of specialist societies and periodicals, and increasing professionalism
in 1870's and 1880's (1986: 128) which is the starting point of this thesis.
It is of interest to note how the different disciplines maintained their scientific
status during this process of fragmentation. Anatomy was a science within the general area of medicine. Obstetrics remained firmly under the umbrella of medicine,
being wholly concerned with human biology, or more specifically, female biology.
The dominant emphasis in obstetrics has been as a science, although at times practitioners dwell on the 'obstetrics as an art' perspective, equating the creativity of
birth with the creativity of an artist, while concurrently suggesting that the trained
midwife or obstetrician is indispensible to the successful birth.
Physical anthropology was not quite so clear cut; it was comparative anatomy
6

but also part of evolutionary anthropology with the underlying questions of identifying cultural influences on human anatomy. The classic nature/nurture arguments
dominated some early studies especially brain and intelligence studies. Its status
had to be established as that of a science because the early organisation of physical
anthropology was in Anatomy Departments. The subjects of scientific investigation were naturally occurring phenomena, being observable objects. Parts of the
human anatomy could be treated as 'things', as objects, which immediately implied
that the discipline was also an objective one, a scientific one because it had whole
or parts of human anatomy as its objects which could be measured.
Anyone of many aspects of morphology can be isolated and treated as a 'thing',
sometimes referred to as the process of rei fication. When a unit is isolated and subjected to a simple mathematical criterion, such as an index, or a whole battery of
sophisticated statistical techniques, it ceases to be analysed in the context of the
total morphology of an organism. The tendency to separate components of an organism was accurately represented by Gould & Lewontin (1979) as one of the steps
in the analytic process of the adaptationist programme which developed the adaptationist fallacy of exaggerating the relationship between a structure and its function.
To correct this, it is important to maintain the perspective that "organisms are integrated entities, not collections of discrete objects (Gould & Lewontin, 1979 : 585)".
The origins of the tendency to divide an organism into its component parts can
be traced to the work of Aristotle and Hippocrates. It was adopted by Galen, whose
influence lasted right up until the second half of the seventeenth century, e. g. in the
anatomical lectures of William Harvey, written in 1616, which was based on the
ideas of Aristotle and Galen (Whitteridge, 1964). Aristotle considered that:

((What a thing is is always determined by its function: a thing really
is itselfwhen it can perform its function; an eye.for instance, when it
can see." (Whitteridge, 1964: footnote on page 8)
Anatomy was based on classifying parts philosophically and medically according
to the "end for which they had been designed (ibid : 9)", and it was understandable
that this attitude was a key part of the methodology of the infant science of physical
anthropology in the nineteenth century. The study of 'things' ... objects ... carries
an implicit quality of objectivity which legitimates the study as a science. The
close association between anatomists and physical anthropologists continues to the
present day, as many of the most significant contributors to physical anthropology
were trained as anatomists. There is no other way to learn the basic techniques and
skills, but it carries with it the anatomical philosophy of analysis of the component
parts as separate entities. Is the whole not more than the sum of its parts'?
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Objectifying the pelvis enabled it to be measured, and when you measure something, you can also gets facts from it. The title of the fifth chapter, 'Facts from Figures', is also the title of a small text by Moroney, published in 1951 and many times
since. It was used as a simple reference book in many scientific disciplines. The
title epitomises the way physical anthropology legitimized its claim to be a science,
and Chapter 5 demonstrates just how many different facts could be derived from
measuring the pelvis, especially facts about the sexual identity of the subject. This
can be seen to be part of the numerative fallacy (parallelled by the nominative fallacy in the studies of pelvic types). In this process deriving a mathematical index
from something like the pelvis appears to invent a fact about it which mayor may
not be useful; but the usefulness is rarely questioned. If these facts do not result
in the index being as much use as was expected, then another way of deriving a
similar fact may be substituted as being a more 'valid' measure of that fact, rather
than questioning the premise that any facts can be derived from the material under
scrutiny.
Moroney himself described statistics as a method of investigation used when
other methods are of no avail. .. "It is often a last resort and a forlorn hope. A
statistical analysis, properly conducted, is a delicate dissection of uncertainties, a
surgery of suppositions. The surgeon must guard carefully against false incisions
with his scalpel. Very often he has to sew up the patient as inoperable (1951: 3)."
His belief in the scientist as someone with no axe to grind other than the axe of
truth (ibid), on top of the surgeon metaphor, epitomises the belief in the value of
statistics for a dispassionate (male?) scientist strolling up the objective pathway of
knowledge.
Instead of tackling the problem of how much individual idiosyncrasies in skeletal material could be part of an individual's response to the external world, the
statistical method allowed a description of the total sum of individual variations
in a population as a response to different environments. The exhaustive quantification of one of the 'things' studied in physical anthropology, the pelvis, gained
enormously from the recent sophistication of statistical methodology and computers. Quantum mechanics may have implications for this, as it may for just about
every area of intellectual discourse, but the discussions arc not as yet forthcoming
in a way that most specialists in their own fields can grasp. It does, however, indicate that the classical conviction of the independence of the object from the subject
should be given up (Keller, 1985 : 146). When the pelvis stops being treated objectively, as a 'thing', it can instead be approached as a dynamic contributing part of a
whole organism, possibly as responsive to external stimuli as any other part of the
physiology.
In Stocking's description of histories of science, he identified that a scholar may
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attempt to legitimize the present consensus by claiming for it a putative' founder',
as Ales Hrdlicka has been claimed as founder of the modem science of physical
anthropology. Or the scholar may "sweep broadly across the history of a discipline,
brushing out whigs and tories in the nooks and crannies... (1968 : 8)". When the
history of part of a science is written for the sake of the present (presentism) it is
often faulted by anachronism, distortion, misinterpretation, misleading analogy, neglect of context and oversimplification of process (ibid : 8). However, in the flurry
of anti- Whiggish sentiment in History of Science studies there is some danger in
ignoring the extent to which we can only retain our bearings by contrasting past
and present ideas. Awareness of temporal depth in science forms an integral part
of scientific research (Harrison, 1987: 214) and the constant stream of references
through a thesis like this is expected as a way of expressing the relationship of this
to previous work. Descriptions of these "diachronically extrapolated conceptual
networks are not whiggish sins but the essence of science in action (ibid)."
Although being aware of problems of the whiggish or anti-whiggish interpretations, there is still an immense value in considering the contributions of scholars
who have shared a passion for physical anthropology and devoted themselves to it
with a lifetime's energy. When the human imperative to understand ourselves and
what determines our social and physical being is taken out of the realm of a pure
science, and put back in a cultural context we can more accurately understand the
extent to which "science is, and must be, socially embedded (Gould, 1988(b) : 26)".
This is especially true for the studies of the biological basis for gender differentiation. The natural variation which occurs in pelves of both men and women
is the raw material for natural selection, but such selection operates not only at
an individual level but also at a species level. It could not operate differentially
between male and female. There are enormous variations in different cultures for
making a demarcation between male and female, as evidenced in the the systems
of gender differentiation in human societies. Does sex really go through to the
bone? The next chapter looks in more detail at this question of gender constructs
and biological sex.
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2
Biological Sex and Social
Concepts of Gender
In the introduction it was noted that there exists in our culture a belief in a qualitative difference between the two sexes. This emphasises that male and female form
two discrete physiological groups with little or no overlap. It enables a bimodal
construct of gender, in which the emphasis is simultaneously on the difference between the sexes and the sameness of each sex; that is, it emphasises intergender
differences, and minimises intragender differences. The social construct of gender
is based on the postulation of qualitative differences between the sexes, which is in
direct contrast to the quantitative theory of sex.

"There are no facts about human sexual biology that, in and of themselves, have immediate social meanings or institutional consequences
(Collier & Rosaldo, 1981 :315)
Cultural conceptions of the sexes are intimately and systematically
linked to the organization of social inequality . . . Gender is part of society (ibid : 275)".
"Gender-the social distinction-involves the elaboration and evaluation of physical sex differences (Archer & Lloyd, 1982: 71); comparison and differentiation are essential aspects of social organization
and ... biological sex provides a convenient symbol around which to
construct social categories or gender groups (ibid : 213)".

"In the West we see gender as the product of two factors. The first is
the biological bedrock upon which social gender is built, and we can
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see now that this bedrock, if not exactly shifting sand, may be more like
an unsolidifted magma... The second factor is social moulding of behaviour, thought.feeling and action in accordance with culturally depicted models offemininity and masculinity (Devereaux, 1986: 72)" .
"The category woman like that of man is a cultural category, not eternal. .... the roles or functions are actually the given; women's natures, the social consequence (Bleier, 1984: 73) ... Gender is, in fact,
a social construction or accomplishment, and gender attributions differ
across cultures (ibid: 80)".
The aim of this chapter is to justify my claim that this cultural perception of
clear demarcation between male and female was influential in pelvic studies. What
gender meant affected what anatomy meant.
In some current scholarship, especially sociobiology, there is some significance
attached to establishing that gender differences are based on biological differences.
Has this always been the case? If not, why is it deemed as particularly important
at this point by some societies and not by others? In some societies where gender
can be defined by dress and behaviour, there is less need for gender divisions to
be seen as reflecting some innate biological basis, and in those societies there is
a greater or lesser degree of transmutability of gender. Examples of this will be
given. Even if immutability of gender was observed to be universal, this would
not necessarily prove that this is more than a cultural construct. In fact, the examples from ethnographic data which will be given show that cultures may allow the
transferability of gender in the lifetime of one individual, and there are some very
different perceptions of the transsexuals when they are in a social role opposite to
their biological sex.
As a starting point, however, it is useful to review the development of theories
of sex differences, although they still appear to be outside the popular perceptions
as to the nature of innate sex differences. There is a sharp difference between the
qualitative perceptions of sex which lead to gender constructs, and the quantitative
theories of sex which are the basis for the biological understanding of how sex
differences develop.

Biological sex differences
The biological basis. for a quantitative theory of sex differentiation derived from
experiments around the period 1912-1920. There is a summary in Goldschmidt
(1926) of some of the major contributions to the debate based on the early studies of
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sex chromosomes. The theory claimed that determiners for maleness or femaleness
v...'it·
are present in both sexes, the relative quantities of which i-s-decided by the sexchromosomes. Over that period this quantitative explanation was enlarged into a
physiological theory of sex-differentiation.
Hrdlicka commented on this to the extent of noting that the female and the male
sex are both broad streams of variations-so that no one woman is sexually equal
to another woman, or one man to another man. The ranges of variation between
the sexes give regular binomial curves which do not merely approach each other,
but also overlap (Hrdlicka, 1927(b): 141. See also Lambert's account (1978 : 97):
biological sex being of a bimodal distribution with some overlap.)
Organic sex is a processual matter, not fixed, and certainly not invariant. This
is partly due to the fact that in addition to the primary sex organs, the testes and
ovaries, there is an additional dimension to anatomical sex, and that is the reaction
of target organs to sex hormones. In female sheep the sex hormones produced by
the ovaries are taken up by the uterus, the vagina and the pituitary glands, but not
by other organs. The reaction of these target organs may be affected independently
of the hormone level, and a normal level of sex hormones does not guarantee a
normal reaction of the target organs (Caspari 1978 : 91). The reactivity of the target
organs is controlled by a gene called Tfm, because its mutation tfm results in a
specific abnormal condition called testicular feminization (Ohno, 1972). Humans
with the tfm mutation have complete female genitalia and breasts, and are regarded
as females; but they are genetic males with one X and one Y chromosome. The
sex glands are small and remain in the body cavity.
There is also an example in the high incidence in a village in the Dominican
Republic of a form of male pseudohermaphroditism. At birth of the affected males
(46XY) the defect is limited to incomplete differentiation of external male genitalia. The babies are reared as females, not showing any male characteristics until puberty, at which point they develop male genitalia and become fertile males
(Imperato et al., 1974; Austin & Edwards 1981 : 40). This has been used as an
argument in favour of considering both the type of sexual drive and the gender
role preference as being determined by testosterone (Caspari, 1978 : 93). I would
consider it does not really take into account the cultural flexibility in that the high
incidence in this particular area (in 24 males from 13 families in the village) makes
transition much less stigmatised. The pattern in most human societies to assign the
sex of a child imposes an accepted pattern of interests and activities on the child,
but it is unimportant in the ultimate gender role (Austin & Edwards, 1981 : 40).
Devereaux suggested that
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"in the very realm in which we are most inclined to posit unalterable material essence as the core of gender, we find that this core
is processual in its creation and is in continuous change throughout
a life. We also find that this core is variable in its make up between
individuals in ways significant enough to affect the individual without
altering his or her membership in one or other of the sex category."
(Devereaux, 1986: 71)
Humans gradually develop the characters of their biological sex through a variety of
processes, and the processes are not the same for male and female. The outcomes
are not identical for members of the same sex, who vary a great deal in the amount
of hormone they secrete. The differences and variability between normal humans
directly influence our primary sexual biology, and indirectly influence other areas
of physiology. Those individuals whose physical characteristics are ambiguous, or
conflict with those of their genetic sex, are nonetheless assigned a gender.
Apart from the way in which gender underpins the foundations of kinship,
which will be more fully discussed, it is worthwhile at this point to note also the
way in which a knowledge of the sex of the individual has such an important effect
on our communication except in the most impersonal instances.
Hall noted that non-verbal sex differences in communication were most pronounced when one is with one's own sex. In cross-sex situations behaviour is
moderated so that it approaches the norm of the other sex (1984: 151). Telling
one sex from the other is one of the most common distinctions we make. The skill
to do so is based on both primary and secondary characteristics of the person being identified. She noted that when our judgment fails we are truly confused and
uncomfortable. This can lead to serious impairment of our ability to interact "normally (ibid : 3)".
There is also a considerable amount of study in cases when the sex of a baby
is physiologically ambiguous. There is much anxiety and distress caused to parents if a baby is born with ambiguous genitalia (Archer & Lloyd, 1982: 72) and
a lack of resolution is not comfortably tolerated. There is a large amount of datum addressing the question of the extent to which different behaviour by parents,
teachers and employers to males and females affects development, but these studies do not cover how humans habitually resolve uncertainty of gender. In most
human communications, lack of knowledge of the gender of the individual is not
tolerated, because we depend on it to establish relationships with others--thereby
communicating appropriately.
One illustration of the cultural component establishing the link between biological sex and gender in society can be found in studies of the ways in which different
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societies treat ambiguous individuals, intersexuals or transsexuals.

Cross-Cultural Studies in Transsexuality
The differentiation in each society of people into gendered persons is a processual
matter, a process linked in with other social processes. In many societies young
children and the elderly are free of the rigidities of gender-based behaviour.
Meigs (1976) discusses male pregnancy and the reduction of sexual opposition
in the Hua (New Guinea highlands). The post-menopausal women are initiated
into male society and take on ritual status of male vulnerability thereby becoming
kakora or initiated males. Old men, on the other hand, lose their vulnerability and
become figapa, that is to say: like women and children, able to eat anything and
needing to avoid nothing. The person's gender does not lie locked into the state of
the genitals, but can flow and change in a dynamic fashion. It is not an immutable
state (Meigs, 1976: 406). This permits the experience of both genders in the normal
passage of a person's lifetime.
In a volume of collected essays concerning gender relationships in Melanesia
and beyond, Strathem emphasises the transactability rather than the immutability of gender. Contrasts between men and women become a vehicle for the creation of value : for evaluating one set of powers by reference to another (Strathem,
1987 : 7). This follows the line taken in the discussion of Polynesian data in Ortner's study of gender and sexuality in hierarchical societies. It did not really look
at transsexuality, stating that homosexuality is unstigmatised (Ortner, 1981 : 359).
She considered that the 'sex/gender system' can best be understood in relation to
the workings of the prestige system.
Whitehead considered that age and sex are the principle lines along which the
prestige hierarchy manifests itself (1981: 111), extending her discussion from a
strictly Marxist analysis to look at the broader implications of cross-cultural comparisons of transsexuality. In the description of institutionalized homosexuality in
Amerindian North America she compared it not only with western perceptions of
gender meanings, but also with those of tribal New Guinea (ibid :.110). In the New
Guinea data, homosexuality was part of a set of theoretically dictated ritual practices designed to grow boys into men. It was deemed appropriate because one of
the two parties is considered to be deficient in traits normally associated with his
anatomic sex.
In North America, homosexual practice was anomalous, faintly suspect, but
largely meaningless behaviour except when practised by someone whose gender
had been redefined to a mixed-gender type. Blackwood (1984) describes cases of
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cross-gender females in certain North Amerindian groups. This allowed certain
women to assume the male role and marry women; they were called berdache.
Their kin considered them non-reproductive males. This was a rare account of
cross-gender females, as most studies are solely concerned with descriptions of
cross-gender males. Whitehead suggested that when it occurred between males,
it was deemed appropriate because one of the two parties was considered to be
possessed of traits normally associated with the opposite anatomic sex.
In a reference to white American culture she noted that transsexual behaviour
tends to redefine a person to the status of an intermediate, and usually strongly
disapproved, sex type. It is not deemed as appropriate, and gives rise to the idea
that one or both of the parties involved is mixed or deficient in their expected gender
attributes. What emerged out of this comparison by Whitehead was first what one
might call the basic 'Margaret Mead' points:
1. that apart from genital aspects at birth, the principle attributes of manhood and
womanhood are culturally variable.
2. particular sexual practices and beliefs must be understood within the context of
the specific gender-meaning system of the culture in general (Mead, 1949 : 7-8).
Whitehead considered that to say gender definitions are culturally variable is
not to say they can vary infinitely or along any old axis. She considered these three
cases all confirmed Rubin's observation that the rules of gender division and obligatory heterosexuality are present even in their transformations (Rubin, 1975: 182).
Chowning gives an example of cross-gender females with the cases of the female mahoni from Kove society (a patrilineal society) in Papua New Guinea. She
was not aware of recent cases, but describes the situation in which the title of mahoni could be conferred on a first-born daughter. A female mahoni was treated as
a male including teaching in male rituals and magic until she reached adulthood,
at the same time being kept ignorant of the simplest female tasks such as drawing water and cooking. When first married, she had a retinue of female retainers
and then learned female tasks; sometimes referred to as a man-woman, with real
power conferred on her by a man (her father). In contrast, a male man-woman was
a transvestite who carried out woman's tasks, but was held in contempt and ridicule
by other males (1987: 140).
In contrast with this ridicule is the situation from Omani society cited by Archer
and Lloyd (1985: 94) where there is what Wikan terms a third gender called Xaniths. These are biological males with men's names, but they wear a distinctive
dress and violate all the restrictions which purdah imposes on men. Their manners,
perfumed bodies and high-pitched voices appear effeminate to a Western observer.
They are transsexual in the sense that their identity is that of a woman rather than
a man. The unusual ease of the passage from male to female is ascribed to gender
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being based on behaviour rather than anatomy. Wikan sees their role as a third
gender role intermediate between male and female. Its function is to maintain the
sharply differentiated male and female roles. The criticism of Wikan's theories by
Shepherd and Brain is also detailed in Archer & Lloyd (ibid: 96) but the last point
about the function being to maintain the sharply differentiated gender roles leads
into the general question as to what extent the perceptions of transsexuality reflect
an aspect of the overall character of the different societies (Keller, 1985: 19).
Keller illustrates this by contrasting three examples from the development of
philosophy in Western Society: from Plato dialogues, from Francis Bacon, and
from the period in the decades immediately preceding the establishment of the
Royal Society. Francis Bacon was in many ways a transitional figure between
hermetic and mechanical views. His vision of science was as "a force that can
hound... conquer and subdue Nature... shake her to her foundations ... storm and
occupy her castles and strongholds (Keller, 1985: 54)". The patriarchal imagery
in Baconsian science was embraced by the founding fathers of the Royal Society. Gender divisions were drawn more sharply than before, and male and female
were separated by "ascribed nature and by function, with women reduced to new
forms of dependency and the positions of men bolstered by new sources of authority (ibid: 62)". By the seventeenth century, the vision of science and culture was
based in the mechanical philosophic commitment which both reflected and helped
solidify the polarization of male and female. This was central to the formation of
early industrial capitalist society, gender ideology being a "critical mediator among
the social, political, and intellectual origins of modem science (Keller, 1985: 20)".
Collier and Rosaldo (1981 : 275) further suggested that cultural conceptions
of the sexes are intimately and systematically linked to the organization of social
inequality. Gender is part of society. Gender ideology was justified by maintaining
a 'natural' basis for it in biological sex differences; this was not unique to western
society. In Tchambuli culture, where the sex roles appear to be the reverse of our
own society, the explanation of this division is also sought in biological forces
(Archer and Lloyd 1982: 11).
Collier and Rosaldo would seem to argue against cross-cultural comparisons
of such aspects of sexuality as those just described for transsexuality, suggesting
that conceptions of gender have to be linked to a system of social relations of a
particular kind--we cannot gain any sort of understanding by appealing to universals (ibid : 315). fur example, there are many different rites of passage marking the
transition points at various stages of life. These not only differentiate the genders
from each other, but also mark changes in an individual within each gender, for
example, girl to sexually mature woman and woman to mother.
The evidence from cultural differences in the perception of transsexuality show
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human societies exercising various degrees of constraint on recognition of naturally
occurring variation in the degree and intensity of sexuality in different humans.
There are two issues which arise from this:
1. Does recognition of intermediate forms of gender actually function in order
to more sharply differentiate between males and females?
It is possible that the current trend towards recognition of gay rights makes
the delineation between male and female more sharply defined. This is because the emphasis is on aspect that homosexuals are subject to biological constraints on their behaviour-that their sexuality is not a choice, but
inevitable because of their biological predisposition. The discrimination
against them paradoxically reinforces the notion of biological determinism
and traditional gender roles.
This receives substantiation from Meigs with the Hua data from the New
Guinea Highlands where extreme opposition is made between male and female. It is precisely because it is made with such force that sex reversals in
gender roles are made, and attempts are made to eliminate physiological differences. "The more dramatically or rigidly a category distinction is drawn,
the more we can expect to find alternate distinctions through which tensions
and dissatisfactions set up by the original are released (Meigs, 1976: 4(6)".
2. To what extent does our treatment of transsexuality have to be sharply discriminant in order to underline the belief that gender is biologically based? In
other societies there is less dependence on biological distinctions and they
can therefore relax the biological basis for gender distinctions depending
more on social behaviour. In our society the emancipation of women over
the last century has set up a situation where individuals of different biological
sex perform the same roles, so the social status of the individual no longer
shows consistent inequalities between genders. To a certain degree the social recognition and the drawing of boundaries between sexes influences our
views of them and our own views of ourselves. This issue has been raised
within the French intellectual tradition. Foucault sees our society as aiming
to classify everything, even things which he believes to be essentially unclassifiable. The aim of this sexual classification is to enable differential status
to be attached to categories of people (Archer & Lloyd, 1982 : 96).
The process of the reification of gender in anthropology and anatomy was part of
the general reification of 'nature' which Jordanova (1980: 65) describes as occurring after the scientific revolution in the seventeenth century. About this time the
founding of the Royal Society in London occurred. The perceived stereotypes of
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gender functions became more delineated. Universal categories were set up which
implied profound similarities of all women, and to a lesser extent of all men. Perhaps one of the problems with the current promiscuous use of the Nature/Culture
dichotomy in relation to gender is that it has taken the claims of science at face
value, and so lapsed into a biologism which it is the responsibility of the social
sciences to combat (ibid : 67).
This tendency to the reification of gender was described by Strathem (1980) in
her description of the Hagen Case, in which she argues that although we recognise
in other cultures sets of artefacts and images which differ from our own, we tend
to superimpose on them the same reality as our own-nature as we perceive it.
In the area of gender Strathem suggests that there is no consistent dichotomy,
only a matrix of contrasts. We have combined in participating in gender and also
treating it as an object of study. This depends, of course, on the conviction that
culture makes gender, and that it stands outside our own natural sexuality. That
is to say, gender is a cultural ingredient refining the given' animal nature' of our
sexuality. Is culture rooted in nature, imitating it or emanating directly from it? Or
is gender at variance with anatomic sex, involved with the process of transforming
it, changing the nature of it? I would tend to support the latter view.
One way of proving to ourselves that we have created a real dichotomy between
male and female anatomic sex by institutionalized gender constructs is to project
aspects of it onto the societies we study. This projection is encouraged by the
discovery of indigenous symbolism which appears to set up parallel dichotomies
between male/female; domestic/wild etc. (Strathem 1980: 178).
It is a logic which creates opposition out of difference (Wi1den, 1972 as quoted
by Strathem, 1980). In selecting out of the knowledge of overlapping areas of
anatomic sex certain concepts envisaged in dichotomous or oppositional relationships it seems apposite to quote Strathem's views on the same problem in the more
encompassing nature/culture arguments: that we are "at best making prior assumptions about the logic of the system under study, and at worst using symbols of our
own as though they were signs; as if through them we could read other people's
messages, and not just feedback from our own input (Strathem, 1980: 179)".
The severance of subject from object results in a pursuit of knowledge which
Keller calls static objectivity. This is different from dynamic objectivity in which
one might aim at a form of knowledge that grants to the world around us its independent integrity in a way that remains cognisant of our own connection with
that world-not unlike empathy. She traces an early description of the equation
of objectiveernasculine to Simmel (1985: 75). The equation of the objective scientific method with impartiality and therefore impersonality was a very significant
influence in the formative years of the development of physical anthropology.
18

Physical anthropology itself developed under the formative inftuence of a particular cultural ideal of masculinity-provisioning, powerful, strong, robust. It
tended to avoid the inftuence of forces at work in the individual anatomy (aspects
of the deeply personal inftuences on anatomy) because impersonality was part of
objectivity. The equation of objectivity with impersonality resulted in a situation
where not only were intragender differences minimised, but to a large extent the
study of one of the sexes was considered to be adequate in all areas except the
physiology of reproduction, thus also minimising intergender differences. Biological man was an adequate representation of both sexes, at any age, in many areas
of anatomy except reproductive anatomy.

Anatomy as the study of Man
What does it mean when one aspect of human physiology is called male and the
other female? How do such labels affect the ways in which we have structured
the study of anatomy and assigned values to the different areas of it and, in turn,
value studies of males compared with studies of females. Just as anthropology was
defined asThe Study of Man; so physical anthropology was defined as'The Study
of Physical Aspects of Man:
In Chapters 3 and 5 it will be seen clearly that some anatomists were clearly
only interested in studying males, especially for racial comparisons, such as Turner
and Howells. Women were considered to show some universality in anatomy because of childbearing which made them inappropriate for one of the aims in physical anthropology, studying how physiology could demonstrate evolutionary relationships. The idea that there was a degree of universality in the form of the female
pelvis because of adaptations for childbirth was concurrent with the view that the
female form was more variable, so on both counts it was exempt from suitability
for interracial comparisons. That was possibly why the means of sexing pelves
had to be clearly established in the initial development of the discipline, because
the danger that the female form inadvertently classed as a male might 'pollute' the
purity of the sample and reduce the amount of accurate analysis which could be
done.
The way that sexing was done depended above all on knowing the male form
and comparing this with other data, deriving an understanding of how females
could be identified. Anatomy was the anatomy of the male. On the whole, female was a relative object, not a subject. The state of female anatomy, especially
in the pelvis, had no meaning without reference to the male form.
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The list of criteria which Hrdliqa used, as reproduced at the beginning of Chapter 6, shows how female anatomy was defined in terms relative to male-smaller,
lighter, wider-which has the implicit ideological perspective that men and women
differ fundamentally, and the differences involve female deficiencies. The practice
of emphasising the differences between males and females and discounting the intrasex differences was a consequence of gender perceptions, resulting in a variety of
methods of treating the inevitable overlap when dealing with populations of known
sex as will be further documented. In the example given in Chapter 5 from the
work of Thieme and Schull (1957) on a Negro population of known sex, they considered that problems arose in making sexual identification from skeletal remains
from those individuals in the overlap area, especially the females who exceeded
the expected growth, or males who did not achieve it. Meindl et al. (1985(a))
noted that of the three cases who scored less than extremely feminine scores on
the basis of pelvic morphology, one was over two standard deviations above the
female mean for femoral length, and the other two had intermediate pubic morphologies (ibid: 81). It was implicit that problems were caused by deviation, as if
the statistical notion of deviation, meaning distance from the average, was inadvertently juxtaposed with the subjective notion of sexual deviation, meaning outside
the normal range to an unacceptable degree. In other words, statistical deviation is
a measure of diversity, but when applied to sex differences it was sometimes taken
as an indication of perversity.
Obstetrics and gynrecology restricted anatomical studies of differences between
male and female anatomy to those aspects concerned with genitalia and reproduction. One of the points of this thesis is to illustrate that it was because obstetrics and
gynecology was solely concerned with the reproductive organs that the analyses
of the causes of pelvic form differences between male and female were inevitably
linked to reproductive differences. This somewhat narrow area of interest seemed
to restrict the perceptions of the incidence of intrasex and intersex variability and
the possible causes thereof.
It might be possible to try to draw a continuum on which one end has aspects of
physiology which show marked sex differences, such as genitalia, and the other end
has aspects which show no sex differences whatsoever such as the shape of ears.
In between would be measures on which the sexes partially overlap, e.g. breast
size. Would it be possible to draw up a similar continuum based on aspect.') of
bone form, of which the data were drawn from individuals of known sex? Would
there be any aspect of bone size or shape which could be definitively placed at
one end, and said to always show clearly an absolute difference between the sexes;
an absolute boundary with no overlap? Although there are aspects of bone form
where the sex is nearly always clearly identifiable, the large majority of bones range
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between these two extremes. There is no one character which could s'illd to always
/'
be clearly dimorphic when studies are done on individuals of known sex. This is
not unexpected if one's perception of the origins drtsex differences is based on the
quantitative nature of sex, which emphasises the broadness of the character of sex.
One of the most influential men in the establishment of physical anthropology,
Ales Hrdlicka commented on the discoveries of the quantitative nature of sex noting
that "Perhaps this may call for a re-atunernent of our views on the sex question
(Hrdlicka, 1927 (b) : 141)". But he had already at this point published many papers
on physical anthropology, and his book Anthropometry' (1920) had a definitive
list on the aspects of male and female bone form in the pelvis (see the beginning
of chapter 6). From these somewhat miscellaneous collections of measures of the
pelvis the ones in which females were found to differ most often from males were
implicit adaptations for childbirth. This way of organising the data had not taken
into account the biological theories of the quantitative nature of sex, and still has
not in some studies.
In spite of Hrdlicka calling for a re-atunernent of our views of the sex question
in 1927 this has largely been unheeded. It would probably be churlish to revert
to the usual explanatory method, which is to attribute the need to maintain gender
boundaries .is'based on maintenance of the dominant patriarchal ideology in Western Society, in medicine, in anatomy. In some feminist scholarship, descriptions of
differences are seen as myths which support the subjugation of women, and men
and women are seen as being more similar than popular beliefs would indicate
(Archer & Lloyd, 1982: 13).
It is far more likely that it is based on the deification of science, as it has been
observed that we are heirs of the 'Age of Science \K.night, 1986: 212). Biology
provides one means of ordering our world knowledge into an order which makes
sense of the world as we know it. This has been well covered by some other writers,
e.g. Evolution as a Religion' by Mary Midgley (1985). Certain theories in science
can be isolated and within them we can identify the importance of the explanatory
power they provide which transcends the data with which they are concerned.
There are two further reasons which may in part explain why attitudes to the
qualitative versus the quantitative theories of sex have not yet been' re-atuned'.
Firstly, this would remove access to what is sometimes called the objective
or dichotomous process in science. The most immediate issue has been the popular mythology that casts objectivity, reason and mind as male, and subjectivity,
feeling and nature as female (Keller, 1985: 7). Science is constructed around the
naming of object (nature) as female and the parallel naming of subject (mind) as
male (ibid: 174). Ordering of the known reality in so many cultures is based on
dichotomization (subject-object, male- female, nature-culture etc. ); that is, based
I

I
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on the principle of division. As Jordanova noted: "our entire philosophical set
describes natural and social phenomena in terms of appositional characteristics
(1980: 43)". Scientific dictums above all require reification and objectivity, and to
accept the continuum nature of sex differences may remove the availability of the
dichotomous method. We need gender as an organising device.
Secondly, it was difficult to re-think whether or not we had good biologic
bedrock for gender constructs because, as Rubin pointed out, the omnipresence
of gender division and obligatory heterosexuality is in line with the presence everywhere of socially organized kinship systems and the marital alliances that reproduce these systems while reproducing human beings.
Gender recognition was an essential part of the utilisation of kinship systems.
Many kinship systems traced their origins back to a primal mythical single person
who divided and created the living world into two sexes. The rejection of the biblical basis for gender meant that the Genesis myth was replaced with a biological
determinism as a substitute means of legitimating gender. Our society needs to
be able to base the idea of masculine and feminine onto male and female in the
'natural' order of things.
What has this got to do with changing attitudes to transsexuality? Attitudes to
transsexuality reflect the extent to which the organisation of society is dependent
on obligatory heterosexuality. It has been noted that sometimes when gender stratification was strongly linked to occupational specializations of the two sexes, it
began to "leak around the edges (Whitehead, 1981: 111)". Not because it was unclear what sex should be doing what, but because the doing of these clear things did
not generate the consistent inequalities in power and influence associated with full
prestige differentiation. Whitehead uses examples from some Amerindian groups
and Western culture (D. S. A.). Gender crossing in our own culture over the last
century was, as in North America, a cultural compromise based on the incipient,
though never fully realised, collapse of the gender stratification system. The more
that the gender stratification fails to generate inequalities in power, the more the
culture is dependent on biological determinism as providing the ideological backbone for social organisation. That may be why the appreciation of the quantitative
nature of sex differences could not change the social perception of equating sex
with gender and forming two discrete separate groups in our culture, and possibly
one reason why transsexuality is still relatively stigmatised in our society compared
with many others.
It had become very important to show that sex was not just a basis for cultural organisation, but that gender was the cultural manifestation of deeply based
anatomic difference, Le. that sex went through to the bone.
It meant that there were profound problems when exceptions to the methods
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of making sexual distinctions were found. These exceptions have a meaning in
and of themselves, and constitute a principle of differences for ordering the world
which is radically different from the principle of dichotomies or divisions (Keller,
1985: 163). Division severs connection and imposes distance, whereas the recognition of difference provides a new starting point for relatedness (ibid). To appreciate the differences within each sex and the similarities between the sexes in
pelvic studies would provide a completely different conceptual springboard for understanding the determinants of pelvic form, in itself and also as part of the whole.

Summary and conclusion
1. The social construct of gender in our society is based on a qualitative theory
of sex. This contrasts markedly with the quantitative theories of biological
sex in which organic sex is seen as processual and continually changing in
the lifetime of one organism.
2. Different human societies demonstrate different attitudes to transsexuality,
Some allow different gender roles at different stages in the life-span, which
are deemed appropriate because the individual is showing behaviour opposite to the biological sex, or is considered to lack some attributes of the gender of the biological group. The stigma attached seems in some cases to be
related to the extent to which gender roles did not produce the inequalities
of power/prestige/wealth. In other cases it is directly related to the tensions
caused by a very sharp demarcation between the genders.
3. Even in the transformations of gender as evidenced in transsexuality, it can
be seen that these affirm the obligatory heterosexuality and traditional gender divisions. This can in part be attributed to the dependence on gender as
a means of expressing kinship. Gender is essential to the ordering of relationships in all the societies described. The reproduction of kinship needs
not only procreation by biological sex, but also the continuing creations of
marital relationships and gender constructs.
4. The way that anatomy developed was as the study of man. The woman was
only studied differentially when reproduction was being considered. This
resulted in biological sex differences being attributed to the different gender roles our society had already established. This was a direct result of
expecting a close structure/function relationship. It also minimised intrasex differences, and emphasised intersex differences, largely due to a certain
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amount of confusion between the quantitative and qualitative theories of sex
differences. It was an extension of the dichotomous method in science. In
spite of knowledge of overlapping areas in studies of anatomic sex, certain
aspects were selected to demonstrate the dichotomous, or qualitative nature
of biological sex.
5. A biological base for gender has been maintained in direct contrast to the
quantitative theory of sex. Behavioural patterns no longer demonstrate an
inherent inequality between the genders; which results now in the maintenance of a biological determinism for gender demarcation.
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The Pelvis as a Thing
The next five chapters examine the way in which the pelvis has been studied in
the areas already mentioned. An examination of the literature specific to pelvic
studies illustrates and expands the general arguments in the Introduction. This
chapter reviews the major studies of pelvic architecture between 1885 and 1925.
Over this period there was considerable overlap between anatomy, obstetrics and
physical anthropology. The studies focused on two aspects: firstly, the extent to
which racial progressionism could be demonstrated from a study of the pelvis, and
secondly, the extent to which sexual differences were innate and present from birth.
Turner's 1885 paper provides a good starting point, as it was a major contribution to the categorisation of the races into different groups according to the pelvic
brim indices. It typified studies which used the pelvic brim index as a 'thing' which
could be measured and analysed. The pelvis was not only used to demonstrate the
extent to which humans had evolved from a common ancestor with other anthropoidea, but was also used to demonstrate ~~evolutionary progressionism between
races, with some non-European races seen as 'rungs' on the evolutionary ladder.
Races were considered to be units of evolution, and so the earliest studies of the
pelvis used it as a 'thing' which could demonstrate this metaphor of progress in
evolution. The report is one from the many published after the Challenger Expedition, which produced 50 volumes of reports between 1880 and 1895. The expedition was launched in a climate of scientific thinking which was characterised by the
search for' missing links' or intermediate forms of organisms which were expected
to be proven from the evolutionary record in the late nineteenth century. To look
for a sequential progression of pelvic forms in the evolution of extant Homo was
de rigueur.
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The 1885 paper was titled "The index of the pelvic brim as a basis of classification" and was followed by a similar one establishing a sacral index for studying the
races of mankind. This was by no means the start of studies on the pelvis. He commences with a historical perspective on previous work done in Germany, France
and Holland.
Those pelves considered male by Turner were the only ones used for this purpose and he concluded with a chart of the incidence of the different pelvic brim
shapes in different races. Only males were used, because the female pelvic form
was considered not to be suitable for these types of racial comparisons due to the
special demands on the female pelvis in parturition. It is very interesting to note
that Caldwell and Moloy suggested that Turner limited his study to the male pelvic
types in order "to avoid the question of the overlap of sexual characters, as the occurrence of female characters in the male sex is not common (Caldwell & Moloy,
1933: 498)." Not facing the problem of overlap and criteria for sexing skeletal
material caused some problems, as will be elaborated. However, Turner's primary
interest was in racial differences, noting an early comment on racial differences by
Vrolik in 1826: that in the Negro the conjugate was very great in proportion to the
transverse.
This particular form was eventually designated as anthropoid. Stewart thought
that it was called anthropoid because it reminded them of the pelvic form in the
non-human anthropoid apes (1984 : 619). In the literal sense pithecoid would have
been more appropriate if this was the case. But Caldwell and Moloy stated that
anthropoid was meant to indicate 'human' (Moloy, 1951: 14). Nevertheless, in
their evolutionary circle of pelvic types (as in Figure 4. 4) the true anthropoid form
was called '(Ape)'. This was one factor contributingJ£.the widespread misundertanding, as in the example from Stewart. It was part of idea that this form was more
primitive, as detailed in Chapter ll , The origins in this attitude to the pelvis seen
in Flower (1879) :
"As a means of characterizing different human races, the pelvis
will probably be found to be, after the cranium, one of the most important parts of the skeleton. The very marked difference of conformation
between the pelvis of man and that of the nearest allied animals would
certainly lead to the belief that this might be so (Flower, 1879: 121, as
quoted in Hoyme, 1957: 538)."
Flower continued: "There is much interest in the study of 'the
pelvic index' ... this is the key to the general form of the organ and
gives the most concise numerical estimate of the difference between
the pelves of different individuals and races. As is well known, the
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ratio is higher in children than adults and is higher in all the anthropoid apes than in man. A high index is therefore an indication of an
infantile, or of an animal tendency (Rower, 1879: 122, as quoted by
Hoyme, 1957: 538)".
The source material for Turner's study of the pelvic index was from at least
26 other scholars. Observations were made by men with diverse backgrounds but
probably included anatomists, doctors, explorers and philanthropists. Nevertheless
Turner assumed standardisation of measuring and an ability on the part of each
writer to accurately establish the sex from skeletal data. The work of Verneau
(1875) 'Le Bassin dans Les Sexes et dans Les Races' was probably the basis for
Turner's method of sexual identification. Although he was not concerned with
sexual differences, it was important because he used only what he considered were
male data in his analysis. For example:
"The Mongolian race is represented in my measurements in Table
V by a single Chinese pelvis which, from the label attached to it, I
have described as a male, though in the open subpubic angle, 76°, it
approximated to the female character (Turner, 1885; 137)".
Having familiarity with the current collections of data on pelvic measurements,
Turner proceeded to look for a possible system of categorisation. It had already
been noted in the medical literature that the pelvis could be divided by distinctive
morphology into three or four basic shapes of pelvic brim. M. J. Weber, from Bonn,
called the shapes:
oval,
round,
four-sided,
wedge-shaped (or cuneiform).
Stein had also divided the pelvic brim shape into four classes in 1844 ;
truncated-cordate,
round,
elliptical (long oval),
elliptical (wide oval).
Turner (1885 ; 126) criticised both of these for failing to refer these sort of shape
differences to a common standard, and adopted the suggestion of Zaaijer in an 1866
paper on the female pelvis, which could be advantageously extended to all pelves;
that is, equating the transverse diameter to 100 and deriving a brim index. Zaaijer
had divided the female pelves into two groups;
those with an index of 90-100 as round, and
those with an index over 100 as longish oval.
Zaaijer was also among one of the earliest to note the peculiarity of the pre-auricular
sulci in the female pelvis in 1893. What is not clear from the reported studies on
Bonn, Weber and Zaaijer was whether they were studying individuals of known
sex, and the sample size of their data.
Martin in 1881 suggested a similar application of a brim index, and although
Topinard tried to invert it by stating that the conjugate should be 100, and the
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transverse expressed in relation to the conjugate, he had conformed by the time
of Turner's paper to the mode adopted by the majority of anthropologists.
The categories into which Turner divided the brim index did not include any
distinction between what would later be termed the gyrrecoid and android types.
Both have similar indices, although gyruecoid is of a round shape, and android is
more of a heart-shaped inlet. The use of the {~fi'AJ~lOmenclature is a reflection of
the current use at that time of the descriptive categories for cranium classification;
like cranial studies, it is based on an index of breadth/length :
Dolichopellic
'"
index 0/95 or more
Mesatipellic
index ranging between 90 and 95
Platypellic
index up to 90
The outline of the pelvic shapes is shown in Figure 3.1 overleaf.
Iqtially Turner was hesitant to fix the limits numerically (ibid : 128) and thought
they might need modification later (ibid: 129). This never occurred. The comparative data from the different races resulted in a table of the comparative data, as
shown in Table 3. 1 overleaf. The use of a query in Table 3. 1 indicates that, from
the few pelves which were measured, he had some doubts as to which group those
people or race should be assigned.
When this was taken together with a study of the sacrum, he concluded that data
from the Australians, Bushmen, Kaffirs and Andamanese show "a more degraded
character-a less departure from the usual mammalian form-than is the case in
the Europeans (Turner, 1885: 143)". In the current understanding of the word degraded, a more degraded character means a greater departure from the ancestral
form, not less. But in the nineteenth century the sense of the word degraded was
consistent with concept.'; of humans showing more advanced evolution than other
mammals, hence it meant more departure from the human form, and closer to the
primitive or ancestral form.
Use of an index did away with the vexing problem about the relative size differences between individuals of differing stature, on the assumption that stature had
no relationship to pelvic inlet shape. If stature was in some way related to shape,
e.g., as indicative of optimal nutrition within one homogeneous population, then
the use of an index was likely to obscure this aspect. It is also possible that the
index itself becomes a 'thing'. Just as it was possible to isolate the pelvis and treat
it as a 'thing', detached from a holistic perspective on one organism's morphology,
so it could be equally true that having invented an index of pelvic shape, the index
itself is treated as a scientific object detached from other aspects of pelvic form, as
a 'thing' which should show something in an objective scientific manner.
Because the resulting index is invariant it overcomes the problem of superficial
variance, and that is really what makes it 'scientific'. This scientific quality of the
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Dolichopellic

Mesatipellic

Platypellic

FIGURE 3.1: The Pelvic Shapes of Tumer's Three Types.

TABLE 3.1: The Categorisation of the Pelvic Types in Racial Groups from Turner,
1885:141

----------- ---------------_._------Dolichopellic.
-------'---

-_.

Mcsatipcll ic.

------

Australians
Bushrnen

:x egroes

Ho tteutots

K P.\\' Ca.ledoniaus
MelanesiuIls gellerally?

Kaffirs
Andamans
New Zealanders?
Polynesians generally 1

Tusma nians

Malays
Airios

Platypellic.

~
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J3ri tisli
French
Germans
Europeans generally
Guanche ?
Esquimaux ?
La plauders l
Chinese
Mongoliftlls generally
American Indians

pelvic index gave some sort of quantitative measure to the underlying concept of
racial progressionism, basing it on the accepted premise at that time that just as
primitive cultures represented stages in the evolution of Western culture, the same
was true of their anatomy. The way that their evolution could, in fact, be quantified
was a significant contribution. For 'in fact' read 'in measures'. This table is the
primary source of the idea that the dolichopellic form was more primitive.
Turner picked up an anomaly in his European data. Three samples showed the
male index greater than the female, and in three other samples the male index was
less than the female (ibid : 129). This was not considered further, and in his conclusions he summarised the major difference between the male and female pelvis
being that "in each race or people the transverse diameter both of the brim, the cavity and the outlet are as a rule relatively, and indeed for the most part absolutely,
wider in the female pelvis than in the male (ibid : 142)." He considered that the female was different from the male because of special sexual requirements, but there
were other theories to account for the difference as detailed by Thomson (1899). It
was odd that he henceforth ignored the three sets of data in which the male index
was less than the female, because one set was his own. The data from Turner's
Challenger Report (page 369, as in Thomson, 1899) is reproduced in the next table. So it is not only unexplained why Turner ignored his own data on the direction

TABLE 3.2: Pelvic Brim Indices
Source:
Females Males
Sir. W. H. Flower
Verneau
J.1. Watt

78
78
87.3

81
80
87.9

Gegenbaur
J. Wood
Sir. W. Turner

86

84

86
79

77

85

of the sexual dimorphism in the pelvic index, but it is very strange how close the
male and female indices are in all the samples; as is clear from the figures in Table
3. 2. If the sexes of the individuals in these samples were correctly identified, then
it is clearly not a particularly sexually dimorphic trait, as will be further examined
in Chapter 11. However, the three European samples which showed a male pelvic
brim index greater than the female index were used by Thomson in his study of the
fcetal pelvis. In the fretal sample he found the male index greater than the female,
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and used Turner's indices to substantiate this as a valid sexually dimorphic trait.
There is little sexual dimorphism between these figures, but when a pelvic inlet
index was applied to an archaeological assemblage, it seemed to be able to be used
as a sexual discriminator. There was a large amount of skeletal material from a Pueblo site in Arizona, studied by Dr.Washington Matthews, in the Washington Army
Medical Museum in 1887. This will be further discussed in Chapter 5 regarding
Hoyme's 1957 paper. It is very interesting that he used four indices in the study of
the pelvis, and concluded that the data provided by the breadth-height index and
the index of the superior strait! "accord to the Saladoans a high place in the human
series (Matthews & Billings, 1891: 220, as quoted by Hoyrne, 1957: 542)." The
Saladoans was the name given to this Pueblo population. Matthews further noted
that the indices of the pubo-ischiatic depth and that of the sacral length "show very
prettily the natural grouping of the sexes (ibid: 221)". The natural grouping to
which he referred was that one group of 8 pelves presented all the ordinary characteristics of the 'male' pelvis. The other 10 pelves were considered to represent
females.
The way that the pelvic indices were found to demonstrate the 'natural grouping' of the sexes by Matthews appears to have been coincidental. Even up to the
time of Howells' work on the Gallen Priory Irish in 1941, when he was really only
interested in the male skeletons and discarded any he thought were female, there
had been a long period in physical anthropological studies of the pelvis which concentrated on the male pelvis, as they were considered to more accurately reflect
the natural state of the pelvis. The male form was considered to be primarily determined by locomotor demands, rather than any selection for parturition which
rendered the female pelvis unfit for significant intraspecific or interspecific comparisons.
The need to be able to establish the sex differences to study race differences
clearly created questions about how early sex differences appeared in the fcetus or
child. There was no close relationship between studies of the pelvis vis-a-vis race,
and those studies vis-a-vis gender. Perhaps some of those involved in the studies of
the origins of sexual differences between male and female before adulthood might
have been aware of the way that the pelvic indices coincidentally showed some
natural grouping between the sexes. It was important to establish how early these
sex differences appeared.
IThe index of the superior strait is the pelvic brim index.
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Sex Differences in the Fretal Pelvis, according to Thomson
As with Turner's paper on racial differences, Thomson began his 1899 paper "The
sexual differences of the fretal pelvis" with a historical review of the current theories. Verneau had established that differences existed, so the problem which Thomson addressed was: at what stage do these differences start to develop? Fehling
had first contended that there were differences in the fcetal pelvis, but Leishman
in 1888 differed on that point, and considered that there was no difference until
after puberty. Norris, in 1896, concurred with Leishman in suggesting that sex
differences were acquired after puberty although indications of these peculiarities
may be present at birth, quoting Fehling's view. Humphrey considered that they
did not appear until after puberty. Irrespective of the question of timing was the
question as to how it came about. This debate, occurring thirty years before the
female hormone was isolated and identified, favoured the explanation that sexual
dimorphism was due to the mechanical effects of pressure and the influence of posture and muscular action, according to Duncan. Meyer suggested that the female
pelvis was more plastic than the male (references to these views are all in Thomson,
1899). Thomson's discussion condoned the idea that the two sexes were discrete
groups, and that overlap was deviant. But, as described in Chapter 2, this turned
out to be a somewhat different conception from that developed with the quantitative theories of sex in biological studies in the first part of the twentieth century. As
Jordanova has succinctly pointed out:
"Debates about sex and sex roles, especially during the nineteenth
century, hinged precisely on the ways in which sexual boundaries might
become blurred. It is as if the social order depended on clarity with
respect to certain key distinctions whose symbolic meanings spread
far beyond their explicit context (Jordanova 1980: 44)".
The clarity with which sex differences could be established was, and still is,
an important issue. When studies of the pelvis have been based solely on skeletal
material from an archaeological site, it is important to consider the method of treating areas of overlap. That such areas undoubtedly exist was not acknowledged by
Turner, nor by Thomson. Turner, as previously quoted, followed the indication of
sex from the label of each specimen in spite of his misgivings. Thomson's sample
was small and the overlap may have been one cause of his reservations about his
results.
The interesting aspect of Thomson's result is the importance that has been
placed on it. It has been cited by numerous authors, many apparently without any
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qualification. In the light of the extent to which it has been quoted (e.g., Derry,
1909; Emmons, 1913; Genoves, 1969; Singh & Potturi, 1978; Gray's Anatomy
36th ed. by Williams and Warwick, 1980; Hauser and Jahn, 1984) it is also significant to note that his name was often mis-spelt as Thompson. (e.g., Thorns &
Greulich 1940, Morton & Hayden 1941, Washbum, 1948). I have not yet sourced
the earliest appearance of it, but in such cases when the mis-spelling is widespread
it reinforces the impression that it was quoted without being read, cited secondhand.
Thomson himself had grave reservations about the apparent dimorphism he
documented in the fretal pelvis, stating
"The comparatively small number of specimens I have been able
to examine. , , and the difficulty of being sure that the male and female
specimens are precisely the same age renders it advisable not to put
too much reliance on these figures (Thornson, 1899: 364)".
"Too much stress must not be laid on these results, as the difficulty
of taking the measurements accurately on so small a scale is very considerable (ibid : 366)",
With reference to the data from the sacral measurements, he said
"Too much reliance must not be placed on the measurements of the
fcetal specimens. , .
Too much reliance must not be placed on these figures (ibid: 372)".
"Further inquiry and special method of measurements are, however,
necessary before these observations can be accepted (ibid: 373)".
What are the possible reasons for such repeated qualification, which appear unusual
to such a degree in scientific literature?
Firstly, he may have hoped to establish the early appearance of sexual dimorphism, but was aware of his own bias and was aware he may have unconsciously
favoured his hypothesis in doubtful cases. Or Thomson may have been hoping
to establish that sexual dimorphism did only appear at puberty, and was puzzled
by the differences, From some of his comments, I believe that he was hoping to
establish the occurrence of dimorphism in the fretal pelvis, and thereby substantiating Fehling's contention (ibid: 361). If his last quote was an appeal for someone
else to undertake a bigger study on this, that did not appear until Kappers (1939),
Morton (1942) and Reynolds (1945, 1947) the last of whom included neonates in
his studies of pelvic architecture in the first year of life; and also Boucher (1957).
Morton (1942) has by far the most effective critique of Thomson. It seems contrary
to Popperians, but there appears to have been a period of forty years before any further study was done on the fcetal pelvis. The seemingly uncritical acceptance of
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his results early on might have obfuscated any testing or repeating of his study.
The belief in the scientific method was such that these results seemed to confirm
cultural perceptions of the causes of sex differences.
Secondly, the sample size itself was not stated, but it appears to have been four
females and four males. His unease about publishing the results is without doubt.
He goes into some detail in his methodology, as working with recently cleaned
cadavers, especially very small individuals, may result in some variations as the
soft tissue dries out during examination. It appears that he photographed, and then
measured off the photographs in order to avoid the problem of the contraction which
occurs as the soft parts dry, but using photographs itself causes some variation as
it is very difficult to assume standardised perspectives. He states his reservations
about these and many other aspects of the methodological problem of using fcetal
material in such a manner. Yet at the same time he overlooked a very basic defect
in his argument.
From measuring the small pelves, one pair at each age (4, 5, 6, and 7 months
in utero) he suggested that there was sexual dimorphism. He had no means of
being absolutely sure that the pairs of fcetuses were actually the same gestational
age, but he supplied a full chart of all the measurements so that the reader could
judge the results for themselves, as well as the photographs of the pelvis, the sciatic
notch and pelvic brim shape of each individual. In some of his conclusions one
particular specimen could swing the results to indicate a different direction in the
sexual dimorphism. fur example, if considering the pelvic brim index, including
the four month old fcetus, the male index averages at 86. 2, and the female 83. 2.
If the four month old sample is excluded, the males average 81. 6, and the females
86. 6. Recalling that Turner had found that the male index was greater than the
female pelvic brim index in three of his European adult data, (and in the other
three cases, including his own data, the converse was true) Thomson cited the six
sets of figures and concluded that his results substantiated the male index being
greater than the female. This is still a component of the orthodox representation of
basic sexual differences in the pelvic inlet brim index today.
It is clear that he considered the photographs provided adequate documentation
that the sciatic notch was smaller in males; and the sub-pubic angle was greater in
females (contra Reynolds, 1945: 342). He also considered that the slope of the
pelvic walls was wider in females, and the ischial spines more inturned in males.
But two aspects of sexual dimorphism which he noted were actually contrary to the
adult pattern. First, that of the breadth/height index, attributing this change in the
direction of dimorphism to growth changes. Secondly, there was a greater relative
width of sacrum in males which was contrary to the adult pattern.
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This is the basic problem in his argument : that some aspects of fcetal morphology in this sample show a pattern directly opposite to the common direction of
dimorphism in the adult. Strictly speaking it is perfectly correct to state that all of
these characteristics show dimorphism; therefore the fcetal pelves were sexually dimorphic. However, it has been repeatedly taken as implicit that they are dimorphic
in the same direction as the adult morphology; this is not the case in this sample. To make a case for sexual dimorphism in the fcetal pelvis, dimorphism which
runs contrary to the adult pattern cannot be ascribed to growth changes while other
aspects are maintained to retain their dimorphism.
It has been necessary to examine Thomson's paper in some detail, because it
does not stand up to very close scrutiny, thus justifying repeated reservations stated
throughout his study. But the most fascinating aspect of Thomson 's paper is the
extent to which it has been taken as proof of sexual dimorphism in the fcetal pelvis,
even in Hooton's text 'Up from the Ape' (1947: 243) and by the authors already
listed. This seems to validate Jordanova's opinion about debates about sex and sexroles; it was very important to establish and maintain the very strong boundaries of
gender by giving them a biological foundation from birth.
It is not surprising in this context that there was a vigourous reaction to the
suggestion of archaeologists that they had difficulties in establishing the sex of
individuals from the pelvis. Elliot Smith and Wood-Jones were excavating at a
Nubian site, and in the report for 1907-1908 they stated:
"We were particularly fortunate in meeting with no less than five
women who died in the later stages of pregnancy, or probably, to be
more correct, died in labour... Some masculine feature was present in
each of these pelves, and but for the presence of fceta1 bones within
the cavity any single os innominatum might have been classed as male
(Smith & Wood-Jones, 1910, as quoted in Moloy 1951: 20)".
It is very interesting in this context to add the recent findings of Martin and
Armelagos (1985) in which they noted that the poorly maintained bones in the
young females from prehistoric Sudanese Nubia indicated nutritional and reproductive stress (see also Armelagos, 1969). The effect of physical stress and/or
poor nutrition on endocrine activity with subsequent effect on fertility and pelvic
form recurs in many pelvic studies, but it is rarely adequately investigated, as will
be discussed further in Chapter 11.
This comment by Smith and Wood-Jones on the problem of male features in
female pelves met with vigorous reaction. It could be said that if at any stage
this century a physical anthropologist has suggested that there are basic problems
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in assuming that sexual differentiation is as clear cut as the text books make out,
then they have faced vigorous reactions. The last hundred years of physical anthropology has been dominated by the premise that by studying the physique of living
humans and the cadavers of those recently dead we can gain, from measuring and
observing, an understanding of which aspects of the soft parts of the individual,
such as flesh and blood, go through to the bone. Sex and race included. So that
eventually, from an archaeological collection, we can read off from the skeletons
aspects of their past as easily as a social anthropologist can observe in a living
population. Just as social anthropologists depend on a knowledge of the sex of individuals of the community to establish family, kin and social organisation, equally
the physical anthropologist depends on an assumption of immutable sexual boundaries to be able to make assumptions about race, age, stature, parity etc.
It is only in the last ten years that physical anthropologists closely concerned
with the issues of sexual identification have presented data in terms of 'male' and
'female', rather than male and female. The results are seen as consistent rather than
accurate. The use of a continuum for sexing individuals graded from very female
to very male rather than two clear-cut groups is another example. However, most
archaeologists still present results as showing two clear-cut groups, ignoring the
component of physical anthropology which is social anthropology-that the need
to delineate between the two groups, male and female, is more a reflection of a
cultural ideal than any intrinsic quality of an archaeological population.
In this case, the comment by Smith and Wood-Jones as to the very male qualities of some of the female Nubian population excavated, resulted in Derry taking
up the challenge and published papers in 1909 and 1923 to establish sexual features
of the pelvis which could be used for sexual identification from skeletal material.
Derry, Assistant Professor of Anatomy at Cairo, took as his sample a selection
of 406 innominates from 235 individuals, many from the Predynastic Egyptian
period. In his 1909 paper, 'Note on the innominate bone as a factor in the determination of sex: with special reference to the sulcus preauricularis'. he set up a
particular methodology which has been frequently used since; that is :
1. to take a collection of skeletal material of unknown sex,
2. make sexual identification of each individual by a range of subjective methods,
3. then measure or suggest which observations could be used to differentiate between the groups, giving it a 'scientific' basis.
Straus was particularly critical of this basic methodology. In 1927 he emphasised
that there are no distinct sexual types of ilia. "The type is only an extreme form,
expressed by the mean for any character, and is in no sense the rule ... This was
apparently not fully appreciated by Derry ... Derry's specimens were of unknown
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sex. They were sexed before measuring, but mainly by the very characters under investigation. Both of his groups undoubtedly contain males and females ... Sexing
unknown pelvic material borders upon guesswork (Straus, 1927: 22)". This will
be further discussed in Chapter 6 concerning this 1927 study by Straus on the Todd
collection.
Such strong criticism in no way diluted the acceptance ofDerry's work, and like
Thomson's 1899 paper, it is often cited. It was used extensively by Moloy in his
'Evaluation of the Pelvis in Obstetrics' (1951 : 11-12). Derry took 235 individuals,
and sexed 100 of them by his method as male. The remainder were female. He
was very interested in the relationship between the different features which showed
dimorphism, for example in the way which the curve of the iliac crest resulted in a
marked change in the size of the sacro-sciatic notch.

Parturition Scars on the Pelvis?
One way which Derry did make an important contribution was in fully appreciating
the peculiarity of the pre-auricular sulci in the female. As previously noted, Zaaijer
had found the sulci in 23 out of 26 female pelves from Java. DeITy also noted that
DrLohr had found it in 41 of 59 female bones, as against 19 out of34 males. DeITy
was surprised that neither of them had remarked on the extent to which it was at
least more common in females, and in females is broad and deep and often pitted.
In males it was long and shallow, or just a slightly roughened area. Derry predicted
that it was caused by the need for increased mobility of joints during labour (Derry
1909: 274).
Todd discounted this, as he believed that pregnancy and childbirth did not leave
any permanent 'stamp' on the skeleton (Todd, 1920b: 40). This comment is significant, because he was involved during the establishment of the Hamann-Todd
collection, where the parity of the females was established after death by himself
or other anatomists, and this parity status was later used by Holt, Kelley and Andersen to test Derry's claims, as will be further discussed. Straus (1927 : 25) suggested
that a well-developed pre-auricular sulcus offered excellent evidence that the bone
is of a female, but the absence or only slight development is no help in making
sexual identification.
This was further elaborated by Houghton (1975), who em phasised that although
the pre-auricular groove adjacent to the sacroiliac joint appeared on both male and
female iliBm, in women who had been pregnant it was also characterised by a series
of pits or craters (Houghton, 1975: 655). This was often also accompanied by one
or several craters on the posterior surface of the pubic bone adjacent to the pub!c
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symphysis. It is not clear from Houghton as to whether any males were included,
or the sample size of those of known parity, and the numbers of nulliparas. Ullrich
did an extensive study of both areas of pitting and scarring on 38 females from
an archaeological population found in the late Slavic cemetery of Sanzkow (East
Germany) and considered that the broad and deep shape of the pre-auricular sulcus
is exclusively a consequence of childbearing (1975 : 36).
It was only the pubic bone scarring which was re-examined by Holt (1978), who
considered the latter to be imperfect parity criteria. Holt did not look at any males,
but used 68 females of known birth history. Suchey, Wisely, Green & Noguchi
(1979) took a sample of 486 females, and again only looked at the dorsal pitting in
the os pubis. Of this sample, 17 nulliparas had medium to large changes, and 22
multiparas had no changes. They thought that there was not a strong correlation to
parturition, and the effect seem to be related to age rather than pregnancy. Of 781
males, 4 had medium to large dorsal changes.
A further follow-up to Houghton on the pitting in the pre-auricular groove was
the paper by Kelley (1979), working on a sample of 198 females from the HamannTodd collection. However, the certification of parity in this collection was apparently not always based on medical records, but often carried out after death with an
estimation of parity based on physiology. No males were part of this study. Kelley
was doubtful that parity status could be established definitely; and by not including
males, it is also doubtful that the pits and craters in the pre-auricular groove can be
used to conclusively identify the sex of an individual. Andersen (1988) also studied both males and females from the Hamann-Todd collection; 87 males and 151
females. He considered that parity was not significantly associated with scarring
of the pelvic bones. The scarring may be a consequence of excessive motion of the
bony pelvis, and was most often associated with those pelves whose soft tissue in
life was compromised by stretching or trauma. This recent study goes a long way
to remedy the lack of previous studies on both males and females of known medical history, and seems to discount other studies done on archaeological samples.
Andersen's results are basically consistent with this thesis as to the importance of
non-genetic influences on the pelvic form.

Derry's Method of Sexing Bone Material
Derry considered five points significant in sexing bone material :
1. the curve of the iliac crest
2. the change in size of the sacro-sciatic notch (refs. to Thomson, 1899).
3. the appearance of the pre-auricular sulci
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4. the femoral head size, and therefore the acetabulum size
5. the position of the acetabulum being different-in females being forward looking (referring to Thomson, 1899).
Derry considered that the sub-pubic arch could not be relied on, confirmed from
the Nubian data of Dr. Wood-Jones, He also suggested that the fourth criteri~'listed
above, the relative acetabulum size, was not just an allometric differential, as quite
small males showed a large acetabulum, while large female bones showed a small
femoral socket. The range did show some overlap, as the female range was 43-52
mm. with a mean of 46.8 mrn., and the male range was 45-57.5 mm., with a mean
of 52 mm.
It appears to have been important to Derry to be able to report that this suggested method was tested in Nubia by Smith and Wocd-Jones, and that this method
was found in the large majority of instances to be perfectly satisfactory (Derry,
1909 : 276). He had moved away from the indices of Vemeau, and established a
slightly more subjective range of criteria. The possibility of the success with his
method on the Nubian data being due to the fact that he had worked out the methodology on Egyptian skeletal remains was not noted. The problems of transferring a
particular methodology between different racial groups still remains today. Derry
appears to be quite satisfied with his method, even though he had expressed the
warning at the beginning of the paper that even the complete pelvis is at times not
obviously male or female (ibid : 266). His strength was in analysing the way in
which changes in one part would affect another, thereby being able to minimise the
number of criteria which should be used. He did not put any theories as to how the
sexual dimorphism occurred, repeatedly backing Thomson that it was largely due
to inherent characteristics. The size of the sacro-sciatic notch was attributed to the
demands of parturition in the female:
"The female pelvis exhibits the persistence of an anatomical character common in many of the lower mammals, and it may be argued a
priori that greater ease in parturition should accompany such a condition in the human subject (Derry, 1909 : 270)".
An interesting set of statements from so early on in the study of the female pelvis. It
can be vividly contrasted with the views of Hooton when, in reference to the way
that neoteny had operated in slowing human development, noted that men were
further developed from the neotenous state that women; that is to say, men were
less ultra-human, and more mammalian, e.g., the narrow high firmly-knit pelvis of
the adult male human recalls the ape-like form (Hooton, 1947: 253).
After Derry's use of the indices as described, the use of an index as a basis
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for making some sort of sexual differentiation did not reappear until Washburn introduced the ischium/pubic index in 1948. Derry's methodology for sexing, however, appeared in a range of studies. For example, the sort of subjective criteria
which DeITy outlined were used in Emmon'is'1913 study of 217 Amerindian female pelves, but the same criticism which Straus made in 1927 of Derry's work
could also be made of Ernmorr's 'study. The specimens were sexed before measuring, but mainly by the very characters under investigation. Emmons was strongly
influenced by Hrdlicka (1920) in the methodology of sexing, as described in Chapter 6. The sex identification was made on the basis of the sacro-sciatic notch and
the sub-pubic angle. He also used the thickness of bones and aspects of the skull
and long-bones. No specimen was included unless determined by these signs to be
female (Emmons, 1913: 44).
Emmons' stated objective was to determine the variation in the 'normal' female
pelvis. Using bones from the archaeological collections at the American Museum
of Natural History and the Peabody Museum, he collected 217 specimens which
he decided were female. He considered that more attention had to be given to the
problem which Turner overlooked, that of the standardisation of measuring, and
was keen to establish a system. Although aware of Turner's system of indexation
and classification of pelvic brim shapes he did not use them at all. He was working
from one racial group, apparently free of' rhachitis', and perhaps had hoped to establish a minimum amount of variation in one small homogeneous group. However
there was a range of shape and form even within one racial group, even in a group
apparently all of one sex.
This sounds like a case parallel to that described by Lovejoy, when, early in his
career, he worked on an Amerindian burial site, finding in it a convincing example of "the extraordinary degree of variation to which the human skeletal frame is
susceptible... it includes many unusual bones that probably would have been assigned to a different species, or even a different genus, if they had been discovered
as individual fossils (as described in Reader, 1981 :232)". This led to a greater
emphasis on functional approaches, especially the biornechanical analysis of the
pelvis, which will be further described.
Emmon's 'conclusion was very similar, emphasising that a 'normal' standard
for the pelvis should not be based on an average, but an appreciation of the range of
measures, and he considered a large sample necessary to do this. Too much stress
had been put on small differences seen in a few or a small series from one race
(such as Turner 1875 and Thomson 1899) and he recommended that in future "the
close resemblances should be emphasised in contrast to the great differences noted
between animals and man (Emmons, 1913 : 46)." De Souza (1913) followed up on
Emmons' study to answer the question: how do external measurements of females
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relate to the bony diameters of the pelvis? He used the same material, adding
two modem English female pelves and two Egyptian ones for his study. Although
he gave two formulae for estimating the internal conjugate (AP) and transverse
diameters, his conclusions were reserved because he had not been able to find any
satisfactory record for the thicknesses of the soft parts of the pelvis (1913 : 501).
For future reference, it is noted at this point that Emmons established a range
of pelvic inlet brim indices in this 'female' sample ranging from 61. 5 to 107.7,
with an average of79. 5. He ends his study with a particularly interesting comment
of the size of the pelvic brim relative to the fcetal head size. The origin of his
data on fcetal head size is not specified, but he was seeking to test the popular
idea that child-bearing among Amerindians was efficient and easy. He had found
considerable variation in pelvic shape, including the 'male type(ibid : 44), and so
it was surprising that he considered that the skeletal material would bear out the
popular idea that birth was easy, although one quarter of the pelves would require
a rather smaller fretal head than the average, and ten percent of the pelves would
have required a small and perhaps malleable head for successful labour (ibid : 47).
He obviously had his doubts.
The actual reasons for the dimorphism occurring were attributed to the need for
a wider birth canal in females. Emmons considered the implications of bipedalism
on pelvic architecture and the sexual dimorphism in the pelvis, and listed three
factors which would lead one to expect both change and variation within the adaptations which had taken place:
(l) the change in direction in which weight is applied to the pelvis
(2) the extra weight from the upper trunk and the head, and increased head weight
with the expansion of the human brain
(3) the shortness of time since this change had taken place.
(Emmons, 1913: 36). He is not explicit about what time scale he had in mind.
Emmons used a perceived contradiction in functions to explain sexual dimorphism, hypothesising that the' male' pelvis, free from the function of childbearing,
was the type best adapted to weight bearing. The 'newly-acquired' function of
weight-bearing tended to mould the female type toward the male type, while childbearing resists such changes. "To see how nature arbitrates between these opposing
forces" was one of the reasons that Emmons established the particular measurements he did (ibid : 36). He did not suggest that the larger head in humans caused
any further complication other than adding to the weight carried on the pelvis from
upright posture. The idea that the fretal head size itself may have added a further
difficulty to the apparently opposing functions of locomotion and parturition did
not appear for another thirty years, by which time the extent to which increasing
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headsize appeared to be the most significant aspect of morphological change between the other anthropoids and ourselves was well established. This will be further
discussed in Chapter 7.
Nevertheless, the way in which Emmons represented this dilemma, what he
called the opposing forces of childbearing and weight-bearing, invoked an anthropomorphic view of nature arbitrating in this matter. The origins of this view of
nature will be further discussed in Chapter 9 but it can be seen here that Emmons
saw the problem as being the contradiction between two functions only, although
such a contradiction is represented as empowering the resolution of the dilemma,
rather than imputing separate moving powers.
Previously, Thomson had summarised the popular view of how this dimorphism was thought to have occurred, essentially by mechanical pressures. Herman's 1894 text on 'Difficult Labour' is typical of the view of obstetricians in that
the widening of the pelvis was considered to be caused by mechanical factors including the upward pressure of the femora (Herman, 1900: 135). He noted that
there was a very rare form of pelvis occurring in adults who have never walked,
and whose genitalia have never developed. Due to the lack of pressure from the
femora, the pelvis remains of the same shape as that of the fcetus (ibid : 242). Herman did not consider whether or not the lack of hormonal activity, as indicated by
the hypoplastic genitalia, might have had an effect on the pelvic shape, as the implications of reduced hormonal development was not considered. Hormones were
not really considered around 1900. One of the earliest comments of the effect of
hormones on pelvic form in humans was that of Sir Arthur Keith (1923: 626) as
will be further discussed.
Thomson's 1899 study of the fcetuses indicated instead that the differences were
wholly hereditary. This was rapidly accepted with seemingly no reservationseven more so than Thomson may have considered it deserved to be. Breus and
Kolisko (1904) had suggested that the relative differences in the pelvis after childhood ~~iLnot due to mechanical forces, but to the differences in rates of growth
during pubertal development of certain parts of the pelvis.
In 1903 Bouin and Ancel had suggested that sexual differentiation depended
on the gonads of the male fretus (Polani, 1979: 249). It was the work of Franz
in 1909 which established that the different pelvic shapes were dependent on endocrinological factors. He made a significant contribution to the research of sexual
differentiation by setting up an experiment on sheep pelves where he used castrated
males, and females with the ovaries and/oruterus removed, and studied the changes
in pelvic architecture in the adult animals.
Franz was often quoted, but possibly as a consequence of the work being published in German, the English interpretations of it did not always appearto represent
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his findings in a similar manner. fur example, it is necessary to give a full quote
from Washbum (1948) and Bassett (1955) to illustrate the confusion about what
Franz's conclusions implied. Refening to the sacrum, lower iliac height and the
pubic bone, Washbum states:
"The excess of growth which characterises these parts of the female pelvis at puberty has a hormonal basis (Greulich and Thorns, '44).
This has been shown experimentally in sheep by Franz (08). The
pelvis of sheep from which ovaries had been removed failed to develop female characteristics. On the other hand, the pelvis of the hypogonadal male is typically male (Greulich and Thorns, '39). The length
of the pubic bone is the best indicator of the sex of a skeleton because
it is the part which is most responsive to the action of female hormone
(Washbum, 1948 : 203)".
This cannot be considered to be a fair representation of any of the three authors
quoted. Greulich & Thorns (1939) had examined 69 men, and then 2 twin brothers
who were hypo-gonadal. The whole emphasis in their paper was that there was no
one type of male pelvis, and that the pelvic inlet shape was as variable in male as
much as in female. The pelvis in some males so very closely resembled some of
the ones from the series that they had done on student female nurses that sex determination from the examination of the pelvis alone would be virtually impossible.
Their conclusion is virtually opposite to the representation in Washbum, as above.
"The association of these supposedly masculine pelvic characters
with extremely hypoplastic genitalia in these two cases demonstrates
that those characters may occur even in the absence of normal testes.
They are, therefore, not necessarily a reliable indication of the degree
of maleness or femaleness of the individ ual possessing them (Greulich
& Thorns, 1939: 298)".
The representation of Franz by Bassett (1955) is contrary to Washbum, but seems
to be a much more accurate representation: "Franz (1908) found that the shape of
the pelvis depended on the gonads. Female pelves were less narrow than males,
and castration at birth affected markedly the shape of the adult pelvis (Bassett,
1955: 114)". Franz did indeed find that removal of the gonads affected the gender
differences in the shape of the pelvis. After castration of either sex soon after
birth, pelves were formed which occupied a middle position between male and
female and showed only weak sexual characteristics (Franz, 1908: 28). He was
working on a very small sample: two normal males and females, and then three
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pairs of castrated animals in which the male was castrated, and the female had
ovary, uterus or both removed. He found that the removal of the uterus alone did
not affect the shape of the female pelvis. In the castrated sheep, the bone growth
was delayed and the epiphyses were more cartilaginous. This result paved the way
for the recognition of the importance of hormones for bone formation and growth
in both sexes, which will be described more fully in Chapter 11. The two pairs
of castrated animals in which both females had lost their ovaries did not show a
parallel result. In one pair the gender difference was only through a somewhat
stronger bone structure of the male. In the other pair, the whole form of the two
pelves were markedly different. He was working with a very small sample, and the
results were not uniformly conclusive; nevertheless it was a very important piece
of work, and to a large extent established the idea that the sexual dimorphism in the
pelvis was a growth response to the influence of hormones, male and female. This
was at odds with Thomson, as Franz detected no difference in the newborn. This
work was undertaken before the female hormones had been identified and isolated
in humans.
Following Franz' work on the sheep pelves, work done throughout the 1920's
and 1930's established the chemical identity and source of female hormones and
chemists could synthesise the major ovarian steroids. This further substantiated the
quantitative theories of the origins of sexual differences, as described in Chapter
2. For example in Hisaw's 1925 work on the pocket gopher he identified the differing influence of ovarian extracts on castrated and uncastrated males, and spayed
females. In 1934-35 Wiesner suggested that the mammalian embryo was basically
female, and male differentiation depended on fcetal testicular hormones. This was
later proven by the work of Jost in 1947, when he showed that rabbits castrated in
utero invariably developed into females (Polani, 1979: 249).
Around about this time there were an increasing number of studies in the United
States on some large collections of male and female, both negro and white, from
cadavers in dissecting rooms and anatomy departments. It is very important to appreciate that this was a major source of data on individuals of known sex for physical anthropologists to study. There was also the increasing use of X-ray, which allowed extensive investigations into the pelvic shape of women, and in a few notable
cases, on men, as will be further examined. The effect of the development of the
X-ray in obstetrics was similar to the effect of the development of the microscope
in.the early nineteenth century and its influence on biology, or the advent of the
telescope two hundred years before that (Knight, 1986: 182). A more structuralist emphasis developed in anatomy whereby variation in the underlying material
(bone) could be observed in extant samples. In obstetrics this led-t~ greater interest
in the bony pelvis as a deterministic force in parturition. The first report of the
.~
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use of X-ray in a discussion of sexual dimorphism in pelvic architecture was in the
case reported by Thorns and Hershman in 1923, which will be discussed in more
detail in the next chapter. There was also an increasing amount of archaeological
work being done. The degree of specialization in science generally by the end of
the' Age of Science,' as described by Knight as occurring circa 1914, was typified by
this split into obstetrics, physical anthropology and archaeology. The specialization solved problems but leaves us alienated from the great confidence in science
last century (Knight, 1986 : 212). The three sources of information did not provide
a coherent understanding of the nature of sexual dimorphism in pelvic architecture
and produced a marked split in the conclusions as to whether one could accurately
make sexual identification from skeletal material alone, especially from the pelvis.
The American Journal of Physical Anthropology and the new American Journal
of Obstetrics and Gynreology carried many reports and with these journals was an
increasing divergence of foci of studies of the pelvis.
The idea of a progressionism in the development of human races had been
looked at by Turner; Derry tackled this again in his 1923-24 paper as will be
discussed in Chapter 6 on how race was studied in the pelvis. In both of these
studies, which were about race rather than sex differences, their conclusions about
race were largely forgotten but the contribution these studies made to establishing
sexual criteria remains.

Summary and Conclusion
1. In the nineteenth and early twentieth century studies on the pelvis it was
treated as a 'thing', an isolated unit of morphology measured and analysed
in a scientific method.
2. In 1885 Sir Wi11iam Turner published a system of measuring male pelves for
the purposes of racial comparisons by using an index of pelvic inlet brim proportions. The idea that male and female pelves formed two discrete groups
had already been established by Vemeau.
3. It was noted by Matthews in 1887 that two particular indices which could be
taken from a pelvis showed the natural grouping of the sexes.
4. From Thomson's 1899 study of eight fretal pelves it was suggested that sexual differences are present from birth, although from some of the data the
sexual dimorphism showed a pattern opposite to that in adults.
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5. Derry's 1909 system of sexing skeletal material is still the basis for many
current methods. He did not use indices. It was, no doubt, built on the earlier work of Verneau and others; his method included observations of scars
and pits attributed to parturition in the female. 'Parturition' scars are more
likely to be caused by a range of physical stress, including parturition but not
exclusively so.
6. The origins of sexual dimorphism were attributed to the need for .a bigger
internal dimensions of the pelvis because of the demands of parturition in the
female. It was from hormonal studies from 1909 onwards that the different
effects of male and female hormones on the pubic bones were documented.
7. These initial studies conform to the expectation of a discrete male and female
type of pelvic form, with the female type being determined by childbirth, and
the male form being able to be used to demonstrate progressive evolution of
the races. This tied together an of the four beliefs as outlined in the Introduction.
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4
Obstetric Studies of the Pelvis
The previous chapter looked at the development of ideas in comparative anatomy
from various collectors and anatomists from the end of the nineteenth century up
to World War 1. The pelvis was treated as a 'thing' which could be measured and
given indices; these were explained with reference to the progressive evolution of
races, or with reference to adaptation for childbirth when the differences between
the sexes was noted. All of these studies up to DeITy (1909) were done on archaeological collections or collections from ethnographic expeditions. The original sex
of the individual was rarely known with certainty.
Sexual differences had been thought to be caused by the inherent type towards
which male or female tended. The characteristics of the female pelvic form were
seen as an adaptation for childbirth, as in Maguire's textbook 'The Anatomy of the
Female Pelvis' in which the differences of shape in the female were attributed to
the special function of parturition (1922 : 5). That is to say, the obstetric consensus
of what constituted the typically feminine pelvis with a wider pelvic brim, and
longer transverse diameters relative to the anterior/posterior diameter was therefore
thought of as obstetrically adapted.
Some had maintained that sexual dimorphism was caused by differing mechanical factors, such as the downward pressure on the sacrum being countered by the
upward pressure from the femora (Herman, 1900: 135). However, hormonal studies in the early twentieth century indicated that it was endocrinologically mediated.

Primitive Birth
Ethnographic accounts from the nineteenth century allowed comparisons of childbirth practices between 'primitive' and Western culture to be made, which fostered
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ideas about how obstetric knowledge and the management of labour developed.
In comparative studies of obstetrics most accounts emphasised the ease with which
women from less 'developed' cultures appeared to give birth; for example, Davis's
comment that primitive races, such as Red Indians, had easy and relatively painless
births (Davis, 1916 : 13). There was also Derry's comment as already noted that
females showed less departure from the generalized mammalian form (1909 : 270)
so that greater ease in parturition should accompany such a condition.
The emotional and physical state of women generally, and especially 'primitive' women, was perceived to be less evolved, more in harmony with nature;
problems in parturition for 'primitive' women were rare, although not completely
absent. Hrdlicka suggested that the more primitive groups of people are less mixed,
less abnormal, less pathological and perhaps less aberrant than civilised people
(1918: 20). It was as if childbirth and the customs surrounding it were seen as
having evolved to optirnality through cultural evolution in 'primitive' cultures, and
cultural practices facilitated what was essentially a natural occurrence. In older
texts the ideas of progressionism in cultural evolution, with the civilised European culture being more advanced than primitive cultures, reinforced the idea that
women in less civilised cultures were less physically evolved, including the pelvis.
They had easier childbirth, as in non-human mammals. Isaac Flack (writing under the pseudonym Harvey Graham) in the book 'Eternal Eve' (1950) suggested
that different stages in the evolution of childbirth practices could be observed from
ethnographic practices, and as our modem culture evolved, childbirth became more
difficult.
He considered that in the most primitive communities, the woman remained
alone and her labour was fairly easy. "Fat or not", with bones undistorted by rickets or "dietetic errors" of modem civilisation, she would have been active up to
the moment of delivery, and so her musculature would be good, and the child positioned head down. "She would not be beset by the fears of modem woman. Childbirth was natural and simple (Graham, 1950: 3)". Not so in Western culture; he
repeated the dictum that during the childbearing years for women almost anything
may happen to a woman and it frequently does (ibid: 625). The question was raised
as to why childbirth was not as simple in 'civilised' cultures as it appeared to be in
'primitive' culture.
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Childbirth in Western Europe
To a certain extent, data from comparative ethnography reinforced the belief that
natural selection ensured that every part of morphology was adapted for its function. An explanation of the apparent continuation of difficulties in labour for women
of the 'higher' races was attempted by Davis, who considered that "the extreme suffering oflabor is a penalty of civilisation and artificial refinement (Davis, 1916 : 13)".
These ideas reappear in discussions as to whether the wide oval pelvic inlet shape,
thought of as ultra-human and most suitable for childbirth, was found later to be
characterised by a very high level of operative deliveries, and therefore its appearance was attributed either to the poor nutrition or to crowded unhealthy living conditions of those from the lower socioeconomic levels.
In middle and upper classes there was some concern at the increasing tendency
of young urban girls to follow unnatural activities or wearing constricting clothing. de Lee considered that pelvic malformation could be due to improper hygiene
at the time of puberty, including such fashions as overcrowding the growing girl
with studies and social demands (de Lee, 1913: 660). Books such as'The Ideal
Woman', by Dr Mary Melendy (1922), had a picture of an extremely deformed
pelvis (ibid : 27), with the advice that as men prefer healthy, robust, well-developed
girls, she would recommend a healthy lifestyle including such activities as boating,
and wearing clothes which hang from the shoulder, avoiding any waisted dresses.
One hour's exercise at the wash tub (washing clothes) was suggested to be of far
more value than hours at the piano (ibid : 28), as part of proper personal care to
avoid physical bankruptcy.
Books such as these encouraged the aquisition of anatomical knowledge by
women at the same time as a significant shift in obstetric management after 1915,
which has been fully documented by other authors. Sandelowski (1984: 40) noted
the influence of obstetricians such as de Lee, who considered that if an event could
cause disease, it had to be viewed as a disease. Childbirth was viewed as a condition, and obstetrics as a surgical speciality. The campaign by women after World
War I for the use of antesthestics, called the 'Twilight Sleep Campaign', had passionate advocates who believed that their methods made childbirth natural again,
thereby altering the concepts of natural and artificial as applied to childbirth (ibid :18).
In the development of the new science of obstetrics and gyruecology it was
considered that ultimately every women would be entitled to a problem-free and
pain-free birth; no more the suffering of labour and high neonatal mortality rates.
Medical research would uncover the cause of all the problems and also provide the
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cure. fur example: in Davis's Painless Childbirth (1916) he suggests that "the beliefthat pain is an inevitable accompaniment oflabor has reconciled mothers to endure it, while the joy of successful motherhood has caused them to forget it. There
is, however, no logical reason why women should suffer during 1abor (1916 : 12)".
The use of chloroform to assist in pain relief during labour had been rejected by the
Church, as it was considered that the pains of labour were essential components of
matemallove (Graham, 1950: 616). Simpson had aruesthetised Queen Victoria
during one of her labours in 1847, but the widespread use of pain relief did not
eventuate until the chemicals used and the techniques had been improved, such as
using nitrous oxide, and, more importantly, until there was a significantly higher
proportion of women delivering in hospitals.
The shift to hospital management was one of several changes in obstetrics and
gynrecologyas it developed into a relatively specialist area just after the First World
War. In common with many other areas of medicine, it had received a certain
amount of impetus from the war. The wider appreciation of the problems of crossinfection, the development of various drugs and methods of anresthesia, and the
use of X-rays had certainly been stimulated in the war effort. The war had in some
cases accelerated discoveries in medical science. But the increasing success in
treating some of the more mundane and yet most widespread health problems early
in the twentieth century was leading to a deep shift in the perceptions of the way
that medicine could cure, or wipe out, previously debilitating illnesses. If enough
energy and research was spent on investigating a problem, the scientific discoveries
might not only elucidate the causes but also provide the cures. The problems of
birth-giving were considered to be as old as mankind itself (Graham 1950: vii); a
curious anomaly in attitudes when it was also maintained that 'primitive' women
had few problems. But efforts to make childbirth less hazardous fitted in neatly with
the wider perception that the key to the progress of civilisation was the conquest
of nature, including altering the danger of such' natural' events as childbirth.
In some literature the trend toward specialisation in obstetrics from midwives
and homebirth to male obstetricians and birth in a hospital has been discussed in
the context of a move by the medical professionals to gain control over childbirth
(Scully, 1980). There could be more attention as to whether or not there was an
increase in morbidity and mortality in childbirth, not only from the problems of
infection in a hospital environment, but caused by the deterioration in nutrition and
health generally in the rapidly growing urban centres last century in the periods following the Industrial Revolution. The effect of malnutrition on pelvic form will be
further discussed in Chapter 11. The specialists who justi fled the movement away
from homebirth/midwife systems to a centralised hospitalized environment can be
credited with a degree of integrity, as the very high mortality statistics associated
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with childbirth in urban centres showed no signs of abating until the controls of
cross-infection were developed in the 1930's.
There were significant differences between the United States and England in
this regard, as the trend to hospitalization was much more marked and eventually
covered virtually all births in the United States, unlike the situation in England.
In Wertz and Wertz's history of obstetric management they considered that birth
being viewed as "a potentially diseased condition that routinely required the arts
of medicine to overcome the processes of nature (Wertz & Wertz, 1977 : x)" was a
unique aspect of birth management in the United States.
And yet the shift to centralised birth management in hospitals can also be attributed to a changing perception of obstetrics as a science rather than as an art,
although many practitioners liked to dwell on the 'obstetrics as an art' aspect. The
need for sensitivity and skill in managing what was seen as an essentially creative
process is still maintained, but generally the idea of the obstetrician as artisan was
superceded by the obstetrician as engineer. For example, Rongy (1930) suggested
that "Obstetrics is largely a mechanical art. Every case of labour is an engineering
problem. The obstetrician like the engineer must guide himself wholly in accordance with the principles which make a given mechanical problem safe or unsafe,
possible or impossible (1930: 420, as quoted in Thoms, 1956: 13)". However, it
would be misleading to imply the mechanistic views were of relatively recent origin. From the early Renaissance laws of geometry and mechanics had been applied
to the human body, and it was what Persaud called "this ferment of art and science"
in the early Renaissance which brought the study of anatomy on a new, promising
and irreversible course (Persaud, 1984: 101). The long-established mechanistic
perspective slotted neatly in with the development of the most sophisticated tools;
giving rise to the idea that there was a technological component to birth-giving.
There were also significant changes in women's perception of birth. In the
second half of the nineteenth century it was gradually seen that human bodies were
part of nature, open to understanding and intervention by people. As Wertz and
Wertz suggest, "birth was perhaps even a kind of unexpected confirmation of new
mechanical views of nature (1977: 24)". Birth was seen by all involved from a
new cultural context, and women allowed men to treat them as natural machines
that might go wrong (ibid : 25). The mechanistic perspectives lent themselves to a
ready acceptance of obstetric technology.
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The Rachitic Pelvis
The development of obstetric technology also derived justification from the earlier
beliefs, as already outlined, that obstetric problems were problems restricted to
'civilised' women. To take an example in the widespread occurrence of pelvic
deformity ip the rachitic pelvis, caused by childhood rickets, this was found to
occur in :r'o/~ of obstetric cases in Glasgow in the five years before 1911 (Kerr,
1911: 153). The causes of obstructed labour had most often been attributed to
rachitic origins, and considered especially prevalent among women of deprived
social and therefore nutritional status; that is, a problem of civilised society. It was
very common in some industrial areas of Britain and Central Europe last century.
Detailed enough data are lacking in obstetrics and gymecology to establish whether
or not birth-giving did become more difficult after the industrial revolution. The
apparent high mortality rate from parturition was not only the result of changes
in obstetric practice with the problems of cross-infection etc. It is also likely that
there had been a significant increase in the occurrence of contracted pelves from
malnutrition.
Obvious cases like rachitic pelves are possibly just the 'tip of the iceberg'.
Frisch (1978) made a case for the historical evidence from mid-nineteenth century
onwards in England and Scotland of the direct effect of malnutrition on fertility.
However, she did not extend her discussion to the point of the effect of malnutrition
on parturition. Citing Duncan's 1871 study of 16,301 wives-mothers in Scotland,
the mortality rate from women having their firstchild in the period 1850--1860 was
twice as great as that of all subsequent births combined (Frisch, 1978 : 24). Based
on survival rates, it was believed that the bony pelvis did not complete growth
until about 25 or 30 years. That nutrition, rather than age, affected the growth of
the pelvis to an obstetrically adequate size was not considered until the obstetric
debates in the 1920's and 1930's, when the use of X-rays generated protracted
debates about the causes of a contracted pelvis.
In America it appears that childbearing, while a danger, has been overestimated
as a cause of death in places in the colonial United States such as New England,
and this is attributed to the likelihood of the American lifestyle being healthier than
that in England. There was a more regular and dependable food supply, and less
urban congestion with an apparent reduction in the incidence of birth complications
(Wertz & Wertz, 1977: 19). Although they extend their discussion to note that
there was little known about the health of slave women in the United States, it
is interesting to note some observations from the slave women in the Carribean
plantations from recent scholarship on the slave trade.
The Negro slave women working on sugar plantations were seen to have two
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functions; firstly and most importantly as work units, secondly as breeding units.
Slave abolitionists considered that a reduction in slave traffic would lead to better
conditions for the women who were already slaves to facilitate increased breeding.
The lines of argument about slavery divided into the pronatalists and antinatalists.
The women's living conditions and nutrition were so poor that there was a continuous impairment of reproductive development. First births were delayed, there
were long and irregular birth intervals and early final births (Sheridan, 1985 : 246).
However, even in pronatalist plantations there was no significant im provement from
better living conditions and the experiment was considered a demographic failure. That the extremely poor nutrition affected their fertility is undoubted. Recent archaeological analysis of a population from a 17th-19th century slave cemetery found skeletal features which reflect periodic near starvation (Corruccini et
al., 1982: 443). But in the context of pelvic development, the Diary of a Doctor
Jonathan Troup (1788-1790) in Dominica noted that "Many of the women had their
Children dead, others had parts of Pelvis too narrow tho' the Mother had successfull
Labours before (Sheridan, 1985; 225)". The combined effect of excessive exertion
and poor nutrition resulted in an osteomalacic pelvis even after initially successful
parturition, so although it was appreciated that nutrition affected fertility, it was not
so widely appreciated that it also affected the ability to give birth successfully.
In an obstetric textbook (Walker et al., 1976) it was also noted that osteomalacia may affect pregnant adult women, usually multiparae, when they experience
a gross deficiency of minerals and Vitamin D in the diet. Its distribution was considered to be confined to parts of China, India, and "the more backward areas of
Europe (ibid: 34)" although a few cases had been reported in the United Kingdom.
Cresarian section was usually necessary. The differences between a rachitic pelvis
and an osteomalacic pelvis will be elaborated further in this chapter when Nicholson and Alleri's work is discussed. It is suggested that the high incidence of the
(};ceorn:.dal.:i a

Rickets

FIGURE 4.1: Brim shapes in rickets and osteomalacia, from Walker et a1. 1976 : 33.
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rachitic pelvis in parts of Industrialised Europe was aoutwardly
measurable syrnpI'
tom of a much higher incidence of slightly contracted pelves, and that the shifts to
'high technology' births that gained momentum with the control of infection from
intervention was in fact a response to a general pattern of more difficult labour for
many women, compared with pre-industrial cultures. The chief cause of this was
a lowering of the basic nutrition available to most women. This is more likely to
apply to urban, rather than rural, women, and it was in the urban centres that the
shift to centralised obstetric management took place first.

How was the pelvis studied?
There has been a long history of the study of the pelvis from external diameters
and palpation. As Herman stated, the limitations were that it takes a long time,
needs much exposure of the woman and much manipulation which is disagreeable
to her (Herman, 1st ed. 1894; 3rd ed. 1900: 165). Buteven if accomplished, it was
recognised to be of limited value because labour difficulties depended not only on
the size of the pelvis, but the size and hardness of the fectal head, which could not
be judged before delivery (ibid : 166).
The systems of making direct measurements of the internal diameters were
largely based on Johnson's 1769 methods, and were only possible after delivery by
inserting the hand through the vagina. So information in advance oflabour as to the
internal size or shape of the pelvis could only be derived from general observations.
The most common forms of deformed pelvis were only slightly deformed: being
the flat pelvis and the small round pelvis (Herman, 1900: 180), and it is the management of labour in cases of slight deformation which generates most discussion.
Descriptions of the actual management oflabour in a significantly contracted pelvis
were considered by Herman to be based on a very few cases, or altogether on theory. As he said, "in cases of contraction of the pelvis so great as to prevent the
birth of a living child, the only mechanism that needs study is the mechanism of
dragging out a collapsed or crushed head (Herman, 1900: 180)."
At this stage in obstetrics, Ctesarian methods still had certain risks, although
Kerr (1904) noted that the mortality rate was reduced now to 8%. One significant
fact in favour of the Cesarian method compared with resorting to a craniotomy was
that the patient could be sterilised at the same time by removal of the uterus, and so
avoid the problems ofany future pregnancy (Herman, 1900: 198). The main theme
of texts such as Herman, which was used very widely, was that there was the normal
pelvis, and also the abnormal pelvis, which required active labour management.
In de Lee's standard textbook The Principles and Practice of Obstetrics (1913)
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one type of pelvis was considered to be normal, and there were six categories of deformed pelves, including the transverely contracted and flat types (later to be called
anthropoid and platypellic)(19l3 : 655). However, Williams thought otherwise and
described the obstetrical significance of what he called 'normal variations' in the
female pelvis. In the historical account in the first part of his paper, he notes that
Arantius first recognized the existence of a contracted pelvis in 1561 (1922: 345).
But both the study of variations in the normal pelvis and gross abnormalities had
proceeded very slowly, in his view. He was not concerned with racial differences,
but from external measurements postulated two types of normal female pelvis: the
feminine type and the muscular type.
Williams noted the incidence of deformed pelves to be about 9%-much lower
than Kerr's figure of one third in 1911, but his figure was based on United States
data, whereas Kerr's were from Glasgow. Deformities were generally considered
rare in the United States compared with Britain. Hart had given two explanations in
1917 of the cause of a contracted pelvic outlet: firstly, an iliosacral inversion, (i.e.,
assimilation of the fifth lumbar vertebra into the sacrum) and secondly an ischiopubic inversion, both resulting in certain parts of the female pelvis inverting to the
male type (1922: 347). From his own cases in obstetric practice, Williams made
a very interesting observation which appeared in much subsequent literature: that
of the two types of pelves, the feminine type and the muscular type, there was a
greater percentage of Cresarian births, premature rupture of the membranes or posterior/occiput positions in the more muscular type of pelves (ibid : 51). In other
words, the feminine type was more suited to a successful labour and delivery. It
occurred in 74% of his cases, and the muscular type in the other 26%.
This perspective echoes the views of the physical anthropologists from Turner
to Hrdlicka, who had noted that the female shape was more variable and less likely
to show racial characteristics because of its specific adaptation for childbirth. It
runs against the suggestion by Herman, first published in 1894, that it is the size
and not the shape of the pelvis which matters (Nicholson & Allen, 1946: 194).
The problems of ascertaining the shape were starting to be solved by the newly
discovered techniques of Roentgen rays, or X-rays. (Although the term Roentgen
pelvimetry was used for many years, I will consistently use the term X-ray instead
of Roentgen in this discussion for ease of reading). There were known problems
of using external measurements to establish the size of the pelvic inlet, so the suggestion by Williarns that shape, rather than size, was influential in determining the
mechanism of labour stimulated a plethora of studies. Debates over what constituted a normal sized inlet continued at the same time, with the suggestion usually
that the textbook figures were too low.
The idea that there was a normal variation in the shape of the pelvis, and this had
I-
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an effect on the mechanism oflabour, as Williams suggested, shifted the perception
away from describing the pelvis as one of two forms (normal and deformed) to a
view that deformed pelves only form a very small proportion, and that there is a
range of variation which suggests that some sort of classificatory system may be
useful.
With the advent of X-ray methods, the possibility of categorisation of female
pelves with the implications for prediction of the outcome of labour began to take
shape. These developments reached their zenith with Caldwell and Moloy's 1933
paper on the' Anatomical variations in the female pelvis and their effect in labor,
with a suggested classification.' The next part of this chapter is restricted to a review of developments in the study of the pelvis in obstetrics, especially drawing
on the work of Thorns and Greulich, and Caldwell and Moloy from 1922 to 1956.
It was in 1922 that Thorns presented his paper on 'Outlining the superior strait
of the pelvis by means of the X-ray'. In 1956 he published his book 'Pelvimetry'.
Moloy's 'Evaluation of the pelvis in Obstetrics' had been published in 1951 shortly
after the death of Dr. William Ca\'Zvell. Over this period of thirty years, the groundwork for all the modem texts on the pelvis was established. Although advances in
endocrinology helped establish the role of hormones in determining pelvic shape,
this did not appear to alter the perception of what constituted the normal 'male'
and 'female', or adult and child pelvic shape.
The underlying question was not whether the pelvic shape in women was really
different to that in men; but as to whether there was anyone form which could be
considered most suitable for childbirth, therefore being the 'normal' female pelvis.
That there was a relationship between pelvic shape and childbirth was not questioned.

The Contribution by Herbert Thorns
The first problems with X-raying the pelvis between 1897 and 1918 was in achieving a method which minimised the problems of distortion. Thorns (1922) reported
a method of getting the patient to arch the back, so getting the best perspective. He
recommended X-ray in the first six months of pregnancy, as after that time the fectus
made an obstacle to getting a good picture of the superior strait of the pelvis (the
superior strait being the plane of the anterior/posterior and transverse diameters of
the pelvic inlet). The possibility of mensuration of the fectal head size relative to
the pelvic inlet was not considered in any of the studies over the next few decades.
He also discussed the effect of the X-rayon the fcetus but considered that Edelberg
had shown it to be negligible (this conclusion was based on only one case). Thorns
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(1925) further refined this method by incorporating in the X-ray a grid system for
measuring supplied by a lead screen, and published X-rays in 1930 showing the
results of shortening of the transverse diameter due to injury, osteomalacia and
congenital causes. Racial and sexual influences could also cause shortening. Xrays were eonsidered to be extremely valuable in ascertaining the likelihood of a
slight pelvic contraction in suspected cases.
It was implicit in these papers that there were two types of pelves (normal and
deformed). Thorns (1932) recommended that an X-ray should be undertaken on
every primaparous woman. This was a forerunner of the view that no birth is normal except in retrospect-what Savage (1986: 137) called the Pessimistic view.
External pelvimetry to establish the size of the pelvic inlet was valueless or even
fallacious, misleading, erroneous, or illogical (Thorns 1932: 55, 1934 (b): 270),
and X-rays allowed accurate estimation. I consider it would be correct to say that
with the belief fostered in the nineteenth century that science could lead the way to
improvement in all things, there was a certain amount of pessimism in attitudes to
labour management-the only hope was in more and more scientific techniques. In
this 1932 paper he gave very full detai Is of 16 cases with relative or real shortening
of the transverse diameter in the pelvic inlet; all delivered vaginally. Thorns was
very much in favour of X-rays to assist in anticipating management of occipitoposterior and occipitotransverse presentations.
The querulous title of the 1934(a) paper 'What is a normal pelvis?' was part of
the debate following his publication of the results of X-ray studies challenging the
established wisdom about the nature of the 'normal' female pelvic shape. There
was also the suggestion of Hepburn (1924 : 330) that the normal female type was
the platypellic shape, what Thorns calls oval (... not to be confused with the long
oval, dolichopellic or anthropoid). Thorns suggests that "the so-called normal or
oval pelvis is the result of the influences of civilization rather than those of race
or sex. The fact that aboriginal races have easy labors is well established (Thorns,
1934(a) : 2075)". This hinted that there was an influence of the 'civilised' lifestyle
and malnutrition on pelvic shape which resulted in the oval shape, but he preferred
the round shape (Turner's mesatipellic) to tile oval (platypellic) for ease oflabour.
The title of his paper had been answered by the pragmatism of nature, Le. :

1. the normal pelvic shape was that most conducive to ease of labour.

2. the platypellic shape, thought of as typical of the female pelvis, was not conducive to an easy labour.
This pinpointed the conceptual trap which had characterised pelvic studies up to
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that date: if the civilised woman was the highest evolved, either pelvic shape would
be that which was best adapted for childbearing or as they became more evolved
and less animal-like the occurrence of problems in childbirth affirmed the superiority of their evolution. The answer to the question as to what is a 'normal' pelvis
remained unappreciated because of the tangled evolutionary metaphor still dominant in the perception of the causes of variation.

Caldwell and Moloy's Categorisation
After due consideration of all the discussion about the rachitic pelvis and female
pelvic shape, the question that Caldwell and Moloy were attempting to answer
was: what variations are caused by racial and sexual differences, rather than pathologic changes in the bones themselves?
In spite of the number of statistical techniques and refinements in endocrinology
I am not convinced that this question has yet been answered. What has always
been lacking, and still is lacking, is the same degree of study and attention paid
to the male pelvis as to the female pelvis. It is understandable that obstetricians
generally were not motivated to study the male pelvis, and physical anthropologists
had access to adequate 'male' pelves from archaeological samples without the need
to use X-rays on extant populations. Without a greater degree of attention being
given to the male pelvis, I would not anticipate that the question Caldwell and
Moloy ask can be definitively answered.
The previous studies Caldwell and Moloy incorporated in their paper included
the most well-known of those in physical anthropology, such as Turner, Derry,
Straus, Schultz, Hooton and, of course, Thomson (1899). Caldwell and Moloy had
used a large series of skeletal remains for this study, but they do not actually state all
the origins or sample size. It was a mixed sample, as the photos of the average male
and female pelves were from the American Museum of Natural History, but they
had also measured 53 White males and 50 females from the Ham ann-Todd collection, and used some material from the U. S. National Museum for photographic
examples. At what point in the categorisation of these pelves they incorporated the
use of X-rays is unclear, although they illustrate the average female pelvis on page
486 with an X-ray.
The main thrust of the paper was to establish a categorisation based on four
types:
1. the Gyruecoid : the normal round pelvic inlet shape

2. the Android: approaching very closely the average male shape
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3. the Anthropoid: transversely contracted, the long oval inlet
4. the Platypelloid: the simple flat pelvis, which they considered could be said
to possess an 'ultrahuman' form; what Thoms called the oval inlet. They
noted de Lee's attribution of this form to rickets, while Williams had observed it in robust women.
Turner's three types had been divided into four, with new names for three of
them. These forms were described in some detail, but it can be readily seen that
this is essentially the application of Turner's 1885 system with the division of the
mesatipellic into the gyntecoid and the android. This was because this system was
not dependent on indices, but primarily on the shape of the inlet, and a 'heartshaped' and round inlet can have very close indices while having very different
shapes. Turner had been working from skeletal collections sexed by the traditional
criteria of what constituted male and female pelves, and therefore it is highly likely
that a male pelvis with female characteristics would have been categorised as a
female. As far as I am aware, Caldwell and Moloy did not ever publish any studies
of the male pelvis, so that their appreciation of the male shape was based on studies
already covered in the last chapter.
There was a problem in this: Turner had described three different shapes based
on indices, and had postulated progressive evolution within the different racial
groups to be demonstrated by this. Hepburn (1924) had confirmed this with finding that 40 authenticated British male pelves had the platypelloid shape (as will
be described in Chapter 6). Yet obstetricians continued to consider that the male
pelvis was of android inlet shape, seemingly irrespective of the index. Caldwell and
Moloy, after describing their scheme, suggested that separate from the classification of the pelvic inlet shape, the subpubic angle may be wide, moderate or narrow;
and also the pubis may unexpectedly display male, racial or primitive features in
the female pelvis (1933 :490).
This system proposed by Caldwell and Moloy was refined slightly, and produced in a much more coherent form in the same publication, The American Journal of Obstetrics and Gynrecology, in the following year. The number of pelvic
inlet shapes was extended from four to eleven (Caldwell, Moloy & d'Esopo, 1934),
then ten (1938) and eventually fourteen (Caldwell, Moloy & d'Esopo, 1940), plus
asymmetric types.
• Gynreccid/Anthropoid
• Gynrecoid/Flat
• Android /Flat
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FIGURE 4.2: The classic al pure inlet types, from Moloy, 1951: 15.
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• Android/Anthropoid
• Anthropoid/Android
• Anthropoid/Gynrecoid

• Gyruecoid/Android
• Android/Gynrecoid
• Flat/Gynrecoid

(Difficult to distinguish from gynrecoid/flat),

• Flat/Android
(Difficult to distinguish from android/flat),
(from Caldwell, Moloy & d 'Esopo, 1940: 562.)
Thus from an initial classification of four, they ended up with fourteen types which
covers all the combinations with the exceptions of Flat!Anthropoid, and Anthropoid/Flat, which were considered impossible (Caldwell, Mo10y & d 'Esopo, 1940 :561). The order of the descriptive terminology in each category refers to the shape
of the anterior segment, followed by the shape of the posterior segment. However,
there is a significant difference between their 1934 classification, based on eleven
forms, and that of the Caldwell, Moloy & d'Esopo 1940 system, based on 14 forms.
In 1934 they represented these forms to lie within an evolutionary cycle (see
Figure 4.4). The vertical axis showed an evolutionary transition from anthropoid
to flat, while the horizontal axis showed a sexual transition from the gynrecoid type
to the extreme android type. "This cycle of change represents an evolutionary trend
and forms one of the most signi ficant observations in this present study (Caldwell,
Moloy & d 'Esopo, 1934: 486)" ... "Is it not possible that two great influences may
be at work, one, the arrest in evolution from the ape form, the true anthropoid,
to the perfect human form which is characteristically flat, and the other, a sexual
or hormonal factor which may determine certain masculine characteristics in the
female form (ibid : 487)7"
The 1934 paper was based on a study of the X-rays of 215 prirnagravidae. The
number of types was extended from four to eight, acknowledging the 'intermingling' of types and it was suggested that the most significant aspect in this 1934
paper is the establishment of a progressive evolutionary trend from ape-like to
'ultra-human'. When more and more intermediate types were established laterthis
unilinear trend was not postulated. Even a two-dimensional representation of the
relationships between the different types was not attempted. But the implications
of this progressive evolutionary view in this 1934 paper was carried on from this
point in many texts, with little further substantiation; whereas the further discussion in Caldwell, Moloy and d 'Esopo (1934) of the hormonal influence was largely
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anthropoid to the flat type. The transverse axis represent the sexual factors, with
the overlap of masculine characters from the gyna.coid to the extreme android
type. From Moloy 1951 :27, Caldwell, Moloy & d'Esopo, 1934:487; Caldwell
& Moloy, 1938 : 6
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overlooked. This evolutionary circle was reprinted in Moloy's book (1951: 27) as
an explanation as to the causes of the mixed types, just like mixed races.
In female pelves there were all gradations in the overlapping of masculine characteristics from the typical gyruecoid to the extreme true android pelvis. "This
latter form so closely approaches the appearance of the male that in the living subject the genital organs alone can designate the true sex of the individual (Caldwell,
Moloy & d'Esopo, 1934: 488)". This echoes Straus's assertion (1927: 10) that the
only reliable guide to the sex of an ilium is to know the body from which it has
been taken. Caldwell and Moloy recognised what they called the extreme types
in endocrinological clinics, suffering from endocrine disturbances; they "are not
commonly found on the obstetrical wards, although they do occur and increase
markedly the incidence of operative deliveries (ibid : 488)".
They had suggested that the sub-pubic angle showed patterns of shape different
to the pelvic inlet (1933 : 490)). It was further established that:
• in gyntecoid group-s-there were average or wide sub-pubic angles
• in the android group--42% showed a narrow angle (16% for whole series)
• in the anthropoid group-s-only 25% showed a narrow angle; an unexpected
finding, as anthropoid with narrow angles were not uncommon in the Ham annTodd collection
It was suggested that an anthropoid pelvis with a narrow angle was most likely to
be found in the endocrine or infertility clinics, rather than on the obstetric wards
(ibid : 489). Some of the anthropoid pelvic inlet shapes also showed a high incidence of wide angles. The implications that hormonal disturbances, outwardly
manifest by menstruation problems, could also be associated with infertility or difficult labours and have a direct correlation on pelvic shape was the stimulant to
many studies which are built on the findings in this paper. The initial hypothesis
of the effect that inlet shape might have on the labour had already been made in the
1933 paper (ibid : 500-502).
There was now a system which did not categorise the pelvis as normal or deformed, but instead recognised that there is a normal range of variation and that
some types of pelvic shape may be due to endocrinological factors. But in the effort to be able to make accurate estimations of the pelvic brim shape as an indicator
of labour management, there was a most unique development in trying to correlate
pelvic brim shape to external characteristics such as body proportions or the extent
to which masculinity appeared in women in such aspects as stockiness or hairiness. The true female type of pelvis was considered to be associated with shoulders
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slightly narrower than the hips, narrow waist, broad hips and slender legs (Caldwell, Moloy & d'Esopo, 1934:496). Caldwell Moloy and d'Esopo ended with
a note on this physical correlation of pelvic inlet shape to physical attributes with
what appears to be a somewhat unflattering description of the 'android type '; being
thickset, short, with thick lower legs. There was an elaboration of this by Kenny
(1944) with such descriptions as the android women being a short-necked, high
coloured thickset type with thighs running straight down to thick ankles. The anthropoid sounds more like a horse in Kenny's description, being tall, long-headed,
wide shouldered, with narrow flanks and long slender limbs etc.
This was not overlooking the endocrinological factors on pelvic inlet brim
shape, but instead assuming that the body's external physiology reflected the internal masculine/feminine balance; a holistic expectation which has received a certain
amount of substantiation in case studies, but escapes a very close mapping.
This illustration in Moloy, 1951 (see Figure 4. 5), was published long after
Greulich, Thorns and Twaddle (1939) had published their photographs demonstrating that any purported relationship could not be proved from body type and pelvic
inlet shape, as will be further discussed. But in the context of Caldwell and Moloy's
work, it has to be noted that obstetrics was running at this point very close to a theme
in physical anthropology. That is, the extent to which a skeleton can be matched
with the external appearance, an assumption behind many 'objective' studies. Ultimately the attempts failed to make a clear and proven relationship between body
type and pelvic inlet shape- what Greulich, Thoms and Twaddle called one of the
more esoteric of anthropologic accomplishments in obstetrics (1939: 493).
However, from a wider perspective the faults in this approach would be:
1. that there was little effort made to look at the ontogenetic changes from early
puberty, through the primjigravidae to the multiparas. It was implicit that
an individual inherited a particular balance of male/femaleness which would
not change through the middle decades.

2. there was generally little appreciation of the extent to which endocrinological
factors were sensitive to nutrition and physical exertion.
The increasing research into endocrinology did have some effect on perceptions of
maleness-femaleness. Gosden (1985 : 65) attributed the development of the concept of homeostasis to Cannon's 1932 publication 'The Wisdom of the Body'.
The clues to the chemical identity and source of cestrogens had been found in the
previous decade by AlIen and Doisy (1923), and it was generally recognised that
cestrogens were pre-erninently responsible for the sex-specific form and physiology of the female, being essential for fertility, and deficient in the post-menopausal
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phase (Gosden, 1985: 20). However, there was a lack of definition of the physiological actions of androgen, which is produced in larger quantities at all stages of
the ovarian cycle. It seems implicit in the writings of such authors as Caldwell and
Moloy that endocrine disturbances equated with deficiencies of cestrogen.
The most accessible source of the Caldwell and Moloy system is in Moloy's
1951 book 'Evaluation of the Pelvis in Obstetrics' This was republished in 1959,
edited by C. M. Steer, who had worked with Caldwell, Moloy and d'Esopo since
1938. Danforth and Ellis also republished the Caldwell and Moloy scheme in their
1963 paper on mid-forceps delivery, reporting that much of their understanding of
it was gleaned from protracted and fascinating discussions, often far into the night
(Danforth & Ellis 1963: 35) and attributed the lack of appreciation of it to the belief
that the papers in which it was reported are long, numerous, meticulously detailed,
and at times abstruse. This system was considered by them to be an important part
of the clinical tradition in obstetrics in order to understand the mechanics oflabour.
In the book by Moloy appears a very enlightening comment by Moloy after he
had discussed this system with Ales Hrdlicka in 1933. Hrdlicka was opposed to any
attempt to select a few shapes as being 'types', as he considered the intermediate
forms were as significant as the pure types (Moloy, 1951: 49). Soft parts such as
organs and muscles show a similar range of differences in size, shape and location,
and Hrdlicka expressed the hope that obstetricians would "appreciate the limitations of all morphologic classifications and learn to consider each individual pelvis
as an entity in itself (ibid : 50)". Moloy further emphasised the point by publishing
a photograph of a female pelvis with extreme masculine characteristics.
Although Moloy said that obstetricians have come to realise the truth of this
concept as expressed by Hrdlicka there is precious little evidence of this realisation
in fact. There was also the interesting comment by Moloy that when Caldwell and
Moloy had undertaken to establish the classification of pelvic inlet types eighteen
years previously, they were trying to resolve what was an intuitive assessment of
shape into measurable components-this was not complete and probably never will
be complete (ibid : vii).

The Responses to Caldwell, Moloy and cl 'Esopo 1933 and
1934
Nicholson (1938) published a study of the interpretation of 350 X-rays of primagravidae in the United Kingdom (rural Gloucestershire) to try and answer the question : What is the relationship between pelvic form and childbirth difficulties?
He found that over 50% of these women had pelves of a distinctly flattened
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FIGURE 4.6: A pelvis of unknown sex, in Moloy, 1951: 13. He cited Hrdlicka's
classification as a female pelvis with extreme masculine characteristics.
A. Inlet view. B. Lateral view. C. Sub-pubic arch.
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type, and the round type (index between 96-100) was in only 12-13% of the cases.
There is some confusion in nomenclature here, as the round type is usually given
an index range of 90-95. The mean pelvic index in this group was 88.3. It is interesting that he tries to establish whether there is a correlation between the size and
shape, (although he doesn't call it an allometric relationship) and considers there
is a definite relation, although it is somewhat complex (Nicholson, 1938; 956). It
was suggested that minor difficulties in labour are associated with contraction at
the pelvic outlet, and Nicholson questioned whether the shape of the pelvic inlet
can be used as a predicting factor in labour.
There were also two studies by Young and Ince (1939) and Ince and Young
(1940). In the 1939 paper they tried to review Caldwell and Moloy's claim that
pelvic shape determined the mechanism of labour. A preliminary study of 215
primagravids was extended to a further 500 women and 50 young adult men. The
study was extended to try to apply statistical tests to determine what measurable
characters of pelvic form differed significantly between the sexes. This paper is
unusual, firstly in that it is not just looking at pregnant women, and secondly, it
used some statistical techniques which had not been used in these studies to date.
In the women they found a lower incidence of the android type than Caldwell and
Moloy had found.
The most important characters in distinguishing male from female, and "by
analogy, the android type from the more typical form of the female pelvis (ibid ; 385)"
are;
• the size and proportion of the pelvic inlet and outlet
• the size of the sacro-sciatic notch
• the size of the sub-pubic angle
These characters seemed to vary in size and form independently of each other, e.g.,
the size of the sub-pubic angle varied independently from the size of the sacrosciatic notch; and variability was high in both sexes. The characteristic aspect of
the female pelvis which they expected might have been measurable from the Xrays was the relatively greater extent of iliac bone between the acetabulum and
the sacrum; but in this study it did not differ appreciably between the two sexes
(Young & Ince, 1939: 385). However, they were very critical of Straus's claim
that sexing unknown skeletal pelves borders on guesswork, a claim which had to a
certain extent been reinforced by Caldwell and Moloy's work. Moloy later stated
that "the determination of the sex of unknown skeletal material has been a problem
to anthropologists (Moloy, 1951: 14)." Young and Ince suggested that
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"Most anatomists will maintain there is sufficient evidence to warrant the view that from a consideration ofa combination of characters
it is possible to be fairly confident ofdistinguishing the sex in all except
a small proportion ofpelves (ibid : 384)".
This rebuttal of Straus could be considered to be fairly carefully qualified.
This was a rare paper bridging the work between obstetricians and physical
anthropologists-it was in The Journal of Anatomy. rather than the journals of obstetrics and gymecology (American and British Empire) into which most of these
papers fall at this time. A few speci fiejournals outside the obstetric and gyntecological
ones were used for studies which include consideration of the male pelvis. but the
studies of male pelves carried important implications to the understanding of what
constituted a normal female pelvis, and the causes of its variations.
In their next paper Ince and Young (1940) looked at 181 multiparae and 328
primagravids, based on a random sample of 500 London women, again seeking to
check the claim by Caldwell and Moloy that pelvic shape determines the mechanism oflabour. Using Xvrays, they used Turner's categories. and using the obstetric
conjugate found the incidence as listed in Table 4. 1. The indices ranged from 64-

TABLE 4.1: Incidence of types in Ince & Young
Dolichopellic 27.9% (Index over 95)
Mesatipellic
25.9% (90-95)
Platypellic
46.2% (Under 90)

115. The mean was 90. 8 +/- O. 36. with a standard deviation of 8.2. It would have
been very interesting to know if there was any significant difference in the indices
between the multiparas and the prirnagravids, as few studies combine significant
numbers of both categories. and this comparison is lacking in the literature at this
time (and also up to now).
Ince and Young found a moderate degree of correlation between pelvic brim
index and the inclination of the sacrum to the brim. There was also a significant
correlation between the sub-pubic angle and the outlet area, but not with the inlet
area (1940: 151). Few other correlations were signi ficant, except for a fairly expected significant correlation between the size of the inlet and the size of the outlet
as they had already found in their 1939 paper (ibid : 385).
Their conclusions covered a wide range of the current issues in pelvic studies:
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1. Confirming Nicholson's suggestion that it is at the pelvic outlet that most
difficulties arose, and that the size of the infant's head and the subpubic angle
were also important
2. There was little evidence of any relationship between body build and/or masculine characteristics in the women, and the pelvic shape
3. A strong critique was made of the subjective nature of Caldwell and Moloy's
system, based on classifying the shape into 10 or 12 classes. This was not
only unscientific, but resulted in a classification which is cumbersome and
of no practical value as it was considered that minor variations in the pelvic
inlet shape do not have any influence on the course of labour.
4. The current figures given in textbooks for the maximum diameters of the
pelvis are not representative of United Kingdom Women, from these data and
from Nicholson's; the average pelvic brim index was not platypellic (under
90) but lies in the mesatipellic range (above 90).
5. Their emphasis on size rather than shape echoes Herman (1894); and the
whole emphasis on measuring is backed up by Lord Kelvin's dictum, which
was also quoted in Thorns (1941 : 965). The belief in the value of numbers
will be covered in more detail in the next chapter, especially on the way that
quantifying data gave scientific status to the 'thing' being studied as well as
the results.
In spite of the title being: 'The Bony Pelvis and its Influence on Labour', there were
no data correlating pelvic shape to labour. The influence of the bony pelvis was
considered in a broader sense. Caldwell and Moloy's 1933 and Caldwell, Moloy
and d'Esopo's 1934 papers continued to generate a range of studies. Their further study on pelvic arrests published in 1938 substantiated the previous claim that
pelvic configuration is largely responsible for the mechanism of labour in particular cases (Caldwell & Moloy 1933: 500-502). The 1938 paper was based-this
on 500 cases, from X-rays and accounts of the labour, but it was sample based on
cases where an X-ray had been requested, and not a random sample of consecutive
deliveries so the relative incidence of the different pelvic shapes was not representative of the population as a whole. More Ctesarians were found to occur in the
group of android pelves.
Kenny examined the outcome oflabour in 1000 cases which had been clinically
suspect. Using X-rays, she found a marked conformity between physical form
and pelvic type (ibid : 279), and confirrned Caldwell and Moloy's idea that shape,
rather than size, is a guide to the prognosis and conduct of labour. Interestingly
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enough, she found that every Jewish woman from the 48 of them in this sample
had a perfectly round gynecoid type (ibid : 280).
Thorns also published a series of papers after 1935 which were looking at the relation of pelvic shape to labour. From this chronological account of these different
avenues of inquiry into pelvic studies, it would be wrong to assume discussion was
polarised, or that a particular dichotomy between the views of the different parties
can be isolated, with one or other winning the day. Greulich published often in conjunction with Thorns, and he also assisted Moloy's research at the Wingate-Todd
(Hamann-Todd) collection in Cleveland (Moloy, 1944). After Greulich left Cleveland for Stanford in 1944, he did not actually publish further on the pelvis. Thorns
published as least 22 papers on pelvic form between 1922 and 1956. The watershed in his perspective occurred in 1939, when he ceased trying to demonstrate a
linear progressive evolution of pelvic form between racial groups, and instead went
further into examining ontogenetic and sexual differences and the role of nutrition.
One of the contributing factors towards the continuation of this trend away from the
previous topics of his studies might have been the inf1uence of a somewhat devastating critique by Steele and Javert in 1942; it may also have led more obstetricians
to use Caldwell and Moloy's system as a teaching guide.
Caldwell and Moloy's approach was aimed at making the current knowledge
accessible for teaching purposes. After the 1940 paper there was li ttle other new
work published. Moloy's 1951 book was largely an elaboration of their representation of the pelvic shapes, and the inf1uence continued to come through the textbooks
on obstetrics, supported by Steer's republication of Moloy, and Danforth and Ellis
(1963) also gave a sort of re-publication of their scheme. The Ca1dwell and Moloy
system of classification is the one used in 'Gray's Anatomy'-the basic premise
that pelvic shape affects the mechanism of labour is still implicit in textbooks. But
it carries with it the assumption that the pelvic shape is adapted for childbirth in
females, and the normal female pelvis will be that with which there is the lowest
correlation with labour difficulties.
The major stumbling blocks from the point of view of physical anthropology
were that although many obstetricians and anatomists had some appreciation of
the range of pelvic variation in males, (judging by their comments about the inadvisability of making a sexual determination from the pelvis), in obstetric texts
they tended to represent the male pelvis by one android configuration. This not only
perpetuated a lack of appreciation of the variability in the male pelvis but it also implied that the female form was, generally, more variable, as Turner had maintained.
More studies of the pelves of young males at this time might have shed light on the
patterns of ontogenetic development, the effect of increasing body mass on pelvic
1-0«0'''\
.
,
f.fGffi and whether or not locomotor demands or endocnnology were of pnrnary
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importance in determining pelvic form. Observations of the effect of nutrition on
the stature of both sexes could have led to a study of the effect of malnutrition on
pelvic form in both sexes.
The lack of appreciation of the variation in the male pelvis led to an implied
assumption that there is not the same degree of variation in the male pelvis. It is the
naturally occurring variations in morphology which are the' raw material' of natural selection, and evolution concerns both sexes, not some compromise between
locomotion and parturition in females only. The assumption that females had more
variability in the pelvis than males continued to carry implications for the choice
of approach in studies of pelvic anatomy, as it implied evolution could select for
different aspects of morphology between the sexes.

An Alternative Classificatory Method proposed by Thorns
and Greulich
Consideration has been given to the work by Caldwell and Moloy (1933), Caldwell,
Moloy and d'Esopo (1934) and the immediate responses by Nicholson, Young and
Ince in the United Kingdom.
In the United States Thorns suggested an alternative classificatory system based
on a subdivision of the pelvic inlet shapes into female, round and anthropoid (1935)
but he revised this to naming the categories by the derivations from the Greek terms,
as Turner had (Thorns, 1937).
It would appear that apart from the superficial difference in using different terminology, the main differences were:
1. in not recognising what Caldwell and Moloy had termed the' intermingling'
of different categories. They did not differentiate between the different configurations in the anterior or posterior segments of the pelvic inlet

2. the emphasis away from a subjective impression to a system characterised
by measuring. It was not an index, but based on the difference between the
anterior/posterior diameter of the inlet (the AP), and the transverse dimension
(TR). The potential of such a categorisation system to be biased by allometric
influences was not considered.
Just as Young and Ince had quoted this dictum in 1940, Thorns also stated:

"To those who think pelvic measurements have but academic interest, I would point out the truth of Lord Kelvin's dictum that 'When
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you can measure what you are speaking about and express it in numbers you know something about it, but when you cannot measure it,
when you cannot express it in numbers your knowledge is of a meagre
and unsatisfactory kind". (Thorns, 1941 : 965)
This epitomises the concepts of the absolute value in facts, in numbers and a
belief in the value of maintaining objectivity in the scientific method which was
affecting both the obstetric and anthropological studies of the pelvis. It was concurrent with the rise over the previous decade in statistical techniques, and from
this point on some of the pelvic studies, such as those already described of Young
and Ince, automatically sought to establish whether statistics could re-define the
relationship between the form of a structure, and it's perceived function. It is obvious that there is no limit to the number of different measurements which can be
taken from a particularly variable form such as the pelvis, but all the studies were
largely confined to correlations which, from their perception of the function of the
structure they thought might show some correlation. The number of measurements
usually used was quite restricted, considering how large it could have been.
The criticisms of such systems as Caldwell and Moloy's were largely on the basis that theirs was too subjective, e.g., as described by Nicholson and Allen (1946):
"classification may be a fine weapon in the armament of science, but classification
without precise definition is simply the negation of science and can only lead to the
multiplication of types (as Calwell and Moloy have themselves found; they have
now reached over 30 types) until every example has a type of its own (Nicholson &
Allen, 1946: 192)". The method of Thorns and Greulich was far preferred by such
writers. Thorns and Greulich did not use statistical techniques as much as some
of the others, but their classification was based on measurement, and nothing else.
They did not address the question of whether an android and gynaicoid form could
show very different shapes, while still having a relatively similar anterior/posterior
(AP) and transverse (TR) diameters.
In Thorns' 1935 study the terminology is confusing, but it can be seen that from
a study of 135 pregnant women, of whom 20 were coloured, he found the female
pelvic inlet shape in 51.8%, the round shape in 35.5%, and the anthropoid shape in
12.6%. The higher percentage of round and anthropoid types in the coloured group
was "what one might expect in a race which is physically closer to the aboriginal
than the white race (Thorns, 1935: 681)". This paper was still based on concepts
of progressionism in evolution. The redefinition of these terms in the 1937 paper
is the more important system. The categories, criteria and incidence are listed in
the next table (4.2). The sample from which the percentile incidences were taken
was a group of 300 White primagravids. Thorns (1937) thought this was a readily
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teachable system, compared with Caldwell and Moloy's method of cutting out different cardboard shapes of anterior and posterior segments of the pelvis, to fit them
against X-rays (Caldwell, Moloy & d 'Esopo, 1940: 562). It was a different method
but neither was inherently more teachable than the other. The main thing they had
in common was that both were absolutely based on X-ray technology, and neither
put sufficient emphasis on taking the size into account when considering whether
the shape had an influence on labour.
It is difficult to trace from the literature the first indications of a failing of confidence in the claimed neutral effect of the X-ray. It did not seem that the X-ray
was used in the late stages of pregnancy to get an estimate of the fcetal head size.
As the fertal head made it difficult to get an accurate estimate of the pelvic shape
in the later stages, it would seem that these thousands and thousands of X-rays on
which Caldwell, Moloy, Thorns and Greulich based these schemes were carried out
on women nearly all in the first stages of pregnancy. The dangers of an increased
risk of malignancies in childhood from X-rays during pregnancy was suggested in a
series of papers by Alice Stewart and her colleagues between 1956 and 1970 (Stewart, 1984: 622); 1956 was also the year that Thorns published his book'Pelvimetry,
based on extensive use of X-rays. It seems to mark a watershed in the popularity
of X-rays, which declined substantially after that point.
After his 1937 paper, Thorns published a whole range of studies applying this
method to different racial groups, different sexes and ages, and kept this up over
the following ten years. It necessarily included a radical revision of his racialist
progressive theories as to the nature of the evolution of the human pelvis.
Because the pelvic form was thought of as a somewhat fixed, immutable part
of the anatomy, these studies did not include any longitudinal study of changes in
pelvic form in individuals over the pubertal and child-bearing years. It was because the pelvis was thought of as somewhat invariant that makes the pelvis more
of a 'thing'; hence subject to patterns of form which can be identified, e.g., the
male type, the female type. It was this lack of appreciation of ontogenetic changes

TABLE 4.2: Incidence of types from Thorns, 1937.
Dolichopellic TR less or equal to AP
Mesatipellic
TR up to 1 cm. longer than AP
Brachypellic
TR between 1 and 3 cm. longer than AP
Platyplellic
TR more than 3 cm. longer than AP
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16.3%
44.0%
36.3%
3.3%

I

through the second and third decades which resulted in Thorns and Greulich missing the significance in their studies of student nurses (late pubertal and nulligravids)
with the very high incidence of the dolichopellic form.
Greulich and Thorns applied the classification system to 600 prirnagravids and
100 nulliparous White women (student nurses). The reasons for doing this were
to compare the pelvic dimensions of clinical patients (low socio-economic group)
with women considered to be from a more privileged economic group (Yale nursing students). It was not undertaken to look at the differences between nulliparas
and primiparas. They found a much higher incidence of the dolichopellic than
had been expected. This suggested that the platypelloid form may be more often
due to rickets than had been previously suspected, and the characteristically feminine pelvis was not the platypellic form (Greulich & Thorns, 1938: 51). Using
this same sample, the exact incidence of the different shapes was republished in
Thorns, (1939: 102) where it was related to the management of labour (see Table
4. 3). He suggested that the first two shapes facilitated spontaneous delivery, that

TABLE 4.3: Types related to management oflabour
Type:
Incidence Indicative:"
Dolichopellic
none
15.3%
Mesatipellic
45.3%
0.7%
Brachypellic
4.3%
35.0%
Platypellic
15.4%
4.3%
"Percentage of operative deliveries in which pelvic type was part of the indication

the brachypellic shape did not represent the norm in adult White women, and that
certain sacral changes in the platypellic group suggested that rickets played a major
role. These figures in Table 4.3 were from the primiparas; but it was the high incidence of the dolichopellic shape in the nulliparas of the G reulich and Thorns (1938)
sample which really showed an unexpected deviation. Up to this point, it was considered that the dolichopellic shape was the most' primitive' (Thorns, 1935). This
was substantiated by the reputation for ease of childbirth in non- Western societies,
and by the 1939 results that it facilitated spontaneous delivery in White women.
And yet its highest incidence was in the group of student nurses measured for the
Greulich and Thorns 1938 paper.
These student nurses were considered to be of superior physical status, and of a
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higher economic level than other samples they had measured. They therefore considered that this group had attained something at least approximating "their maximum normal growth potentialities (Greulich & Thorns, 1938: 48)", More than two
thirds of these student nurses were college graduates, and a considerable proportion
of these graduates were from colleges with a high reputation in the United States,
such as Mt Holyoke, Smith, Wellesley, Radc1iffe and Vassar (ibid : 48). That the authors should go to such lengths to establish the status of this group of student nurses
was because these results obviously contradicted any correlation of the dolichopellic form with that of primitive women. By the establishment of the pedigree of this
group of student nurses, it would be impossible to assign them to any atavistic or
primitive group.
It was not considered at this time as to whether it was possible that:
• they had not yet reached full skeletal maturity, or
• pelvic shape might change over the child-bearing years, or
• they might share with 'primitive' women conditions of good nutrition and
relatively few years of fertile non-conceiving menstrual cycling, as will be
discussed further in Chapter 11.
It now appeared that there was a somewhat random variation in pelvic form, and
Thorns turned more to looking at the plurality of factors which could cause variation, such as hormonal, hereditary, environmental and mechanical (Thorns, 1941 :958) ratherthan racialist factors. There was a specific discussion of this in Greulich,
Thorns and Twaddle (1939). They noted firstly that the prevailing concept was that
with the evolution of races one finds a tendency in the development of the pelvis
from long oval to round to transverse oval, and that the occurrence of the long
oval pelvis in European women had been thought to be pathological, and the round
pelvis a sign of infantilism or underdevelopment (1939: 485). The high incidence
which they had found in the occurrence of dolichopellic and mesatipellic pelves
suggested that this prevailing concept was in need of considerable revision. This
1939 study was based on 582 prirnagravids, 104 student nurses and 107 young
girls; a total of 793 White females with the incidence as listed in the next Table
(4.4). They repeated the statistics of the occurrence of Ctesarian deliveries among
these different groups in the cases when the indication for the Cesarian had been
attributed to pelvic shape (as in Thorns 1939).
Many of their conclusions in this paper had already been made in other studies,
but there were two interesting aspects to this large study:
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1. Some allometric correlations were made, looking at body proportions such
as sitting height and total height, and the pelvic inlet shape, but not actually
looking at the pelvic inlet size.

"It is said short, stocky women tend to have a relatively wide
pelvic inlet, whereas tall, linear women are more likely to have
the round or the (anthropoid' type ... we were unable to find any
measurement or index or any combination of measurements or of
indexes from which the pelvic type might safely be predicted in
individual cases." (Greulich, Thorns & Twaddle, 1939: 489491)".
They illustrated this point with a series often figures, of which five are reproduced here on the following pages. The photographs and tracings of pelvic
inlet shape were intended to demonstrate that individuals of very similar
build might have very different pelvic inlet shapes, and those with similar
pelvic inlet shapes may have very different body build, stature etc.
A higher incidence of the dolichopellic and mesatipellic form was found on
average in the tallest women, and the brachypellic in the shortest. The long
oval pelves were considered to occur most frequently in those women with a
long oval head, and the round and transversely elongated pelves were most
frequently associated with relatively broader heads. The whole tenor of this
particular theory was somewhat inconclusive.
2. It was suggested that what was previously considered the normal female
pelvis was incorrect; "nutritive and other factors which make for the attainment of maximum normal growth tend to prevent that degree of anteroposterior flattening of the pelvis which has come to be regarded as characteristically feminine (Greulich, Thorns & Twaddle, 1939: 492)". A clear echo of
their description of those student nurses of whom it was stated "they attained

TABLE 4.4: Incidence of types from Thorns, 1939
Dolichopellic 18.4%
Mesatipellic
44.7%
Brachypellic
31.8%
Platypellic
4.7%
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FIGURE 4.7: Greulich,Thoms and Twaddle (1939, Fig. 6) noted that "though their

pelvic tracings are very much alike, these three women are quite different in their
external dimensions and general bodily configurations",
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FIGURE 4.8: Greulich, Thorns and Twaddle (1939, Fig. 7) noted that "though the

shape of these three pelvic tracings shows minor differences, they are all characterized by the same degree of anteroposterior flattening. The three women, however,
are very different. The shape of the inlet of the second woman corresponds very
closely to that pictured in the last edition of Gray's Anatomy as a typical female
pelvis, although the woman herself has anything but a typical feminine figure".
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FIGURE 4.9: Greulich, Thorns and Twaddle (1939, Fig. 8) noted that "Despite the

similarity in the shape of the pelvic inlets of these three women, they differ considerably in stature and, to a somewhat less extent, in their other bodily dimensions.
Note especially the broad shoulders, narrow waist and relatively broad hips of the
woman on the right."
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FIGURE 4.10: Greulich, Thorns and Twaddle (1939, Fig. 9) noted that "This illustrates the degree of variability that may be encountered in the shape of the inlet of
pelves which have the same anteroposterior and transverse diameters. The second,
third and fourth tracings show progressive flattening of the forepart of the pelvis.
In the fourth, the sacral promontory projects somewhat into the superior strait. The
differences in the dimensions and external configurations of these four women are,
however, much greater than the differences in the shape of their pelvic inlets."
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FIGURE 4.11: Greulich, Thorns and Twaddle (1939, Fig. 10) noted that "The size
and shape of the pelvic tracings of the first and second women are very much alike,
though the women themselves are very different in their external dimensions. The
second and third women, however, resemble each other very closely in stature and
in other external measurements, but they have pelves of extremely different types."
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something at least approximating their maximum normal growth potentialities (Greulich,Thoms & Twaddle, 1939: 485)". Because the superior status
of the student nurses had already been established, this would accord the
high incidence of dolichopellism as a sine qua non feminine and evolved
characteristic too.
To restate briefly the previous papers on this, in Thorns' 1934(a) paper titled
'What is a normal pelvis?' he had suggested that the mesatipellic pelvis was closer
to the normal pelvis than the platypellic. In 1936 another paper titled 'Is the oval
or female type pelvis a rachitic manifestation?' he gave details of statistics from
New York, where 50% of the poor White infants and 75% of the Negro infants had
signs of rickets in 1930-1931. What he called the oval in 1936 is what he later
called platypellic, and confirmed the suggestions of Stoney and Vaughan that this
type of pelvis was not the result of racial influence, but caused by poor conditions
oflife in modem civilisation (Thorns, 1936 : Ill).
There was a very interesting study from New Zealand by E.P.Allen in 1944
which was of interest because the group was identified as being a well-nourished,
healthy one, so the range of pelvic shapes was relevant to the question of nutrition
and its effect on pelvic shape. The sample was of220 women from New Plymouth
including two Maoris and ten multiparas in the sample. A high levels of butter
consumption and hours of sunshine were quoted to support his claim that the local
female was unlikely to suffer from even slight rickets.
A high pelvic brim index was found (average of 95. 44) and longer transverse
and obstetric conjugate diameters than the data from Ince and Young, and Nicholson. However, the sub-pubic angle was within the English ranges. Only one of the
sample Allen measured had a transverse diameter less than 100 mm., (and she was
a recent emigrant from Eire). This paper is very interesting in that it gives tables
of figures comparing the pelvic brim indices, based on Turner's system, with data
from Thorns, Ince and Young and Nicholson. AlIen has the lowest incidence of
the platypellic type (27%), the lowest incidence of the mesatipellic type (18%) and
the highest incidence of the dolichopellic type (54%) except for Thorn's student
nurses. Nicholson's Gloucestershire figures were at relatively opposite positions
to these data. When commenting on Thorns suggestion that the oval or female
type of pelvic shape is a rachitic manifestation, AlIen considered his data support
this. The shape of the pelvis is determined by environmental and dietary factors,
rather than racial factors (Allen, 1944: 124). Part of the confusion could be due to
the variation which Nicholson and AlIen (1946) noted, in that early rickets leads
to separation of the femora and a wide sub-pubic angle, whereas late rickets and
osteomalacia leads to a contraction of the pubic angle and bringing the femoral
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heads closer. They considered various deformities were due to differing degrees of
defective nutrition (ibid : 194) (see the Figure 4. 1 at the beginning of this chapter).
In 1946 Thorns published a study from the X-rays of 100 primagravid Negroes,
which appeared to show conclusively that the dolichopellic form was not a racial
category. The incidence in this group (22.6%) was less than in the groups of nurses,
in Greulich and Thorns' 1938 paper. They concluded that "evidence has been given
which shows that the adult female pelvis in white and black races is subject to considerable variation and that the tendency for the adult pelvis to maintain its fetal and
childhood general relationships is favourably influenced by nutrition. Clinical experience has shown that pelvic development toward dolichopellisrn and not toward
platypellic is desirable from an obstetric point of view (Thorns, 1946: 253)".
Kenny (1944: 291) agreed with Thorns that the dolichopellic types occur most
frequently among the 'well-nourished layer of the population'. She also diverged
from Caldwell and Moloy's suggestion that it is a primitive pelvic type undergoing
evolution to the flat form in the higher races of mankind.
Further clarification of Thorns' ideas appeared in his 1947 paper: 'The Role
of Nutrition in Pelvic Variation'. This incorporated his data from the numerous
previous studies from 100 nurses, 1100 White women, 100 Negroes and 107 White
children, and Alleri's data from New Zealand. Some of the crucial data can be
picked up in this paper:

1. the case of precocious puberty-an eighteen year old girl, who had been
menstruating since the age of three. At her early death, the pelvis was found
to have a longer AP than TR diameter-a clear dolichopellic pelvis (Thorns
& Hershman, 1923, Thorns 1947: 65).
2. the student nurses, with a much higher incidence of dolichopellism than any
other group except young girls and Allen's New Zealand group.
3. the work by Breus and Kolisko, showing that the differential rates of growth
in the different parts of the pelvic inlet brim dctennine the pelvic inlet shape,
and not mechanical factors. These authors also suggested that the round
type of pelvis was greatly predominant in non-rachitic environments (Thorns,
1947: 67).
The question that Thorns tried to answer was: why are there such variations in
pelvic shape and why is the dolichopellic form retained in some adult females?
This implied that if the female pelvis was dolichopellic, then this was a retention of
juvenile features and formed not only a significant part of the norrnal range of form
that may occur in the adult, but also a form that carried no contra-indications in a
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satisfactory labour. He thought that nutrition was a major factor in pelvic form, especially during puberty, and that the preoccupation with racial features had masked
recognition of the effect of nutrition on pelvic form. Looking for racial features in
pelvic form had confused identification of the' anti-rachitic' environment.
Thorns appeared to thereby give a very accurate representation of the factors
which affect pelvic shape and form, but this contribution was largely unrecognised
because the connection between slight nutritional deficiencies and endocrinological
disturbances was not fully studied, and neither was there a widespread appreciation
of the way in which the pubic bones respond to cestrogen as will be discussed more
fully in Chapter 11. Some work on the relationship between nutrition and pelvic
form comes from more recent sources in physical anthropology. There are studies
on the influence of dietary factors on the degree of sexual dimorphism, as measured
by external characteristics (Gray and Wolfe, 1980), and that among females in an
archaeological population the form of the pelvic inlet is an accurate indicator of
nutritional status, as well as different status groups differing significantly in stature
(Brinker, 1985). Perhaps at that time the major problem in achieving a definitive
answer as to the relationship between nutrition, endocrine activity and pelvic form
was difficult because the obstetrician could not always get access to information
about the first two, although secondary amenorrhoea was an obvious indicator of a
radical disturbance. It still is difficult to find any studies effectively incorporating
the three factors, as ontogenetic changes in pelvic form present a dynamic system
against which the other factors might or might not be correlated.
Having identified what he thought was the true nature of the platypelloid pelvis,
Thorns also published a paper in 1953 in conjunction with Molumphy and Kishore
on 'The Obstetrical Status of the Dolichopellic Anthropoid Pelvis.' In this, they
reconfirmed the perception of this form of pelvis as completing "a direct line of descent from earlier phylogenetic and ontogenetic forms, being similar in inlet contour to infra-human mammalian pelves and human fetal and pre-pubertal pelves
(Molumphy et al., 1953: 652)". It was thought to occur most frequently in the Negro race and White women whose development had reached maximum potential.
It did tend to show an increasing number of fretal head engagements in which the
long axis of the fcetal head (occipito-frontal) oriented itself with the long axis of
the pelvic inlet brim, but in labour it functioned adequately with the minimum of
dystocia (ibid : 652). To use the' midplane contraction' that was often found in this
sort of pelvis as an indicator for elective Ca.sarian birth without a trial of labour
was not considered justified. This emphasis was to see this type of pelvis as one
normal type, not a deviation from the classic type of the female pelvis, the round
pelvis.
There was yet another system of classification proposed by Nicholson and
86

Alien (1946). It can be seen to be very similar to Turner's and Thorns' system. It
had the advantage of incorporating the four types, like that of Caldwell and Moloy,
but it was not dependent on an absolute relationship between the AP and the TR
diameters, as Thorns' was. It established four types, listed in Table 4. 5. These

Type:
Flat
Narrow
Scutiform
Round

TABLE 4.5: Nicholson & AlIen's types
Av.Index
Range Av. Sagittal Index Sagittal Index Range
77
< 81
114
> 104
28
95 82-103
< 30
42
> 30
95 82-103

would correspond with platypelloid, anthropoid, android and gynrecoid. The limits between the different pelvis shapes were not random, but chosen so that 10%
of the total lie in three classes, and 70% lie in the category of the Round Pelvis.
It was suggested that the types do not have any influence on the course of labour,
but that a narrow sub-pubic angle and the birthweight of the neonate do. All forms
were considered a normal variation of the female pelvis. Although this scheme
has merits and disadvantages similar to Thorns', it was not used very widely-one
exception being in Bemard's work in Aberdeen.
Robert Bemard published a paper in 1951 based on observations from his experience in Aberdeen, suggesting that the influence of environment, through its
influence on the stature of an individual, is "probably the greatest single factor influencing the development and the ultimate shape and size of the pelvis (Bemard,
1951: 1)". In cases of optimal growth, the shape is round or long oval, whereas
a poor environment stunts the growth with the result that the pelvis is small and
flattened, especially posteriorly. This emphasis on stature possibly reduced consideration of the influence of adequate nutrition on shape through endocrinological
mediation. He suggested that the shape of the pelvic brim is not basically different
in the male and female, with the likelihood of similar deformities in either sex in
a poor environment (ibid: 1). These conclusions were based on his study of 100
prirnagravids who were over 5 ft. 5 ins. tall, and 100 under that height He used the
two systems (Caldwell and Moloy, and Nicholson and Allen) in a parallel fashion.
The incorporation of data from a group of males (which will be discussed in the
next section on the male pelvis) makes this paper a valuable contribution. Like
Thorns, he associated good nutritional status with social class, and commented at
some length about the interaction between height and class because poor stature
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was most often the end result of a poor environment.
To get a sample of males of different heights, he used 100 male students, 70% of
whom were from' Social classes' I and Il. As he says, "since there were obviously
few small men among the students, I looked amongst the less well-to-{jo classes for
men under 5 ft. 6 ins. in height (Bernard, 1951 : 10)". 39 men were examined, from
classes Ill, IV and V. 80% were of inferior physique, and the range of pelvic shape
was analogous to that of the shorter women. But for Stewart drawing attention to
Bernard in his 1984 paper, I would have missed this paper as it has received scant
attention. Stewart attributed the lack of awareness of Bernard ' s work to the fact
that it was published in the Transactions of the Edinburgh Obstetrical Society with
a comparatively small readership. In spite of potential for racial studies in the U.K.,
Bernard's work was characteristic of the preoccupation with class rather than that
of race.
As already mentioned, Thorns was constantly looking at the plurality of the
effects of the environment, hormones, mechanics and heredity. In effect, the latter
two received little attention, but a possible source of understanding of the hormonal
influence was sought from studies of men's pelves.

The Male Pelvis when observed in Males
There was an X-ray study done on the pelvis in males by Greulich and Thorns
(1939) and then a comparative male/female study (Thorns & Greulich, 1940). The
incidence of the different types in the 69 male Yale students is listed in the next Table (4. 6). From this Table, it can be seen that they had reverted to using Turner's

TABLE 4.6: Incidence of Turner's types in males
Type:
Incidence: Brim Index:
Dolichopellic
Mesatipellic
Platypellic

78.2%
14.5%
7.2%

Over 95
90-94.9
Under 90

system (instead of the one Thorns proposed) based on the relative length of the
transverse (TR) to the anterior/posterior length (AP), which had been used on samples of women. Then in the 1940 paper the males were grouped according to
Thorns' system, with a different incidence (Table 4.7). When using the Thorns'
catgories, they noted that the incidence of the different types was not greatly unlike
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the tile student nurses from Yale (37.5%, 44.2% & 18.2% respectively; Thorns &
Greulich 1940: 57-58)
In the 1939 paper they had established an average index of 100. 5, showing a
range from 77 to 121, and noted that the 100. 5 average was considerably higher
than that stated by Turner, Vemeau and others, whose figures were still cited as
typical of White males in contemporary textbooks of anatomy (ibid, 1940: 58) The
pubic angle was found to be similar to the textbooks descriptions, and ischial spines
projected further into the cavity than in the females. But in some cases the spines
were not so prominent, and the sacro-sciatic notch was somewhat wider than is
normally described in texts.
Compared with 50 years before, both the male and female average pelvic indices were considerably higher, which they attribute to the better nutrition compared with nineteenth century populations; if in fact the populations from dissecting
rooms were typical (which may not have been the case, with a disproportionately
large section from poorer groups, (ibid : 295». The results were really quite different from textbook descriptions of typically masculine pelves, and the male pelves
resembled the pelves of student nurses so closely, that "it would be difficult in certain cases to determine the sex of the individual from the shape of the pelvic inlet
alone (Greulich & Thorns, 1939: 291)". As with the student nurses, these men were
considered to be well-developed physically and to belong to a relatively privileged
economic group. They considered the pelvic inlet of the male to be as variable in
shape as that of the female, so there was no one type of male pelvis, just as there
was no one type of female pelvis (ibid : 295). Thorns repeated this in 1941 :

"In neither the male or female pelves can the conception ofgeneral
conformation be said to be concrete.for much the same variations are
found in both sexes (Thorns 1941 : 961)".
In various papers Thorns had used an example of precocious maturation in a 3-year
old girl (Thorns & Hershman, 1923, also in Greulich, Thorns & Twaddle, 1939)

TABLE 4.7: Incidence of Thorns' types in males
Type:
Incidence:
Dolichopellic
Mesatipellic
Platypellic
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28.9%
49.2%
21.7%

who nevertheless retained a dolichopellic pelvis in spite of an assumed excessive
endocrine activity. In this 1939 paper by Greulich and Thoms they took a completely opposite case, that of a pair of hypo-gonadal male twins (i.e., extremely
retarded endocrine development). In the case of the young girl the dolichopellic form was identified as the retention of the child-like form, whereas in the two
hypo-gonadal twins, the apparent dolichopellic form was called a masculine pelvic
character. It was, of course, far more likely to be the retention of the paxlomorphic
form in the hypo-gonadal male. The confusion in a correct representation of this
case (Washburn 1948: 203) is not surprising.
Greulich and Thoms suggested from this that "the association of these supposedly masculine pelvic characters with extremely hypoplastic genitalia in these two
cases demonstrates that those characters may occur even in the absence of normal testes. They are, therefore, not necessarily a reliable indication of the degree
of maleness or femaleness of the individual possessing them (Greulich & Thoms,
1939: 298)".
Bernard looked at 100 male anatomy students in Aberdeen, and found a large
degree of agreement with Thoms 'conclusions on the 69 American students. As a
group, these Aberdeen students were tall, of good physique, and from the upper
social classes, so Bernard also examined 39 men from what he called less-well-todo classes. Most of the latter group were under 5 ft, 2 ins. whereas the other group
had an average height of 5 ft. 9 ins. He considered the combined study of male and
female pelvic brims had shown that they had essentially similar round or long oval
shape in individuals who had reached full stature, and that such shapes should be
regarded as the normal (Bernard, 1951 : 13).
There was further work done on a sample of 13 hypogonadal males by Morton
and Gordan in 1952, which will be discussed in the context of their work on the
fretal pelves in 1941 and 1942.
Greulich and Thorns' paper was in the journal: 'Anatomical Record'. A review article of both male and female pelves followed the next year in 'The American Journal of Obstetrics and Gynrecology' by Thoms and Greulich. Again they
were critical of the model of a 'normal' female pelvis, and considered that a certain
number of generalizations could be made about the male pelvis, such as the bones
were heavier, and the whole pelvis has a more angular appearance. Ischial spines
are prominent, and there is a narrowing of the pelvic walls from above, with a relatively narrow sub-pubic angle and typically male sacro-sciatic notch. However,
with regard to the pelvic inlet shape, the heart-shaped form was not characteristic.
The inlet tended to be circular, and the posterior sagittal diameter slightly shorter
at the inlet plane. In the categorisation of the inlet shape, the dolichopellic, mesatipellic and brachypellic are all found in male pelvic architecture.
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This largely correlates with the findings of Young and Ince (1939-1940), in
their response to Caldwell and Moloy. The extent to which it actually clarified the
understanding of the importance of hormonal determinants was not clear.

Caldwell, Moloy and d'Esopo 1940
In view of the amount which had now been published about the possible classificatory systems for the pelvis, this 1940 article is a clear and readable review
of the main issues still unresolved. They saw the principle disadvantage in the
schemes like that of Thorns which were based on a single X-ray dimension as
being that the obstetrician could not appreciate the total obstetric capacity of the
pelvis (1940: 564). Their scheme was re-stated in full, and it is this account of it
which forms the basis of its representation in textbooks. While clearly disagreeing with those who advocated a strictly measurable system (such as those who
favourably quoted Lord Kelvin's ideas about the value of measuring 'things ') this
paper clearly reflects the 'obstetrics as an art' approach. "The intricate variations
in pelvic shape, although theoretically expressable in centimeters, cannot be so
designated in practice; they can only be observed and expressed in descriptive terminology (ibid : 565)".
The popularity of this approach to an understanding of the nature of pelvic form
in obstetrics is understandable, in that it reinforced general attitudes in anatomical
philosophy at that time. As already described in Chapter 2, studies of anatomy
were studies of the male physiology. When the form of the female was studied,
as it had to be in obstetrics, it was largely relative to the male norm. fur teaching
purposes, Caldwell and Moloy had a model of the male form which was used in
conjunction with the fourteen models of the female variations (Moloy, 1944 : 149).
This approach also views an individual's anatomy as being some sort of innate configuration which does not change over time. Was there an influence here
from other sciences, in which the development of extremely sophisticated microscope techniques showed both uniformity and variations in structure previously
unknown in science? The X-ray was the equivalent tool in obstetrics, which made
an understanding of the variations in form and structure in living persons much
more accessible. As Greulich and Thoms noted: the concept of the shape of the
pelvic inlet had not changed in the last two hundred years, but now, with Roentgen
pelvimetry, they are no longer restricted to cadavers and dried pelves (1938: 47).
Being able to work with such groups as males from Yale, and highly educated student nurses, was considered to correct a bias created in anatomy from working from
cadavers from the elderly, especially from the poorer sections of the population. It
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certainly did change perceptions as to the correct representation of the norm, but it
did not take into account ontogenetic changes, nor did these studies recognise that
young people who had reached maximum height would not necessarily have also
reached skeletal maturity in other parts of their anatomy.
From the obstetricianspoint of view, the state of the pelvic form which was
most important in their work was that form at the onset of the first pregnancy. The
form appears to affect labour, so it was at that stage in a woman's life that it was
most important if any information could be gained as to variations, such as a slight
contraction. It is very interesting in this context to note an opinion from Genoves
that the numerous studies of the pelvis in obstetrics and gymecology had given rise
to the frequent confusion between the characteristically female pelvis and that of
the childbearing women. That is to say, in normal circumstances, he thought female
pelves are not so wide as has been supposed and described (1969 : 433). Genoves
appeared to suspect the enormous bias introduced into the understanding of what
was the form of the female pelvis from the dominance of studies of primagravids
in obstetrics, as will be further discussed in Chapter 11.
There was also a deep bias in archaeological samples as there was often no
account taken of the extent to which the cause of death may have contributed to
skeletal changes, e.g., malnutrition or old age. If a young female has a slight tendency to osteomalacia, due to malnourishment, the pelvis may tend to look slightly
male. Old age in males is often marked by a tendency to ferninization in certain
parts of morphology. Sir A. Keith noted that the pubertal growth spurt in the pubic bones and at the two sacro-iliac joints in females was controlled by hormones,
which was also seen,in men in the later stages of acromegaly (1923 : 626).
The use of prirnagravids had been justi fied by Williams (1922 : 349) for three
reasons:

1. it is only in the first labour that the effect of the type of pelvis can be accurately estimated
2. to prevent the same patient appearing twice in the statistics
3. to exclude an unduly high proportion of difficult cases due to referral because
of difficulties in a previous labour
It is also interesting in this context to note a very wide range of papers concerning the obstetric 'performance' of teenage prirnagravids, as the high incidence of
active management (intervention) during labour in teenage women has often been
attributed to the fact that they have not yet reached skeletal maturity, and so are
lacking in the necessary pelvic breadth for ease of spontaneous delivery. Recent
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studies taking more into account than the strict mechanical factors in labour, such as
Clark et al.(l986) and Lee and Walters (1983) have not substantiated this attitude,
e.g., Lee and Walters conclude: "the fear that physical immaturity and the underdeveloped pelvis might cause an increased risk of cephalopelvic disproportion and
operative deliveries amongst adolescents was not realised (1983 : 7)."
The last point to be made about Caldwell and Moloy's approach was that they
really did not consider the origins of the range of variations. Thorns had stated
that he was seeking to understand the importance of four different factors and their
effect on form. Caldwell, Moloy and d'Esopo only touched on nutrition and racial
factors. They claimed to have studied over 3,000 X-rays, and in not more than 2%
had a recognized cause of pelvic abnormality been found (1940: 562). Rickets..:i~
considered to be the cause of half of these, i.e., 1% of all pelves studied. Their claim
that 98% of all pelves can be considered normal growth variants echoed Shapiros
similar view which they had quoted earlier in this paper.
As far as race was concerned, they had studied 800 female pelves from the Todd
collection, in order to choose fourteen pelves from which models of the different
types could be constructed. They did this with the assistance of Dr. Greulich, and
stated that the problems associated in this exercise of choosing the set of teaching
models illustrated that individual pelves show many minor characteristics which either cannot be classified, or which detract from the classical prototype of each main
category (Moloy 1944: 157). It was also considered that the American Negro was
no longer a pure racial type, and the White race also shows great racial admixture (ibid : 156). The Negro race showed a higher incidence of the anthropoid and
anthropoid-mixed type. The White females showed a slightly higher incidence of
the flat, mixed flat, and android types than the Negro race (ibid : 158).
There is a problem in Caldwell and Moloy which was carried by such parallel
comments as in that last quotation ... referring to the Negro as a mixed race, and
also showing anthropoid mixed types. Similarly with the White race being mixed,
and sometimes showing mixed flat types, and their comment about a classical prototype. In their writing was an implicit idea that we can understand best when we
know what the pure types were, although the mixed types outnumbered the pure
types. When we know what the pure types are, we can establish their relationship
one to another and find the mixed types which represent intermingling within the
original orderly system. It was critical to establishing a sense of order in anatomy
and sex differences especially that there was such a concept as the normal or pure
female type not uncoincidentally found in the highest incidence in White races.
Some of the terms with which Moloy describes the male form are indicative of this
assumption, e.g., that the male shows:
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• heavy bones
• narrow gothic subpubic arch
• a male symphysis
• converging side walls
• narrow sacro-sciatic notch
• wedge-shaped inlet (Moloy, 1944: 169)
Such terminology imply strength and solidarity in pelvic architecture- especially
the use of the term 'gothic sub-pubic arch' rather than the sub-pubic angle.' It was
also part of this view that the female pelvis was seen to be a compromise:

"The male pelvis is architecturally designed for its main function
of carrying the weight of the trunk; the female pelvis, besides being
lighter in bony structure, has been compelled to sacrifice much of its
architectural strength in extra width, so that it may also serve the function of a birth canal. It is possible, then, that the form of the pelvis is
determined by two groups of genes--one group identical in male and
female, and another group sex- controlled and peculiar to the female
(Nicholson & Alien, 1946: 192)".

In this paper Nicholson and Allen were quick to point out that the names which
Caldwell and Moloy had given to their types were not merely descriptive, but also
carried much wider connotations. That one type should be called gymecoid carried
the implicit idea that this was the normal female pelvis.
The scheme of Caldwell and Moloy had been accepted with 'such unanimity'
by obstetricians in the United Kingdom that it was being taught at medical schools
and in textbooks (ibid : 192). The value of this method to obstetricians was based
on three propositions, all of which Nicholson and AlIen believed to be untrue:
1. the android pelvis was caused by an abnormality in sex differentiation and
was associated with other male stigmata in the female
2. both the android and anthropoid are associated with some contraction of the
sub-pubic angle and the outlet
lThe use of the term 'gothic' contrasts with the use of the term 'norrnan', occasionally used to
describe the female arch (Moloy, 1951: 18)
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3. the android is associated with some difficulty in labour. Nicholson and Alien
considered that the android pelvis was a normal variation of the female pelvis
(ibid: 192).
Caldwell and Moloy's scheme was subject to other critiques, and there is a
very interesting range of responses to a paper by Steele and Javert (1942). Steele
and Javert supported the Caldwell and Moloy system. They started their paper
with a review of studies from 1701-1941, and were fairly critical ofThoms system
because:
• it was based on X-rays, which may be subject to distortion
• it was based on using a brim index, which fails to show narrowing, asymmetry or fore-shortening
• it omitted the android type-a necessary conjunct of any system which is
based solely on measurement.
Steele and Javert preferred the Caldwell and Moloy system because it allowed for
the recognition of pure and mixed types. They re-emphasised that size has been
the most useful criteria-by which to judge a pelvis, irrespective of its morphology
(ibid : 783). Their critique of Thorns, however, seemed to set the seal of approval
on the Caldwell and Moloy system.
It is very interesting in reviewing the way these classificatory systems were
debated to consider the view that each generation of research is susceptible to the
presuppositions of the previous ones. These presuppositions are potent "just to the
extent that they are unspoken (Hudson, 1972: 43)." In the case of Caldwell and
Moloy's system of classifying pelvic shapes, causes of pelvic form were explained
using an evolutionary metaphor, and this was rarely debated.
Some of the critics of Caldwell and Moloy's system recognised part of the
evolutionary metaphor, e.g., Nicholson and AlIen, and also Dr. Thaddeus L. Montgomery in one of the responses to Steele and Javert's article. His particular interest
was in the applicability to teaching, and as such he suggested the difficulties he had
experienced in making the Caldwell and Moloy method clear to his students was
because it confused sexual influences with anthropological influences.
The anthropological influence was that of the progressive evolution of the pelvis
from the dolichopellic to the platypellic; but Montgomery questioned as to why the
latter should be called a gynaicoid pelvis indicating that it is a true female pelvis.
The round one may be just as typically feminine, and Steele and Javert had just
made an effort to include the android. He rejected the insertion of the android type
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into Caldwell and Moloy's classification system, as he considered the latter system
to be one based on anthropological considerations (Le., evolutionary).
Montgomery's comment on the android type was that "to most of us the android pelvis means a masculine type ... generally associated with the less feminine
type of individual, with irregular menstruation, infertility and difficult labors. Actually, it represents a type of pelvis which has been subjected to environmental
factors, namely, disturbance in the internal secretion and constitution of the individual. There seems hardly any more reason to include it in the so-called primary
grouping than to include perhaps the rachitic pelvis or an osteomalacic pelvis (in
Steele & Javert 1942: 797)". Montgomery clearly saw the implicit evolutionary
metaphor in Caldwell and Moloy's scheme, and finally stated that "if pelves are to
be studied anthropologically, we must exercise some discrimination in our endeavour to establish a clinical classification on such criteria (ibid: 798)".
It remains to be established as to whether any of the obstetricians active in the
debate at this time questioned the assumption that femi~ny was to be equated with
the pelvic shape most conducive to ease of labour. Because Caldwell and Moloy
had made such a strong case for the association of difficult labours with certain
pelvic forms, it had opened that aspect for debate while not questioning whether
pelvic shape had anything to do with labour at all. Instead, the high incidence of
operative deliveries associated with the platypellic form was leading to questions
about environmental influences on shape and the concept of the normal pelvis,
without questioning the whole assumption of a relationship between pelvic shape
and reproductive functions.
.A

The fcetal pelvis and development of the pelvis in childhood
The arguments around this time were getting back to the question of whether there
were sexual differences in the fcetal pelvis. Nicholson and Allen thought there
were-the form of the pelvis being determined in fcetal life and not being a secondary sexual characteristic (Nicholson & Allen, 1946: 192). On this issue there
was a clear differentiation between those who thought there was a difference in
the fcetal pelvis, as in Caldwell's response to Morton (1942) backing up Thomson
1899. On the other hand, Morton and Thorns disagreed that there were differences
in the fcetal pelvis.
As with obstetric studies, there was a wide use of the X-ray to study bone
growth in children. Sawtell (1928) had used the X-ray to study sex differences
in the bone growth of young children, and considered that sex differences appeared
constantly in the acceleration in the female in areas of spreading ossification and
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an early differentiation in the breadth of the male radius and the size of the head.
The rate of calcium metabolism was suggested to be more rapid in females, with a
greater resistance to tetanus and rickets. However, this was not a pelvic study, but
mainly on the arms and wrist.
On the pelvis, an integration of data collected by previous authors was included
in Kapper's work, in which he concluded that "the characteristic sexual differentiation of the adult pelvis cannot be pointed out in any other period of ontogenesis
(1939)". More widely appreciated was the work of Morton and Hayden, who used
Thoms'rnethod of X-ray to study the pelvis in children, and applied Caldwell and
Moloy's classificatory system to study the pelves of 59 girls and 16 boys aged 415. All the boys and 71 % of the girls showed an anthropoid or dolichopellic shape.
A further 16% of the girls showed marked anthropoid characteristics, although not
of the pure type. In all the children under 11 years old excepting one, the pelvic
inlet was essentially anthropoid. In the post-pubertal phase there were marked differences between pelves of the two sexes and definite developments which distinguished them from those of younger children (1941 : 494). They noted that the
pre-pubertal anthropoid configuration was different from the adult in that there was
an inward bulge in the acetabular region (ibid : 494). This has not been singled out
by other writers.
Morton and Hayden suggested that both male and female pelves are identical
in early life, and the differences between the adult male and female pelves are from
the influence of sex hormones. However, they did not suggest any reason for the
variations seen in the adult pelves of either sex, suggesting that "other factors than
sex, such as nutrition and disease, probably play major roles (ibid : 495)."
Morton published further observations in 1942, but it is not clear if this was
a completely different sample. It included ten female and seventeen male fcetal
pelves, and those of 143 children aged between three and seventeen years old. In
the 1942 paper he was very critical of Thomson (1899), as he had been unable
distinguish sexual differences in this sample of fcetal pelves. Both the sacro-sciatic
notch and the sub-pubic angles varied considerably (1942: 804). In all instances the
outline of the inlet was smooth, though rather "squared off anteriorly (ibid : 802)".
The index was less than 90 in all but two of these 27 cases; that is very interesting
as it puts the shape into the platypelloid category. Comparing the fcetal pelvis to
those of the children, he suggested that in children the shape changes from platypelloid or round to dolichopellic, with a striking uniformity (ibid : 811). This occurs
between the ages of six to twelve. The subsequent pubertal tendency to flattening
again he attributes to the endocrine changes. He went further in this paper than he
had in 1941, suggesting that sex hormones were not only the cause of the sexual
dimorphism in the adult pelvic form, but possibly also "with regard to variations
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in pelves of the same sex (ibid: 815)". However, nutritional or other yet unknown
factors could also play a role.
Greulich and Thoms also studied 90 orphanage girls, and from the X-Rays were
unable to find differences in the pelvic inlet between boys and girls. They considered that menarche started shortly after commencement of an 18-month span of
pelvic re-moulding, this remoulding having a hormonal basis (Greulich & Thorns,
1944: 95). This sample of90 were from the original 107 quoted in Greulich, Thorns
and Twaddle in 1939.
There was another interesting study published by Morton and Gordan in 1952,
extending from their work on the fcetal pelvis to looking at the role of sex hormones in cases of endocrine disturbance. They give the classic definitions of what
constitute male and female pelves. Looking at X-rays of pelves of 13 hypogonadal
males aged 17 to 43 years, and five females aged 15- 30 years, it was suggested
that both the treated and untreated males showed android or android-mixed pelves
(some of the males in this sample had received androgenic therapy). It is possible
to disagree with that conclusion, as the actual data in their tables, which are very
complete, show some males with a gynrecoid inlet, and a wide sacro-sciatic notch
(in three cases, incidence not noted in three other cases).
It was also stated that in all five females, "the bones were light and suggested
female; there were android features in addition in 3 of them (1953 :3:3'&)". The lightness of bone was not surprising, as three of these women were also pathologically
short in stature, and showed no development of sexual characteristics (ibid : 300).
From their table of data, it is clear that three of the five females showed android posterior inlets, and gynecoid anterior inlet shapes; narrow or medium sacro-sciatic
notches, narrow pubic arches and narrow pelvic outlets. In spite of the "bones suggesting female", according to the authors, this was not really substantiated by the
data given by the authors in the tables. Without considering the problems of making conclusions from abnormal individuals it was stated that "In all instances some
of the characteristics appropriate for the particular sex were observed (ibid : 300)".
In conclusion:

"Sex hormones are not the primary determinants of the sexual
characteristics of the bony pelvis, though it was conjectured that they
may aid in the maturation of the pelvis in the proper direction, and,
indeed, the possibility of the variations in the shape of adult pelves
sometimes being on a hormonal basis cannot be dismissed (Morton
& Gordan, 1952: 300)".
It is clear that this is somewhat qualified-based on the implicit assumption
that if endocrinologically abnormal individuals have normal pelves, then the shape
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of the pelves cannot be endocrinologically determined. Firstly, this sample did not
have what were considered the normal male and female pelves. This can be seen
from the complete tables they give, in spite of their conclusions to the contrary.
Secondly, in the light of their findings that fretal pelves did not show sexual dimorphism, then if these ones did show dimorphism (as they maintained) then this
shows an endocrinological relationship.
Apart from Morton, there were also contributions from Boucher and Reynolds.
Reynolds published his study of the bony pelvic girdle in early infancy, in 'The
American Journal of Physical Anthropology' in 1945. He found it impossible to
measure the subpubic angle accurately (1945:342). The sample was of95 children
aged up to one year, from the Fels Research Programme. X-rays were taken at
1, 3, 6, 9 and 12 months; he continued this study by X-raying 183 children aged
2-9 (Reynolds, 1947). Referring to Caldwell and Moloy's belief that neonates
showed sex differences, and the comment after one meeting by Or. Ca1dwell to the
effect that contemporary anthropologists did not agree that it was not possible to
determine the sex of an infant, and perhaps that of a fcetus (Reynolds, 1947 : 166),
he suggested that the critical ratios of sexual differences are larger at 22 months
than at any time thereafter in the six succeeding age levels, i.e., sex differences
tend to become less pronounced with age. Girls tended to be more variable than
boys (1945: 353, 1947; 198). In this sample of children, there was considerable
asymmetry in the young males in that they showed a greater femoral angle and
femoral/pubic angle on the left-hand, rather than the right hand side (ibid : 173). In
general, Reynolds suggested that boys are larger in overall structure measurements,
while girls are relatively or absolutely larger in inner measurements (ibid : 188,
1945: 353).
Reynolds work was very thorough and readable. He tried to look at numerous factors, such as sibling comparisons, maternal/fretal pelvic comparisons, comparisons with fcetal head shape, structural and functional relationships as well as
growth changes and sex differences. The means, standard deviations and coefficients of variation were given for all items.The sex differences in the pelvic breadth,
iliac index and interpubic breadth were suggestive, but not statistical significantly
(1945: 352). There were significant sexual differences in that the boys had a greater
pelvic height, ilium breadth and ischio-iliac space. Girls had greater bi-ischial
breadth, pubic length, greater breadth of sacro-sciatic notch, relative inlet breadth
and anterior segment index.The differences become less with age through childhood until puberty. He considered that pelvic tilt may be a causative factor in sex
differences of the infant pelvis.
Reynold's stated difficulty in measuring the sub-pubic angle was not experienced by Boucher (1957), whose conclusions are largely dependent on it. She
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looked at the sex differences in the fcetal pelvis by studying 96 Negro and 33 White
children from stillbirths. In what was a very thorough review of methods and measuring points she did not find any significant difference in the ischium/pubic indices
of either the bony or cartilaginous pelvis, but considered that the sub-pubic angle
was significantly larger in females than in males (ibid : 589). As this study used
stillbirths of varying gestational ages, the age had to be taken into account and it
was only available in 56 of the 96 Negro fcetuses. In the others, the age was estimated from the crown/rump length, but the standard error for estimation of age
was four weeks. As Boucher claimed an absence of sex differences in the overall growth and dimensions of the fcetus the differences in dimensions or ratios in
the growth of the pelvis between the male and female groups could be attributed
to sex differences (ibid : 593). She maintained that sex differences do exist in the
sacro-sciatic notch, but not in the fcetal pubis. The sex difference in the sub-pubic
angle was greater in the fcetus than in the adult. On the basis of her measuring of
the pubis, she also suggested that the increased growth in the female pubis is not
responsible for the sex differences in the sub-pubic angle (ibid : 594).
Boucher did not include some of the aspects of sexual dimorphism which Thornson (1899) had found significant, such as the male having a wider sacrum, and the
breadth/height index. It makes effective comparisons very difficult. But the most
unusual aspect of Boucher' s work is in
1. finding no significant sex difference in the ischium/pubic indices
2. finding a greater difference in the sub-pubic angle, and
3. refuting the long-maintained idea that it is the growth of the female pubic
bone relative to the ischium which results in the greater sub-pubic angle in
women
The correlation between the ischium/pubic index and the greater sub-pubic angle in
females is axiomatic in adult studies, and the absence of it here remains unexplained
in Boucher's sample as it is difficult to envisage a wide sub-pubic angle in women
which did not occur as a result of a relative lengthening of the pubic bone and a
decrease in the ischium/pubic index.
Perhaps one aspect of this is the problem which is also a characteristic of any
study which uses individuals of abnormal growth, and that is the extent to which
they can be taken as also being representative of the norm. That all of these individuals were stillborn fcetuses would indicate possibly growth retardation or abnormality in some of the cases. The very high proportion of Negro to White in the stillborn
sample seems to be out of proportion to the ethnic proportions of the population in
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Missouri, and the question of whether some of these fcetuses were stillborn due to
placental failure or malnourishment is not considered although growth rates were
an important component in the study. One other problem may be her assumption
that there are no sexual differences in the mean birthweights between the sexes.
The other aspect which these studies on fcetal pelves did not seem to take into
account was the different results of studies on different racial groups. In a 1976
study by Bleibtreu and Taylor on sexual dimorphism in children, they considered
that in children of similar age, the best metric predictors of sex differ among ethnic
groups. Their comparison was between Angle-Americans, Mexican Americans
and Blacks.
It can be seen that studies of the fcetal pelves are difficult to compare, due to the
use of different indicators being critical. This results in different conclusions based
on what constitute key features of the 'male' compared with the' female' pelvis
with little allowance for the overlapping or intermediary types observable in adult
studies.
It is now thirty years since Boucher's paper, and there has not been any more
done of the fcetal pelvis as far as I can ascertain. Boucher is cited to support Thornson, 1899, although her conclusions were based on a very different set of data.
Reynoldts suggestion that there are suggestive but not statistically significant sex
differences, which reduce after the age of 22 months, has to be taken into account
when considereing the different results from fcetal and pubertal pelves. La Velle
Moerman completed a Ph. D in 1981 based on a longitudinal study of growth in
relation to body size and sexual dimorphism in the pelvis. She found that sex differences without adjustment for stature and weight were appreciably different from
pelvic sex differences when the adjustment has been made. Half of the pelvic measurements were not truly dimorphic. When corrected for body size, the males were
relatively larger in the acetabulum, and the females relatively larger in the pelvis
basin, but there were no sex differences in the dimensions of the iliac crest, or in the
abductor mechanisms of the hip joint. Some pelvis sex diLferences are demonstrable before puberty (La Velle Moerman, 1981). This was substantiated by the work
of Nicolopoulos, Burwell and Webb (1985), who detected an increase in pelvic
height in girls at about ages 9-11, before the increase in bi-iliac width a year or so
later. Generally there was an assumption in these papers that the child was a sort of
neuter being jolted at puberty into sexual dimorphism; as Baughan and Demirjian
had reminded (1978 : 389); this is too simplistic. There are some sexual differences
in children when adjustments are made for height and body weight, but not in a way
that makes sexing of immature adult skeletons achievable with any degree of certainty. The general perception of the childhood pelvis as being dolichopellic has
been largely sustained throughout the studies.
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One as yet unexplored area of study is the extent to which a particular shape may
be inherited. The X-rays in Kenny (1944) of the maternal pelvis and the fcetal pelvis
superimposed within gave a hint of this. Work done on the cephalic index and the
inheritance of it from 462 cases in Czechoslovakia indicated that the cephalic index
was inherited in a unitary fashion from either parent (Sekla & Soukup, 1969).
The case for sexual dimorphism in the fcetal pelvis is very weak, and I tend
to place most weight on Morton's work. In fact to get an absolutely correct perspective on this is not important to this thesis, but to note the different ways that
samples were taken, and from which significant indices or indicators were derived.
The lack of coherence in the approach to studying the fretal pelvis is obvious, and
is the major cause for the largely inconclusive nature of any attempts to integrate
the studies into one perspective. As so many different approaches were developed,
that the end results were so different is not surprising.
Kenny's illustrations are also a clear warning that we should expect as much
variation in the fcetal pelvic forms as in the adult ones. As the obstetricians were
clearly gaining an appreciation of this point from Thorns and others, throughout
1940-1950, the same appreciation was not being extended into the physical anthropology journals. Further studies about the pattern of pelvic growth in young
children are few.

Obstetric Textbooks
Further confirmation of the disparity between physical anthropology and obstetrics
can be seen in the way in which variations in pelvic form are expressed and taught in
obstetric textbooks, although this thesis only covers a very small selection from the
many which have been written. Herman and de Lee have already been mentioned.
(Ten Teachers Midwifery'was first published in 1917 and the edition I refer to is the
1948 one. In this, they use Caldwell and Moloy's terms, describing the platypelloid
as a flat pelvis unassociated with rickets (Whi te et al., 1948 : 321). It was suggested
that the infantile pelvis becomes altered by:
1. the growth of the bones
2. body-weight acting through the sacrum and resisted by the pressure of the
femora on the acetabula
3. muscular action and the tension of the ligaments (1948: 52)
"It may be noted that the 2nd and 3rd causes act equally in the male and in the female and, therefore, the characteristics of a female pelvis must be due to an inherent
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tendency on the part of the bones to develop along certain definite lines (White et
al., 1948: 52)." They considered that although there were many small variations
on the gynecoid shape, the majority of female pelves conformed to this type.
The continued use of the Caldwell and Moloy system can be seen in 'The
Combined Textbook of Obstetrics and Gymccology'(Walker et al. 1976: 31). In
this, they cited Bemard's work, with the prediction that difficult labours will be
less common in the future as the average height of women increases. Oxom's
1981 text: 'Human Labor and Birth'also states a preference for the Caldwell and
Moloy scheme (ibid : 32), with a five page description of it. The sixteenth edition of
'Williams Obstetrics', edited by Pritchard and McDonald (1980) also uses Caldwell and Moloy. In the 1982: 'Fundamentals of Obstetrics and Gynrecology' by
Llewellyn-Jones he published the revision of Caldwell and Moloy's system as described by Danforth and Ellis (1963) (miscited as Danforth & Ivy, Llewellyn-Jones,
Vol.1 : 348-349).
The only text of those examined which paid some attention to the work of
Greulich and Thorns wasGray's Anatomy(Soth ed; Williams & Warwick (eds.):387). But they also perpetuated the notion that the high incidence of the dolichopellic form in the male pelvis could be regarded as a predomorphic trait, and the
platypelloid pelvis was described as ultra-human (ibid : 387), which had been first
suggested by Caldwell and Moloy (1933: 481). One section examines the differences between the male and female pelvis, the differences attributed to the needs of
childbirth in the female. Most of the sources of this section are from physical anthropology; they suggest that sex can be most certainly established from the pelvis
(ibid : 390). The emphasis in the discussion of pelvic shape is based on Caldwell
and Moloy, as their illustrations are based on that system (ibid : 389).
So although I have not examined all obstetric texts, there is an ove[whelming
preference for the Caldwell and Moloy system in the ones mentioned, and a noticeable perpetuation of the idea of the existence of a distinct male and female type
of pelvis. As Stewart states, "the Caldwell-Moloy classification is still recapitulated in textbooks and accepted as gospel by new generations of students (Stewart,
1984: 622)". The male rarely gets a mention apart from being described as dolichopellic or anthropoid. Stewart (1984) gives a somewhat Whiggish account of the
history of studies of the pelvis:
"Today we can understand how Caldwell and Moloy went wrong.
Nobody appreciated in those days that the shape of the pelvic brim
among healthy well-nourished people is much the same in both sexes,
and using their terms, is either gyncecoid or anthropoid . . . normal
healthy people vary in size and so do their pelves . . . This is so obvious
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that it is surprising that most investigators ignored height and body
build altogether in considering the size of the pelvis: maybe their
minds were firmly fixed on a hypothetical 'normal' pelvis, perhaps
encased with the metre bar in Paris." (Stewart, 1984: 619-620)
Stewart does not appear to give sufficient credit to the exhaustive attempts to look
at possible correlations of body build and physical type to pelvic shape, but obstetricians needed a system which would give a high degree of certainty to such
relationships. As well as desiring that obstetricians should remember the consequences of malnourishment on the size and shape of the birth canal, Stewart also
states that physical anthropologists should be aware that not all pelves are' standard ones' (Stewart, 1984: 622). As important as Stewart's paper is in drawing
attention to Bernard's and Thorn's work on the importance of social and environmental factors on pelvic form, it was nevertheless published in The British Journal
ofObstetrics and Gyncecology and the implications in it for the sexing of individual
pelvic bones by physical anthropologists has never been drawn out. There is now
considerable divergence of views on the nature and causes of variations of pelvic
form between physical anthropologists and obstetricians.

Summary and Conclusion
1. Variations in the female pelvis received little attention from physical anthropologists last century, although obstetricians had long been aware of the
amount of variation in female pelvic form.
2. When variations in female pelvic form were noted, it was initially thought
that the form most conducive to ease of labour was the 'female' form, and
that the 'male' form was associated with a higher incidence of complications
in childbirth.
3. The equation of childbirth and pelvic form in primitive women with being
more natural and less complicated was balanced by the view that Western
women had more difficult labours either because of the inf1uence of modem
civilisation, or because they were more highly evolved (less animal-like).
4. This resulted in a different perspective from those who would espouse a
close structure-function mapping. If those women who were most highly
evolved also showed a higher incidence of the platypelloid form then this
form could be considered the shape most suitable for childbirth. In due time
the platypelloid form, which had been considered to be characteristic of all
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women irrespective of race, was found to show a high level of complications
in labour, and was also associated with rickets or malnourishment. Its designation as ultra-human, or as being characteristic of women and the most feminine form, was dismissed by specialists in this field; substantiating claims
which had been made for some time that the high incidence was most likely
caused by rachitic environments. The dolichopellic form was found to show
a very low level of operative deliveries, and was considered as suitable for
spontaneous labour as the rounder forms, although the presentation of the
fcetal head was more often in a different aspect. The occurrence of the dolichopellic form was attributed to the retention of pedomorphic characteristics.
5. After the development of the use of X-rays for studying the bony pelvis, two
different systems of classifying the pelvic inlet brim were advanced. Caldwell and Moloy suggested categorisation into four pure types based on the
obstetric capacity of the pelvis and aspects of form. Thorns' system was
based on the difference between the AP and TR diameters of the pelvic inlet
brim. Both initially espoused an implicitly evolutionary metaphor. Caldwell and Moloy represented the evolution of the pelvis from anthropoid to
flat pelvic inlet. Thorns and Greulich used terminology similar to that used
in cephalic studies, and used strictly measurable criteria from the relative
lengths of the two inlet diameters. It was the incidence of their dolichopellic
form among White student nurses which caused a revision of the idea that
such a form was typical of more primitive races. Textbooks up the present
use the Caldwell and Moloy scheme of classification.
6. Attempts were made to correlate pelvic form with external aspects of individual physiology and the outcome of labour, but this was not achievable
with any degree of certainty.
7. The comparative studies done on young adult males and females showed a
wide range of pelvic inlet shape in both sexes. Studies which correlated
height with pelvic form showed a strong correlation between adequate nutrition and the round or long-oval shape in both men and women.
8. Fcetal pelves were not found to show consistent patterns of sexual dimorphism in the different studies.
9. This chapter particularly demonstrates the implicit belief of many anatomists
in a close structure-function relationship in the pelvis and the lack of debate
as to whether it was correct to assume any correlation between pelvic form
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and parturition. Although some authors were prepared to go to great lengths
to demonstrate that females and males both showed a wide range of pelvic
inlet types, this has not been incorporated in textbooks where the male form
is still represented as one type.
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5
Facts from Figures
"Even Jupiter nods when the purely specialist pathway is pursued"
H. F. Osborn, 1927, Recent Discoveries Relating to the Origin and
Antiquity of Man. page 481.

It was seen in Chapter 3 that Matthews had noted in 1887 how prettily the
indices from two pelvic ratios showed the natural grouping of the sexes. In 1909
Derry had published a descriptive technique which provided a method for making
sexual identification from pelves, especially those from archaeological collections.
At various times this century these two different methods have both been used,
the popularity fluctuating of one over the other. The aim of this chapter is to make
a brief account of the way that measuring the pelvis in physical anthropology resulted in methodologies based on indices or more complex statistical techniques.
At all times it is important to bear in mind whether the work was being done on
individuals of known sex, or on archaeological collections. The problems arising
from the inevitable areas of overlap which were observed in studies of those of
known sex were not usually recognised in archaeological collections.
The pelvis was not only studied in order to make a sexual identification of the
individual. There are a large amount of demographic data which may be derived
from the study of the pelvis, such as the age at death, likely number of offspring,
or information about the health of the individual. A brief discussion of the studies
on bone growth and studies of abnormal individuals was included in the section
about the study of the ftetal pelvis in Chapter 4. An account of studies of the preauricular sulcus was included in Chapter 3; the use of the sulci for establishing
parity is not conclusive. Studies of the nature of the surface of the pubic symphysis
for giving an age at death of the individual will be briefly described in Chapter 6,
in connection with Wingate Todd's work.
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This chapter will be restricted to the studies which were made in order to make
sexual identification, especially pelvic studies; in order to consider the use of various indices and statistical methods for that purpose. This includes studies about
using post-pelvic bones for sexual identification, such as the femur or tibia. No one
has yet attempted to make sexual identification on the basis of the foot bones as far
as I am aware.
It can be seen that there appears to be immense appeal in the seemingly objective nature of indices. Various methodologies for studying the pelvis and making
sexual identification from the pelvis incorporated indices. The dictum of Lord
Kelvin (as quoted in Thorns, 1941, and noted in the last chapter) was considered to
epitomise the almost universal belief in the advantages of developing methodologies based on numbers in order to derive 'hard data', and it was favourably quoted
by obstetricians such as Young, Ince and Thorns, and incorporated implicitly into
much other work. Having produced a series of numbers such as indices, these can
be arranged in a linear order and thus lead to development of a scale. This scale can
be viewed from one direction or the other as showing some sort of linear progression, a theme dear to the hearts of many scientists in espousing evolutionary theory,
notwithstanding their ideological background. Caldwell and Moloy had been able
to suggest an "evolutionary tendency" from their studies of the female pelvis, and
DeITy did the same in his study of indices from Egyptian and English data. The
validity of such schemes is implicitly derived from the supposed objectivity of a
method because it is based on using indices or other numbers, but it is often more
a case of shared dogma masquerading as objectivity.
Although Derry's 1909 paper was based on subjective assessment, he made
an important contribution to the use of indices in looking for the influence of race
on sexing unknown skeletal material. His paper in 1923-1924 was titled: 'On
the sexual and racial characters of the human ilium.' It appears that he would
have preferred to work on the sexual characteristics of the ilium from collections
of known sex such as that at the Western Reserve University at Cleveland, Ohio
(sometimes referred to as the unofficial morgue for the city of Cleveland) . This
collection was the major source of material for studies of individuals of known
sex, and the large numbers from both Negro and White races were used for many
race studies. It was later called the Hamann Museum of Anatomy and Comparative
Anthropology of Westem Reserve University, being the same collection that Straus
had worked on with Prof. T. Wingate Todd in 1927, and then renamed the HamannTodd collection. However, in the absence of access to such a resource of material
of known sex, Derry continued to work on archaeological collections, maintaining
that it was better to work on material using an anatomical verdict of sex, rather than
to lose data from a large amount of material "the sex of which can never be known
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TABLE 5.1: Derry's Chilotic and Chorematic indices
Group
Chilotic Index
Chorematic Index
Males Females Males
Females
English
6-12th Dynastic
Pre-dynastic
Kerma (Negroes)

136.1
125.9
125.6
125.2

110.8
90.7
107.1
103.2

8.2
11.5
18.7
21.8

24.7
36.1
27.8
26.8

with absolute certainty (DeITY, 1923: 71)".
The possible significance of racial influences in pelvic form and sexual differences appeared to have been recognised since his 1909 paper, and this later paper
concerning sexual characteristics of the ilium was based on material from four different groups. It did not include the Nubian data from the excavations of Elliot
Smith and Wood-Jones. He had 95 from Whitechapel plague pits, 40 from a Sudanese excavation, considered of Negro origin, and 140 from pre-Dynastic and
6th-12th Dynastic Egyptian burials; but it is not clear from these numbers whether
he was counting the number of ilia or the number of individuals.
The Nubian data which had caused such a problem fifteen years earlier was
not included in DeITY's analysis "owing to their mixed origin and the smallness of
the numbers that a separation into racial groups would entail (ibid : 75)." Derry was
aiming to establish a quantitative method of sexing skeletal material from the ilium,
so he devised two indices: the chilotic index and the chorcmatic index. These were
based on measurements around the sacro-sciatic notch and the auricular surface,
and provided a good system of measuring the shape of the pelvis around these areas.
The two indices had a more or less inverse relationship: the higher the chilotic
index, the lower the chorernatic index. The stated aim was to establish the effect that
race had on pelvic shape and the determination of sex. Sexual identification of the
remains was made "by means of the various features which experience has shown
to be of the most value (ibid : 71)". The results emphasise a bimodal perception
with discrete sexual dimorphism, as is clear from Table 5.1.
There is a clear difference between the male average and the female average
in both indices. The quantitative indices appear to reflect DeITY'S qualitative impression of 'normal' sexual forms in the pelvis. The extent to which Derry took
these data as showing progressionism between the races will be discussed more
specfically in Chapter 6 concerning race comparisons.
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In the event, Derry did not conclude by providing the range in the different
indices between the different sexes, but only provided that average for each sex, so
we are left with no idea of the overlap and whether or not such indices should be
used for sexual identification from an index of an individual, even from one of the
racial groups studied. The initial postulation was that a typical female had a chilotic
index less than 100, and a male greater than 100, but it was decided that "this broad
generalisation has to be considerably modified for the women (ibid : 75)". He also
made no mention of the occurrence of pre-auricular sulci in the males or females
in this study, in spite of his inclusion of the consideration of the sulci in the 1909
paper.
Although the use of these two indices did not reappear, the long-lasting influence of Derry's 1923 paper was not the possibility of being able to define some
sort of racial progressionism, but the recognition that the sacro-sciatic notch could
be used for sex determination of skeletal material.
The origin of the apparent sexual dimorphism in the sacro-sciatic notch was
considered to be due to the influence of stature and body weight, as well as muscular development, and sex differences at birth were considered to become more pronounced. Derry had applied this method of indexing to four fretuses, and thought
they showed a sexual difference, although not pronounced; concluding that there
was an inherent tendency towards the formation of a sexual type (ibid : 82).
As in this case by Derry, the use of indices in the study of skeletal material was
most often used to establish racial differences, but the indices also showed a clear
differentiation between the sexes as in this case. This was inevitable when unknown
skeletal material was sexed according to the generally perceived' normal' types of
pelvic form. But in a way the results seemed to perpetuate the expression of sex
differences in a dichotomous list. It does not appear that indices were used specifically for sexing material until Washburn's proposal of the ischium/pubic index in
1948.
There was still further work done on Egyptian material by Trotter, in her paper: 'The Sacrum and Sex' (1926), although it is not clear to what extent she was
working on the same material as Derry. Dcrry had not described his sources exactly, although in the credits he thanked all those involved in archaeological work
in Egypt who had supplied him with material. Trotter had 116 sacra, from the
Egyptian Collection at Oxford. The material had been sexed on archaeological as
well as anatomical grounds although it is not clear what 'archaeological' grounds
are. Of the sample of 116, only 26 were of undetermined sex. So using the sexed
sample of 90 sacra, being 44 females and 46 males, she applied Turner's sacral
index. The male average was 107.7, and the female 112. 1, but there was a wide
variation in both sexes. These figures would both fall in Turner's platyhieric range,
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(index> 106), with the male being less than the female, as expected. When this
was also applied to the material from Petrie 's Egyptian excavation, on 77 sacra of
'known' sex, there was an anomaly in that the male average from 32 males (115)
exceeded the average from 45 females (113).
In Trotter's sample there was considerable overlapping, and the wide variation
within each sex had also been found on the Australian material she had worked on.
Her main criticism of Derry's work was his practice of sexing material from the
articular surface of the sacrum, as her findings showed that the size of the articular
surface showed no clear sexual dimorphism.

Sexing of the Sacrum :
following on from Trotter's work, it is useful to review what has happened to studies of the sacrum since. In 1937-38 Fawcett used Fisher's statistical techniques to
look at the reliability of sexing from the sacrum. Making sexual identification was
based on comparing the width of the sacrum at the first sacral vertebra with that at
the base. There was a consistently higher ratio in the male than in the female, i.e.,
the female sacrum is more slender. However, I would suggest that the degree of
overlap as seen in Table 5.2 inhibits its use as a conclusive indicator of sex.

TABLE 52' Fawcett's Sacrurn
ratios
c
Coloured
White
--male female males female
Sex:
134
79
108
88
Sample size:
Range
Mean:

38-55
45

34-50
40

40-57
49

35-50
42

The results of Trotter, Fawcett, and later Flander (1978) were remarkably consistent in a way: the variance was extremely high, but the means of the sexes were
significantly separated as in Flander's work, using the Terry collections. She looked
at 200 skeletons of known sex, 50 each of Negro and White males and females.
Height was not taken into account, only age. In setting up a discriminant function
analysis for race and sex, she found a method which, when tested, was found to
be:
54% correct on white males
74% correct on white and black females, and
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78% correct on black males.
To detail these three studies of the use of the sacrum in sexing material has
meant jumping ahead a bit, but it is interesting in the way that all the results give
reasonable, but not unequivocable results using different indices and statistical discriminant functions. In one way, they represent all the other studies of the pelvis in
a microcosm:
• first using Turner's system of classification,
• then using an index related to individual form, and
• then using a method based on discriminant function analysis.
Although the three methodologies were so different, there was a similar progression
in pelvic studies; not only a progression of techniques, but also a sort of progression
in the degree of sophistication. Nevertheless, there was a consistency of objectives
in the research, and results.

Early use of statistical methodology:
There was some overlap between those studies which still used an index, and those
which were starting to utilise statistical methods developed from the 1930's on.
The methodology first suggested by Fisher in 1932 was applied by Howells and
Hotelling to the analysis of skeletal archaeological remains. This is not to say
that these methods met with universal acceptance. Ashley Montagu considered
that some anthropologists had become so "enamoured of the statistical method
that they have virtually converted it from a means to an end (1941 : 271)." He
considered morphology to be a science, and statistics to be not a science, but a
scientific method. With too much emphasis on statistical methods, and not enough
on morphology and genetics, he accurately predicted that statistics threatened the
place once occupied by morphology in anthropology (ibid: 269). That certainly
happened in the studies of the pelvis, as this brief summary of the way the pelvis
was studied shows very clearly. Montagu himself was part of the group of men
who headed physical anthropology, maintaining its aims and status as a science in
this period.
Assessment as to whether statistics was supplementing or supplanting 'traditional' physical anthropology methods was not clear at first. In the study by Howells and Hotelling on Indians of the Southwest States they took nineteen measurements and nineteen correlations on pelves, based on Fisher's methods; the aim of
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this paper being to make available the statistical data from which Caldwell and
Moloy had derived their 1932 paper.
Howells and Hotelling were using 71 pelves, all from archaeological sources.
They did not publish data on ischium or pubic length, but it is possible from their
figures to look at what sort of range ofpclvic brim indices they could have obtained,
as in the next Table.

TABLE 5.3: Indices from Howells and Hotelling
Females Males
Southwest
Pecos
Arkansas & Louisiana
Europeans
Japanese

77.5
71.9
80.7
78.5
88.4

77.1
76.1
80
80
85.8

It was suggested that "it is possible that in the process of sexing some males
with a number of female characteristics were classed with the females, leaving the
males more purely 'male' and hence less variable (ibid: 101)". The standard deviation was practically always smaller for male measurements, but this does not
necessarily show that females are in fact more variable than males, a point Straus
(1927: 26) was keen to emphasise. These results also concurred with those of
Straus in that they considered that the sacro-sciatic notch was a function of structure
as well as sex, and is therefore not a completely useful criterion of sex (ibid : 101).
Howells and Hotelling admitted astonishment that there was not any significant correlation between the size of the sacro-sciatic notch and the subpubic angle. They
considered the subpubic angle was an important sexual discriminator. Concluding what was essentially an exercise in race comparison, they did think sex differences were no less pronounced in Indians than in Europeans, although they had not
claimed an infallible sexing technique.
Added to this was Howells report on the excavations from Gallen Priory. This
posed some problems as there was an initial expectation of an all-male burial site.
The burial ground was attached to an early Christian Irish Priory, and, as Howells said, "females were hardly to be looked for (Howells, 1940-41 : 113)". The
excavation in 1935 found over 200 skeletons, estimated to cover the period of 6001600 AD. The whole site was not excavated, and excluding children was estimated
to contain a total of 350 burials.
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From the start, he found a small proportion of skeletons which had pronounced
female characteristics; and several doubtful ones. Of the 139 crania, 12 were
thought to be female. The few skeletons which were dug up which were obviously
female were discarded in order to make time for studying the largest possible number of males-otherwise, Howells stated, "the proportion of females would seem
a little larger (Howells, 1940-41 : 113)." In order to justify discarding the female
skeletal material, Howells considered that in any series there is disagreement as
to 10-15% for sexing. In most series, sexes are evenly divided, so doubtful cases
would have the effect of cancelling each other out, and have no final effect. But in
this case, it was difficult to draw the border between male and female, so therefore
the female series were left out of the analysis as there was the likelihood that males
inadvertently classified as females would distort the female series (ibid : 114). The
'female' group was not significantly smaller in the size of the skull or the length
of the long bones, and Howells suggested that of the twelve females, perhaps six
were males mistakenly classified as females.
The possibility that all the skeletons were males was not considered. The presence of 'female' skeletons was attributed to the possibility that the burial area
had been used for lay burials after the use of the church had ended. Having already stated that it was very difficult to draw the border between male and female
(ibid : 113), Howells later claimed that there was greater contrast between the sexes
in Europeans and the pelves of the males were more funnel-shaped; that European
males tend to be more 'male' (ibid : 176). With respect to the sacro-sciatic notch,
it was considered that it was probably not a constant sex character, and the frequent wide notches in the Gallen Priory males may be related to the large size of
the pelvic inlet in Europeans. The shape of the pelvic inlet brim in the males studied was divided into three different types, as shown in the next Table (5. 4), from
Howells, 1940-41: 180.

TABLE 5.4: GalIen Priory typcs
narrow oval
17.6%
prism shape
74.5%
heart-shaped
7.8%

The way that the sexual diagnosis of the Gallen Priory site was treated demonstrates three aspects of the consensus current in the 1930's to 1940's, as to how to
make the sexual identification of skeletal material:
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1. that a border or boundary can be made between male and female pelves.
2. that if there was any overlap, it was likely that in a normal cross-section of a
population the misclassified males and females would cancel each other out.
3. that the anthropologist needed roughly equal groups of both sexes in order to
intuitively or quantltively assess where the boundary lies based on a bimodal
"/\
concept of sex differences. Howells found it especially difficult to draw the
border between male and female at this site because of the high numbers
of males compared with females. In order to allow enough time to make
an accurate study of this male population, it was reasonable to reject those
individuals which were too female, as they would have distorted the male
series.
In spite of the fact that when lists of criteria are published in textbooks they carry
the proviso that there would always be individuals which did not fit in with the sexual 'norm' of pelvic form, it seems from the tenor of Howells ' publication that he
found it unimaginable that normal males could have a pelvis which was indistinguishable from a female pelvis. This approach inadvertently stressed the bimodal
nature of sex differences, instead of questioning the criteria on which the diagnosis
was made.
This sort of result was a puzzle. The challenges to the claims of being able
to make accurate sexual identification of the pelvis of an individual of unknown
sex had been already made by Straus an , Todd. They had been working from the
perspectives of race and sex, which will be covered in the next chapter. The work
of Smith and Wood-Jones, Hooton and Howells also seemed to question the orthodox acceptance of the traditional methods of sexing skeletal material. Others
were certain that what common sense told us existed would be able to be substantiated by some sort of scientific method-but which? The sacrum was investigated
by indices, but there was another part of the pelvis which lent itself to exhaustive
analysis on the opposite side of the pelvis from the sacrum: the pubic bone. Or,
more specifically, its length relative to the ischium.

Washburn's ISChium/Pubic Index
This problem was taken up by Washbum, as he seemed to be certain that there could
be a method of sexing skeletal material which would provide a better probability
of sexual determination. It was from Washbum's knowledge of primate anatomy
that he was inspired to try to establish an index based on the observation that the
pubic bone in females was much longer than in males.
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The main paper on the use of the ischium/pubic index on human skeletal material by Washbum was in 1948, but in this he refers often to the macaque data, so
the previous 1942 paper has to be considered first. In 1942, Washbum published
results of a study of three different primate species, as seen in Table 5. 5.

TABLE 5.5: Species and Sample size in Washbum, 1942
Females Males
Macaques
11
15
Crested langur
22
12
(Trachypithecus pyrrhus cristatus)

Maroon langur

17

19

(Presbytis rubicunda)

In both the 1942 and the 1948 paper he used Schultz ' methodology (1930: 346
-349) for establishing the ischium/pubic index, defined as :
Pubis length x 100

Ischium length
where the measurements are taken on the left os coxae from the point in the acetabulum where fusion of the ilium, ischium and pubis occurs; it is not measured from
the centre of the acetabulum. The difference between Schultz (1930) and Washbum
(1942) was that the latter took care to separate between the sexes, whereas Schultz
had differentiated between the infant and adult data. In the 1942 paper, he did not
calculate the ischium/pubic indices as such, but provided the mean and range of
the measurements. To take the mean pubic and ischium lengths, and from them derive a mean ischium/pubic index differs considerably from a result obtained from
calculating the ischium/pubic index for each individual and then deriving a mean.
Washbum did not calculate the ischium/pubic indices in his 1942 paper, but stated
the mean measurements and the range, as shown in Table 5. 6.
Schultz extrapolated from this data in Table 5. 6 that the ranges of variation in
the ischium/pubic index did not overlap in Washbum (1942) (Schultz, 1949 : 402).
It is difficult to see how this could be taken from Washbum 1942 without recourse
to the original material. Schultz' summary (1949: 407) is shown in Table 5.7.
The means are not exactly the same, and how he derived the range is not explained. That he had overlap in all of the ranges of the ischium/pubic index from
other primate data should have indicated some problem with an easy extrapolation
of such discrete ranges from Washbum's figures.
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The other question is as to why Washburn did not consider the possible correlation of sexual dimorphism in body weightwith a marked difference in ischium/pubic
indices, and thereby derive an indicator of an allometric relationship between the
relative bone lengths and body weight? He had the data in his 1942 paper.
Macaca males were 60% bigger than females in body size

The female range of the pubic length was within the male range
There was no overlap in ischium length.
Trachypithecus males were 16% bigger than females

There was a slight overlap in both ischium and pubic lengths
Prebytis. rub males were 3% bigger than females
The female pubic lengths were longer than the males
The female range of ischium lengths were within the male range

The significance of allometric effects was not really seen as important, as it is
now. Using an index was considered to circumvent the problem of absolute differences in size distorting the analysis. Circumventing this influence of stature, weight
or bone size did not allow consideration of whether larger primates would have had
different body or bone proportions merely because they were bigger. There was
also a considerable confusion at that time as to whetheror not humans showed more
or less dimorphism between the sexes as they evolved, with various advocates on
both sides of the question, as is described in Chapter 11.
The major aspect from the 1942 paper emphasised in Washburn's 1948 paper
on sexual differences in the ischium/pubic index in humans was the fact that in
macaques the difference between male and female was 20%. There was no mention of all the data of the other two species, where the differences were the same or
greater. The 1948 paper on using the ischium/pubic index on human skeletal material was the result of a study of the Negro and White skeletons in the Hamann-Todd
collection in the States to see if this index could be used as a sexual discriminator
in humans; it being particularly advantageous that these were all of known sex.
From the study of this skeletal material, Washburn found that in humans the
female pubic bone was absolutely and relatively longer (Washburn, 1948 : 200). It
was shorter in the Negro than in the White females, and the greater area of overlap
in the Negro sample was attributed by Washbum to the result of more racial mixture
in the sample. It is not clear why he should consider that the Negroes represented
a more racially mixed group than White Americans but the treatment of areas of
overlap was, and still is, problematic to any anthropologist seeking to establish clear
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criteria for sexing material. Straus (1927 : 20) had looked at the same material from
the point of view of trying to establish whether or not the Negro samples were partly
cross-racially mixed, but decided there was, in fact, very little White admixture.
The results of Washbum's measuring of the ischium/pubic index are listed in
Table 5.8.
He concluded that the ischium/pubic index alone would sex over 90% of skeletal material, provided that they belonged to one major racial group. It is not clear
from this whether they have to be from one major racial group from which the
range of the male and female indices have already been established, or if trying
to establish the indices from a mixed racial group produces overlap, as he stated.
The other statement Washbum makes: that "if the mean difference in man (15%)
was as large as in macaques (20%), there would be no overlapping of the ranges
of males and females (Washbum, 1948 : 201)", seems to reflect his disappointment
that the differences are not so pronounced. Considering his familiarity with the
degree of sexual dimorphism of the primate species studied in his 1942 paper, it
is worth noting that the Negro race shows less sexual dimorphism than European
races (Jolly, 1985: 251), and the difference in the Negro index shows less dimorphism than in the White sample, contrary to the primate results. It is suggested
that the reason that Washbum did not take into account the possibility of allometric
influences on the degree of sexual dimorphism in the indices was because of his
understanding of the reasons for sexual dimorphism existing. The use of an index,
as mentioned already, appears to remove the problem of accounting for variables
which may only be size differentials.
Washbum's understanding of the source of sexual dimorphism in the pelvis was
that sex differences are hormone-mediated (ibid : 206). He had misquoted Franz (as
detailed in previous section) and also misquoted (and misspelt) Thomson (1899),
suggesting that Thomson had found no sex difference in the length of the pubic
bone in the ftetus (1948 : 202). Thomson did not consider that at all. From Thornson's published data, it C,ill be seen that in three out of four of the male fretuses, the
pubic bone was longer than that of the female at the same age. The ischium/pubic
indices derived from Thomson's published data show nothing conclusive; at the
age of four months and seven months it is the same for both sexes, at six months
the male index is slightly higher and at five months the female is slightly higher.
Washbum was basically correct in stating that the length of the pubic bone is the
best indicator of the sex of a skeleton because it is the part which is most responsive to the action of the female hormone-this conclusion being mostly based on
Reynolds (1947) data. But he did not take into account the detailed obstetric data
available at that time which clearly showed that although it was hormonally mediated, it also varied considerably with individual nutrition etc. He was also familiar
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Genus:

TABLE 5 ·6'. Washbum's Primate Data
Males
Females

Macaca

Trachypithecus

Presbytis rub.

Pubis
Ischium
Index:
Pubis
Ischium
Index
Pubis
Ischium
Index

33
31
106.45
36
35
102.86
36
40
90

30-37
29--34
32-39
32-37
33-40
38-42

32
29-38
38
36-41
84.21
31
28-33
36-41
38
81 .58
28
27-30
41
38-45
68.29

TABLE 5.7: Ranges in Ischium/Pubic indices, from Schultz.
Male
Female
Mean Range
Mean Range
Macaca
Trachypithecus
Presbytis rub.

105
102
91

97-116
91-109
83-100

84

80-93
RO 75-85
68 62-74

TABLE 58' Ischium/Pubic indices, from Washburn , 1948.
Male
Index:
Female
Range Mean Range
Mean
Negro
79.9 71-88
95.0 84--106
White
83.6 73--94
99.5 91-115
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with Greulich and Thorns (1939) study of the male pelvis, having cited it in his
1948 paper, but Greulich and Thorns had emphasised that "the pelvic inlet of the
male is as variable in shape as is that of the female ... there is ... no one type of
male pelvis, just as there is no one type of female pelvis (ibid : 295)."
The value in Washbum's 1948 paper was his appreciation of the interaction between different aspects of pelvic architecture. As with DeITY'S work, his skill was
in reducing to a minimum the number of variables which should be taken into account in sexing material. Washbum identified three variables which he considered
were independent in pelvic architecture:
• the ischium/pubic index
• the size of the sacro-sciatic notch
• the size of the femoral heads,and hence the acetabulae
He suggested that when the first two are used in conjunction, that over 95% of a
skeletal collection could be accurately sexed. This is conditional on treating racial
groups separately, but even more importantly, it is conditional on the range of ischium/pubic indices and the size of the sciatic notch having been established in that
racial group from individuals of known sex. That such data were available from the
Negro and White races in the States was a big advantage in sexing material from
those races, but it is rare elsewhere.
The advantages in the use of the ischium/pubic index, as Washbum stated, are
that it is a primary variable, depending on the female hormones. The subpubic
angle, the height of the pubic symphysis, and the shape of the obturator fo ramen are
all secondary to the elongation of the pubic bone. Another advantage is that it can
be done on one bone, and removes the need for articulation, as is largely necessary
to measure the subpubic angle. The length of it affects both anterior/posterior (AP)
and transverse (TR) diameters of the inlet, and as Washbum suggested, pelvic inlet
brim diameters will predict the sex of the individual with less certainty than the
ischium/pubic index alone, because the former also has to take the lower ilium
and sacrum diameters into account, which Washbum considered contained smaller
sex differences. Perhaps this was his reason for discounting Greulich and Thorns
conclusions, because they were looking at pelvic brim shape.
There was a need to further test this hypothesis, so Washbum applied the ischium/pubic index to what he referred to as "the magnificent collection (Washbum,
1949: 425)" of the 152 Bantu and 55 Bushman, mostly at the University of Witwatersand. This was a bit of a mixed sample, because the Bantu were of known
sex and tribe, while the Bushmen (including three or four Hottentots) were from
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archaeological excavations. In fact, in his tables of data summarising the results, he
referred to the Bantu as male and female, but the Bushman as 'male' and 'female'.
He was, therefore, sexing the data by the very variables under investigation, as
Straus (1927) had warned, but the use of quotation marks appears to be acknowledgement of that problem. From Washbum's Table 1 (1949: 427) the following
ranges were recorded are shown in Table 5.9.

TABLE 5.9: Bantu & Bushman IschiumlPubic indices
Index:
Female
Male
Mean
Range Mean Range
Bantu
98.1 87-107
82.5 70-91
Bushman 100.0 93-108
83.7 76-91

The overlap was in those of known sex, and it is not surprising that there was
no overlap in the sample he had sexed himself. The mean of the females exceeded
that of the males by 16% in each sample. However, he found the sciatic notch less
useful in these groups than in the Negro and White samples. There were some
doubtful cases. One Bushman was classed as doubtful by the ischium/pubic index,
but was clearly identified as male by the sacro-sciatic notch; although the wide
notch was said to be a racial feature of the Bushman. When he also states that
considering the notch and the ischium/pubic index the sex of two Bantu pelves
cannot be determined, it is not clear if these were of unknown sex originally, or if
his prediction is opposite to their labelled designation (Washburn, 1949: 428).
In conclusion, Washbum (ibid : 431) states that racial differences seem less
clearly marked than they seemed when he was working on the Negro/White collection, but considers this an advantage as standards would have to be changed less
when studying different racial groups. He continued this work in conjunction with
Hanna on an Eskimo archaeological collection with the stated aim of establishing
methods of sexing skeletal material while avoiding subjective judgments. They
noted that it had been standard procedure in physical anthropology to-sort archaeological material into males and females, and then to treat these as two separate
groups. Referring to Howell's suggestion in 1941 that there may be disagreement
in 15% of cases as to the sex of the individual, they thought this could be improved
on by the use of the ischium/pubic index, taking into account that different races
show different ranges, and also here noted that it can be affected by nutrition. In
trying to establish the range of the ischium/pubic index in Eskimos, they measured
224 adult individuals from the right os coxae. To divide the sample into "male" and
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"female", (as they always used these words in quotation marks), they used the ischium/pubic index to make an initial sexual differentiation, and they also took into
account the sacro-sciatic notch, the interiliac index and gross size. On this basis,
the "female" range of the ischium/pubic index was 91-109, with a mean of98. 8,
and the "male" range was 73-92, with a mean of 83.9.
When these results were compared with the sexing of 173 of the skulls from this
sample by Hrdlicka, eight were different. They concluded that this sort of methodology for sexing skeletal material stresses the certainty at the extremes, rather than
the probability computed from averages (ibid : 25). As such, they considered that in
sexing skeletal material it was important to measure first. If sex was assigned subjectively before measuring, then the measurements can do no more than quantify
the opinion of the person who guessed the sex (Hanna and Washbum, 1953 : 26).
Stewart (1954) made a detailed critique of the emphasis in measuring to determine sexual identification. The paper, titled' Sex determination of the skeleton by
guess and by measurement', goes against Hanna and Washbum' s suggestion that
the anthropologist should measure first, before making a subjective assessment;
and that traditional methods of sexing skeletal material could not be taught and
depend too much on personal judgement. Stewart considered that "any observer
can learn quickly to distinguish by eye the better differentiated male and female
pelves (Stewart, 1954: 389)". However, measuring might be an advantage in the
poorly differentiated pelvis, although there was perhaps a bias in measuring which
developed out of mistaken concepts of landmarks and how to pinpoint them. This
might affect the sexing of intermediate pelves.
He suggested that sexing of the pel vis by measurement is not something which
can be taught in "three easy lessons (ibid: 391)". In spite of his reservations, Stewart thought the method had promise, and needed to be extended by applying it to
material of known sex. Hanna and Washbum were making a mistake in:
1. applying it too rigidly to unknown material
2. suggesting it supplanted traditional teaching methods.

The relevance of studies of sexual diagnosis from the skull :
Around about this time in the papers about sexing skeletal material there are a lot
more reservations about the accuracy of making sexual diagnosis than might be
observed nowadays, judging by archaeological reports. There were many more
careful studies of the skeletons of individuals of known sex, and these are the ones
which are most important in this field. fur example, the work of Keen in 1950
was on 50 males and 50 females of known sex from a Cape Coloured population.
122

This work was on skull material, not the pelvis, but the comments seem equally
applicable.
In the case of an isolated skull, Keen suggested that the problem of making a
sexual diagnosis may be insoluble unless the crania is of an extreme type. In the
case of a group of skulls, it is much easier provided that something is known of the
sexual characters of that group (Keen, 1950: 65). The differences in various races
ensures that what is true for one group is not necessarily true for another, and many
statements in anthropological texts about sexing material are based on insufficient
material, and are worthless to a large extent (ibid : 65).
From the study of these skulls, Keen found that traits used most successfully
were those relative to pronounced musculature-this excludes juvenile and very
old individuals. Although the male was generally larger, a lot of other statements
from texts about sexual dimorphism were not upheld. Keen concluded that just like
the soft parts of the body, the anatomical features of the skull may be subject to endocrine influences working in the opposite direction from that of the sex indicated
by the gonads. However, working from a group of known sex, certain measurements can be used to test the efficiency and reliability of various characteristics,
thereafter making sexual determination possible for that particular population.
There is quite a vast amount of literature about sex determination from the
skull, which I am not going to attempt to incorporate in this context. But general statements about the nature of sexual dimorphism which appear in such papers
are relevant. Combining the assessment of the skull with that from the pelvis was
generally thought to enhance the likelihood of making a correct identification, although why this is so is not clear. From Keen's conclusion as cited above, there is
no reason to think that the endocrine inf1uences would not affect both the skull and
the pelvis simultaneously.
There was an important paper in 1963 by Gilcs and Elliott, on the use of discriminant function analysis in sexual determination from the skull, which was criticised by Birkby in 1966. He concluded that it was not applicable unless the crania
are from the same population as that from which these functions were established.
Giles (1966) acknowledged the considerable problems caused by the use of discriminant function analysis on populations where there was a great lack of knownsex material, but still considered it had signi ficant advantages in its use where the
functions had been established. The volume of discussion about the merits of univariate or multivariate discriminant function analysis of the skull, especially for
making sexual or racial identifications from archaeological populations, seemed to
overlook the problem Keen and others had suggested; but also confirms the general
appeal of numbers, as suggested at the beginning of this chapter.
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Almost 30 years later, this problem had still been largely ignored. When Baughan and Dernirjian studied the same topic as Keen, on sexual dimorphism in the
cranium, particularly looking at ontogenetic developments, they were unable to
solve what they saw as a central problem concerning dimorphism in growth. Sexual
dimorphism in the cranium is present at an early age, while the major dimorphism
in stature appears at puberty. Although the pubertal spurt contributes to dimorphism in adult size, they considered it was not its main cause. In their conclusion
they state:

"The simplistic view of the physical child as a neuter being, who
is then given a hormonal jolt at puberty, so producing the major sexual dimorphism of adult men and women, has never been completely
adequate. Minor differences in size have been well-known and not inconsiderable differences in pre-pubertal bone and tooth development
have been established. A major sex difference in size prior to puberty,
and moreover one which neatly aligns itself with differences in height
which only appear at puberty, is much more difficult to explain. Mother
Nature is no doubt wonderful, and always ends up with just the right
answer, but the problem is how?" (Baughan & Demirjian, 1978 : 389)
Is this relevant to studies of the pelvis too? Yes, because it is typical of many,
many studies which point out that the means of making sexual identification as
outlined in texts is just too pat; things are not that neat and orderly. In this account
of the way the pelvis was studied, we are coming up to a point at which there
were a considerable number of significant textbooks published. An account of the
representation of the methods for making sexual diagnosis of bones as it appears in
textbooks will be covered in the next chapter; but the appearance of a textbook itself
is a fairly important stage in the development of any discipline. One implicit theme
of these 1960's texts is an emphasis of the order and progressionism in evolution.
That last sentence from Baughan and Demirjian is a very tongue-in-cheek statement
reflecting the impression one certainly gains from texts about sexual dimorphism;
that there is sexual dimorphism which goes through to the bone, and it has benefits
to each sex related to the differing functions of each sex. It is hoped by this stage
it is becoming clear that the idea that Mother Nature ends up with just the right
answer vis-a-vis sexual dimorphism in the pelvis is not correct, and perhaps might
have a component of wishful thinking.
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Reaction to Washburn's ischium/pubic index:
Stewart's comment that the ischium/pubic index should be tested on individuals
of known sex was taken up by Thieme and Schull, in a study of 99 Negro males
and 101 Negro females from the Terry Collection. This paper stressed the bimodal
nature of sex differences and they suggested that there were three varieties of influences which cause the differences in the skeleton:
1. reproductive function as expressed in pelvic morphology

2. contrasts in gross bone size and proportions
3. differences in musculature and markings from it
They tested a number of different measurements for use as sexual discriminators,
especially favouring the femoral length, femoral head diameter and the ischium/pubic index. It was suggested that it was reasonable to expect a 95% accuracy when
the whole of the skeleton is used for sexing an individual. From this sample of
200, 20% were not sexed correctly using only the ischium/pubic index; but other
measurements were found which could make an accurate sexual identification of
95% of the sample of 200.
If the femoral head diameter is incorporated into the ischium/pubic index in
the way that Thieme and Schull recommended, it has the effect of incorporating
an allometric, rather than sexual, component. They recommended that the ischium
and pubic lengths should be taken from the border of the acetabulum, and an index
expressed as :
pubic length - 1/2 FHD X 100
ischium length + 1/2 FHD
where FHD is the femoral head diameter. Although this has a lot of merit, it has
not been taken up by other anthropologists looking at the ischium/pubic index.
Their method was to work out the range of the ischium/pubic index and then
to plot the distribution of this, noting which were male and which were female.
The area of overlap, in this case accounting for 20% of this sample, showed a 5: 3
ratio of males to females in the overlap area; in other words, the males were more
variable. They did not question the validity of treating sexual dimorphism as something which should show discrete ranges for each sex. Instead it was suggested that
individuals who were in the overlap area were anomalous, or deviant, in that the
overlap was attributed to females who had exceeded their expected size change
(at puberty) and males who did not achieve the expected size change for their sex
(Thieme & Schull, 1957: 270). This led them to conclude that the problem cases
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in sexing skeletal material were either from males who had interference with their
normal longitudinal growth, or females who greatly exceed the average for their
sex (ibid : 270). These problems would disappear from a series of skeletal material
of healthy individuals, i.e., that the problems with the overlap was a peculiarity of
this particular dissecting room sample. That there was an obvious overlap in height
and overlap in many sexual characteristics between the two sexes in extant populations did not seem to counteract this expectation 0 f two discrete sexual groups in
skeletal analysis.
A discriminant analysis function was performed on these data. It is interesting
that this is probably the first use of a computer for this in these studies of the pelvis
as they used IBM cards on an IBM electronic calculator. As well as the influence
of the increasing availability of computers over the next two decades, the emphasis
on measuring in the 1940's and 1950's had been given a further boost with the
involvement by many physical anthropologists in ergonomic studies. The Armed
Services requirements for suitably designed seating put a premium on measurement
and statistics in physical anthropology, and there was a need to establish universal
indices for body proportions.
With respect to Stewart's comments on the advantages of making a subjective
assessment, compared with measuring, Thieme and Schull considered that the appeal of using measurements was derived from the degree that verifiable scientific
methods are introduced to replace less satisfactory ones (ibid ; 272). It also adds
variety to (the expert's) methods and demonstrates the certainty of 'his' conclusions.
Another study on individuals of known sex was that done by Pons, on an adult
Portugese population. This was not concerned with sexual diagnosis from the
pelvis: but a method of making sexual diagnosis on other isolated bones; in this
case the sternum and the femur. When he tested Fisher's discriminant function on
the femur, there was a 95% accuracy of discrimination. Pons then used Penrose's
size-shape method on the sternum, and achieved an 89% accuracy of discrimination. This accuracy would only be achievable if the functions had been calculated
on the population from individuals of known sex, and then applied to individuals
of unknown sex from the same population. But it is noteworthy as a relatively early
use of these statistical methods on bones which previously had not been considered as suitable for making sexual diagnosis. Like the later studies on the humerus,
tibia and femur, it basically clusters the data into two groups based on individuals
of known sex, and then any other individual is placed into that group with which
there is the closest affinity. The appeal in applying this to pelvic form was that it
might once and for all establish the sexual affinities which common sense tells us
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are there, in spite of constant qualifications and doubts from obstetric data or studies of individuals of known sex. It also had the seemingly objective component,
as Giles said: ... "a tool that will elevate the level of objectivity at which he (the
physical anthropologist) can operate (Giles, 1966: 86)."
The idea that there were sex differences in the pelvis, which could be measured
and analysed, was a very persistent idea throughout many further studies. In spite
of Stewarts 1954 critique of too much emphasis on measuring, Hoyme considered
Washburn's index in a 1957 paper, suggesting that "one of the most curious anomalies in the history of physical anthropology is the long delay in quantifying the sex
differences in the human pelvis (Hoyme, 1957: 537)." This is only an anomaly
if it is taken as implicit that sex differences were based on immutable quantifiable
boundaries.
Hoyme attributes the cause of the anomaly to the preoccupation of nineteenth
century anthropologists with race, and efforts to establish the relative rank of the
various races. Apparently the first attempt to use indices from the pelvis for sexing
skeletal material of unknown sex was on material from a Pueblo site, excavated
in 1887 (Hoyme, 1957: 540) and she has a full account of Matthew and Billing's
work on the Sa1adoans at the Pueblo site, published in 1891. An account of this has
already been made in the Chapter 3, as it was typical of that period in emphasising
the relative racial position of the group in a hierarchy of races. However, the way
the Matthew and Billings had used four indices to establish the sex diffetnces of
'I "e...,\
the skeletal material was relevant to Hoyme's paper. The four indices that an used
~re:

~

• pelvic width/pelvic height
• pelvic brim index (APrrR)

• pubo-ishiatic depth
• sacral length
From consideration of these indices, two groups were formed, being eight males
and ten females. Hoyme re-examined the data they published, especially two pelves
which seemed to overlap in characteristics, but confirmed the identifications. She
considered that the pelvic brim index is not useful for sex identification, nor the
breadth-height index as there is no clear cut distinction in the ranges (Hoyme,
1957: 544). But the other two used, the sacral length and the index of pubo-ishiatic
depth were considered by Hoyme to be excellent indicators, and she considered
the lack of appreciation of "these very useful tools for discriminating between the
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sexes (ibid: 544)" was only now being recognised, as in Washburn's work on the
ischium/pubic index.
Further work on the the methods for sexing a skeletal collection where the sex
of the individuals was not known is typified by the approach of Davivongs. In his
1963 study of the pelvic girdle of the Australian Aborigine, he quotes from Thomson and Reynolds that sexual differences have been demonstrated in the fcetus and
children, and then studied 50 females and males from collection of Australian aboriginal skeletons in the South Australia Museum. The sample was sexed by studying the pelvic bones, especially the subpubic angle and the sacro-sciatic notch.
He calculated the ischium/pubic index, finding a mean of 92. 72 in females, and
77. 98 in males; and recommended the ischium/pubic index as a most useful sex
determinant, along with the diameters of the acetabulum and the sacro-sciatic notch
dimensions.
As well as this study on the pelvic girdle, he had studied 75 pairs of male
femora and 55 pairs of female femora, and found significant sex differences in the
measurements and indices of the femur. However, this is only achieved if aberrant
bones are removed, e.g., with an overlap of 41 %, 107 bones from 260 fell into the
overlapping range of femoral head diameters. But after removing two small male
bones, and three large female bones, the overlap area drops to 9%, or 24 of the
sample of 260. This was a better result than that achieved by Dwight in 1905, as
quoted by Davivongs. Dwight had an original overlap of 78%, but found that by
removing six male and three female bones the overlap was 28%.
If the femoral head circumference was used, the overlap of 29% was greatly
improved by the removal of two male and four female bones, and the overlap decreased to 6. 5%. He concluded by stating that the sex differences, especially in
the size of the femoral head and distal end, are very obvious in Aboriginal femora
and can be used as sex determinants (Davivongs, 1963 (b) : 466). Sex differences
were much greater than ethnic differences.
Van Gervan did a more complex statistical study on the patterns of femoral
size and shape variation, incorporating the size component which was so obviously
missing from the work of Davivongs. He took far more measurements, 17 measurements from 97 femurs from an archaeological assemblage from Mississippi.
The sample was sexed into 46 females and 51 males from features of the pelvis
such as the width of the sacro-sciatic notch, the pre-auricular sulcus. and the length
and angulation of the pubic symphysis in relation to the inferior ramus of the pubic
arch. He then measured the ischial and pubic length, the angle of the sacro-sciatic
notch and the biacetabular distance. and all but one of the sample remained in the
original categorisation of sex that he had made on discrete features. (The anomalous male was left as a male, as the combined effect of the three different methods
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left a somewhat ambiguous result).
Both Davivong's and Van Gervan's work is typical of the preoccupation with
numbers in these analyses, which seemingly provided an indisputable system of
sexing skeletal material on post-cranial bones other than the pelvis with the implicit assumption that overlap was aberrant. This legitimated the removal of individuals who showed atypical growth (as in Davivong's study), reducing further
the degree of overlap between 'male' and 'female'. The lack of appreciation of
diversity within each sex was extended to those archaeological populations where
methods of sexing might misclassify the most' female' males or the most 'male'
females. Literally an aberration is a deviation from type, but when such a biological concept was extended to a consideration of sex differences it took on a notion of
perversity, rather than diversity as observed in extant Homo, as already mentioned.
Whereas sexual diagnosis based on skulls and long bones had focused on aspects of overall robusticity and size attributable to males, the analyses of pelves
have concentrated on metrical and discrete observations associated with parturition to identify sexual dimorphism (Van Gervan, 1972: 49). The aim of this 1972
study was to test by multivariate methods the importance of individual variables in
femoral variation. Van Gervan considered that univariate differences based on such
procedures as Student's t does not provide an adequate basis for evaluating the multivariate importance of individual variables. Apart from the variation due to size
differences in the femur, he suggested that the greater breadth in the female pelvis
due to parturition demands, plus the effect of having a shorter femur, resulted in
general changes throughout the femur especially in the increased bicondylar angle
for normal weight distribution (ibid : 59).
This point was largely confirmed by Black (1978) in a study of a new method
for assessing the sex from fragmentary femoral material. To a certain extent this
was a test of his premise that the sexual dimorphism in widths, circumferences
and areas often exceeds the sexual dimorphism in bone lengths (ibid : 227). He
considered that these differences were due to a remodeling in tubular bones at adolescence, because cortical bone was laid down at a greater rate in the male than in
the female. The sample of 114 from an archaeological collection had sex assigned
from Phenice's (1969) method of studying the os pubis. The midpoint between the
male and female means of femoral circumference from this sample of 63 males and
51 females was used as a dividing point for assigning the sex to 46 unsexed individuals. The results from a discriminant function analysis on the sample showed
that the method based on femoral circum ference could be useful in identifying the
sex of the individual as long as the function had already been calculated from a homogenpus population. He suggested that females had less variability than males,
and so their sex could be better predicted. This sample was from the Libben site
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(Ohio).
The reservations concerning this method included that it had only been tested
on prehistoric populations. Also, and more importantly, Black noted that "we can
not be certain of the true sex of any individual. fur this reason, it is not strictly correct to say that the sexing was 85 % 'accurate'. Instead, the proper term should be
'consistent'. If the true sexes of these individuals were known, the accuracy figure
might go as high as 90%, or it could drop below 80%. If the method were tested
against a modem skeletal collection of known race and sex, slightly poorer results would be expected, since most of these populations are more biologically heterogeneous than the prehistoric populations considered here (Black, 1978: 230)."
This statement by Black identifies the broader problem for archaeologists if they
consider that an accurate sexual identification can be made from fragments of the
femoral shaft, based on shaft circumference. The only realistic approach is to hope
for an identification relating the individuals to others in a homogeneous population
assuming consistent effects of age, nutrition, race and sex on bone form, as Black
notes. But the actual title of the paper ... 'A New Method for assessing the sex of
fragmentary skeletal remains ... ' implies otherwise. Black did have reservations
about the effect of increasing age on sexual determination from femoral circumference, but considered that a large modem skeletal population would have to be
studied to determine this aspect (ibid : 230).
Black's work on an archaeological assemblage can be compared with studies of
sexual identification from fragmentary bones such as Iscan and Miller-Shaivitzs
1983 study on material from the Terry Collection. They quoted various studies of
sexual identification from the tibia, ulna and humerus, then tested 159 tibia. Making a sexual diagnosis on the basis of the shaft circumference of the tibia resulted
in an 80% accuracy. This is based on a quite different assumption than the work
on the pelvis. In most of the pelvic studies, the sexual diagnosis was considered
most likely to reach a high level of accuracy because of the differing functions of
the male and female pelvis. There is considerable substantiation to this, not because of parturition, but because of the effects of endocrinological differences in
bone growth and response around the pubic bone (Meindl et al., 1985 (b) : 34) as
will be further discussed in Chapter 11. But Black's assumption that there could
be differing rates of cortical growth on the shafts of long bones which are different enough between the sexes to allow sexual diagnosis denies the considerable
influence of muscular activity, nutrition, and allometric factors in bone growth.
Iscan and Miller-Shavitz questioned the applicability of Black's method to different racial groups as they found that in White populations the circumference is a
better discriminant, but in Negroes and Amerindians the lengths were a better indicator (Iscan & Miller-Shavitz, 1983: 56). Their series also suggested that White
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females show more variation in length and circumference than White males, and
vice versa in the Negro sample (ibid: 54).
The problem I see in work on sexual diagnosis of the pelvis, and from that sexual diagnosis from the shafts oflong bones, is that there were not enough allometric
data incorporated into sexual diagnosis. Because the pelvic work showed that the
female was not only usually relatively larger, but also absolutely larger in certain
diameters, the studies on the long bones from individuals of unknown sex are based
on sexing from the pelvis. The archaeological population has already been divided
into two groups largely on the basis of the' female' being lighter,smaller, smoother,
less robust etc., so the long bone analysis might only perpetuate the inconsistencies
in this approach while seemingly showing sexual dimorphism.

The Residue from Number Games:
The work which continued to be done continued to show significant differences
in the conclusions from studies on individuals of known sex compared with those
from archaeological contexts. Jovanovic and Zivanovic (1965) studied 102 pelves
in the Lyon Department of Anatomy. These were apparently of known sex, as they
were concerned to standardize the techniques of measuring the sacro-sciatic notch.
The index of width to depth was found to give a 'sure' diagnosis of sex in 75% of
the cases, although this varied depending on whetherthe left or right side was used.
Letterman had certainly studied individuals 0 f known sex in his 1941 paper
on the sacro-sciatic notch, and found a considerable degree of overlap, e.g., the
female range of notch width was 38-67 mm, and the male range was 37-56 mm
(1941: 112). There was also a study of a sample of 120 males and 80 females of
known sex from Varanasi, done by Singh and Potturi. From the measurement of an
angle in the sacro-sciatic notch, they found that the range in males was 49°-77°,
with an average of 65°, and the range in females was 69°-97°, with an average
of 82°. Taking all those with a measurement over 77° as female, this would sex
68% of the bones. If those under 67° were ail males, this would sex 63% of the
bones. That still left quite a large area of overlap, and the actual range and cutoff points would have to be calculated for different homogen$us populations, so
this study does seem to cast some doubt on the high reliability previously placed
on the sacro-sciatic notch from Derry's work onwards. "Though width and depth
of the greater sacro-sciatic notch are widely believed to be of great value in sex
determination, the present metrical study has shown that they are in fact of little
value (ibid : 622)". This seemed to echo Washbum's problem with that aspect in
the Bushmen.
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The similar problem of establishing the male/female categories from a particular population before a method can be used was encountered in a completely
different technique for making sex determinations based on an aspect of chemical
analysis of human bone material (Dennison, 1979). Because the female accumulates larger stores of citrate to protect against fluctuating citrate content as a result
of fluctuating cestrogen production, the levels in bone material can be compared
as long as the bones are from about the same historic period. It could be used if
an archaeological population is sexed according to customary assessment, on the
pelvic bones, then the relative citrate levels in male and female can be calculated,
and other skeletal material from the same assemblage can be sexed accordingly.
Another method for sexual diagnosis based on a single index was proposed
by Miles (1986): the pubic index, based on the width of the ischium-pubis ramus
relative to the length of the pubic body. This was calculated from a sample of 50
malesand 48 females of known sex, and she found that the pubic index of 47 or
less is female, and 53 or more is a male with 95% confidence limits. Only 13%
fell in the overlap area. Miles did not consider that age, race or stature had much to
do with the pubic index (ibid : 5). This was surprising considering how significant
the effects of age are on the thickening of the bone around the symphyseal face,
and the obvious differences between races which has been documented for the ischium/pubic index. The test of this pubic index was one aspect undertaken on the
New Zealand prehistoric material, but it was inconclusive as a sexual discriminator
and is not included in Appendix A.
Work on isolated sexual criteria, such as that of Singh and Potturi, Dennison and
Miles, will, no doubt,~ontinue to appear. But the opportunity to test the methods
on large populationson known sex, especially those with biological affinities to archaeological assemblages before applying it to a sample of unknown sex presents
an unsolved aspect to most of this methodology. The constantly recurring work
aiming to refine the techniques of measuring or the type of analysis in order to derive results which can give a satisfactory degree of constancy in scxing material
give an illusion of accuracy when based only on skeletal material from, particular homogeneous archaeological populations. To apply the criteria to groups of
known sex or of mixed racial affinities diminishes the high levels of accuracy purported for many such techniques. This point was emphasised by Calcagno (1981)
in his paper: 'On the applicability of sexing human skeletal material by discriminant function analysis'. He was working on mandibular analysis, but emphasised
that size variation between populations means that such tests are only specific for
each population.
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Recent statistical methods for sexing skeletal material:
Work also continued in use of discriminant functions, e.g., Seidler studied a sample of 133 male and 81 females of known sex, from a collection in Vienna, and
compared the results with 138 os coxae of unknown sex. The sample of known sex
was a reflection of the racial composition of the old Austrian state, and those of
unknown sex were from the Tyrol, so to a large extent the two populations may be
biologically similar. The computed discriminant function based on all 16 hip bone
measurements showed female values between 23.75-37.02 , and male values between 39. 65-56. 37. On the Tyrol sample, 64 fell in the female range and 74 in the
male range; these results were described by Seidler as being sharply discriminant
(Seidler, 1980: 600).
The papers by DiBennardo and Taylor (1983) and Taylor and DiBennardo (1983)
are also both concerned with the use of discriminant function analysis. The first
one looks at its use for analysis of sex and race in the postcranial skeleton, and the
latter paper is on the central portion of the os coxae. A discriminant function based
on the sacro-sciatic notch/acetabular diameter index, and the greater sacro-sciatic
notch index on material from the Terry collection resulted in a sharply discriminant
function which they considered expressed "long recognised formal distinctions between the sexes (Taylor & DiBennardo, 1983: 319)". They had studied 65 each of
White and black, male and female, and gave a very detailed description of the measurements. Although they were very enthusiastic about the uses of discriminant
functions, they are cautious about the extent to which it can be applied to other
populations (DiBennardo & Taylor, 1983: 313).
A workshop of European Anthropologists drew up a series of recommendations
for age and sex diagnosis of skeletons, translated into English by Praschma and
Sundick (1980). They did not attempt to incorporate data from races other than
European groups, nor to make recommendations about juveniles. The three main
methods recommended for sexing from the pelvis were:
1. morphological characteristics, such as those habitually published in lists about sex differences
2. indices, especially the cotylo-ischiatic index and the ischium/pubic index;
they give a significantly different way of measuring it from the method of
Washbum, measuring from the border of the acetabulum (Praschma & Sun-

dick, 1980: 520).
3. discriminant functions, as established from a homogeneous sample of known
sex.
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A survey of many previous methods of establishing sexual diagnosis was also
published in 1980, by Segebarth-Orban, Using a sample of Belgian and French
bones of known sex, she gathered 28 different measurements, mainly distances
and angles, which could all be taken from one unarticulated os coxae, undertaking
a Student's t test on the data, and also comparing the aspects which she found significant with those of eight other major contributions in this area (including Washburn,
Genoves, Straus, Thieme & Schull, Young & Ince and others).
Unlike most of these, except Genoves, she did not find a significant difference
in the length of the male and female pubis. The most important distance she found
which has not been used much elsewhere is the arcuate line, which is very closely
related to the transverse diameter, only as she was not using an articulated pelvis it
was measured as the line between the pubic symphysis and the auricular point.
She concluded that all the discussed measurements led to identical global conclusions:
• the male has a larger length in the ilium, ischium and whole os coxae, and a
wider ilium;
• the female has a more open sacro-sciatic notch and a broader pelvic inlet.
"The female pelvis seems to have been fashioned by selective forces, which
in the present case are in close relationship to the function of reproduction.
(Segebarth-Orban, 1980: 607)."
Throughout this review of the methods used for making a sexual identification
from skeletal material I have tried to demonstrate the different emphasis in conclusions from work done on archaeological collections compared with those of known
sex. These archaeological studies were all on Homo s. sapiens, and the discussion
of the significance of the pelvis in paleoanthropology and the application of these
techniques to sexing older human remains will be covered in Chapters 8 and 9. It
is important to see in the series of sophisticated statistical analyses of variation in
form which have just been described that many are based on discriminant function
analysis, and all on material of unknown sex from archaeological collections, in
order to make some sort of consistent clustering into two groups, usually the larger
being the male, and the smaller being the female. Accuracy was only referred to
in terms of 'success rates', or percentage reliability based on statistical concepts
of standard deviation and variance factors. The physical anthropologists doing this
knew that these were largely artificial constructs of sex differences as the clustering principles denied the enormous overlap which is obvious in extant populations.
There is no reason to believe it did not exist in prehistoric populations, But it was
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likely that misclassified males and misclassified females balanced out as long as
the range of variation in each sex was roughly the same.

Bias in Sexing Archaeological Collections:
Weiss suggested that there was a systematic bias in the sexing of skeletal material;
that is, a bias of about 12% in favour of males. This conclusion was based on the
expectation of an equal distribution of the sexes in burial sites, and from 43 sites it
was suggested that the percentage of 'males', being 54.4%, demonstrates a bias in
sexing (Weiss, 1972). Genoves (1969: 430) considered that it was not uncommon
to find an unequal proportion between the sexes because of individual differences
in fertility and mortality. But Lovejoy et al., (1977) made some comment about this
in their report on the Libben site, in Ohio. This was an archaeological sample of
1327 individuals, the site being situated at the edge of swamp, which resulted in a
particularly outstanding degree of preservation.
They recorded a life expectancy at birth of 20 years, and suggested that among
the adults, male mortality was consistently higher than the female, possibly related
to interpersonal and intergroup aggression (Lovejoy et al., 1977 : 291); considering
that this would account for the disproportion which Weiss noted if it was true for
large numbers of groups. It is surprising that there was no attempt made to ascertain
whether there was any other basis for the apparent bias which Weiss noted. fur
example, was there perhaps a greater chance of a female being misclassified as a
male than vice versa because there was a strong possibility that a female had to be
fertile for the pelvis to approach the typically' female' form, and sterility levels in
certain populations, especially in marginal nutritional situations could signi ficantly
affect this? Or is the female form more variable than the male form, which may lead
to more females being misclassified? It is generally assumed that the misclassified
ones would roughly balance out, but from the data Weiss presented perhaps this
was a simplification, and more females were rnisclassificd.
In archaeological collections the specimens are most likely to have a wider
range of age-at-death than a dissecting room population. It is also possible that
some previously unsuspected influence could have a profound effect on the whole
sample, such as specialised muscular development, variable nutrition, a specific
dietary deficiency or infertility in some environments which might not be easily
ascertained from the archaeological data. As typified by the work of Black, the
sexual diagnosis is usually recognised as consistent within the group, rather than
explicitly accurate. Anomalies do not really exist, as the different methods give
sufficient weight to one factor or another to ensure a clear demarcation between the

135

sexes.
Meindl et a1.(1985(a» suggested that archaeological populations tended to be
more sexually dimorphic, despite reduced average body size, than samples such
as the Hamann-Todd collection which were racially and geographically mixed. I
would agree that in studies based on those of known sex, the sample is likely to
be more heterogeneous than an archaeological sample. But as to why they would
be less sexually dimorphic, if Meindl et a1. are correct (1985 (a) : 85), is not clear
from their paper. Dissecting room populations were considered to show more from
the lower socioeconomic levels, and a much higher proportion of males to females.
Because the individuals are of known sex, there is nearly always an overlap area
found and the most common methods to cope with the overlap are either to discard
those individuals which skew the male and female type too much, and/or to express
the results with a confidence limit, say 95%.
The influence from obstetric data on studies of individuals of known sex did
not manage to convey sufficiently the variability in both sexes, and the emphasis on
data from a very large disproportion of newly gravid females hindered appreciation
of pelvic form in postmenopausal, multi gravid or adolescent females.
It is likely that most of these points were appreciated to a lesser or greater extent
by physical anthropologists who had sufficient experience not only in collections
of known sex but also in archaeological assemblages. When faced with an archaeological assemblage something has to be done with it (as Derry noted), and a consistent method will only rarely misclassify. But it is not appropriate to take from
this an artificial construct of sex differences being of a bimodal construction. The
continuum concept has been gaining ground, as in the workshop by European Anthropologists, whereby the sexual features are represented in a graded series from
very female to very male (praschma & Sundick, 1980).
The same sort of emphasis on the continuum was in the paper by Meindl, Lovejoy, Mensforth and Don Carlos (1985 (a» on 'Accuracy and di rection of error in
the sexing of the skeleton: implications for paleodemography'. In this case, various individuals are 'scored' with a figure ranging from zero to five, zero being the
male end of the continuum, and five being the female. The publication of these results included a blind test of the accuracy of observational sexing by assessors with
above-average experience. This study is certainly one of the best and most thorough reviews of the implications of descriptive and metric methods, and the likely
direction of error. They separated the sex diagnosis by the skulls from that done
on the pelvis in order to ascertain the within-sex correlation of these two different
discriminators.
Of the 100 individuals, there were six questionable cases, of which only three
were misclassified, and they were a11 males misclassified as females. This sample
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was from the Hamann-Todd collection. Of the 41 females, they say only three
scored less than an extreme female score on the pelvis, although their table on page
80 shows six females scoring under five (extreme female). One of these was "over
two standard deviations above the female mean for femoral length (ibid : 81)". The
males were much more variable, and of the 59 males, 25 scored other than the male
extreme (zero). Of these 25, four would have been misclassified on the basis of the
pelvis alone, and they were completely in the female range (score three or four).
It was maintained that the opposing pressures on the pelvis in natural selection
has resulted in an extreme limitation of female variability compared with that of
the male. This is completely opposite to beliefs common in the nineteenth century
and still restated in such papers as Howells and Hotelling (1936). Howells and
Hotelling suggested that "it is not impossible that the female pelvis is actually more
variable in form and may in some characters approach closely the male, instead
of there being a mutual integration. It must be realized that the female pelvis is
under the pressure of a function which is not present in the male pelvis, so that
the morphology of the latter may be more stable (ibid: 103)". Tague tested his
hypothesis that it was less variable on skeletal samples from four archaeological
sites, but found that there was no measure or index for which the males were more
variable than the females (Tague, 1987). The females were uniformly more variable
in the AP diameter of the midplane, the posterior space of the outlet, and the index
of sacral curvature.
Although sex-dependent morphology of the skull was significantly affected by
age, age bore no relationship to the morphology of the pelvis (Meindl et al., 1985
(a): 84; contra Iscan 1983: 79). Nor did body size, as approximated by femoral
length. In their conclusions Meindl et al. suggested that even working only from
adult burials with fully preserved pelves, anatomists may underestimate the proportion of adult males, while erring in very few of the assessments of true females
(ibid : 84). This is opposite of the direction of error suggested by Weiss, which
Lovejoy et al.(l977) had commented on. In conclusion, they considered that sex
diagnosis by traditional anatomical methods may be regarded as' sufficiently accurate as long as care and skill are employed.
It can be seen that there is a considerable swing of opinion away from a bimodal
construct of sex differences often using a complex discriminant function analysis,
to an attitude to sexing material which doesn't deny the subjective element in traditional methods, but does not laden the method with false notions of accuracy
and objectivity. It is confirming what common sense tells us is usually there, with
no claims of infallibility. As traditional anatomical methods rarely used indices,
and certainly were established before the development of complex statistical computations, it would be appropriate at this point to look at the other studies of the
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pelvis outside these ones as already described which were highly index-oriented.
Whichever method is used, the major problem which arises is that when the relativity of the method is overlooked, the different sexual forms are thought of as
adaptive to specific sexual functions, especially twentieth century concepts of gender functions.

Summary and conclusion:
1. There has been a pattern in the way that methods of making sexual diagnoses from the pelvis have developed. In each case, a particular index has
been suggested such as Derry's chilotic and chorematic indices, indices of
sacral measurements, and Washburn's ischium/pubic Index. These indices
have been tested on archaeological populations and have been found to be
most useful on the specific racial or homogenous group from which they
have already been established from individuals of known sex. Physical anthropologists have not ever used any index or grouping of pelves derived
from measuring the dimensions or shape of the pelvic inlet as obstetricians
did.
2. Attempt') were also made to sex bones from post-cranial remains, all of which
were dependent on the assumption of bigger size in males. Females which
did not fit in the correct categories were considered to have exceeded the
growth expectations appropriate for their sex.
3. After the development of computers and the rise in statistical methodology
there were various attempts to use univariate and multivariate discriminant
functions on data derived from measuring the pelvis. The gradation between
male and female forms seemed to provide a linear continuum on which the
appropriate sex of one individual could be ascertained.
4. Recent work by physical anthropologists specialising in this area indicates
a shift away from a dependence on the belief in the accuracy of complex
discriminant functions to recognising that the most which can be achieved
is a large degree of consistency. This is highest when the criteria calculated
from one group of known sex is applied to a similar ethnic archaeological
population.
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6
The Traditional Method and
Comparative Pelvic Studies in
Racial and Primate Groups
Sexing Bone Material by Traditional methods
The last chapter was restricted to a review of the different methodologies for sexing
from the pelvis based on measuring, indices and statistical techniques. There was
another system running parallel to this, which Meindl et al. (1985 (a) :85) called
'traditional methods' of sexing bones. It was regarded by them as sufficiently accurate as long as care and skill were employed.
To contrast the scientific method with a traditional method not only implies
that the latter is perceived of as old fashioned, unscientific, subjective and probably
non-measurable. It also carries the connotation of a tradition, a conservative form
of knowledge transmitted by some teaching from one generation to another, and
cannot be learnt without instruction from an elder. For that reason, the traditional
method is not often described in short papers or articles; it is most often duplicated
over many decades through standard texts by the doyens of that speciality.
In order to describe the 'traditional' method, there would be two major sources
of information:
1. to look at the textbook representation of techniques of sexing bones
2. to look at the way that bones were sexed in studies of archaeological collections prior to a statistical analysis being undertaken on a particular collection.
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This is not always apparent in archaeological reports, and would require quite
detailed research; so the description of 'traditional' methods will be largely
restricted to the first source.

Textbooks
In the book' Anthropometry' (1920: 94-95) Hrdlicka corn piled a list of characteristics which were considered to be useful in differentiating between the
male and female pelvis.
Male

Female

Subpubic arch,

V-shcped

Preauricular sulcus .. :
Sscrum

Infrequent
Relatively high and

Broader (approaching U-shaped)
with diverging branches
Ischia-pubic rami
But slightly everted Markedly and characteristically
everted
Symphysis
High
Lower
Obturator foramina
Large
Smaller, more triangular
Acetabula
Large
Smaller
Rather close and
Greater sciatic notch
Wide and shallow
deep
Ilia
High, more upright 'Lower, more flaring in upper portion
Sacro-iliac articulations .. Large
Smaller, more oblique

lliUTOW

Pelvis as a whole

Strong, heavy,
marked muscular
im pressions

Brim

IIe~~shaped

True pelvis

, ., . Relatively smaller

More common and better developed
Shorter and broader, more obliquely
set, less curved in upper portion;
sacro-vertebral angle more prominent
Less massive, smoother

More circular (or elliptic), more
spacious
More oblique, shallow and spacious,
less encroached upon by ischiac
spines

This can be seen to be very similar to Derry's approach, although Hrdlicka
did not cite Derry-Derry did not think the subpubic angle significant. As
with further lists which appeared in many subsequent physical anthropology
textbooks this carried the caveat that "none of the above characteristics are
wholly constant (Hrdlicka, 1920: 95)", but having given such a warning the
lists such as these were taken to represent the best method of making sexual. identification of skeletal material. Citing Thomson's work on the fcetal
pelvis, Hrdlicka suggested these differences between the pelves were 'innate', In spite of the qualification that "there are pelves so intermediate that
a correct diagnosis of sex from them alone cannot be made with certainty
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(ibid : 95)", this list carries a connotation of a bimodal pattern of physical
sex differences. In spite of the lack of reference to ontogenetic, racial or allometric influences, the bimodality is accented by the list being in two lines.
But within each list of words, the overwhelming impact is that the differences
are somewhat relative, especially with the use of words such as more or less.
There are subtler uses of language in these lists which imply sexuality, such
as smoother, smaller, and broader; however, it is not very pronounced. The
pictures in Moloy (1951; see Figure 6.1) showed the forms which were considered 'typical' of the male and female types.
Ashley Montagu published his 'Handbook of Anthropometry' in 1960, and
much of the section on making a sexual diagnosis from the pelvis was also
in his book: 'Introduction to Physical Anthropology' (1960 Cb». He used
Turner's three categories for analysing pelvic brim shape by an APm index,
as seen in Table 6. 1. Citing Greulich and Thorns statistics for the incidence

TABLE 6.1: Turner's Categories as used by Montagu
platypellic
up to 89.9
mesatipellic
90-94.9
dolichopellic
above 95

of the different shapes in primiparas, student nurses and girls, Montagu noted
that the platypellic shape, which was usually described as typical of the female pelvis, only occurred in 31.9% of this sample (Montagu, 1960 (b) : 74).
He also cited the study by Greulich and Thorns of 69 male Yale medical
students, noting the range of indices from 77-121, with an average of 100.5.
In referring to Washbum's ischium/pubic index, Montagu gives a detailed
description of the method of ascertaining the appropriate point in the acetabulum from which to measure the bone lengths, noting that "it is, of course,
understood that sexing will be carried out on skeletons belonging to a single
division of mankind (Montagu, 1960 (a) : 77)". He gives the range and mean
for the Negro and White samples, attributing the greater overlap in the Negroes to a greater degree of ethnic mixture. However, he does not try to make
any recommendation as to whether it is appropriate to be used on individuals
of unknown sex from, for example, an archaeological population.
The type of qualification put on sexing unknown material is typical of textbooks, so it is quoted in full :
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FIGURE 6.1: The inlet, lateral and subpubic arch views of typical male (right) and
female (left) pelves (from Moloy,1951:11).
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"It is possible to determine the sex of the skeleton in a large
percentage of cases from the characters of the pelvis. Variability
is, however, very considerable. Each sex may exhibit the typical
pelvic characters of the opposite sex. One can, therefore, never
be quite certain that sex has been accurately determined from the
characters of the pelvis. Below is a list of21 characters in which
the female pelvis and sacrum generally differs from that of the
male (ibid.' 76)" .
Pelvic Characters
Cristal breadth
Iliac crest
Tubercles of iliac crest
Anterior and posterior slopes iliac crest
Iliac blades or bones
Iliac part of ileopectineal line
Sagittal diameter of pelvic inlet
Transverse diameter of pelvic inlet
Symphysis pubis
Symphyseal height
Ischial portion of pubic bone
Subpubic angle
Intertuberous breadth
Acetabulum
Diameter between ischial spines
Greater sciatic notch
Preauricular sulci or grooves
Sacrum
Sacral curve
Lower portion of sacrurn

In
the
F emalc
Less
Less rugged
?\fuch less marked
Less steep
\fore vertical
Greater
Greater
Greater
Broader and lower
Less
Lipped outward, constricted
just below symphysis
Greater
Greater
Lighter
Greater
Broader and more shallow
Present and well developed
Broader and shorter
Less
Bent backward and upward

It is obvious that perpetuating such criteria emphasises the relativity of what
was considered as the female 'norm'. The possibility of age or nutrition affecting the form was not raised in this context, although it was widespread
in the obstetric data. It is also clear the extent to which the male was considered the standard against which the other sex can be studied, as discussed in
Chapter 2.
A very similar list appeared in the textbook by Comas: 'Manual of Physical
Anthropology' (1960: 437). There was a list of twelve aspects very similar
to the above, but also including that the auricular surface in the female was
smaller and more oblique. Comas quoted the series on maximum length of
the auricular surface by Genoves with the male and female means, as Comas
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considered that this measure provided a good sexual diagnosis (ibid : 418).
Krogman's definitive book 'The Human Skeleton in Forensic Medicine' was
also published in 1962. The importance of getting a high percentage of accuracy in sexing the skeleton was traditionally reported in words which encapsulated the competitive nature of this as a game between physical anthropologists, e.g., Krogman mentions his 'score' of95% on sexing from the pelvis
alone. It is ofinterest in this context to note Krogman 's (1962 : 112) comment
after a period of study at the Western Reserve University. In any case when
he was in doubt, he had a 15 : 1 chance of being correct if he guessed male,
taking into account his knowledge that the ratio of male: female cadavers is
about 15: 1 in the anatomical collections. He found that in 15 lots of 50 cadavers he was able to sex from the pelvis alone with a 95% accuracy; noting
that it may be appropriate to reduce this accuracy rate depending on the relative completeness of material to be sexed in a collection. Whether Hrdlicka
had the same advantage is not clear, as it was noted that doing sexual diagnosis on the skull alone, Hrdlicka could "hit 80%, but if the mandible were
present he hit 90% (Krogman, 1962: 113)". Stewart scored 94% on complete
skeletons, but only 77% on skull plus mandible (ibid : 113). It was implicitly
represented as a 'game' based on skill and experience, but such high scores
for accuracy do not reveal what additional data the men had available to them,
such as the ratio of males to females of which Krogman was aware. Periodically there appears in the literature an account of a group of well-known
physical anthropologists assessing the sex of a group of skeletons, and then
comparing scores (as in Meindl et al., 1985 (a». This appears to authenticate the 'traditional' method, but incidentally bears witness of the extent to
which some view the pursuit of knowledge as an adverserial process. This
in turn leads to a discipline which favours scientists who feel themselves in
an adverserial relation to their natural environment, attributed by Keller to
being a component of current scientific ideology (Keller, 1985: 124).
Krogman quotes Boucher and Reynolds extensively, quoting from Boucher
that sex can be determined from a fcetal ilium (Boucher, 1957). He also discusses the adult pelvis, based on Genoves 1959, with a table on page 129
of basic sex differences in pelvic morphology. Like Montagu, he also uses
Greulich and Thorns' 1938 classification of pelvic shapes, noting that these
categories, when applied to the study of young nurses, did not support the
stereotype of the typically broad pelvic inlet of the female (ibid: 132), although the table of sex differences in pelvic morphology included the circular or elliptical brim as one feature of the female pelvis. He also misquoted
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Thorns and Greulich's 1940 study, as Krogman states that the male tends to
be dolichopellic, the female mesati- to brachypellic. It is clear from the two
tables in Boucher (1957 : 132) of the average values for pelvic types that the
brachypellic category would have to be included in the analysis of the male
sample for the two to be directly comparable.
Krogman also gives detailed summaries of the work of Sauter and Privat
(1952) with the cotylo-sciatic index, Keil's suggestion that an index of the
ratio of the area of the acetabulum to the area of the ilium could be used,
and also Derry's work in the ilium. Although quoting Straus' 1927 conclusion regarding the limited value of characters for sex determination, it did
not receive further comment; he then reviewed the methods of Hanna and
Washburn on the ischium-pubis index. Krogman did provide a comprehensive review of the different methods which have been suggested. However,
it should be noted that:
(a) the comment in his last sentence that the standards could only be used
with reference to the group from which they are drawn received little
emphasis
(b) he suggested that 'elaborate statistical analysis' would not appreciably
raise the average rate of accuracy. In an individual case it might provide
more certainty of accuracy within one homogeneous group
Also in the same year was the publication of 'Sex determination in earlier man';
Genoves' contribution to the 1963 edition of 'Science in Archaeology' (page refs.
are from Brothwell and Higgs, 2nd ed., 1969) . In this he warned initially about the
inadvisability of trusting "to a single metrical or morphological character, no matter how seemingly infallible, when undertaking sex determinations (ibid: 430)".
He gives some examples of misdiagnosis of individuals, attributing the errors to
ignorance of the progress which has been made in sex diagnosis in recent years
(ibid: 431) and attributed Smith and Wood-Jones' comments about the Nubian data
as being due to the fact that he might not have appreciated the extent to which physical exertion by the women would result in more muscular development in the pelvis
than in modem women. This would have affected both bone size and form.
Genoves considered that all archaeologists could familiarize themselves with
the characters of the skull, pelvis and the articular surfaces of the long bones in
order to undertake sexual diagnosis. Drawing on his work on a single os coxae,
he describes one index (the sciatic notch index) three measurements (of the pubis,
ilium and acetabulum) and four 'rnorphoscopic' characteristics for sex diagnosis.
These are:
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• pre-auricular sulci
• the arch around the sacro-sciatic notch
• the shape of the notch, and
• the relative massiveness of the pubic crest (ibid : 434)
By combining accurate measuring of these aspects, as he describes, with a series of
metrical characters, an accuracy of 95% could be expected. In the last paragraph
of this article, Genoves expresses a hope that by using discriminant functions or
Penroses 'size and shape' concepts, we will be able to possess true limits of accuracy for sex determination ... "this is a desirable goal which is not so far distant
(ibid: 437)". He did not use Washburn's ischio-pubic index, considering that it
presents many technical difficulties (ibid: 434). Genoves' contribution set the pattern for the assimilation of 'traditional' methods and statistical techniques in establishing sex differences in the pelvic bones, and post-pelvic bones. Lists continued
to be published which emphasised the comparative female and male qualities of
a pelvis in a dichotomous fashion. Another text: ' Introduction to Physical Anthropology Laboratory Manual' (Kelso and Ewing, 1962) stated the range of the
ischium/pubic indices for the purposes of sexual identification, as Montagu (1960
a) had; in this case, they added the Mongoloid group (ibid : 13.6).
But by this point there is a noticeable change in the ways in which sexual dimorphism is attributed to sexual function. At first, from the time of Turner onwards, the
female pelvis was thought of as different because of the special needs of childbirth;
mainly because this was generally considered to be true of most large mammals,
and primates in particular. The numerous studies in the 1920's on the change of
pelvic form according to endocrinological variations was done on various mammals, such as sheep, pocket gopher, moles etc. Schultz's data on primate pelves
confirmed the common pattern of sexual dimorphism in the pelvis.
Both the 'traditional' and statistical methods appeared to result in a method of
categorising pelves into male and female groups. The females were consistently
broader in internal pelvic dimensions. Around this time an influence from the studies of human evolution was felt. The concept of the adaptation of the pelvis as a
dynamic part of human anatomy and the ongoing adaptation through the period of
human evolution since an ancestor in common with other apes began to be noted
and incorporated into textbooks about human sexual dimorphism.
It reflected a biological determinism based on three ideas:
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male and female sex differences could be differentiated between with sufficient
certainty to divide the population into two discrete groups
sex differences were related to gender functions
a structure/function relationship was assumed, insuring that the broader female
pelvis was superior in the process of parturition.
fur example, Kelso and Ewing stated:

((With the possible exception of the skull, the pelvis is the most
specialized bone structure in the human skeleton. Mammalian pelves
in general serve two major functions: they provide structural support
for the viscera, and they function as a major attachment area for the
muscles of the lower extremities. While the human pelvis still serves
as an area for muscle attachment and to a reduced extent supports the
viscera, it has the additional function of providing a firm base supporting the weight of the trunk and transferring that weight equally to
the legs. This added function is responsible for the major differences
between the human pelvis and that of other mammals in general and
of other primates in particular
(Kelso & Ewing, 1962: 6.1)".
The emphasis in this quote on understanding the form of a structure by looking
at the degree to which it had become specialised is very different from the early
studies of the pelvis whereby the nature of the female and male form were thought
to be fixed due to innate differences, rather than the concept of dynamic adaptation.
Although Williams warned against this misconstruction of the concept of adaptation (1966), it was a very prevalent attitude in the studies which tried to explain
the origins of sexual dimorphism relative to human evolution. This will be further
discussed in the following chapters.

Racial comparisons and primate comparisons
The second part of this chapter describes how the traditional techniques of studying the pelvis for making sexual identification were paralleled by, or distinct from,
other comparative studies of the pelvis. The pelvis was used as a 'thing' by which
comparisons could be made between the sexes, between different racial groups, and
between different primate species. In the latter two areas, there were implicit assumptions about human evolution; unstated but recurrent throughout. Racial comparisons and primate comparisons differed significantly in:
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• the attention paid to the sex of the individual. In racial comparisons the sexes
were separated before comparisons were made. Often racial comparisons
were done on archaeological assemblages where the actual sex of the individual was not known, so the separation of the sexes was consistent rather
than accurate. In primate studies the sex of the individual was almost always known, but sometimes data from both sexes were combined for making
comparisons even though the questions being addressed were partly related
to sexual dimorphism.
• sample size in the comparisons. In racial comparisons there was an emphasis
on getting a large enough sample, whereas in primate studies samples were
often very small in the earlier studies.
• attention paid to the integrity of the sample. In racial comparisons there was
considerable attention paid to the question of whether or not the Negro sample, for example, was a pure racial type, or possibly a hybrid. This was a
dominant question in some of the studies from the Hamann-Todd collection
or the Terry collection. The purity of the White sample was rarely considered and seems to have been taken for granted in spite of the enormous variety
in the immigrant origins of White Americans in the first half of the twentieth century. Perhaps it was taken for granted because the collections of the
Whites were mostly taken from the Southern states where social stratification and inhibitions against marrying outside one's social class were still very
strong. It is an illustration of the extent to which social assumptions affected
the so-called scientific method.
The need to work with a pure racial group can in part be attributed to the
influence of the Eugenics movement; hybrids were considered somewhat unsuitable for study, or represented a regression, e.g., Todd's comment that the
Negro-hybrid pubic symphysis is "apt to partake of a more typical primate
pattern (1920b : 422)". The less evolved type, the Negro type of pelvis, was
retained in the hybrid population (l920b : 3). Later Todd suggested that the
Negro population in his collection was "by no means so infiltrated with White
blood as might appear probable at first glance (Todd & Lindala, 1928: 38)".
However, in primate studies there was no consideration of the range within
a species that a sample might represent, e.g., with any variation due to age
etc. There was no attempt to differentiate between the different species of the
chimpanzee or gorilla. The exception to this approach was in Schultz ' work
(1930).
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• most importantly, the attention given to the causes of variability differed between racial and primate comparisons. In racial studies, once the sexes had
been separated then the variability between the two or more groups being
studied was attributed to racial influences. Age was not taken into account,
nor allometric influences, until some studies in the 1980's. Although the
races were perceived of as representing' rungs' on the ladder of evolution,
the differences between racial groups was not necessarily attributed to any
specific adaptive advantage. The general trend in the evolution of the pelvis
was seen as a transition from an anterior/posterior lengthening to a transverse
widening, although the long-oval was thought of as most efficient in biornechanical terms. (This was what Moloy (1951 : 27) called the transition from
long-oval to flat type). A relative ordering of the races could thereby be ascertained. There was considerable confusion as to the relationship between
parturition and the pelvic form, the adaptive significance of pelvic form in
the evolution of bipedalism, and the significance of neoteny as will be further
discussed in Chapter 10.
The broad aperture of the wide female pelvis was considered an adaptation
for childbirth. Documentation of the adequacy of the long-oval pelvis for
childbirth, and its incidence in White women of 'good stock', undermined
these sorts of assumptions. This may be one contributing factor to the reduced emphasis placed on the idea that pelvic shape showed progressive
evolution (as typified by Caldwell & Moloy's scheme.)
In primate studies, the differences between the species was seen in adaptive
terms where possible, especially in Schultz's papers relating pelvic form to
locomotor adaptations on an interspecific basis. In the field of intraspecific
studies there was one notable effort by Reynolds and Hooton (1936) in which
they tried to relate pelvic form to upright posture. Looking at the variations
of the human pelvis with reference to the posture of an individual, they categorised the female posture into four categories, and the male posture into two,
to see if the pelvic forms grouped accordingly. Their effort was markedly unsuccessful.
An example of the way that differences between primate species were interpreted as adaptive can be seen in the considerable debate over variability,
compared with specialisation/generalization. Schultz emphasised the need
for a very large sample in any primate studies in order to be able to take
adequate account of the individual variability between different members of
one species (Schultz, 1930: 303). His studies on growth and development in
higher primates emphasised intraspecific variability, and he seemed greatly
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concerned that lack of appreciation of this had lead others to believe, from
a limited study of primate data, that non-human primates were less variable
than humans, and to think they were more specialised for that reason. This
viewpoint was typical of much biological theorising which had not yet made
the transition from typology and essentialism to the evolutionary world view
of intrinsically varying populations (Gould, 1987). Variation might be a reality, but it ranked as a confounding nuisance, and was often called deviancy
in an effort to restrict its significance. Schultz was very critical of this view,
as it restricted the appreciation of the influence of variability in a particular
species.
Schultz and Montagu met head-on over the ideas about human variability.
Montagu (1946: 402) maintained that primates show great variability, and
man the most of all. Schultz's rejoinder was that "nature has experimented
less lavishly with primates than with the other mammals (Schultz, 1947: 2)",
and that the intrageneric differences of the great apes are no more profound
and significant than well-known differences between human groups (1947 :12). The imagery of Mother Nature being more or less lavish as a donor will
be further referred to in Chapter 9. The point Schultz makes about the intrageneric differences in the apes being no greater than those between human
races had been long foreshadowed by his view that "Man in some respects is
less specialized and has hence remained phylogenetically as well as ontogenetically more original and 'primitive' than various other primates (Schultz,
1924: 163)". He further considered that diverging adaptations of higher primates could be seen as the results of phylogenetic modifications in the laws
regulating their ontogenetic development (1940: 3); an important point relevant to the discussion of the importance of neoteny in Chapter 10.
It appears that Montagu ('man is the most variable') and Schultz ('man is
less specialised') were actually arguing the same thing; but the essential difference in their views is that Schultz equated specialisation with a greater
degree of evolution, in strict Darwinian terms, (i.e., less primitive) whereas
others saw human evolutionary sucess in terms of being a trend to greater
generalization.i.e., more variability =greater degree of generalisation =less
primitive. The equation of variability with generalisation in adaptation and
success in evolutionary terms was often used to account for the apparent success of humans, while primate species were perceived of as more specialised
in habitat and therefore in anatomy also. fur example, Straus's discussion
of 'The Riddle of Man's Ancestry" in which he said that "in a considerable
number of important characteristics man can only be regarded as essentially
.~
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generalized or unspecialized (1949: 207)".
Howells suggested a resolution in so far as humanity is more generalized
above the waist, but specialised from the waist down (1959 : 32). The specialized locomotion of the pelvis was what actually made us human, echoing
Straus's (1949) sentiment that there was a danger in using brains or teeth to
draw the line of demarcation between us and non-human primates.
Schultz's energetic rebuttal of those who viewed the non-human primate as
showing little variability included the view that the female pelvis in primates
was not specialized relative to the foetal size, but correlated with sexual dimorphism in other parts of the anatomy. He emphasised that sex differences in the pelvis are not limited to humans, as had often been assumed
(1949: 422, 1944: 72). However, he had suggested the human pelvis was
specialised vis 11 vis locomotion without feeling the need for an adaptive explanation for sexual dimorphism in the pelvis due to the needs of parturition.
Even in species where secondary sexual differences were not marked, there
were sexual differences in the pelvis as in the gibbon.
It can be seen from this example that studies in comparative anatomy between
the human and non-human primates were thought of generally in adaptive terms,
whereas differences between the different races of humans were seen in terms of
progressive evolution with a strong emphasis on the female pelvis being adapted
for parturition, thereby somewhat less suitable for racial comparisons. It was not
ever claimed in these racial studies of the pelvis that race could be identified from
the pelvis, but rather that different groups of diverse races showed similar pelves
depending on their degree of evolution.
In fact, human evolution was not really being considered here in the same terms
as primate evolution. Social or cultural features were considered as an integral
part of the evolution of different races with an implicit assumption of a correlation
between brain size, technological and literary development and physical attributes.

Early Racial Studies
Flower (1879: 122) had noted that the long-oval type of pelvis, with a high index, was an indication of an infantile or animal tendency, as already quoted; his
views were echoed by Garson (1879). Then Turner (1885) published his study of
the pelvis, which confirmed that a relative ordering of the races could be observed
from pelvic brim shape. Although Turner's paper was concerned with race, it has
already been seen how it provided a springboard for research into the sexual forms
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of the pelvis because of his use of the index to give this 'thing' a quantifiable means
l(l913)
of comparison. Emmon4s
plea that we should stop trying to define the differences between racial or sexual groups and look instead for points in common
between different human groups was largely unheeded.
For example, there was the study in 1924-25 by Hepburn, who made an interesting extension of Turner's system with a study of 52 British pelves, of which 41
were males and 11 were females. By Turner's prediction, British males would be
platypellic; that is, the pelvic brim index was below ninety. Hepburn measured all
the male pelves and found that the indices generally confirmed Turner's racialist
groupings. Apart from Number 2 which had an index of 88.5, all fell well below
ninety except for Number 35, which had an index of 99. 1. Including this, he established a range from 61-99.1, with an average of76 .6. But the index of Number
35, well within the dolichopellic range, was not expected among European pelves.
It was in the range typical for Australian Aboriginals and Bushmen.
Hepburn considered that "such an index occurring in a group of authenticated
British pelves certainly looks startling, but it only emphasises the fact that while
indices are of great use for purposes of classification, a too slavish reliance upon
them may lead to serious error (Hepburn, 1924-25: 330)". The one Negro pelvis
was found to lie in the mesatipellic range, being 93.8.
What about the eleven female pelves? It was accepted that because of its adaptation to 'special functions', the female pelvis does not adhere to these racial classifications, but Hepburn found them interesting on their own account (ibid : 330).
They showed a range from 62.2-85.4 (i.e., within the male range), and were all
markedly platypellic, considered by Hepburn to be the grouping into which female
pelves ranged, practically independently of race.
From an unstated source of data pertaining to higher primates, Hepburn found
all indices to be dolichopellic, irrespective of sex. The different indices are in the
next Table (6. 1). This carried with it an implicit association between the high

TABLE 6.2: Hepburn's Primate Indices
115
Orang-utan
136.9 Gorilla
148.8 Gibbon
155.4 Young Orang-utan
165.2 Chimpanzee

pelvic indices of the Aboriginal races and other 'primitive' groups with closeness
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to other anthropoidea, as Garson and Flower had suggested. But Hepbum's paper
appears to be the last in a long line of studies which used the pelvic indices as
components of race in males, while attributing to the female pelvis an independence
from such categorisation.
Sexual and racial characteristics were studied simultaneously in the papers of
Derry, Straus and Wingate Todd as they all were aware that racial groups showed
different aspects of sexual identity in the pelvis in different ways. It is interesting
to consider the effect of comments from archaeologists such as Hooton in his book
'The Indians of Pecos Pueblo' when he stated that "The Pecos skeletal material
offers more difficulty in the determination of sex than any other series I have studied. Of course, a large number of skeletons are clearly defined as to sex, whether
male or female, but the doubtful specimens are extraordinarily puzzling and quite
numerous (Hooton, 1930, as quoted in Moloy 1951 : 21)". Comments such as these
seemed to have stimulated a constant examination of the 'traditional' methods of
sexing bones to ensure their confidence in the tradition even when studying less
well-known racial groups than the Egyptians, English and Negro.
Derry's 1923 paper on sexual and racial characteristics of the ilium using his
two indices has already been discussed, but that was restricted to Egyptian material
from archaeological sources. A major contribution was the work on the HamannTodd collection of Negro and White skeletons of known sex, e.g., Straus's work on
244 individuals in his 1927 paper 'The Human Ilium: Sex and Stock'. He using
the left os coxae throughout, taking five basic measurements off the ilium including
what he called the subauricular angle, somewhat equivalent to a measure of the
size of the sacro-sciatic notch. The sample was divided into Negro and White, but
he found that the only significant racial difference was that the Negro data were
generally slighter smaller than the White (ibid : 17). The idea of progressionism in
races from any metrical data was not upheld. He also looked at the idea that the
female pelvis is more variable than the male (which often recurs in studies of the
pelvis), but found in this series that there was no significant difference in variability
(ibid: 26).
With regard to the characters which Derry had suggested were suitable for sexual identification Straus found them to be insufficient. The variation in the shape
of the sacro-sciatic notch may be associated with individual variation in the torsion
of the ischium (ibid : 25); and the broader shallower sacro-sciatic notch was not a
sharply defined sexual character (ibid : 10).

"In all these characters, the sexual overlap is very great so that
they are ofonly moderate value in sexing unknown material. In large
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series of which the sex is definitely known, the typical sexual differences are apparent only at the extreme ends of the range. Female ilia
are very often found to be typically male in one or more of these characters, and vice versa. The only reliable guide to the sex ofan ilium is
to know the body from which it has been taken" (Straus, 1927: 10)
"There are no distinct sexual types. The 'type' is only an extreme
form, expressed by the mean for any character, and is in no sense the
rule" (ibid : 22)
"Sexing unknown pelvic material borders upon guesswork".
(ibid : 23)
Straus also suggested that if a particular distribution curve of a trait showed
bimodality, it is suggestive of a mixture of sexes in material sexed by anatomical
appreciation-typical of Derry's work.

Ageing the Pelvic Bones; Sex and Age-linked Characters
It is also relevant to note the work already done by Wingate Todd on the Cleveland collection at Western Reserve University. From 1920, he published a series
of papers in the American Journal of Physical Anthropology on age changes and
ascertaining age at death from a very detailed study of the pubic bone. Starting by
looking at the White male pubis, he considered that the different patterns of bone
changes on the face of the pubic symphysis constituted "one of the most stable and
satisfactory guides to the age of the individual (Todd, 1920(a): 288)". Todd made
a very strong claim that he did not judge the sex or stock of anyone specimen by
its pubic bone; only its probable age at death (Todd, 1920(b): 57).
Todd quoted Cleland (1889) as having a bias toward believing that the features which Todd would show to be age characteristics, were more distinctive of
the female than the male, and hence were sex indicators (Todd, 1920 (a): 292).
In this study of the female White and Negro pelves, he noted that similarities between women were such that they resembled each other more than the male of their
stock-"the evidence of this intensifies the probability that there are indeed sexlinked characters (Todd, 1920(b): 54)". However, he did not believe he could
judge the sex of anyone specimen by studying the pubic bone (ibid: 57), and discounted Aeby's theory that menstruation accelerated ossification! (ibid : 56) suggesting that the process in the female actually occurred more slowly and was completed later than in the male; these events being influenced by menstruation and
'ossification implies new growth; Aeby might have intended to mean that menstruation accelerated
alteration in the bone
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gestation (ibid : 39). In the female there was a more vigourous growth and delayed
metamorphosis immediately after puberty (ibid : 37). In Chapter 11 it can be seen
that these ideas have received further confirmation in endocrinological studies.
These perspectives which Todd provide on the origins of what he called sexlinked characters were very important at this time as he had a great appreciation
of the ontogenetic changes. The main problem with his work was that the sample
was skewed towards low socio-economic groups, and the large poor Negro population in Cleveland. The gravid status of the females was often not obtainable from
medical records, but was ascertained after death (Kelley, 1979: 541). However, it
can be seen that Todd appreciated the effect of menstruation on bone growth, but
did not go so far as to attribute sexual dimorphism to a wholly endocrinological
influences. He also indicated that sexing unknown material could not be done with
absolute certainty, supporting the views of Straus. The re-examination of the aging criteria from the pubic symphysis received a lot of attention, and when some
of the methodology was found in need of revision especially with respect to the
use of his standards for aging the female os pubis (Stewart, 1957, Gilbert, 1973,
Gilbert & McKem, 1973, Hanihara & Suzuki, 1978, McKem, 1976), other aspects
of his work were discounted. This had the effect of throwing the baby out with the
bathwater. Meindl et al.(l985 b) point out that Todd 's ten-phase system was never
meant to be a series of archetypes, as it was so often presented (ibid: 44), and that
as many criteria as are available should be used to determine age at death. Perhaps
too much was expected from what was a comparatively relative aging methodology. His understanding of the relationship between menstruation and female bone
growth was very important, as was his appreciation of the wide variety in individuals even in one homogenous
racial group.
A
Todd moved away from the studies of the pubic bones, and attempted a massive undertaking on living and dead individuals, to ascertain what were the major
differences in the anatomy of the White and the Negro. Todd and Lindala (1928)
measured a large number of body dimensions, especially in the face; the only two
particularly relevant to the pelvis were the bi-iliac (cristal) breadth and the spinous
(ilio-spinous) breadth.
Of the dimensions they took, some were found to be 'humanity-linked'; such
as the length and breadth of the foot or hand in proportion to the leg or arm. Others
were found to be 'stock-linked', especially measurements around the nose and lips
and some on the pelvis such as the transverse breadth and the vertical dimensions
of the pelvis (ibid : 93).
After also looking at sex-linked characters they concluded:

155

"It seems rather obvious that the dimensions hitherto used as differentiating sex are merely those characteristic of bodily size. On
analysis they will not stand criticism. Actually the real sex-linked dimensions are few, obscure, and ill-marked. Sex is indicated by qualitative not by quantitative characters." (Todd & Lindala, 1928 : 92)
The sex-linked bodily characters were:
• inter-nipple distance
• high heel of the White male
• vertical dimensions of the pelvis
• ann span, especially in its relation to the difficulty of straightening the elbow
in the male
• the lateral diameter of the chest
• the White female had relatively short limbs and feet, whereas the Negro female, with relatively short limbs, did not have short feet
• the head length, auricular height and horizontal head circumference seemed
to be relatively small in all females
The brevity of such a list seems to be contrary to expectations from reading other
anthropometrical texts. Possibly these characters may have been called obscure
h'l'f
because they did/\ seem/' to relate at all to sexual roles, especially reproduction, apart
from the inter-nipple distance. The statement that' sex is indicated by qualitative,
not quantitative differences' reinforced gender concepts and simultaneously validated assessment of sexual identification on skeletal material based on a compound
subjective assessment, which is the basis for the 'traditional' method. The question as to why these obvious differences, which common sense tells us are there,
could not be easily quantified was taken up in the enthusiasm for new statistical
methodology, as described in the previous chapter.

Racial comparisons from the pelvis-combining Sex and
Race studies
In Chapter 3 there was a description of DeITY's 1923 paper on sexual and racial
characters, and his use of the two indices. As he was trying to study both sex and
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race, it was important for him to differentiate the influence of the evolutionary tendencies of racial types from the sexual influences on pelvic form. Just as Caldwell
and Moloy later represented these as some sort of dynamic, two-dimensional process, so Derry tried to identify these two influences.
It was clear from this that different racial groups had different pelvic architecture. In the so called 'higher races', being the English and Late Dynastic sample,
the sacrum was further forward more than in the 'primitive' races (ibid : 80). When
this analysis by indices was extended to mammalian and anthropoid samples, Derry
considered that the development of the sacro-sciatic notch in man could be seen as
a natural corollary to his erect carriage (ibid: 78). In the 'primitive' sample there
was more similarity between the sexes and at the same time there was a smaller degree of forward movement of the sacrum. The result of this was a higher incidence
of the dolichopellic form the 'primitive' races. It appears to be one of the major sources of the idea that the pelvis showed progressive evolution subsequent to
bipedalism, and that the dolichopellic form could be considered to be less evolved,
with the wide platypellic form 'ultra-human' as already discussed.
The data seemed to indicate to Derry that English women were less 'typically
female' than the Late Dynastic female sample, where femaleness is judged by the
size of the sacro-sciatic notch. He suggested that the reduction in the size of the
anterior/posterior CAP) diameter in the English was a cause of difficulty in labour,
which was a common experience in England compared with Egypt. Consider in
this context the data from the Nubian excavations, as Smith and Jones commented
about some of the burials they had discovered in which the probable cause of death
was childbirth. The large AP diameters in Derry's Egyptian data are consistent
with this, as there is little relationship between maternal death rates in childbirth
and pelvic inlet size. From archaeological material the appearance of a near or fullterm fcetuses in the pelvic cavity could indicate maternal death from hrernorrhage
sometimes associated with placenta previa, toxtemia, convulsions or infection from
premature membrane rupture, as well as other less frequent causes. Few of these
would ever be able to be identified from skeletal material. Pelvic inlet diameters
are not a primary cause of maternal death in childbirth, although they may be very
damaging or fatal for the neonate, as will be further discussed in Chapter 7.
There was here in DeITY'S work a basic confusion about progressionism in human evolution:
• He had considered other mammalian forms and anthropoid ape forms of the
sacro-sciatic notch; it was much more pronounced in humans, and more so in
males than in females with human females showing a more animalistic form
than males.
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• But in the trend from dolichopellic forms to platypellic forms, the 'higher'
races such as the Late Egyptian and English material showed a higher incidence of the platypellic form with a broader notch. The reduction in the
AP diameter in the English brought about difficulties with birth (i.e., less
animalistic) although the sacro-sciatic notch was broader.
If these trends were represented on some sort of continuum of progressive evolution, they might appear as in Table 6. 3. This confusion as to the relative importance

Animals
Mammals
Slight sciatic notch

TABLE 6.3: Progressive Evolution
->
Humans
-> Anthropoid Apes
-> Humans
-> Commencing Notch -> Deep notch

But believing that races showed a progressionism from
Lower races
->
Higher races
More dolichopellic
forms
Pronounced sacrosciatic notch

he had the result of:
----->
----->

Platypelloid forms
Broader Shallower
notch

of the various aspects of pelvic form in determining which were the higher forms
(evolutionarily speaking) was not quickly resolved partly because of the distortion
in chronology created by imagining races as rungs on an evolutionary ladder with
the somewhat dubious allocation of the top rung to the White races, synonymous
with the most civilised.
The identification of the platypelloid form with the highest races had been substantiated by the work of Hepbum (1924-25). The attraction of the racialist theories in giving a relative ordering to the races of humanity was attributed by Thomas
(1984: 135) to the blow to human pride which had occurred in the problems in
drawing a firm line between us and other species. This force of the blow was salvaged in the late 18th century by racialist theories, in that the lowest rank of men
was believed to be closest to the higher kinds of animals, which became anthropological orthodoxy by the mid-nineteenth century. This resulted in the emphasis on
race (which has already been noted) in studies of obstetrics and physical anthropology in the United States where there was an immediate source of material from both
black and white races. In the United Kingdom, however, there was not the same
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source of data, and the archaeological evidence from sites such as the Egyptian
data was by no means clear cut, as the Egyptians were also seen as highly civilised.
The issues in the U.K. tended to turn to a preoccupation with social class rather
than race, typified in the work of Bernard, as already discussed. This was a natural
corollary to the acceptance of Social Darwinism, whereby just as other races represented rungs on the ladder of evolution, so there was also a natural ordering in
society with the lower classes possibly representing those less fit or adapted. This
preoccupation with class differences in the United Kingdom, as compared with the
studies of racial differences in the United States was also found in studies of skulls
and brain-sizes (Gould, 1981 : 284).
The implicit assumption of progressionism in human evolution meant that it
was often assumed that human evolution was selecting for taller stature, as many
so-called primitive races showed a lower stature than the European means, and so
primitive races would show more animalistic traits by nature of their less evolved
state rather than any allometric correlation between stature and shape of the pelvis.
The early analysis of the pelvis from Sterkfontein of what is now called Australopithecus africanus was compared with the Bushman pelves, as it was considered that
the Bushman showed an intermediate stage between anthropoids and humans. The
possibility of stature affecting shape did not come into the analysis, nor was sexual
identity considered to be an influence in the analysis of the Sterkfontein pelvis.

Further studies on Race from the Hamann-Todd and Terry
collections
It was significant in racial studies that Straus first suggested (1927 : 17) the only
significant racial differences are those of average size, the Negro being smaller than
the White. The suggestion by Straus that the race differences in this sample were
related to body size only was picked up by Todd & Lindala (1928). They aimed to
look at 100 of each sex and race (Negro and White) from the same collection that
Straus had been using (the Hamanri-Todd collection). However, they were unable
to achieve their aim, as there were insufficient numbers. As with their attempt to
detail sex-linked characters, the stock-linked characters were also relatively few
and not particularly significant for racial identification of skeletal remains.
After this there is a noticeable absence of papers concerning the effect of race
on the pelvic form. It could be attributed to the failure of the studies to resolve the
problems, or to come up with any definitive criteria for being able to make a racial
identification from the bone material. Generally it did not seem to be a fruitful line
of enquiry. However, in the lapse of any particular line of enquiry there is often not
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only evidence of scientific weakness but also a changing ideological context. At
many points in the history of a particular science, the science/ideology distinction
is a contingent resolution of historical forces (Young, 1985 : 617). The changing
attitudes to the determination of race from the pelvis might be seen as reflecting
a changing attitude to the perception of races as rungs on the evolutionary ladder.
This was well and truly in disfavour after the misuse of racialist theories in the
Eugenics movement and events up to and during World War Il.
There have been two relatively recent papers concerned with the issue of the
identification of race from the pelvis:
DiBennardo and Taylor published on the multiple discriminant function analysis of sex and race in the postcranial skeleton (1983). They used 65 each of
Negro and White, male and female skeletons from the Terry collection, with
a very detailed description of the 15 measurements taken from the pelvis and
femur. They suggested that because of different torso proportions, the White
pelvis is generally bigger, and the femur smaller than the Negro. Although
they are cautious about the extent to which it can be applied to other populations, they are able to provide a good discriminant function from data on
skeletons.

.

Iscan also based his 1983 study of trying to assess race from the pelvis from data
in the Terry collection. He took 100 each of the four categories, and took
3 measurements off each pelvis. Although data on height were not incorporated, he suggested that the AP diameter was more sensitive to environmental
factors than the transverse or bi-iliac diameters. The finding that females are
more easily assessed racially than males seems directly opposite to Turner's
assumption 100 years earlier that, because of their special function, females
were less suitable for making racial comparisons. The White sample he used
was older, and the variability was larger in all measures. The influence of age
was undeniably high in multivariate functions (lscan, 1983 : 206). This contrasts with the findings of Meindl et al., 1985(a), who considered that age
bore no relationship to the morphology of the pelvis .
e

Iscan published a further paper in 1985, jointly with Cotton, on the effect
of age on the determination of race from the pelvis. From a discriminant
function analysis they concluded that the use of pelvic measurements for
race determination remains problematic. The reason they gave as to why
the pelvis is less effective than cranial measurements is because of the effect of environmental factors on pelvic form, which are bound up with racial
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groups (Iscan and Cotton, 1985: 281). The restricted use of such discriminant functions to data from the same homogeneous population from which
the function was derived makes the material of limited use only.
Both of these papers are noteworthy in that they do not claim that there is any
significance in the racial differences, nor could race be identified with complete
certainty even on data from within the groups studied. Iscan's data showed a 77%
accuracy for males, and 75% for females in making racial identification (ibid : 275).
This section started by noting the obvious differences between intraspecific
studies of the pelvis (i.e., race) as compared with interspecific studies of the pelvis
(i.e., comparative primate data). It is also noteworthy at this stage that as race
studies lapsed, there was an upsurge in comparative primate studies. Post-World
War II disillusionment with the absolute value placed on human achievement and
the extent to which we had 'surpassed' other species was replaced by a desire to
demonstrate our closeness to other species (Cartmill, 1983.) Primatology developed rapidly as a specialist study, the aims of which were largely consistent with
the broadest dimensions of anthropology in the second half of the twentieth century.

Comparative Studies of Primate Pelves
Straus had initiated studies of the primate pelvis with his 1929 study of the primate ilia. He published the 1927 paper on 'The Human Ilium: Sex and Stock' ;
as already described he did not find any significant racial features apart from that
the Negro was slightly smaller. The 1929 paper clearly showed his perceptions of
evolutionary relationships between some primates, e.g., that the gibbons formed a
morphological link between the macaques and baboons on one hand, and the great
apes on the other. The gibbon ilium showed certain characteristics in common with
Old World monkeys, and he thought the gorilla showed some convergence to the
human type (Straus, 1929: 458). Tables of indices from measurements off the ilia
were produced including the use of an index of relative iliac width, being:
iliac widthX 100
iliac height
and also an interiliac index, being:
. upper iliac heightX 100
lower iliac height
These indices were listed for male and female in the anthropoidea (humans being divided into Negro and White) and including data from a macaque sample.
Although it is not clear to what extent he was working from non-human skeletal
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material of unknown sex, he does mention that the anthropoidea from the HarnannTodd collection had the sex determined by Todd, and he found that sex determination agreed "very well in most cases (Straus, 1929: 435)" with the results from
his indices. This could be seen as exposing himself to the same sort of criticism
he had made of Derry (1927) in that he was investigating sexual characteristics of
material of unknown sex, whose sex might have been assessed by the characters
under study. The ranges of these indices showed considerable overlap, as seen in
the next table (6. 4). From his tables he concluded that there was no real sexual dif-

TABLE 6.4: Washburn's Inter-iliac and Iliac Width Indices
Iliac
Width Index

Interiliac
Index

Min. & Max. Indices less in females
than males, with considerable overlap

Pan, Pongo
Gorilla

Pan,Pongo
Macaque, Whites
Negro

Min. & Max. Indices higher in females
than in males, with considerable overlap

Whites

Female range within male range

Macaque, Negro

Male range within female range

Gibbon

Gibbon
Gorilla

Discrete Ranges (Le. a good sexual
Discriminator)

ference in the iliac width index, but that the interiliac index was of some value, as
the lower segment length is longer on average in the female than the male relative
to the upper (false pelvic) segment. He did not incorporate any data on locomotor differences, nor of body-weight dimorphism and the extent to which it might
correlate with dimorphism in the iliac indices. In all the tables he listed the data,
starting with White, and then Negro, Gorilla, Pan, Pongo, Hylobates and Pithecus
(macaque). As he considered the gorilla stands "closer to man (ibid : 434)" than the
other apes, he also tabled it standing closer to the Negro than the White, although
in both cases the White indices were closer to the gorilla data than the Negro. He
identified the process of specialisation as being part of the evolutionary process,
stating that the human ilium was "in some ways more specialized and in others more
primitive than those of the great apes (ibid : 458)". This is close to Schultz (1924)
who suggested that humans were more primitive and less specialised in some ways,
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but not in others, as already discussed.
To summarise, this paper by Straus was noteworthy in being the first primate
comparative study using well-sourced samples of as large a size as possible, but
it was undertaken from the aspect of showing the evolutionary trend in the pelvic
form, and establishing the relative closeness of other anthropoidea to humans. The
lack of good sexual discriminators in the iliac measurements from primate data
confirmed his suggestions in the 1927 paper (on the human ilium) that there are
no distinct sexual types even in significantly dimorphic species. He considered
sex differences increased generally in the anthropoidea as species became more
evolved (i.e., fewer differences in hylobatids, most differences in humans), e.g., the
sacro-sciatic notch, which he considered a good sexual discriminator in humans,
was not as well developed in other apes.
Similarly, Schultz did not give much attention to sexual differences in his 1930
study of 'The Skeleton of the Trunk and Limbs of Higher Primates'. The samples
were not as large as Straus's although there was a larger number of hylobatids and
gorilla specimens. He was careful to incorporate data from infants as well as adults
in the tables. The results compare very closely with those of Straus where they are
comparable, e.g., the data on ilium width/ilium length compare with the relative
iliac width index Straus produced. A difference between Straus and Schultz was
that Straus was only looking at the ilium, whereas Schultz included data from all
parts of the primate pelves. It included an ischium/pubic index (later to be developed by Washbum) which was considered to be comparatively constant between
species when male and female were lumped together (Schultz, 1930: 348). The
index clearly differentiated between male and female only in Homo and Gorilla
beringei (ibid : 428). The general evolutionary trend to a widening of the ilium
he also found in differences between infant and adult pelves, and suggested that
ontogeny repeats phylogeny (ibid : 349) in this regard. The sacral surface relative
to weight was noted to be of a significantly greater relative size in humans, but he
considered this a new growth process in evolution due to mechanical factors.
The emphasis in this study was on
• the close connection between mechanical (i.e., locomotor) factors and evolutionary changes, discounting an intermediate brachiating stage before bipedalism (ibid : 357).
• incorporating data on relative body weight
• not considering sexual differences, but elaborating the extent to which ontogeny recapitulates phylogeny.
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In common with earlier German studies, he suggested that the lower part of
the pelvis was "much more closely fixed by the limb than by the trunk, and that
this part retained in man the position characteristic of a quadruped (ibid: 357)",
i.e., the human trunk is erect only above the sacro-iliac articulation. In the tables
on page 396 and following summarising these results, aspects of morphology were
generally represented in a graded series between primate species, from the lower
primates, to the hylobatids, orang-utan, chimpanzee, gorilla and then man. The
lower primates showed the most primitive conditions and man showing the most
highly specialized condition. In the pelvis man showed the most highly specialised
condition in the ilium length, the total ilium width and the sacral surface, and the
gorilla showed the most highly specialised condition of the fossa iliaca and the
transverse curvature of it (ibid : 397). It was implicit that erect locomotion was
seen as a relatively specialised form.
Schultz did not attempt to give any explanation for the fact that in some aspects
of anatomy the different species were very divergent, whereas in other aspects there
was very little change (ibid : 403); considering that an understanding of the cause
of the evolutionary diversity in primates can be enhanced by an appreciation of
the amount of variation which can be observed, not only intergenerically, but also
intraspecifically in different structures (ibid : 403). He elaborated on this in an address as retiring president to the American Association of Physical Anthropologists
in 1934, looking at the place of Homo in the primate order, with a very detailed discussion of the evolutionary changes in the pelvis (Schultz, 1936: 425-432). The
comparative shortness of the human ilium was attributed to a change after divergence from the common ancestry with other apes, rather than the retention of a
primitive condition (ibid : 426). Other aspects such as the extreme breadth of the
sacral surface, and size of the femoral head in humans are examined, concluding
that the human pelvis shows many unique specializations peculiar to humans, and
resembles the Mrican ape less closely than the ape pelves resemble each other. An
ancestral pelvic form intermediate between a macaque and a chimpanzee was postulated, with all forms showing considerable divergence since sharing a common
ancestor (ibid : 432). This is considerably different from other writers at that time
who were postulating that stages in the development of the human pelvis can be
seen in the pelves of extant apes, which Schultz quoted (such as Reynolds 1931
and Gregory 1935).
At this point it can be seen that the primate pelvis was being studied as a 'thing'
by which evolutionary relationships could be established. Schultz' familiarity with
the data has possibly not been equalled by any other scholar since then, especially
his knowledge of ontogenetic development, but in other ways these papers were
limited to very specific questions about human relationships with other primates in
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evolutionary terms, He appreciated the enormous variability and diversity between
species or within species but saw this in terms of being raw material for natural
selection, rather than due to any social or ecological factors. Referring always to
aspects of anatomy as being parts of the 'structure' of the organism, he anticipated
a very close structure/function relationship in anatomy and saw the pelvis as being
specialised. What was exceptional about Schultz' perspective was that he did not
consider the function of parturition significant in understanding the determinants
of pelvic form, Parturition was not considered, apart from the obvious lack of
correlation of pelvic inlet size to neonate head size in the great apes.
This was not a very popular idea, as the strong functionalist emphasis implied
that parturition should be taken into account, and that there were sex differences
in the pelves of humans-the causes of which were attributed to parturition. The
determination of sex differences in the pelves of humans was well established from
the big collections of individuals of known sex in the United States, and the female
type and the male type were widely appreciated, as already described. Washbum
looked at the ischium/pubic index which Schultz had described in his 1930 paper, and applied it to three species of primates (Washbum, 1942), and then to the
Ham ann-Todd collection (Washbum, 1948) (see previous chapter).
This spurred Schultz to look at sex differences in the pelves of as wide a range
of primates as possible, looking at the differences between the sexes which he had
not really incorporated in his study before, after Straus' minimalisation of their
significance. Since the 1936 paper on the place of man in the primate order he had
published a series of papers on the growth and development of the chimpanzee,
orang-utan and gibbon, and found the pelvic inlet proportionately wider in most
females (Schultz, 1949: 402).
Of the 205 specimens used for that paper, all were of known sex except for
'some of the adult great apes', whose sex was determined from skull and dentition
(ibid : 404). The relative sexual dimorphism in body weight was incorporated in
Table I by expressing the average female weight as a percentage of the male. In
species where the female was at least 50% of the weight of the male, the average
pelvic inlet breadth and pubis length were absolutely longer, with the exception of
the chimpanzee in which there is no difference in pubic length. The ischium/pubic
index was greater in the female than in the male, both in average index and in the
range of indices. By comparing it with sub-adult indices, he identified the period
of greatest growth in the pubic bone in females as being synchronous with the
relatively short period of the terminal phase of tooth eruption.
Comparing the data from the great apes with the three species of monkeys
Washbum had studied in 1942, it was clear that the latter group showed more sexual dimorphism in the ischium/pubic index than any of the apes (ibid : 410) with
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extensive overlapping in the great apes. The degree to which sexual dimorphism
appeared in the primate pelves varied widely. Although stating that pelvic sex differences stand under endocrine control, Schultz did not try to draw on any data
from primatology as to what should cause the variation in those endocrinological
stimuli.
It is now well understood that numerous social factors affect endocrine activity,
e.g., the high incidence of spontaneous abortion in pregnant females of some mammal species when a new male takes over a polygynous mating group. The presence
of dominant females, or the absence of non- familial males are also known to affect
endocrine activity which stimulates both fertility and development of pelvic sex
differences during gestation. Therefore it should be possible to look at the different social organisations in anthropoidea to see to what extent sexual dimorphism
in the pubic bone in particular correlates at all with the varying patterns of female
sexual patterns and fertility. This could be extended to other aspects of sexual dimorphism, such as body size. However, the elongation of the pubic bone appears
to be part of the mammalian anatomy which is particularly sensitive to the variations in eestrogen, as will be further discussed in Chapter 11. As it is attributed to
the needs of parturition there is a lack of appreciation of the extent to which social
factors could affect it. There is still an implicit understanding in primate anatomical
studies that it was part of the 'innate' female form.
Although those earlier works had not emphasised parturition, in 1949 Schultz
directly addressed the question of the relative size of the newborn and its influence on the female pelvis. He highlighted the problem in getting accurate data
about newborn head-size in non-human primates, a problem which is still largely
unresolved. It was considered that:

"there appears to be little direct correlation between these findings (neonate size) and the various degrees of pelvic sex differences
(ibid :416)" ... "if it is assumed that the pelvic sex differences ofprimates are the necessary result of the disproportionately large size of
the head ofthe newborn, the exceptions to this rule,found in the anthropoid apes, remain to be explained." (Schultz, 1949 : 418)
The whole emphasis of this second part of the 1949 paper was to see sex differences
in the pubic length as part of a whole range of sex differences, the tendency to which
varies among species regardless of the need for an increased pelvic inlet breadth in
species where there was a 'tight fit' at birth. Such relatively cautious conclusions
did not prevent many other anthropologists from seeing a strictly adaptive function in the form of the female pelvis, for example, in that quote from Hooton that
females had a "broad, low pelvis, with its generous apertures ... for the bearing
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of large-brained infants (Hooton, 1947: 254)". The fact that some other primate
species such as the baboon, gibbon, and many old world monkeys also had a very
tight fit, as illustrated by Schultz (1949 : 417) without also having large-brained
infants was not incorporated in this Panglossian-tinged perspective.
The popularity of this 'reproductive dilemma' developed from that time on, in
that it was first of all considered that human female pelvic form was different from
males because of parturition, and then that due to increasing encephalization the
adaptation to bipedalism was inhibited by the need for a roomier birth canal (Washburn, 1960: 74). The idea of Hooton that the male pelvis was more 'primitive' was
replaced by the idea that it was more efficient for bipedalism, and that the female
pelvis was a compromise between bipedalism and parturition. This was part and
parcel of the idea that nature had selected for male hunters and domesticated women
in human evolution. When Emmons (1913) had first brought attention to these opposing forces, he had suggested it in the context of a very long time lapse since
divergence from a common ancestor. The fossil discoveries in the 1960's onwards
clearly showed that the australopithecine bipedal pelvis was very similar to extant
Homo sapiens with the only differences being attributed by Lovejoy (1975 : 323) to
a response to increasing encephalization (Sacher, 1975: 430, Lovejoy, 1978: 411,
Lovejoy, 1981: 341). In most current texts this is still represented as orthodoxy,
e.g., Campbell (3rd ed.1985): "the size of the (birth) canal in women is functionally related to the size of a baby's head ... which is relatively larger than in other
primates (ibid : 152)". The 'Reproductive Dilemma' as an idea will be discussed
in more detail in Chapter 1.
However, this is relevant to the way that the human pelvis was studied relative to other primate pelves, because after the massive amount of work undertaken
on the primate pelvis by Schultz, his material was used many times in textbooks
about primates, such as Napier and Napier (1967) and his own book 'The Life
of Primates' (1969). Yet an appreciation of his caution about attributing sexual
dimorphism to parturition was missing, as the development of the idea of the 'Reproductive Dilemma' demonstrates. This will be covered in the next chapter. There
was a lack of studies on the evolution of non-human anthropoidea and little interest
in studies of their locomotor specialisations until recently. Their function in providing a 'peephole on the past' was often utilised, without any knowledge of how
they might have evolved since the time of the last shared ancestor with humans.
There were exceptions, one being Becky Sigmon's 1969 Ph. D thesis on the
anatomical structure and locomotor habit in anthropoidea with special reference to
the evolution of erect bipedality in humans. However, this was largely concerned
with musculature and biomechanical perspectives, and did not incorporate other
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aspects of the evolution of the pelvis. She discounted the emphasis which Washburn had attributed to the importance of the gluteus maximus in the evolution of
bipedalism (ibid : 187). There were few other studies of the comparative evolution
of the pelvis, but articles pertaining to the underlying concepts of how and why the
human pelvis was different continued to appear.
For example, an article in the Journal of Obstetrics and Gyncecology of the
British Commonwealth by Pinkerton, on 'Some aspects of the Evolution and Comparative Anatomy of the Human Pelvis' in 1973 incorporated data from the 194748 australopithecine discoveries in South Africa, suggesting a progressive trend
from Pan to Australopithecus to Homo sapiens, and that the early development of
bipedalism in the australopithecines before expansion of the brain implied that the
evolution of the limbs and pelvis had' outstripped' that of the skull and brain, i.e.,
bipedalism stimulated brain expansion (Pinkerton, 1973 : 102). He goes as far as
to suggest that "at all stages of vertebrate development, the pelvis has undergone
significant preliminary changes without which progressive evolution would have
been impossible (ibid : 102)".

Allometric Studies of the Primate Pelvis
Studies of the pelvis in primates developed in a very specialised area between 1976
and 1986. It may have been initially stimulated by Gould's paper (1966) on 'Allometry and Size in Ontogeny and Phylogeny', and his 1975 paper which had an
emphasis on scaling and the evolution of the brain. Allometry is based on trying to
define the influence of size on the shape of structure, but in many respects, the use
of allometric scaling was a technique eliminating the effects of body size, rather
than for studying them (Smith 1980: 107).
There was a paper in 1976 by Bemard Wood on 'The Nature and Basis of Sexual Dimorphism in the Primate Skeleton'. He restricted his study by concentrating
on allometry and sexual dimorphism in the primate pelvis (Mobb & Wood, 1977).
In this they corrected the mistake in the 1976 paper in which the ischio/pubic index
was incorrectly calculated as the ischial length x lOO/pubic length. In the 1978 paper it was correctly expressed as the pubic length x 100/ischiallength. The estimate
of relative body size was taken from the femoral length, which was criticised by
Smith (1980: 104). Mobb and Wood were measuring from the rim of the acetabulum, although Washbum measured from the point within the acetabulum where the
fusion of the pubif and ischium had occurred. It makes comparison of Mobb and
Wood's results with other data rather difficult (see Table 6. 5). Berge et al.(1984)
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took an australopithecine index of 140; they measured pubic length from the centre of the acetabulum, as does Steudal (1984) and Rosenberg, (1988). They also
stated that the ischium/pubic index among modem humans does not exceed 120,
and the mean was 108. The race of the collection from which they derived this
is not clear, but they were working in a number of different European collections
(with 32 Europeans of known sex, 11 pygmies and 92 of various origins included
in the sample.)
The different techniques of measuring, and the use of different species from
Schu1tz (1949) makes validation of Mobb and Wood very difficult; their human
indices were much higher and the only two sets of data comparable with Schultz,
those for the gorilla and chimpanzee, were also considerably higher in both sexes.
Mobb and Wood suggested that body-size dimorphism can be reasonably excluded as a cause of the pubic growth differences, and that the concentration of the
use of the pubic/ischium index had obscured interesting variations in differential
growth. However, this was energetically criticised by Steudal (1981 c) whose assessment did not confirm Mobb and Wood's groupings. She maintained that sexual
dimorphism in body size is a critical factor influencing pelvic dimensions, although
not the exclusive determinant. This finding generally supports Leutenegger (1972,
1982, 1987) who remains an advocate of the Reproductive Dilemma in human evolution, but Steudal further suggests that the fcetal head and body size at birth may
increase or decrease in response to pelvic outlet size as determined by locomotor
restraints.
In a study of intraspecific and interspecific allometry in Old World primates,
Steudal emphasised that the correlation between a variable and size is often low
(intraspecifically), which may result from a feature not needing to vary in close
response to body size (Steudal, 1982(a): 419). Applying this to the low correlation between size and pelvic inlet shape, it is consistent with the fact that the

TABLE 6.5: Washbum's Ischium/pubic Indices from the Todd collection
Female Female
Male Male
Range
Mean Range Mean
79.9
Negroes
84--106
95.0 71-88
83.6
Whites
91-115
99.5 73-94
147.0
121.0
Mobb & Wood!,-'
From the R. A. Dart collection in South Africa.

*
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relationship between stature and neonate size in humans is exceedingly variable.
Studies have to take into account the effect of behavioural variables (such as diet,
smoking), age, parity and pre-pregnancy weight, as will be further discussed in
Chapter 12. However, the nature of an organism's adaptive response to change in
size differs between groups. The intraspecific curves describe that response. The
interspecific curve is a summary of the consequences of size across all the groups
which may be heavily influenced by the differing adaptations of those groups. Steudal (1982b) further suggests that it is preferable to study allometric relationships
within a species or within a group of species that differ in size, but have a similar
mode of locomotion.
Bearing that in mind, she notes that
"relative pubis length does not change much in apes in spite of the
wide differences in body size. Given the negative allometry of newborn size this results in ample room in the birth canal for the newborn
of the great apes and a tighter fit for the newborn of small apes. The
fact that it is not the size of the newborn relative to birth canal that
remains constant but rather the length of the pubis relative to size suggests that there is some factor not involving parturition that is a major
determinant of pubis length (Steudal, 1984: 553)".
When Jungers (1984) reviewed the controversy on this issue, he noted that "it is
still not entirely clear whether sexual dimorphism is itself a simple function of body
size, or if it is a correlated response to some other variable (e.g., breeding system)
that also might be linked in some cases to overall size (Jungers, 1984: 76)". Unfortunately he did not extend this comment to consider the endocrinological basis for
sexual dimorphism and the impact of breeding systems thereon. Leutenegger and
Larsen (1985) studied sexual dimorphism in the postcranial skeleton of 4 species
of platyrrhine primates, and maintained that in the true pelvis (the pelvic basin)
sex differences in shape are disassociated from those of size, i.e., an adaptation to
obstetric functions.
Bernard Wood made an energetic rebuttal of Steudal's critique; reinforcing
their point that the relative neonatal size is a determinant of sexual dimorphism
(Wood & Chamberlain, 1986: 263). No doubt this debate will continue. The statistical complexity in some of the allometric debates has developed allometric studies
into a very specific, narrowly-defined technique. It has been suggested that it has
been overemphasised as an approach to size and shape, and that the "use of the
method has been considered equivalent to study of the problem. It is not (Smith,
1980: 109)".

170

A simpler method based on Penrose's size and shape distances was applied by
Chopra, Kaul and Pathak (1982) based on 22 measurements of 176 pelvic bones
from eight different species, in which they suspected a "residual influence of size on
shape (ibid: 107)". Their results were largely stated in terms of the extent to which
other species showed closeness to humans, e.g., orang-utans did, and baboons did
not, considering that they both had pelves in size very similar to humans.
One aspect of interspecific studies is that the pelvic inlet shapes in other species
do not seem to show anywhere near the same variation in form that the male or female human pelvis does. Discussions of sexual dimorphism in other primates implies consistent homogeneity within a sex of one species. This has to be tempered
with Schultz's warnings about the lack of appreciation of variability in non-human
primates; is it an artefact of our appreciation of the extensive variability in humans?
However, the variation in the range of human pelves could be taken to suggest that
the diversity in pelvic shape was part of the response to the additional functions
of the pelvis when bipedal locomotion was adopted. That is to say, human morphology evolved to successfully maintain some degree of locomotor efficiency (although not optimal) and to tolerate increasing weight-bearing stresses on the pelvis
with a variety of different pelvic shapes, the range of which is not seen in other primates. The cause of one particular shape appearing with more or less frequency in
different groups depends on physiologicalstress, nutrition, racial traits and individual variation in endocrinological activity. Perhaps if another primate species had
such a range of environments as humans, and yet still retained its integrity as one
homogenous species, that would show a wide diversity on an intraspecific basis.
It can be seen that after the initial studies by Straus and Schultz on primate
pelves, the issues (after Washburn, 1942) were to be dominated by discussions
about the extent and causes of sexual dimorphism in the primate pelvis. References
to current work in obstetrics was virtually non-existent and there was a blind adherence to the belief that bony pelvic diameters were critical to parturition, whereas
in obstetrics there had been an earlier shift to emphasise the importance of other
factors such as the flexibility of the neon ate head and the ligaments and muscles,
and the maintenance of adequate muscular contractions during delivery.
Schultz' belief that much human anatomy was unspecialised and primitive in
many ways was swept away in the volume of absolute adaptationism based on expectations of a direct structure/function relationship, wherein the parturition function of the pelvis had to be incorporated into the understanding of variations in
pelvic form.
Some mention has been made of data which were accumulating about the evolution of the pelvis from fossil finds, but long before the first pelvic fragments found
in South Africa from Australopithecus there had been considerable speculation of
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the way in which the pelvis had evolved, and the extent to which bipedalism was
considered a watershed in the evolution of the human condition. Just how significant was the pelvis in theories of human evolution? Although the importance of
the brain had been long held as most critical in the differences between humans
and non-humans, the discoveries of the relatively small-brained bipedal australopithecines shifted the emphasis to considering how important bipedalism and the
pelvis were in drawing the line between humans and non-humans, as Pinkerton
(1973) had suggested.
Although the differences between the non-human primate pelves and the human pelves were fully documented by Schultz, there remained a lot of room for
studies as to how, why and when the human pelvis had changed. The finds of early
hominid pelves were rare, and yet they only seemed to confirm the anticipated morphology. The dominant idea was that bipedalism in some way compromised ease
of parturition, which added to the problems in parturition for early hominids. This
has come to be called 'The Reproductive Dilemma'. It has been a very significant
idea, and needs to be discussed at this point.

Summary and conclusion
1. Running parallel with measuring pelves was the use of the 'traditional' method
for sexing pelves. This was often undertaken on archaeological collections
before measuring and analysis.
The sources in textbooks emphasise the dichotomous nature of maleIfem ale
sex differences, with the females often described only in terms relative to
the male (smaller, wider, lighter etc). Current obstetric data were also often
incorporated.
2. Race and primate comparisons showed some similarities. They were very
different in the way that the variability was considered, and the way in which
different sexes and the causes of sexual dimorphism were treated.
3. In early race studies before 1930 the pelvis was considered to show a range
of different forms between males of di fferent races. The most ape-like form
was considered to show the highest incidence in the more' primitive' races.
The pelvic form most 'evolved' from the anthropoid was considered to show
the highest incidence in European males.
4. Straus considered that racial differences in pelvic form were essentially related to different body sizes.
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5. It was not suggested that the race of a particular individual could be predicted
with certainty from pelvic form.
6. Just as it was used in race comparisons, the pelvis continued to be used as
a 'thing' which could throw light on evolutionary relationships between primates. It was not subject to the same volume of multivariate discriminant
functions that studies restricted to the human pelvis utilised, and often only
simple indices were used.
7. Schultz's caution against attributing sexual dimorphism in primate pelves to
the needs of the female pelvis in parturition was revived in the discussions
about allometric influences on the form of primate pelves, particularly in the
work of Karen Steudal, contra Bemard Wood et al.
8. Differences between the pelves of different primate species were consistently
related to locomotor differences. There was increasing attention paid to the
questions of why and how bipedalism had evolved, instead of viewing pelvic
form and bipedalism as possibly being epiphenomenal to other aspects of
human evolution.
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7
The Birth of the Reproductive
Dilemma
In the discussion about the difference between racial studies and interspecific studies it was noted that in the period between 1930 and 1960 (when Schultz's and
Washbum's theories were particularly prominent) there was considerable confusion
as to the relationship between parturition and pelvic form, the adaptive significance
of pelvic form in the evolution of bipedalism, and the significance of neoteny.
The comments by Schultz that sex differences in the pelvis were not limited
to humans, as had often been assumed, contrast with the comments of Tague and
Lovejoy already noted in the last chapter that traits which are used to differentiate
male from female pelves developed subsequent to encephalization (1986 : 243). In
Schu1tz' 1949 paper, in considering sex differences in primate pelves he noted that
among the anthropoid apes the amount of specialization in the female pelvis does
not correspond to the relative size of the fectus at birth. It is closely correlated
with the general trend for sex differentiation in other parts 0 f morphology, Le., well
marked in the orang-utan and gorilla; developed only to an unusually small degree
in the gibbon and chimpanzee (1949 : 422)
This caution against expecting a close structure/function relationship in the
form of the pelvis and neonate head-size was not heeded by such writers as Hooton
(1947)--as previously described. The first step was postulating that the female
pelvis was different from the male pelvis because of the needs of parturition (Hooton, 1947: 254). From reading the current views in obstetrics and gynzecology such
as that of Caldwell and Moloy, it appears that there was a widespread representation of the male pelvis as being one type, and the female pelvis showing wide
variations-up to fourteen different' types', with a few types being most suitable
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for childbirth.
It was clear from the previous review of these ideas that during the 1940's the
work of Greulich, Thorns and many others clearly showed:
• that the previous ideas about which pelvic form was most suitable for childbirth were not upheld
• that the male showed as much variation as the female, although with a higher
incidence of the narrower inlet forms
Hooton (1947) cited the studies of Greulich and Thorns, and was aware that
most Ctesarian births with an indication for contracted pelves occurred in women
with the oval or flatly-broad pelvis (platypellic). There was a reason for suspecting
these forms were linked to rickets, and the concept of an 'ultra-feminine' pelvis,
(and according to Hooton-'sex-appeal'), had been confused with the consequences
of rickets on pelvic form (ibid: 245). As he was thus obviously aware that the broad
female pelvis was most often a rachitic manifestation, it becomes somewhat contradictory when Hooton then goes on to state that females have a "broad, low pelvis,
with its generous apertures ... for the bearing of large-brained infants (ibid: 254)".
Schultz had stressed that gender differences in pelvic form were not related
to parturition in non-human primates, yet it was a prevalent attitude in physical
anthropologists that gender differences in the human pelvis were related to parturition. Was this an inevitable corollary to the expectation of a close relationship
between a structure and its function? If the pelvis does have any function relating
to childbirth, it is as a support for the pregnant uterus, and by nature of its architecture it only has a negative function relative to parturition. Pelvic architecture
might make labour more difficult in some cases. The degree of difficulty depends
more on effective hormonal action in increasing elasticity of the muscles, ligaments
and other soft tissues rather than. aspects of pelvic bone architecture. The rigidity
of the pelvic bones themselves a~ not a factor, although the pain associated with
labour suggested it might be. Even in cases of a severely contracted pelvis due
to osteomalacia or some other types of deformities, the pelvic form is rarely lifethreatening to the mother, only to the neonate. The confusion between the pain
oflabour, and the actual causes of mortality in childbirth, could partly account for
this error in attributing too much emphasis to the extent to which variation in pelvic
architecture could be ascribed to the function of parturition.
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Pain in labour, and perceptions of the causes of maternal
mortality
Pain in labour had been equated with the civilised status of Western women, relative
to other cultures, e.g., the early ideas that non-Western women and/or primitive
women had easier labours; (a brief account of this has already been given at the
beginning of Chapter 4).
A social commentary of the debate overuse of pain relief in labour in the United
States given by Sandelowski (1984) identifies some of the confusion in ideas about
labour pain. The debate about pain relief highlighted ethnocentric attitudes to the
nature of childbirth and labour. It is therefore not surprising to find there was a
prevalent view that lower classes of women felt very little pain and, therefore, had
few problems in labour (ibid : 24) just as it was thought non- White women had less
pain.
It was considered that pain in labour was equated with the uniqueness of our
human status, often justified explicitly from biblical sources. Antithesis to pain
relief was heard from both physicians and clergy. In the period prior to World
War I, physicians considered that pain in labour was expected, inevitable and also
functional (Sandelowski, 1984: xv). It was considered to act as a cueing device for
the management of labour, helping establish the mother/child bond, and assisting
in the development of normal female emotions (ibid : 6).
The increasing use of various degrees of anaesthesia during childbirth in the
period after World War I may have been inJ1uenced by the Eugenics movement. It
was not aimed at preventing the lower classes of women from having easier labours,
but the middle/upper-class advocacy of the use of pain relief was a form of positive
eugenics in so far as its advocates believed it was necessary in order that the preferred type of woman would survive childbirth. Sandelowski considers that in the
early decades of this century, women still had good reason to associate childbirth
with pain and death. A 1917 survey by Grace Meigs cited maternity as the second leading cause of death after tuberculosis, for women aged between 15 and 44
(Sandelowski, 1984: 7). Maternal mortality did not decline significantly until 1935
onwards, when its decline was exactly parallelled by a decline in the puerperal sepsis rate (Lewis, 1980: 37). Both women and doctors had believed that women became less capable over time of withstanding the ordeal of childbirth (Sandelowski,
1984:8).
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Pain relief was part of the desire to encourage the reproduction of those individuals considered most 'fit' (Sandelowski, 1984: 24). The Twilight Sleep Campaign in the United States was undertaken to promote the use of anaesthetics, starting about 1915. In the process of this campaign, it was acknowledged that some
women from all classes feel pain. It was not restricted to the middle/upper-classes,
and was not the result of artificial refinement. Lower class urban women also had
severe birth complications-as discussed in the section on rickets in Chapter 4.
The discussions of the rachitic pelves saw the malnutrition-related defects as being
a problem of urban lifestyle. There was a bit of a backlash against the Twilight
Sleep Campaign when the too frequent use of narcotic anaesthetics was found to
cause many problems, and the 'Natural Birth Craze', as it was thought of when it
first began in 1948, had as a basic premise that women in a state of psychic and
physical well-being could learn how to experience birth with little orno pain. Eventually it was found that no matter how well prepared the woman was, there were
still complications in some cases which prohibited the natural birth method. It was
also realised that to maintain that other races did not feel pain was solely derived
from an ethnocentric bias.
In most childbirth literature now available it can be seen that there is a hesitancy
to claim universality for any principle of labour management. The expectation of a
close structure/function relationship which is dominant in many areas of anatomy
does not apply, and the popular understanding of Darwinian evolution, characterised by the catch-phrase: 'survival of the fittest' seemed to be encapsulated in
the enormous variation observed in birth experiences. Lewis's documentation of
the official perception of neonate mortality between about 1910 and 1937 in the
United Kingdom identifies a significantly influential body of opinion which suggested that interfering with neonate mortality was interfering with natural selection,
and those offspring were better off dead (Lewis, 1980: 28-31). The cases where
a neonate would not have survived without modem medical intervention made it
seem as if the intelligence of humans was allowing a degree of technological assistance which was 'outwitting' natural selection.
I would suggest that the advocacy of the use of anaesthetics had a long-lasting
effect on the popular perception of the nature of labour pain, equating this with
a life-threatening situation. The apparent uniqueness of human labour pain was
invariably connected with the idea that we were unique in that childbirth was also
occasionally life-threatening. It was critically important to differentiate between
the causes of pain in childbirth and the causes of neonate and maternal mortality in
childbirth but this difference was not clear from the Twilight Sleep movement, nor
the Natural Birth movement. In fact, that natural birth advocates would avoid the
use of the word 'pain' relative to labour inhibited clarification of the misconception.
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The causes of pain in labour are from the rapid expansion of ligaments and
muscles around the uterus, especially the pelvic floor muscles and the cervix. The
causes of neonare mortality are numerous; but there are only very few which spccifically relate to pelvic anatomy, e.g., the pelvic form may be a cause of neon ate death
in a severely contracted or rachitic pelvis. Maternal death is rarely associated with
labour or pelvic form. The major causes onO% of maternal deaths in the U.K. during the period 1911-1938 are sepsis, hemorrnage, and albuminuria and toxrernia
(Lewis, 1980: 122). The other 30% are due to other causes oflow frequency. These
three aspects became quite mixed-up in the popular perception of the dangers of
childbirth. Pain crystallised all the potential hazards of childbirth, and served as a
focus for the fear of it; physicians needed to define childbirth in terms of suffering
and death (Sandelowski, 1984: 47) in the process of the increasing medicalization
of obstetrics.
Not only in popular literature, but in recent scholarship by Tague in his Ph. D
on 'The Obstetrical Adaptations of the Bony Pelvis' he suggested that while puerperal septicemia was usually the leading cause of maternal mortality, small pelvis
size was also a major factor (1986: 3). This statement was not adequately substantiated. It is a necessary premise for those who advocate that natural selection
favoured women whose pelves were wider in the transverse diameters because of
the demands of parturition. Being a necessary assumption it is one which is often
taken without adequate investigation.
Rosenberg suggested that "where the pelvic aperture is too small in relation
to the fetal cranium to allow passage of the infant, mother or infant or both will die
(1988: 598)". This article appears to be sourced from her Ph. Don neanderthal pubic morphology. Most of the authors she cited, (those available to be checked here),
do not actually provide any data to substantiate this statement. De Souza (1913)
only discussed maternal mortality with reference to dwarfs, and his comments on
maternal mortality were in reference to 'present day' (1913) Csesarian success rates.
The views of Caldwell, Moloy, Ince and Young were covered in Chapter 4. I have
been unable to trace any comments from these sources, nor in Baird, 1952, relating
maternal mortality to contacted
pelves. Allbrook and Sibthorpe'sdiscussion did
I'
not refer to maternal mortality. They were principally concerned with a study of
neonate head-size in Ganda, J'ere
there is a high proportion of Cesarian delivery
,
for small pelvic size. They X-rayed 90 mothers in the 36th week of pregnancy,
32 pelves from a skeletal collection, and the headsize of 654 infants. Allbrook
and Sibthorpe attributed the apparently more contracted outlet in the pelves from
the skeletal collection to different methods in estimating the transverse dimensions
(1961: 78). As with Jordaan's work (discussed in Chapter 12), trying to find the
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relationship between maternal pelvic dimensions and neonate headsize from averaging large samples is like measuring the feet of some people on the street, and
then measuring a small selection of boots left at a city dump, to see if the average footsize matches the average bootsize. Average dimensions take no account of
the other factors in a successful labour, such as the neonate cranial moulding, the
efficacy of uterine contractions and maternal health.
It is very interesting to note the amount of interest in the data from Ganda, because of the apparently long history of traditional methods for successful Cesarian
operations. Allbrook (1962) emphasises that the pelvic physical characteristics
may be altered in a number of ways, but particularly by improved nutrition. He
traces the extensive problems with contracted pelves to widespread malnutrition,
and partial kwashiorkor in infancy for these women. As with the data from Slave
women, the significance of environmental influences ha~e been underestimated.
This is consistent with other data on the determinants of pelvic form, as described
in Chapter 11.
This is also why the connection between small stature and apparent cephalopelvic disproportion has to be carefully examined. Rosenberg attributes this connection to the greater influence of maternal weight on infant size, rather than maternal height. There has been considerable interest in the association between height
and disproportion, extended to a consideration of the relationship between shoesize and disproportion (Kennedy & Greenwald, 1982). The work of Bernard, as
described in Chapter 4, shows the influence of stature on pelvic shape, but underlying all these obstetric studies is the awareness of the role of malnutrition in
affecting stature to a deleterious extent.
Rosenberg also maintains that "where cesarean section is available, cephalopelvic disproportion is one of the main indications for that procedure (1988: 598)."
Jagani et al., cited in support, actually consider that "the most common indication
for pelvimetry was an arrest of labor. This graphic disorder has been shown to
have the highest association with cesarian section (1981 : 508)". Arrest oflabour,
or uterine dysfunction, has many causes. More importantly, they make a comment
opposite to part of Rosenberg's main thesis, noting that the variables of pelvic
measurements and birthweight do not provide a predictive tool for delivery outcome
(ibid : 507).
Joyce et al. were also cited in support, but they note that "much of what
had previously been considered to be disproportion was, in fact, inefficient labour
(1975: 505)". Cesarian section for disproportion is "only likely to be indicated
when the pelvis is distorted by bony disease or fracture (ibid : 501" (my italics»)..
This is consistent with the data from Ganda on the effect of malnutrition. Rosenberg had earlier cited Kaltreider's 1963 book (which I have not examined), but
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in an earlier article (Kaltreider, 1954) he did not find a significant number of operative deliveries for contracted pelves. Of 3,322 deliveries in which pelvimetry
had been done, there were 727 cases of a contracted pelvis. Of these, 195 had a
Cesarian section. In other words, the majority delivered vaginally. In the group
of 195 Cesarian sections, there were four pertinent deaths (fcetal deaths) He did
not mention maternal mortality associated with a contracted pelvis. In the 195
cases, the indication for the operative delivery was cephalo-pelvic disproportion
(69 cases) or previous Czsarian operation (42 cases, which could include some
disproportion). The other 84 cases had non-pelvic causes, such as uterine inertia.
In conclusion, it can be seen that only in a minority of cases (between 69-111 out
of 727) does a contracted pelvis show cephalo-pevic disproportion, resulting in
Cesarian section.
Prehistoric data on this topic is rare, but a very recent report on maternal mortality in pre-Columbian Indians of Arica, in Chile, implicated septic conditions,
acute diseases and cultural practices. This study was particularly valuable because
the very dry climate in that area ensured that the females were preserved as mummies. Arriaza, Allison and Gerszten (1988) reported on the causes of death of 187
of these females. Sex determination was by direct observation of external sex organs, as well as using the skull and pelvis. 14% of those aged between 12 and
45 years (18 females) were considered to have died in childbirth or from complications shortly thereafter. The structure and shape of the pelvic bones of these
women were normal compared with extant Caucasoid populations (1988: 36). Although they suggest that from about 3000 B. P until 1500 B. P. one in four women
may have died in childbirth or from complications shortly after (ibid : 39), this was
not in any way connected to a contracted pelvis.
The conclusion by Rosenberg:
~

Thus, human females are (and were in the past to an even greater
degree) under selection for increase in the dimensions of the birth
canal relative to the size of the neonatal cranium..." (1988: 598)
remains to be proved.
The three ideas that humans are
unique in their experience of pain in childbirth
unique in that childbirth can be life-threatening to the mother; and that
neonate mortality can be attributed to pelvic form, indicating that the pelvis is
not perfectly adapted for childbirth
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together led to the assumption that pain in childbirth and the occasional lifethreatening quality to it were associated, and both were associated with a compromise in pelvic architecture, Le., a maladaption. The fossil finds of the 1950's and
1960's showed a process of encephalization which was claimed to be uniquely human also. So the association of the large neonate head with both pain in labour and
the apparent maladaption in pelvic form was a logical outcome of both obstetric
and anthropological perceptions.

Parturition in Non-human Primates
The claims of a uniquely human status in the experience of pain and mortality
from childbirth are not surprising in view of the lack of detailed comparative primate studies. Studies of parturition in other mammals were mainly derived from
experiences with domesticated animals where it was believed that problems could
be considered to be derived from breeders selecting for aspects other than ease of
parturition. Most studies of parturition in primates were derived from zoo observations of chimpanzees and gorillas, and resulted in a very widespread attitude that
humans were unique in their problems, e.g., "parturition in non-human primates is
usually performed with great expediency and lack of complication (Harrison and
Montagna, 1969: 281)". The ease with which Pan and Gorilla deliver is the exception rather than the rule among primates.
As Schultz noted, the smallness of the head size of the neonate in the anthropoid species relative to the pelvic inlet size is a motor-related phenomensn There
are often problems in parturition for many primate species which habitually assume
truncal erectness, such as baboons (Gould, 1978 : 74). There have also been some
recent studies published on other primates such as squirrel monkeys, where stillbirth and neonate death rates are up to 50% in some species (Oshima, 1983: 195235).
Accurate data on parturition in non-human primates are extremely difficult to
collect for three reasons:
1. the human observer is often unaware that a female is pregnant until the birth
occurs, as it is not as readily observable in non-human primates as in humans.

2. births nearly always occur at nights, and in trees, where observation is virtually impossible;
3. zoo studies tend to attribute the high neon ate mortality rate to the' unnatural' circumstances with the potential for effective maternal bonding being
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inhibited by the abnormal environment and lack of appropriate socialisation
processes.
It is suggested that the way in which obstetricians and anthropologists represented the uniqueness of human pain and birth difficulties contributed to both the
formation and the widespread acceptance of the Reproductive Dilemma in paleoanthropology.
There was a singular turn of events in discussion of the evolution of the human pelvis. In the 1950 Cold Spring Harbour Symposium on 'Quantitative Biology' Washbum discussed human bipedallocomotion as being "extreme and odd
(1950: 69)" and he focused on the form and function of the gluteus maximus muscle (ibid: 71) to gain an understanding of the key to the locomotor changes between
human and non-human apes. The change in the function of the gluteus medius as
an abductor, taking over the old function of the gluteus maximus was coupled with
the bending of the ilium to bring the gluteus maximus behind the hip joint, making
it an extensor. He stated "It is my belief that this single change is the thing which
initiates human evolution (ibid : 71)".
As the function of these muscles in anthropoid apes had never been studied
he considered that this view could be checked, and should be-the statements he
made were 'susceptible to experimental verification'.
With regard to the pelvis, he stated that continued bending of the ilium is advantageous for locomotion, but disadvantageous for females because it narrows the
birth canal. "This accounts for the fact that the bending has been carried further
in human males than in females (ibid : 71)", i.e., that the differences between the
male and female form were adaptive for parturition, and also implying that selection could operate differently between the sexes.
This idea was given further confirmation by Mednick, in a paper on the evolution of the human ilium from considering the Sterkfontein, Swartkrans and Makapansgat ilia, and also studying chimpanzee os coxae. Mednick considered that
although the australopithecines confirmed expectations of comparative primate anatomy, no one had anticipated the short wide ischium combined with the long apelike ilium (1955: 204). His study of the Pan ilia confirmed Washbum's suggestion
that the gluteus maximus was a large extensor muscle in man, whereas it was a
small abductor muscle in the Pan sample (1955 : 209).
It was clear from the South African cave sites material that bipedalism developed significantly before brain size increase, and also before any significant use
of stone tools and weapons. Was bipedalism all that important, as Washbum had
maintained? There was one paradigm which said: yes, bipedalisrn freed up the
hands for tool use, and the use of tools by 'pre-human primates' gave rise to Homo
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sapiens. This was further elaborated in the 'African Genesis' scenario, whereby the
theory of the use of stone tools as being critical to human evolution was extended
to incorporate ideas of aggression/use of weapons etc. (Ardrey, 1967).
Washburn quite clearly hypothesised that "the structure of modem man must
be the result of the change in the terms of natural selection that came with the toolusing way oflife (Washburn, 1960 : 63)... In man adaptation to bipedallocomotion
decreased the size of the bony birth-canal at the same time that the exigencies of
tool use selected for larger brains. This obstetrical dilemma was solved by delivery of the foetus at a much earlier stage of development ... the combination of the
woman's obligation to care for slow-developing babies and the man's occupation
of hunting imposed a fundamental pattern on the social organization of the human
species. (ibid: 74)".
It can be seen that he linked up premature birth with bipedalism, the freeing
of the hands and mother/child bonding. This led to a postulated relationship between bipedalism, tool use, selection for larger brains, retardation of child development and increasing maternal responsibility. Over the next two decades, Washbum's ideas pertaining to the significance of the gluteus maximus were adopted
by a number of authors (Robinson, 1963, Campbell, .1966, Snyder, 1967) although
Robinson later changed his view. Napier (1967: 62) considered that the gluteus
maximus did not assume its present form until late in the evolution of the striding
gait. It was quite valid to argue for the significance of neoteny and pedomorphism
in human development without necessarily relating this in any way to pelvic architecture (Montagu, 1960 b: 295-316) but the constraints on further bending of the
ilium which Washburn emphasised would restrict the bony birth canal; and gave an
anatomical rationale for rapid natural selection favouring the slower developing or
neotenous newborn. This was postulated in 1960, and the basis of it had been in his
consideration of the change in the function of the gluteus maximus in 1950. Becky
Sigmon worked on this for her Ph. D. with John Robinson, finishing the project in
1969. In her conclusion she noted that the function of the gluteus maximus did
not change in the evolution of bipedality, In both pongids and man it is a powerful
extensor of the thigh, although in man it is the major source of power for the thigh
extension whereas in pongids it is only one of several sources of extensor power
(ibid: 182). She also considered the gluteus medius and gluteus minimus, concluding that the gluteal muscles in pongids and man are not functionally different
as Washbum and Napier (1967) had suggested (ibid: 187).
In spite of the postulated significance of the difference between the gluteus
maximus in humans and pongids being disproved, the Concept of the obstetric
dilemma held on because there had by now been some detailed analysis of the australopithecine os coxae. Lovejoy pioneered the biomechanical approach, in which
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he showed that the pelvis of Australopithecus showed complete adaptation to a
striding gait (Lovejoy et al., 1973), although it was different from the Homo sapiens pelvis. The abductor muscles were in a more advantageous position for efficient bipedalism, and he posed the question as to "why should the highly advantageous position of the abductors be sacrificed in Pleistocene hominid evolution
(ibid : 777)".
The answer was our increasing head size. During the Pleistocene there would
have been significant selection acting upon the capacity of the female to maintain
adequate parturition (ibid : 777). The state of the Reproductive Dilemma was left
largely unchanged after this, only to be re-examined when there were noteworthy
new finds of fossil os coxae such as the 'Lucy ' pelvis. The analysis of the 'Lucy' os
coxae by Tague and Lovejoy led to an interesting headline on a summary of their
findings in theNew Scientistas : 'Evolution steps in as Lucy's midwife' (Anon,
1987 : 26). That was hardly what they were suggesting, as they did not suggest that
Lucy had a more difficultmechanism oflabour than later horninids, but probably as
difficult. Further human encephalization exacerbated the problem already apparent
from the structural changes in the pelvis subsequent to bipedalism.
Acceptance of Lovejoy's 1981 paper on 'The Origin of Man' is dependent on
a close association between bipedality and secondary altriciality, and the early occurrence of obstetric constraints in the australopithecine pelvis. This suggests an
essentially human-like type of social organization in the australopithecines, even
to the extent of suggesting there was selection for monogamy/pair-bonding.
Leutenegger disagreed with this. In a significant revision (1987) of his earlier
work, he now hypothesised that the neonate brain mass in the australopithecines
would have been substantially smaller than that of the chimpanzee, as he had originally suggested in 1972. This led to a conclusion that obstetric constraints would
have been absent in the Pliocene hominids, and that there was no selection for secondary altriciality at this stage in human evolution. Leutenegger's final sentence
includes the suggestion that "growth and development in A. afarensis and A. africanus may have resembled a pongid pattern rather than that of modem humans
(1987: 295)". This can be seen as part of the dehumanization of the australopithecines to which reference will been made in the next chapter.
Specific aspects of the paradigm incorporating the Reproductive Dilemma could
be discussed on a point by point basis. What is relevant to this thesis is the way that
the Reproductive Dilemma as a holistic concept has dominated discussions of the
evolution of the pelvis since 1960. Nearly all discussions of the evolution of the
pelvis since the early 1960's incorporate it, especially the more popular accounts
of human evolution.
In attempting to clarify why the whole concept was such a powerful one it could
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be hypothesised:
1. The reason for its ready incorporation into the paradigm of human evolution
is because it emphasised over and over again the power of natural selection
in human evolution as both a deterministic and progressive force. This takes
away the random, quirky and non-progressive nature of evolution which was
inevitable from a purely Darwinian perspective.

2. The representation of contending interests between the head size of the neonate and the pelvic girdle of the mother makes a very strong image of opposites, and is repeated in much literature pertaining to the evolution of the
pelvis. It creates the idea of a dynamic creative balance between opposing
forces; a contradiction between two incompatibles as an explanation for the
process, and is consistently projected as a uniquely human condition without
comment on parallel problems in other mammals.
3. This idea that birth represented a compromise between opposing forces was
underpinned by the Freudian ideas of the trauma of the process of birth- that
the physical pain of the mother was also parallelled by a process of trauma
for the neonate (exacerbated for the most intelligent/biggest/Jarger brained!
stronger neonates). Was it seen as only fair that both sides would suffer
(Mother Nature as arbiter)? That we would bear children in pain was no
longer seen as divine retribution for partaking of the tree of knowledge, but
rather as Nature's retribution for being the ultimately successful speciesthe fall guys.
fur example, the concept of Nature as arbiter can be seen in the following
quote from Emmons : "the newly-acquired function of weight-bearing, however, tends to mould the female pelvis toward the male type, while the childbearing function resists such changes in so far as they tend to interfere with
its long-established and most vital function of child-bearing. To see how nature arbitrates between these opposing forces ... was one of the reasons for
selecting certain measurements (Emmons, 1913: 36)".
It can also be seen in the writing of Sir A. Keith : "Nature in her evolutionary
creations has often, like modem statesmen, to effect a compromise between
contending interests. I may cite the human pelvis as an instance to illustrate my meaning (1923: 624) ... we see a disharmony between the sexual
and containing functions of the pelvis (ibid : 626)"
Krogman describes the subpubic arch as "that 'arch of triumph' beneath
which we must all emerge to life and to the world (1951 : 55) ... there can be
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no doubt that many of the obstetrical problems of Mrs. H. Sapiens are due
to the combination of the narrower pelvis and a bigger head in the species.
How long it will take to balance that ratio we have no idea (ibid : 56)".

In many popular books pertaining to human evolution the nice balance achieved by nature is a dominant theme, e.g., in 'The Dragons of Eden' (1977)
Carl Sagan notes that the increasing head size in humans was accompanied
at the same time by a wholesale reshaping of the human pelvis ... "the parallel emergence of these two evolutionary events illustrates nicely how natural selection works. Those mothers with hereditary large pelvises were
able to bear large-brained babies who because of their superior intelligence
were able to compete successfully in adulthood with the smaller-brained offspring of mothers with smaller pelvises. He who had a stone axe was more
likely to win a vigorous difference of opinion in Pleistocene times. More
important, he was a more successful hunter. But the invention and continued
manufacture of stone axes required larger brain volumes (Sagan, 1977 : 92)
... childbirth is painful because the evolution of the human skull has been
spectacularly fast and recent (ibid : 93)".
In John Reader's book 'Missing Links', he states that human neonates are
born six months earlier than they should be, so that the relatively large head
may pass through the birth canal ... "even so, the head is severely squashed
during birth, and the bones of the skull may overlap as it is squeezed through
the pelvic opening. And of course many difficult births ... are instances of
the evolutionary conflict between brain size and bipedalism that natural selection would resolve more drastically in the absence of modem medical
practice (1981 : 234)". Nature with a Damocles sword?
This group of quotations pertaining to human birth are sufficient to illustrate
to power of the imagery in the Reproductive Dilemma as being painful but
necessary, and uniquely human.
This concept of the solution to a dilemma incorporated:
(a) an assumption of biological determinism through anatomy-that sexual differences were adaptive and indeed critical to the unique nature
of human evolution.
(b) that social perceptions of sex roles manifest in gender roles had been
selected for anatomically.
(c) that natural selection could select for different variables between the
sexes.
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I would also suggest that the attraction of the Reproductive Dilemma can
be traced to the way in which the narrative accounts of it make it into an
essential component in the dynamics of human evolution. Individual birth
as a mirror of human evolution is powerfully attractive, and the narrative
structure of theories of human evolution is reflected in the narrative accounts
of the Reproductive Dilemma. The extent to which the idea that ontogeny
reflects phylogeny is woven into the narrative thread of the account of human
evolution is witnessed by the appeal of the Reproductive Dilemma.

Summary and conclusion
1. There has been considerable confusion as to the relationship between parturition and pelvic form.
2. Pain in human labour was considered unique, and was related to pelvic form
and neonate head size.
3. On the basis of the idea in Hooton, 1947, Washbum (1960) proposed that
bipedalism decreased the possible dimensions of the bony birth canal at the
same time that tool use selected for larger brains. Therefore human babies
were born much less developed. This was called the Reproductive Dilemma,
a dilemma solved by Nature by retarded neonate development.
4. The Reproductive Dilemma idea developed and was maintained on the very
slight anatomical evidence of the gluteus rnaximus (later disproved) and has
been completely incorporated into sexual identification of early australopithecine and hominid skeletal material, and included in the theories about
the significance of the pelvis in the evolution of bipedalisrn.
5. Part of the appeal of the imagery of the Reproductive Dilemma can be attributed to the strong narrative element, underpinned by the idea of human
birth as a mirror of human evolution.
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8
The Fossil Pelves
It is appropriate at this point to give a very brief description of the paleoanthropological material relating to the pelvis. This description will include the Australopithecus and early Homo finds, but does not include the neanderthalensis remains.
They will be discussed in Chapter 12. The reason thcy are not included here is
because they did not have a significant inf1uence on the issues surrounding discussions about the evolution of bipedalism. The discussion in the section which
follows after a brief description of these fossil pelves is pertinent to understanding
the way in which these fossils have been used in theories about the evolution of
bipedalism and understanding how studies of the pelvis influenced theories about
human evolution.
In the discussion of the fossil pelves which have been found, attention is given
to such aspects as :
1. have they been sexed, and by what criteria?
2. all bones are subject to different degrees of morphological description. Which
ones have also been subject to a biornechanical comparison and statistical
analysis?
3. When there are studies on the australopithecine pelves as a group, are any
differences claimed between the Australopuhecus afarensis, Austraiopithecus africanus and Paranthropus robustus'l
The finds are listed in chronological order of discovery.
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Fossil Pelves
The first series were all from the South African cave/sinkhole sites. The dating of
these has always been problematic, and subject to considerable revisions. Some of
the fossils have never been fully described.

TM 1605
from Kromdraai; (TM stands for Transvaal Museum). A very small fragment of ilium, maybe juvenile. Some cranial and post-cranial bones were found in 1938,
but no description of the reference for this ilium. First described in Robinson
(1972: 87) as Paranthropus. Referred to by McHenry (1975(b» as being a robust
australopithecine. Alternative taxon: Paranthropus robustus.

Sts 14
from Sterkfontein; Sts denotes Sterkfontein Type Site. This is an almost complete
pelvis said to have been acquired by Broom and Robinson on the 1st of August,
1947 (Me Henry, 1986: 183). It was dated in McHenry and Corruccini (1978) to
2-4 Mya. The original brief description was by Broom and Robinson (1947), as
Plesianthropus transvaalensis. It is now included in Australopithecus africanus,
nicknamed Mrs PIes. The skull had been found in 1936. It was considered from
the start to be female; Broom and Robinson (1947 :430) said that part of the remains included a pelvis which 'seems to be female'. Broom further discussed it in
his 1950 article, which has no sources or references cited, stating that the ischial
tuberosity is a little like that of a chimpanzee (ibid: 8); the ilium was thought to
be typically human. Dart (1949 (b) confirmed the suggestion by Broom that this
Plesianthropus pelvis "appears to have come from a female (ibid : 303)" when he
had the opportunity to examine the original fossil.
Krogman repeated the description of Sts 14 as being the right ilium, fairly complete of an adult female; the whole pelvis is essentially that of "man (1962 b : 102103)". It was used in a comparison with SK 50 and MLD 8 by Le Gros Clark (1955)
in which all were called australopithecines. The same three were used in Lovejoy,
Heiple and Bumsteiri's 1973 paper on a biornechanical analysis of the gait of the
australopithecines. In Michael Day's discussion of Sts 14, he expressed concerns
about this fossil, recommending that few measurements could be taken on it in its
present condition, and included some photos of the apparent asymmetry caused by
the obviously incorrect reconstruction (Day, 1973).
Nevertheless, it was used by Steudal (1978) with OH 28 and SK 3155 for
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multivariate analysis in which she called Sts 14 Homo africanus. It was used
by McHenry and Corruccini as an australopithecine pelvis. They considered that
although unique with its short ischium and relatively long pubis, Sts 14 showed
salient similarities with humans, and is closer to Homo than to any other hominoid
(1978 : 225).
After the discovery of Al 288-1, Sts 14 was used with AL 288-1 in Berge et
al. (1984), as Berge et al. considered the two to be con-specific, agreeing with
Schmid (1983) that AL 288-1 did not show cranial features typical of Australopithecus afarensis and no differences from Australopithecus africanus as far as
post-cranial features are concerned. Their obstetric analysis indicated a delivery
mechanism very similar to modem Homo, therefore hypothesising that the Pleistocene encephalization was a consequence of a tendency to neoteny, rather than an
increase in neonate brain size.
It was used by Leutenegger in 1972 for his discussion of newborn size and
pelvic dimensions in the australopithecines. He stated that Sts 14 was a mature,
possibly female, individual (referring to Robinson) with an AP of 85 mm and a
transverse diameter of 99 mm. Later Leutenegger included this with AL 288-1
in calculating pelvic dimensions of the australopithecines (1987 : 294), concluding
that there were neither major nor minor obstetric complications in the australopithecines.
Michael Day considered that when he studied this one in conjunction with AL
288-1, there was a consistent morphological pattern in the australopithecine pelvis
which showed in Sts14, AL 288-1, Sts 65 and SK 3l55(b) (1986: 192).

Sts 6S
--<:late of discovery uncertain.
It was a small right ilio-pubic fragment; and was never given a published description
by Broom. Robinson (1972: 15) gave its first description, attributing it to Homo
africanus. It was more latterly known as Australopuhecus africanus. Day noted
that there were several fragments under the same museum number, not all of which
are hominid (Day, 1973: 33). He included a detailed description and photograph,
but did not confirm any taxonomic affinity. It was used by McHenry 1975 (b) in his
assessment of the affinities of SK 3155; he considered it to be a gracile australopithecine.
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MLD7 & MLD8
These were the pelvic parts of a gracile australopithecine, Australopithecus africanus; it was found in 1948 at Makapansgat virtually simultaneously with the major
find of Sts 14. MLD stands for Makapansgat Limeworks Dump. It had a multiple
museum number, being:
MLD 7-an almost complete left ilium and ischium
MLD 8-a major portion of the right ischium
It was considered to be male, although the basis for this was not clear, and
Dart 1949 (a & b) linked up the MLD 7 left ilium and major portion of ischium
as probably being from the same individual as the recently found adolescent male
mandible-MLD 6. Dart (1949 (b) : 303) postulated an adolescent age on the basis
of the dentition and aspects of the os coxae in that the three bones had not yet united
at the acetabulum; and the cristal epiphysis, if it had appeared, was still separated.
It is sometimes called Archanthropus. or Australopithecus prometheus.
Broom did not group this in the same group as the Australopithecus africanus
from Sterkfontein, as he considered that MLD 6 was likely to be from Pliocene deposits and was "much more nearly human than any of our Southern types (Broom,
1950: 8)". In a later comment on MLD 25, Dart noted that MLD 7 was considered
to have been "killed by a bone-smashing blow on the chin from a club or fist. Did
brother and sister (MLD 25) share here in death the same cannibalistic fate? (Dart,
1958: 474)". There was no mandible from MLD 25, so more than one aspect of
this view may be somewhat speculative.
Lovejoy, Heiple and Bumstein (1973) took measurements off the drawings of
MLD 8 in Dart (1949) for their analysis of the gait of australopithecines, comparing
this with Sts 14 and SK 50. In the latter two, they measured off original specimens.

SKSO
The Swartkrans site had a lot of hominid remains; over a year Broom found eight
or ten individuals. In about 1950 the badly crushed coxal bone of a robust australopithecine was found: SK 50. It was badly distorted, as can be seen from the
photograph in Day (1977: 251).
This os coxae was described in Broom and Robinson as Paranthropus crassidens . . . "apparently a male (1950 : 490)". Broom and Robinson considered that the
ilium and pubis agreed pretty closely with that of modem Homo while the ischium
differed markedly (ibid : 492).
It was used as an australopithecine for comparison with MLD 7 and Sts 14

191

by Le Gros Clark in 1955; but Krogman uses the old name in his paper: 'Man's
posture: Where from? Where to?'(1962 (b): 102). In the detailed description in
Robinson (1972 : 87) it was attributed to Paranthropus, and he gave details for not
including it in Homo erectus. It was also used by Lovejoy, Heiple and Bumstein
in their 1973 paper on the gait of australopithecines, and discussed by McHenry
1975(b). Although it was not used by Steudal (1978) because of incompleteness,
she called it Paranthropus.

MLD25
This was part of an ilium of a gracile australopithecus, found in 1956, first called
Australopithecus prometheus. MLD 25 was believed to be female, based on its
slighter and more slender build (Dart 1958: 473) and in the form of the ilia (Day,
1977: 264). From its similarity to MLD 7, it was considered to be "of a similar, if
not identical, age (Dart, 1958: 474)". The AP diameter of MLD 7 was 108 mm;
that of MLD 25 was 102 mm (ibid ; 474). Dart compared both with the Bushmen pelvis in the morphological comparison. Dart says of MLD 7 : compared with
Broom's report of an adult os coxae from Sterkfontein (Sts 14) this Australopithecus prometheus walked more erectly and the carriage closely compared with living
Bushmen (Dart, 1949(a): 257). This pelvis was considered "competent for the discharge in the body of all those functions, physical and physiological, which we
associate with the pelvis of mankind (Dart 1949 (b): 332; often quoted as in Krogman, 1962 (b): 103)". Dart considered that these pelvic bones "simulate Homo
sapiens (especially the Bush variety) in their iliac structure so closely that it would
be unreasonable to imagine that bipedalisrn was any less distinctive of their gait
than it is of living human beings (Dart, 1958: 478)."
MLD 25 was used by Le Gros Clark in a comparison with Sts 14 and SK 50.
In considering both MLD 7 and MLD 25, Krogman (1962 (b) noted that the ischial
tuberosity was almost exactly as in modem Homo (unlike Sts 14).
Day considered that the iliac spine recalls the SK 50 shape, in being prominent and reaching well forward. The MLD 8 ischium resembles Sts 14, but differs
markedly from the ischia of extant apes and SK 50 (Day, 1977 : 264). The groove
between the ischial tuberosity and the acetabular margin is narrower than Sts 14,
and in this respect more nearly resembles that of modem humans. Although these
pelvic fragments differ in a number of respects from modem human pelves, they
differ even more widely from extant apes ... "it is difficult to escape the conclusion
that they were habitually erect and bipedal (Day, 1977 : 265)".
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SK 3155
After all these finds over ten years, there was a fourteen year gap until the discovery
in 1970 of SK 3155. It was found in a block of breccia at Sterkfontein which was
being broken by Elizabeth Vrba to extract a bovid skull; dated to 1.5 Mya-2.5
Mya. It is said to be an adolescent hip-bone. I have not looked at the first full
description which was in the Annals of the Transvaal Museum in 1974, where it
was categorised by Brain, Vrba and Robinson as being Homo erectus(as quoted in
Rose, 1984 (b): 375). There is a photograph of SK 3155 in Day (1973).
SK 3155 was fully described and compared by Henry McHenry (1975 (a)) in a
comparison with all the other australopithecine pelvic fragments discovered from
these South African cave sites. In this paper it was categorised as a robust australopithecine, less similar to Homo sapiens than Sts 14, but unlike any pongid (1975).
Also used by McHenry and Corruccini in their 1978 paper on Sts 14, and by Steudal (1978) with OH 28 and Sts 14 in a multivariate analysis. It was attributed by
her to Homo erectus, concurring with Brain et a1.
Campbell (1985) noted that both Napier and Robinson consider the Swartkrans
material to be larger, more robust and less human/more ape-like in form (ibid : 157).
One Swartkrans specimen has a longer ischium, which suggests that the population
may have been more active aboreal climbers, since this feature gives more leverage
to the biceps femoris (ibid: 157). However, it was considered by Day (1986: 192)
to show a pattern consistent with australopithecine morphology.

OH28
Also in 1970 the first pelvic fragments from any sites other than the South African
cave sites were found at Olduvai Gorge. OH 28 was a Homo erectus dated to
500,000 B.P. (Leakey, 1971 : 380). Among the finds were major parts of the ilium and ischium and a femur. The femur seemed similar to Homo erectus from
Zhoukoudien.
In the description (including line drawings) in Day (1971 : 386) it was seen to
be a habitual upright biped, with a combination of features in the pelvis so far unmatched; with a number of anatomical and radiological features that distinguish it
from modem Homo sapiens (ibid: 386). Sexing was said to be difficult, because
the os pubis was missing. "There are a series of contradictory features such as a
general robusticity (male), wide sciatic notch (female), large acetabulum (male),
auricular surface small and obtuse (female), but, on balance, it seems more likely
that it is a female though the matter is still open (ibid: 385)". It is implicit that
the relative terms refer to a comparison with extant Homo rather than comparison
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with any otherhominids or with any other Homo erectus, as this was the first Homo
erectus pelvis described.
On the basis of similarities between these two femora and the associated pelvic
fragments, this was attributed to Homo erectus. Doubts on this were cast by Brain,
Vrba and Robinson (1974) as they considered that OR 28 was an aberrant specimen,
and that SK 3155 was typical Homo erectus. Day noted that since these first two
specimens were recovered from the same level within one square metre of deposit,
and a second specimen with similar features has been recovered, (KN-ER 3228),
the doubts may well be assuaged (Day, 1977: 151). It will be interesting to see this
compared with WT 15000 (see below). Used by Steudal (1978), with Sts 14 and
SK 3155 for a multivariate analysis.

AL 288-1
In the Afar Locality, Radar, Ethiopia AL 288-1 (Lucy) was found in 1974, named
Australopithecus afarensis. In the description of the find in Johanson and Edey,
(1981) it is clear that the concept of the Reproductive Dilemma was a component
of the sexual identification:
(( 'How did you know she was a female?' . 'From her pelvis. We
had one complete pelvic bone and her sacrum. Since the pelvic opening in hominids has to be proportionately larger in females than in
males to aLLow for the birth of large-brained infants, you can teLL a
female.' " (1981 : 18)
AL 288-1 was considered to be a mature female, 25-30 years old (ibid : 21), a fully
erect bipedal hominid.
The nature of the Australopithecus afarensis bipedalism was not accepted uncritically, and has been a source of continuing discussion in papers in the last five
years. The Laetoli footprints were discovered in 1976 and the combined data from
the AL 288-1 pelvis and the Laetoli footprints were the basis for Stem and Susman's suggestion in 1983 that the Australopithecus afarensis:
• possessed anatomical characteristics which indicated significant adaptation
for movement in trees;
• sexual differences in locomotor patterns were linked to marked size dimorphism
• males were probably less aboreal and engaged more frequently in terrestrial
bipedalism.
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They do not dispute that terrestrial bipedality was a far more significant component of Australopithecus afarensis than any other living non-human primate
(1983: 280).
Berge at al,(1984) combined AL 288-1 with Sts 14 for their analysis of the
obstetrical mechanisms in the australopithecines (see comment under Sts 14). Day
would probably support joint analysis with Sts 14, as he considered that there are
numerous similarities even though the AL 288-1 specimen was 2,000 miles away
in deposits as much as a million years older (1986: 192).
Henry McHenry (1986) made a detailed comparison of the Australopithecus
ajarensis and Australopithecus africanus postcranial elements, and considered the
two were nearly identical, in spite of the well-known differences in teeth and cranial
morphology. This could be taken as evidence of a stable locomotor adaptation
unlike that of the extant African apes, and also unlike that of extant Homo. He
considered that the shape of the inlet is unique, and cannot be related solely to
parturition.
It was the obstetric aspects of AL 288-1 which received attention from Tague
and Lovejoy, They did not compare it with Sts 14 at the same time, stating that this
would be taken up subsequently. This analysis indicated that birth might have been
slow and difficult. With regards to the sex of the pelvis, it seems likely that AL
288-1 was probably a female (Tague and Lovejoy, 1986: 242) although of the four
pelvic dimorphisms in Homo, AL 288-1 more clearly evinces the human female
for only one of these, the length of the iliopectineal line. However, they do not
consider that this implies Lucy was a male, but rather that the traits which are used
to differentiate male from female pelves in modem Homo developed subsequent to
significant expansion of the brain (Tague & Lovejoy, 1986: 243). It is interesting to
recall in this context the quote given earlier in this chapter from the book about the
discovery of AL 288-1, as the sexual identification was on the basis that headsize
already caused widening of the female pelvic inlet.
Leutenegger used both AL 288-1 and Sts 14 in his discussion 0 f neonatal brain
size and neurocranial dimensions in Pliocene hominids (1987), disagreeing with
Lovejoy and Tague in their proposed obstetric complications. Leutenegger considered that there were neither major nor minor birth constraints (1987 : 294). Abitbol
summarised some of these arguments, considering that during human evolution the
shape of the pelvis does not appear to have been oriented towards obstetric purposes (1987 : 252). Instead he favoured the same perspective as Steudal (although
he does not quote any of her work) in that pelvic form is dictated by erect posture
and bipedallocomotion in modem Homo, obstetrical requirements playing "only
a minor role (ibid : 254)".
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KNM-ER 3228
On the east side of Lake Rudolf (now renamed Lake Turkana) a Homo erectus
pelvic fragment KNM-ER 3228 was found in the 1974n5 season just at about the
same time as the Lucy pelvis was found. This is a very old Homo erectus, consisting
of most of the ischium, the ilium and a small part of the pubic bone.
The dates of 1.87 Myr seem well substantiated (Gleadow, 1980). There was
a brief report in Leakey (1976 (bj), noting the similarity to OH 28. The full description in Rose (1984 (b» also noted this similarity, and to that of the recently
discovered Arago XLIV pelvis. It was considered to be an adult, probably male
(Rose, 1984 (b): 371). This designation seems to have been based on size; in most
of its dimensions it falls within the upper part of the size range for modem Homo.
Rose consider that it was either a Homo erectus, or indistinguishable from Homo
erectus, in pelvic morphology and function (ibid : 375). However, in a comparison
with OH 28 by Susman et al.(1983) they suggest that ER 3228 could be considered
to be Homo habilis.

Arago XLIV
The earliest hominid pelvic fragments outside of Africa are from Tautavel, France.
The Arago XLIV hip bone was fully described in a paper by Becky Sigmon to the
Ist International Human Paleontology Congress at Nice in 1982.
It appears to have been found 1980/1981, a very late Homo erectus dated to
250,000 BP. Rose (1984) considered that although the Arago pelvis was smaller
than KNM-ER 3228, it shared features with it and also with OH 28. Like OH
28, the Arago pelvis has the female form of greater sacro-sciatic notch. Day had
considered that OH 28 was likely to be a female.
In CampbelI 1985 (3rd Ed.) it was noted that the recent discovery of a pelvis at
Arago was dated to 450,000 B.P. and bears a resemblance to modem Homo, but is
distinctively robust, like the Homo erectus pelves from Koobi Fora (1. 6 Mya) and
Olduvai Gorge (. 6 Mya) (ibid: 157). Even if this earlier date represents an accurate
revision since Rose, 1984, it is still a very recent Homo erectus.

WT 15000
From the west side of Lake Turkana WT 15000 was found, with the first brief description in Brown et al., 1985. It appears to have been found in the 1984/85 season,
and is a tall adolescent male Homo erectus.
It was a remarkably complete skeleton, the pelvic portions comprising of two
os coxae, but missing parts of the pubis on each side. There are also some clear
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photographs in Leakey and Walker (1985). It has been well dated to 1. 6 Mya.
Brown et al. consider the os coxae to be very similar to OH 28 and KNM ER
3228, but the strong iliac pillar had not yet developed. There was a remarkable
degree of iliac flare; this flare being concordant with the extremely long femoral
necks which are relatively as long as those of the robust australopithecines. The
biomechanical advantage of this in the abductor mechanism was much better than
in modem Homo. The interacetabular distance is very small and correlates with the
greater iliac flare and the long femoral necks, implying a relatively smaller birth
canal diameter (Brown et al., 1985: 791). There has not yet been published any
detailed biomechanical or morphological comparison.
In the report of WT 15000 Brown et al. refer to some pelvic fragments found
in China at Ying Kow, being from a Homo erectus 200,000 years old. Further
information is not yet available.

Lumping and splitting
It can be seen from this summary of the studies done on the pelvic fragments that
generally all the members of one species are grouped together for the purposes of
morphological comparison, statistical analysis and/or biomechanical assessments.
The reason given is very often the small sample size of each group. It is also implicit that any variations in the pelvis can be assumed to be individual, rather than
specific, for the purposes of statistical analysis. It appears as an assumption that, as
all australopithecine pelves show a full adaptation to bipedalism, any specific variation would not affect the biomechanical efficiency, nor the validity of a generic
statistical study.
This is not to say that this is universally accepted. Lovejoy et al. (1973) maintained that the two australopithecine allomorphs (gracile and robust) did not differ
significantly in gait from each other, nor from modem Homo; but Mc Henry quoted
Napier's view that the gracile form of the Austraioplthecus was capable of a striding gait but the robust form was characterised by a waddling gait (1975 (b): 245).
In his later Australopithecus africanus- Australopithecus afarensis comparison he
then thought they were very similar to one another and unlike any living hominoid
(McHenry 1986: 186).

Sexing the pelves
Apart from the problem about whether to clump them all together for studying,
another aspect clearly shown from this summary of the fossils found is somewhat
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of an imbalance between the sexes assigned to the individuals on the basis of the
pelvis. Nearly all of the fragments described are female or adolescent male, as can
be seen in Table 8.1.
TABLE 8.1: Sex of the fossil pelves
Genus:
Australopithecus afarensis
Australopithecus
africanus

Specimen
AL 288-1

Identified as:
Female in middle decades

STS 14

MLD7 & 8
MLD25

Adult which seems to be
female
Small and Fragmentary,
not sexed
An adolescent male
An adolescent female

TM 1605

Fragment, maybe juvenile

SK50

Apparently
a male, crushed and badly
distorted
Adolescent, not sexed.
Attributed to H. erectus
by Brain et a1.,1974.

STS 65

Paranthropus robustus

SK 3155

Homo erectus

KNM-ER 3228

WT 15000

Probably male, based on
the size of the pelvic dimensions
Young adolescent male,
based on teeth and pelvis.

OH 28

More likely to be female,
although showed a series
of contradictory features

Arago XLIV

Female kind of sciatic
notch

In the case of Lucy, the concept of the Reproductive Dilemma was clearly integrated into the sexual identification. It is clear that an identification of a mature
male was not made in the above groups of pelves except on the basis of size alone.
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Female identifications were made on the basis of pelvic width, gracile form and
height in many cases. The features of the male pelvic form, as outlined at the start
of Chapter 6, are not clearly identified in any pelvis, and the most clearly described
process of sexing OH 28 by Day emphasised the mixing of features. It is obvious
that these fossils were all being sexed by comparison with extant Homo. Discussions of the obstetric analysis of the pelvis treat them all as female. Discussions
of locomotor efficiency do not consider the different aspects to biomechanical efficiency, especially whether they differ between a slightly more platypellic inlet
shape and a slightly more dolichopellic inlet shape in one species.
Studies of sexual dimorphism and biomechanics in the pelvis, such as that by
Burr et al. (1977), are based on extant Homo. They considered that adaptation
to childbearing was a major contributing factor to the mechanical dimorphism in
the pelvis. But to apply this type of analysis to early hominid pelves necessitates
mature males and females being compared in one species, and there are not enough
fossils to do this, even if all the sexual identifications as outlined above are found
to be correct.
The major aspect which has affected the sexual diagnosis of the fossils was
that of stature. There is a very marked differences in sizes of the individuals between Homo habilis and Homo erectus. The heights of the australopithecines and
a recently discovered OH 62 indicate height ranging from 1 to 1. 5 meters in mature individuals. OH 62 gives the first evidence of post-cranial elements from any
Homo habilis. It was designated female merely because of the small size (see New
Scientist 1987 114: 25-Anon and Lewin's account 1987 (a): 1061).
The heights of the early Homo erectus such as WT 15000 indicate a height
of 1. 6 m at approximately 12 years old. It is also in this taller species that there
is the first clearly mature male identified from pelvic remains, KNM-ER 3228, as
indicated by the size (but not shape) of the pelvis. As already noted, our perception
of what constitutes a male pelvis is to a large degree determined by familiarity
with the pelvic variations in modem humans of a considerable taller stature than
the australopithecines, thereby 'ignoring the possible effects that the individual's
stature has on pelvic form independent of sex differences.
With regard to sexing paleoanthropological specimens, Jolly and Plog made
the interesting comment that "it is usually possible to sort most males from most
females in a sample of human skeletons, but single specimens, especially from the
earlier stages of human evolution, can pose problems ... the characteristic shape of
the female pelvis was fully developed quite late in human evolution, concurrent
with the appearance of large-brained babies. All early hominid pelves, therefore,
tend to look rather masculine. Broad though it is, the human birth canal can only
just accommodate the infant's head (1986: 258)". I consider that the list of early
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hominid pelves shows quite clearly that they do not tend to look masculine. There
is a marked asymmetry in favour of females and adolescents. I also do not agree
that the characteristic shape of the female pelvis was developed concurrent with
large-brained babies. Those who have made the very detailed studies of the early
hominid pelves over the last decade have also tended to orient conclusions away
from that idea, as will be further documented.

The First Bipeds
When the first pelvic fragments from early hominids were found, erectness had already been adduced from the globular skull and the forward position of the foramen
magnum in the Taung baby, and the occipital condyles in Paranthropus robustus
(Dart, 1949: 302). When Paranthropus was discovered, and the talus fragment
from Kromdraai, erect posture was implied. Then the distal extremity of a femur
from Sterkfontein was found, Plesianthropus (Australopitnecus africanus) which
also indicated erectness. When this was announced by Robert Broom (1938(b»
it was suggested that it was probably bipedal. He considered that the arms were
used for the manipulation of sticks, and possibly tools, not locomotion (ibid : 897).
Then there was a ten year gap until Sts 14 and MLD 7 and 8 were found. Just before
they were found Broom (1947: 216) noted that non-pelvic post-cranial fragments
indicate a completely erect posture and gait, probably associated with a rather wide
pelvis. This could have been an early indication that a wide pelvis might be equated
with locomotor demands, rather than parturition, even before any pelvic fragments
were described.
When the first major pelvic portion was found (Sts 14) it seemed to confirm the
anticipated morphology of the australopithecine pelvis-there was no statement to
the effect that anything about it was particularly surprising. As Day noted, these
finds showed a series of features which "betrayed its bipedal function adaptation;
such as a broad, backwardly-directed, S-shaped iliac blade, a small acetabulum and
a short ischium (Day 1986: 192)".
Broom and Robinson considered Sts 14 almost typically human (1947: 431),
and used a Bushman pelvis for a morphological comparison. At first it appears that
Dart also used the Bushman as typifying modem Homo sapiens (1949(a): 255).
Then he considered there were some differences between these australopithecines
and modem Homo, but the pelves from two females from a Kalahari Bushmen
group were found to bridge the gap that would otherwise exist between the austfalopithecine and other human ilia (1949 (b): 309). The gluteal aspect of the
ilia seemed to indicate that "the body posture may not have been quite as erect
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as that of the Bushman, which is not quite as erect as that of the Bantu or European (ibid : 319)"... but then he further noted that "in some respects the pelvis of A.
Prometheus (Australopithecus africanus MLD 7) is actually intermediate in character between the Bush and the Bantu pelvis (ibid : 332)", i.e., that the Bushmen
were more primitive than the Australopithecus africanus.
It also confirmed the idea of the early importance of the use of clubs and missiles, expected in the early horninids: as Dart says, accuracy in hitting and hurling
does not require intelligence, but requires "a short and enlarged pelvis rotating on
two columns about powerful ankles, above feet that have planted heels and big toes
fixed firmly on the ground (Dart 1949 (b): 331)". He obviously considered that the
significance of bipedalism was that it freed the hands; suggesting that the specialization of human hands for hitting and throwing did not follow, but rather provided
the very extensive series of anatomical and physiological changes throughout the
body (ibid : 330). So, if there were differences between the australopithecine and
modem Homo pelves, the differences could be attributed to a gradual evolution as
the Bushmen provided evidence of an intermediate stage; and bipedalism evolved
as a response to the need to free up the hands for hurling and hitting.
Mednick suggested that although the australopithecine pelves confirmed in a
general way expectations of students of comparative primate anatomy (quoting Le
Gros Clark) no one had anticipated the short-wide ilium compared with the long
ape-like ischium (1955: 204); nor that the backward bending and widening of the
ilium preceded the
• development of an S-shaped iliac crest
• definition of the two gluteal planes
• strong development of the iliac tubercle.
It was to make a functional study of these points that he compared the chimpanzee
and human os coxae, which resulted in a confirmation of Washbum's suggestion
of the significance of the changed function of the gluteus maximus. In terms of
the evolution of bipedalism, Mednick suggested that bipedalism preceded other
uniquely human attributes (contra Dart, as above). Human ancestors walked first,
and subsequently became large-brained, tool-using humans (ibid: 203).
At this stage the advent of bipedalism is still seen as very important, but not
always for freeing up the hands as in the 'Anthropology of Aggression', but as a
stimulus to and concurrent withincreasing encephalization,
Le Gros Clark had made a comparison of Sts 14, SK 50 and MLD 7 and 8 with
extant ape pelves, and considered that "the Australopithecinae had acquired the
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erect posture and gait distinctive of the family Hominidae (1955 : 26)" but in other
aspects there were differences which were "clearly more primitive, and it is to be
presumed, therefore, that these fossil hominids had not developed the erect posture
to the degree of perfection found in modem man (ibid : 26)". Zuckerman seemed
to be continuously critical of anything Le Gros Clark did; he criticised this study
and those of Broom, Robinson and Napier all of whom were considered to regard
the australopithecines as being bipedal.
Referring to Biegert's 1957 study of primates, Zuckerman suggested that the
position of the foramen magnum was independent of a primate's posture and locomotion (1966: 95). In studying the measurements of the pelves found, he suggested that the ratio of ilium width/ilium height was hominid, whereas in the ratio
of the least width of the ilium/greatest width, the morphology was much closer
to ape, especially orang-utans, than to humans. He further considered that the
gait of the australopithecines was some variety of what one sees in sub-human primates (ibid: 110). Later, Zuckennan et a1. (1973: 72) accepted that their results on
the pelvis were conflicting in terms of muscle pull and weight transmission, and
in the summary they noted that it is impossible to advance an unequivocal interpretation of these findings ... "the possibility is not yet excluded that the overall
locomotor pattern of these extinct types might have included components additional to bipedalism, but as yet undefined (ibid: 72)". In Day's account of this
topic (1986 : 192) he doubts whether Napier or Le Gras Clark (had he lived) would
have dissented from that view.
Napier had discussed locomotor issues in his 1967 paper, in which he looked
in detail at the right big toe bone (H. habilis from Olduvai, and suggested that the
australopithecine gait was "habitually biped, although not to the degree of perfection exhibited by modem man (ibid : 64)".1 This should not be equated with man's
heel-and-toe striding gait. There was no mention in this of neonate head size.
At the same symposium as Zuckerman et a1.,(1973) was a paper by Day (1973)
describing all the known pelvic fragments at that stage: Sts 14, SK 50, Sts 65, SK
3155, with photos and full descriptions, but not referring to any sex, taxon, genera
or species, thereby avoiding the issue with Zuckerman. He considered that they all
displayed a group of features which can be recognized as typical of early hominids,
and appears to be clear anatomical evidence of upright posture and bipedality although not necessarily of precisely modem human character. He definitely ruled
out any evidence of quadrupedalisrn (1973 : 34). What is so interesting about this
is that although he doesn't refer to increasing encephalization, he does clearly state
that he did not agree that bipedalisrn is the unique feature that distinguishes' man'
la very similar wording to Le Gros Clark 's, as already described
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from others (1973: 49).
However Lovejoy, Heiple and Burstein considered that there was no feature
in the pelves of australopithecines which indicated any different gait pattern from
modem Homo; they attributed any differences in the morphology to increasing
encephalization, rather than locomotor adaptations (1973).
Me Henry (1975 (c)) noted the early belief that the ischia would be long and
ape-like in the early australopithecus; Robinson (1972) had pointed out this was
wrong and McHenry set out to investigate whether there were differences between
the gracile and robust pelves. Basically he backed up Robinson, but not to the
extent that the gracile was a more efficient biped than the robustus. He considered
them to be very similar.
In another 1975(b) paper by McHenry, after looking at the 'new' SK 3155, he
describes the gait pattern between robust and gracile australopithecines as being
similar, and not differentiated on the basis of the form of the ischium. Then the
1975 Mc Henry and Corruccini paper on the multivariate analysis suggested that
the gracile and robust forms are diiIerent in the shape of the iliac blade, and the
acetabulum. This was based on a comparison of Sts 14 and the new SK 3155.
Karen Steudal had finished a Ph.D in 1974 on a multivariate analysis of pelvic
function in fossil hominids. In published accounts such as her 1978 paper on early
hominid pelves, she used methods similar to Zuckerman, but based on a different
set of variables. This began with a review of the history of analyses of the pelvis
in human fossils, noting the three diiIerent ideas:
1. that the early horninids were well adapted for bipedalism (Robinson, Lovejoy
et al.1973,).
2. that the early hominids lacked certain modifications (Zihlman & Hunter,
1972)
3. that the locomotor habit was quite dissimilar (Oxnard 1975, Zuckerman 1973)
Although Steudal re-examined Zuckennan's conclusions especially with respect
to the anterior portion of the iliac blade, her study did not support it. She found
a substantial similarity in the form of fossil pelves to modem humans, and the divergence of the fossils seems attributable to slight morphological differences. No
specific mention was made as to neonate head size. With regard to the efficiency
of the early horninids, she suggested that anatomical studies of these differences
seems to indicate that these variations would not have led to any difficulties or inefficiencies in the bipedallocomotion of these hominids (ibid: 594). From this point
on there is a gradual reduction in the emphasis on the Reproductive Dilemma as
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being the key to understanding the differences between the australopithecine and
Homo pelvic forms, but this did not come through in a clear enough form to explode
the paradigm, which was well-entrenched in both popular literature and textbooks
(as the quote from Jolly & Plog above shows). Leutenegger (1972, 1982, 1987)
was consistently challenging the view that there were uniquely human obstetric
complications in the early Australopithecus, as already described. But one way or
another, the data on neonate headsize were largely superseded by discussions of
the degree of neoteny and gestation length questions, as stimulated by the neanderthalensis studies. Berge et a1.1984 clearly saw neoteny as more important to
explaining changing obstetric mechanisms than pelvic shape.
The analysis by de Arsuaga in 1981 used a similar group of fossils to the ones
Steudal had used; Sts 14, MLD 7 and 25, SK 50 and SK 3155. He was specifically
studying the orientation of the iliac blade in the australopithecines, so excluded OH
28. In taking issue with Mc Henry over the orientation of the surface of the iliac
blade, he considered that it does not orient more posteriorly than in modem Homo.
That is true for Sts 14, MLD 25, and probably for SK 3155 and SK 50, but not for
.MLD 7. He would therefore disagree with any descriptions of the morphology of
the australopithecine ilium which used such terms as: commensurate lateral iliac
flare, or widely splayed iliac blades (de Arsuaga, 1981; 301).
By this time there were enough data to be able to make some comparisons
from the Homo erectus material, as for many years the only good pelvic fragments
were from OH 28. Day gave a paper to the 1st International Congress of Human
Paleontology in 1982 (see Campbell, 1985), in which he noted a number of minor
characteristics which they share. These were:
1. the large acetabulum
2. well-developed supporting iliac pillar
3. forwardly raked and well-developed anterior superior iliac spine,

4. ventrally deflected anterior inferior iliac spine, and a

5. long iliac blade.
McHenry (1986) took an overview in comparing Australopithccus afarensis and
Australopithecus africanus post-cranial data, including pelves, considering that despite differences in the dating of the fossils, and differences in skull and tooth morphology, they were basically very similar, and different from extant apes or modem
Homo. The grade oflocomotor adaptation was unlike extant species, and the shape
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of the inlet is unique. Not necessarily relating solely to parturition, pelvic structure "could have been maintained by natural selection as a compromise between
the demands of tree climbing and bipedal walking (1986: 184)".
The earlier suggestions that diminutive, small-canined, non-tool-using hominids
(Le., Australopithecus afarensisi are not likely to have been fully terrestrial were
summarised and elaborated by Susrnan, Stem and Jungers (1985). These hominids
probably climbed, and though they were bipedal, they engaged in a mode of locomotion essentially different from modem Homo (1985 : 184). This analysis was
mainly based on limb proportions and aspects of morphology of the foot. They
considered that as time went on, increasing body size, tool use and social cohesiveness would have eventually freed hominids from reliance on trees. With Homo
erectus, the hominids were large, robust and sufficiently sophisticated in tool use
to allow full-time terrestriality (Susman et al., 1985: 191).
In spite of the work of McHenry, Stem, Susman and others, Langdon considered that there is now no doubt that the known hominid species are all upright
bipeds (1985 : 624). That is probably an accurate representation of the current consensus. Langdon examines the claims of Stem and Susrnan, especially the studies
they made of the Australopitnecus afarensis feet and hand bones where the controversy is focused at present. He noted that adaptation for terrestrial bipedalism
is not disputed (1985: 627) but the issue is as to whether there was a significant
component of ~boreal adaptation retained in the anatomy (ibid : 626). The conclusion states that "the immediate hominid precursor was a generalized hominoid
... bipedalism was the first habitual terrestrial mode of locomotion in the hominid
lineage... such an animal would have found a shift to efficient quadrupedalism on
the ground more difficult than bipedal specialization (ibid : 628)".

Conclusion
As long as bipedalism was considered to be important in human evolution, then the
fossils which first showed clear evidence of bipedalism were called hominids. But
ifbipedalism was not the point of demarcation, then no matter how large the degree
of consensus about the nature of australopithecine gait, this did not necessarily
qualify them as hominid.
It illustrates the process which I call the dehumanization of the australopithecines. When the fossil evidence showed that bipedalism clearly preceded the process
of encephalization, the question moved away from the topic of whether bipedalism
stimulated encephalization, and two different issues arose.
1. Did bipedalism carry a significant adaptive advantage?
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This had to be able to be treated as quite separate from the issue of brain
size increase because bipedalism was considered to put some restraints on
brain size by the Reproductive Dilemma. If bipedalism did bring a significant adaptive advantage, did these advantages allow the development of social behaviour etc. which could be considered to be uniquely human? That
is to say, even if bipedalism significantly preceded encephalization, was it
nevertheless unique to and a critical factor in human evolution? As long as
bipedalism was the rubicon, then the australopithecines such as Lucy were
considered to be the first humans, as evidenced by the subtitle on the cover
of the book about Lucy : 'The Beginnings of Humankind'.
But there has been this process which I have termed the dehumanization of
the australopithecines which can be largely attributed to the cumulative effect
of the following factors:
(a) the different models for the evolution of the australopithecines (branching) and Homo species (linear), and the subsequent dispersion out of
Africa by the Homo erectus.

,

(b) the analysis of the australopithecine gait, which suggests some aboreal
component.
l'
(c) the recent discovery of post-cranial Homo habilis material, OH 62,
which seems more ape-like.
(d) the analysis of the capacity of the australopithecines for speech especially Laitrnan's work on vocal tracts.
(e) the analysis of the brain endocasts, and the implications for speech,
handedness etc.
(f) dental development and eruption patterns (as will be further discussed
in Chapter 10).

(g) the molecular data which appear to reduce the time since we shared a
common ancestor with the other anthropoids--possibly the early australopithecines could interbreed with other pongid ancestors, or may
have been an ancestor common to Homo and some species of Pan.
2. If bipedalism was not connected with the sudden rapid encephalization, what
was the impetus which triggered the sudden increase, not only in brain size,
but also in stature between Homo habilis and Homo erectus? One idea was
that bipedalisrn put restraints on neonate head size, and it was only with the
process of retarded development that the human neonate was able to be born
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after a similar gestation period to the australopithecines, but at an earlier
stage of development which allowed:
• rapid post-natal brain growth, and
• larger mature brains
• longer period of dependency and learning
This led to a greater reliance on cultural components for survival and successful reproduction.
One example of this dehumanization is in the paperby Langdon (1985) in which
he represented the consensus regarding australopithecine gait. Although he refers
to 'lineage', he also uses the word 'precursor', whereas the word ancestor used to
be much more common in that context. He also refers to it as 'an animal'; this is
very unusual. When this is considered in conjunction with the previous description
of the representation in Stem and Susman (1983), such changes in emphasis and
semiotics could be seen to be part of an implicit dehumanization of the australopithecines. They were, after all, clearly hailed as being virtually identical to humans
in paleoanthropological theory 40 or 50 years ago, as already documented.
Lewin noted this shift from thinking of the earliest hominids as being 'quaint
and hairy diminutive humans' to describing them as bipedal apes; and cited Alan
Mann's comment that "I would term it a fashion (Lewin, 1987 (b) : 748)" rather
than a real trend in attitudes.
Another example can be found in a further report by Roger Lewin in the journal Science in May 1987, after the reports of the OH 62 material. This was headlined: 'The Earliest "Humans" Were More Like Apes'. OH 62 was so small in
stature that Henry McHenry was quoted as saying "Now we have to go back to the
fossil collections and fish out the hominid limb bones that have been misclassified
as monkeys (Lewin, 1987 (a): 1061)". The implicit suggestion in the title and subtitle was that the early Homo habilis were too like non-human catarrhines in body
size, limb proportions, foot morphology and in the degree of sexual dimorphism
to be considered as human. The last of these criteria, the sexual dimorphism of
Homo habilis, is based on the assumption that OH 62 was a female because of the
smallness of the stature; a risky view. Overall, OH 62 was considered to show a
"primitive, ape-like skeleton (ibid : 1063)". That explains the title, implying that
one cannot have an ape and a human in the same organism, dehumanizing the australopithecines and Homo habilis.
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Summary
1. All the paleoanthropological finds of pelvic fragments were from the African
continent until the very recent Homo erectus finds (less than half a million
years old).
2. The finds showed the anticipated bipedal morphology which had been hypothesised from the cranial remains of the australopithecines, and all later
hominids.
3. For the purposes of locomotor and obstetric analysis all members of one
genus were generally treated as one sample. Australopithecine pelvic remnants have been attributed to female or adolescent males. The identification
and recognition of a mature male australopithecine pelvis remains elusive.
Sometimes the hominid and australopithecine pelves were lumped together
for the purposes of analysis.
The criteria for sexing the remains incorporated a belief in the Reproductive Dilemma and was based on knowledge of pelvic form in extant
Homo. Sometimes stature was the dominating criterion
(tallernale, small-female).
4. Analysis of the biomechanical potential in hominid pelves has not provided a
completely unified
r consensus. Some claim that the Australopithecus afaren.
sis shows some aboreal component in morphology, while others claim a complete terrestrial adaptation to full bipedality.
5. The attribution of human-ness to all bipedal hominids is being implicitly
challenged by the tenor in some accounts which reserve the label' human' for
those hominids of a much more recent period, e.g., 200,000 B.P. rather than 4
million B.P. This shift has been affected by the last two decades of discussion
about the relative importance of bipedalism in providing the demarcation
between human and non-human primates.
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9
The Pelvis in Theories of Human
Evolution
"J ust as the pelvic structure has a function in the stresses of the
weight-bearing trunk-leg relationships, so-in a more figurative sense
-it bears much weight in the interpretation of the timing and the nature of hominid evolution". W.M. Krogman, 1962 (b): Man's posture: Where From? Where To? : 98.

The advent of bipedalism had always been considered important and was incorporated into virtually every discussion about human evolution. It is so obvious.
We walk differently from non-human primates. Upright versus downright. Not only
in a literal sense, but figuratively as well. But was the pelvic structure so important? The last chapters looked at the ways in which studies of the pelvis had been
utilised and incorporated into particular theories of human evolution. It has been
seen that the actual pelvic finds themselves did not alter theories about the evolution ofbipedalism. Changes in the emphasis on the importance ofbipedalism were
fuelled from other sources. Detailed obstetric and biomechanical analyses did not
provide a consensus about the degree of £boreal or terrestrial habitat in the early
I'
hominids.
When Krogman made that comment, the major way in which the actual pelvic
structure could be considered to bear weight was in the anticipation that studies
of anatomically modem Homo sapiens would be able to be used comparatively
to demonstrate phylogenetic relationships between humans and other horninoidea.
The way that the pelves of extant Homo were used in comparative anatomy has
already been covered in Chapter 6 on interspecific comparisons.
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In a retrospective comment by Sir Arthur Keith in 1940 he noted that both he
and Ales Hrdlicka had worked under the belief that "when the structural and functional evidence was classified and compared we should be in a position to trace the
evolutionary history of each (anthropoid) (1940: 251)". It was seen how Straus's
comparative study of primate ilia in 1929 was undertaken within a framework of
progressive evolution from monkeys and gibbons via the orang and chimpanzee to
the gorilla, Negro and White human. Sir Arthur Keith had emphasised in his 1923
paper (ibid : 454) that bipedalism was the culmination of a series of evolutionary
phrases: Straus was finding confirmation in the forms of the ilia. The ilium of the
gibbon possesses some characteristics in common with old world monkeys. The ilium of the gorilla shows some convergence towards the human type and the ilium in
humans is in some ways more specialised and in other ways more primitive. Straus
differed from Sir A. Keith in that he considered humans were derived from some
sort of generalized catarrhine primate of a reasonably early date from essentially
monkey-like stock in the Late Oligocene (Straus 1949: 208). This contrasts with
Osbom (1926) who suggested that the 'Dawn Man' line developed from Oligocene
neutral stock.
The angle that Schultz took was different in that he maintained there was a close
connection between mechanical factors, (i.e., locomotion) and the evolution of the
form of the pelvis, discounting an intermediate brachiating stage in the evolution
ofbipedalism. Sir A. Keith (1940: 265) changed to accommodate this to a certain
extent; i.e., that there were two modes of orthograde posture (gibbon-like) of which
one gave rise to the plantigrade stage (us) and the other to extant gibbons.
These comparative studies of the primate pelves could be used to demonstrate
evolutionary relationships of the different species without postulating any timing
in the evolutionary history. The consensus of generally early dates for divergence
from a common ancestor paved the way for the early acceptance of Ramapithecus
as a common ancestor. The differences were seen as primarily locomotor related,
but this had to be tied in with the then current concept of progressive evolution. fur
example, in W. W. Howell's 'Mankind in the Making' he noted that in the history
of our own line of vertebrates "somehow a general upward step will be taken (by
'upward' I invariably mean toward myself) (1959: 30)". Sir A. Keith's writing also
illustrates the implicit metaphor of an upward progression when referring to the
downright position in apes, (as compared with the upright position in man) which
has led to a change in function of many parts of the body (1940: 254).
The rampant use of the progressive metaphor in human evolutionary literature
resulted in numerous discussions about the evolutionary stages through which humans had passed, and possibly were still passing. Schultz's comment that we were
only bipedal from above the sacrum contrasts with that of Howells : that we are
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only perfected (anatomically) from the waist down (1959: 102).
This was tied in with the arguments of some anatomists that humans are maladapted to bipedalism-a point of view still held by some medical writers and anthropologists. Some of these views on the apparent cornpromise effected by Nature
were described in Chapter 7, especially those with respect to childbirth. But there
were other views relating to the pelvis and bipedalism in a more general sense.
fur example Sir A. Keith wrote a paper titled 'Man's posture: Its evolution and
disorders' in 1923, the object of which was stated to be to show that problems relating to the evolution of posture have a very direct bearing on medical and surgical
practice. Many obscure and distressing conditions are manifestations of a disturbance or derangement of the elaborate mechanism which regulates and maintains
the remarkable posture of the human body. He considered that the problems which
arose were due to errors in feeding and living, rather than with any imperfection in
Nature's evolutionary workmanship (1923: 588).
Because it was anticipated that the phylogenetic development of the hominid
pelvis would show a gradual transition from ape-like to human-like, studies of progressive evolution through the different races of extant Homo went unchallenged,
such as Caldwell and Moloy's scheme of the evolutionary tendency from a dolichopellic pelvis to the platypellic form. A certain amount of distortion is apparent
in these sort of schemes, because they are based on the assumption that until the
different races of humans dispersed, all humans showed the anthropoid type, and
then there was a progressive evolution to the platypelloid shape, irrespective of locomotor demands. The cause of this distortion from the idea of races as 'rungs'
was discussed in Chapter 6.
In considering this sort of scheme, it is possible to speculate what the progressive evolution might have looked like if, instead, we were comparing the neanderthalensis pelvis with the pongid pelvis. The neanderthal pelvis is characterised by
particularly long pubic rami which were assumed to result in greater pelvic inlet
dimensions. On the basis of this Trinkjiaus suggested ~'t 1-12 month gestation period; as will be further discussedin Chapter 12. Most identifications assumed a
female individual-as Trinkhaus said when referring to Stewart (1960) : "Despite
the obvious bias among paleo anthropologists to refer to fossil hominids as male
(Genoves '54, '69; table 1), ... it is difficult to consider all of the (neanderthal) remains as female (1976: 101)". If the neanderthal pelvis had been analysed biornechanically and obstetrically to the degree that extant Homo had been studied, the
purported relationship between pubic bone length, pelvic shape and parturition
might have been questioned much earlier.
From the comparative primate data, the modifications in the pelvis of extant
Homo were listed and discussed, but the acceptance of comparative primate data
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was not a blind assumption. It was recognised that current extant apes may have
diverged as much or more than humans from a common ancestral hominoid pelvic
form. However, Washburn (1950: 67) and Schultz (1950: 38) both justify comparative studies of primate morphology in the same volume of the Cold Spring Harbour
Symposium Proceedings (while at the same time differing in their perception of the
recent australopithecine finds which Washburn thought showed unanticipated morphology, whereas Schultz noted that they closely resembled an expected early stage
in human evolution).
The early australopithecine pelvic fragments found in the South African cave
sites did not demonstrate any evolutionary tendency. They show a unified sort
of grouping, more similar to each other than to humans or non-human apes, although closer to the humans than apes. The incontroverti ble evidence 0 f bipedalism
which these pelves showed assisted in the gradual acceptance of the early australopithecine finds as being hominid, because bipedalism had already been postulated
as critical to the uniqueness of human evolution. The biomechanical interpretations
are important in this context, because some of those who look for gradual progressionism in human evolution may postulate that the australopithecine pelves show
r
a transitional serni-aboreal
stage. It could be hypothesised that the pelvis demon('
strates a pattern of punctuated equilibrium, as Hofman (1983)hypothesised for the
encephalization.
Others maintain that the biomechanical efficiency of the australopithecine pe j,
\!"JG\(ves
, 'AAlf-e optimal for bipedalism, and push the transitional stages of a shift from
aboreal to terrestrial locomotion back further into the Pliocene, e.g., "if you explained to Lucy what a hamburger was, Lovejoy is reported to have said (at a 1983
conference), she would have beaten you to the nearest McDonalds nine times out
of ten (Anderson, 1983 (b): 724)". This viewpoint gets tightly locked in to the
arguments about the Reproductive Dilemma.
In spite of the australopithecine pelves showing a bipedal biomechanical pattern, it tells nothing about how or why bipedalism evolved. Schultz had suggested
in 1950 that erect posture was the first major step in human evolution; retardation
of development one of the recent steps. The relative significance of erect posture
and bipedalism vary with the perception of the point at which we diverged from
sharing a common ancestor with other anthropoid apes and the extent to which
bipedalism was critical to the divergence. It also varies to a certain extent with
shifting perceptions as to whether or not we are well adapted tobipedalism. Both
Keith (1923: 624) and Krogman (1951) saw the disorders in human anatomy as
being the result of the compromise in the structure resulting from multiple functions. The 'contending interests' which Keith (1923: 624) describes were those
of the locomotory, visceral, spinal and obstetrical interests. "Nature has combined
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these contending functional interests in the pelvis of man with the utmost ingenuity.
No one has been able to suggest an improvement on her design (ibid)". In terms of
shifting the centre of gravity, Krogman considered that "Nature seems to have done
a pretty good job (1951 : 55)". He considered that the greatest changes have been
at the sacroiliac articulation, where the pushing down of the sacrum often results
in low back pain, and hernia in the abdominal viscera. "Nature has made a valiant
effort to protect our lower belly wall. She invented the first 'plywood' and made it
of muscle (ibid: 55)".
In the textbook by Harrison and Montagna, they noted that "most anatomists
agree that structure and function have been mated with considerable ingenuity in
the pelvic region and that it would be difficult to suggest improvements. Even so,
certain deficiencies in pelvic structure can and do cause distress to modem man
(1969: 130)".
The ongoing imperfect state of human evolution was also elaborated by Straus
(1962) when he noted that erect bipedal hominid posture had, in general, achieved
its present state no later than half a million years ago... "since that time, precious
little progress toward its perfection seems to have occurred. For modem men all
too plainly and too often are subject to pathologic modifications... that bear witness to the imperfect transmutation of a pronograde, quadrupedal primate into an
erect, bipedal man (ibid : l8)".It was Hooton who had originally called man 'this
tottering biped' which was used by Tobias for the title of a 1982 paper on evolution
of bipedalism, in which he quoted Schopenhauer to the effect that "our walking is
admittedly nothing but a constantly prevented falling (1982: 8)". Tobias was not
purporting any sense of maladaptation, however, as he considered that the pelvis
had shown remarkable adjustments to bipedalism without sacrificing its efficiency
as a bony birth canal (ibid : 3).
The claims of a degree of maladaptation had been effectively silenced by the
Reproductive Dilemma.

"The pelvic region itself has become distorted from its ancestral
shape. . . (the human pelvis) solves the problem ofsupport quite neatly,
but in doing so creates a new problem by constricting the birth canal. .. If human babies were born when still tiny or with smaller heads,
there would be no difficulty. . . The fact that we have succeeded in overcoming the difficulties. . . demonstrates what great advantages our ancestors must have gained by this new posture". (Hulse, 1965 : 168)
The paradigm of the reproductive dilemma had linked
• the close structure/function relationship in anatomy
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• the significance of the process of increasing encephalization in human evolution-timing of this is critical to this question
• the uniqueness in human anatomy of the significance of sexual dimorphism
in the pelvis-sexual dimorphism did not evolve so much for mate attraction
but actually to allow a better chance of reproductive success
• selection for increasing altriciality in the neonate
• the precision of the process of adaptation
• the significance ofbipedalism-that biomechanical efficiency had to be maintained even with increasing encephalization. There was az'shift from seeing
it as related to the development of tool use to being related to successful
provisioning-gathering/scavenging rather than hunting, e.g., Hewes 1961
paper on food transport and the origin of bipedalism
• the apparent uniqueness of human labour pain from the rather uncomfortable
compromise between parturition and locomotion
• appreciation of theories of neoteny invoked theories about child-rearing and
human sexuality as a uniquely human pattern, culminating in the 'Lucy' book
(Johanson & Edey, 1981) and Lovejoy's 1981 paper on 'The Origin of Man'.
It might have been quite possible in the 1960's to take the current understanding of

what constituted the normal range of variation in both male and female pelves from
obstetric studies, and from that to deduce that there was not one particular form of
pelvic inlet more suitable for childbirth than any other. If it had been taken that sex
differences injhe human pelves were not necessarily adaptations for childbirth, the
differences between male and female pelves would not have been related to differences between functions of men and women in human society, i.e., reproducing by
females, provisioning by males. With the warning rumblings against a very tight
adaptationist model by evolutionists such as Williams (1966), the form of female
pelves could have been viewed as generalized or unspecialized with no close structure/function mapping. However, the failure to shift away from expecting a close
relationship between the pelvic form and sexual functions might have been impossible in the anthropological climate in the 1960's created by such books as Robert
Ardrey's 'African Genesis', or 'The Naked Ape' (Morris, 1967). The close relationship between tool-making, bipedalism and bigger brains was rapidly espoused
following the upsurge in the number of hominid discoveries in the 1960's. This
confirmed gender/function expectations, and the difficulties females had in giving
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birth was ascribed to the increasing hominid encephalization. In so doing, it also
confirmed the basic premises about making sexual identification from the pelvis.
As mentioned at the end of the last chapter, the appeal of the Reproductive
Dilemma as a concept could also be attributed to the way in which the narrative
accounts of it make it into an essential component for understanding human evolution. Ontogeny repeats phylogeny, and the stories about the circumstances of our
birth reflect a deeper perception about the nature of human evolution and the 'birth'
of our species. Some scholarship on this has been undertaken recently, headed by
Misia Landau and Matt Cartmill. Landau's Ph. D. thesis was pertaining to paleoanthropological writing as a genre of literature, based on the premise that narrative is
the primary mechanism of human understanding. Central to this is the recognition
of certain underlying structural elements in any narrative explanation. Landau set
out to apply the models, derived from analysis of myths and folk tales, to theories
of human evolution.
She gives a schematic representation (1984: 266-267) of the way that some
of the earliest and most significant writers on human evolution presented the relationships between terrestriality, bipedalism, encephalization and civilisation. The
writers she describes were Darwin, Sir A. Keith, Elliot Smith, Wood-Jones, Osborn
and Gregory. It would also be straightforward to extend this manner of treating
evolutionary theory to later anthropologists such as Hooton, Washburn, Lovejoy
and Johansen as well as Howells; as all of them appear to see humans as victors
in a struggle for survival and invoke a strong narrative element to the story of the
evolution of bipedalism. This could be contrasted with Cartm ill, Richard Leakey,
Richards and other recent writers who tend to avoid sequential narrative and concepts of a rubicon or 'turning points' with the ultimate triumphal outcome. It is
also in this latter group of paleoanthropological writers that one can find accounts
of human evolution which avoid utilising the Reproductive Dilemma, though it is
otherwise still quite widespread.
Bowler (1986) considered that Landau' s efforts to trace links between theories
of human origins and folk tales provide us with valuable insights. Our pre-human
ancestors were indeed portrayed frequently as heroes (e.g., Howells, 1959: 35, 89
etc.) who had to undergo some kind of test before gaining their reward. The transition from the trees to the ground was often seen as an adventure undertaken by the
boldest primates. In human evolution the evolutionary process is incorporated into
the narrative structure as the 'donor' who gives the 'hero' such gifts as bipedality.
The hero was often the weakling, the underdog. Howells illustrates this when he
describes Man's evolution;

"During recent aeons, as a little ape-like person . . . as he came to
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stand on his legs he could use his hands for whatever it amused him
to do, and at last he found this to be a niche ofafabulously rewarding
kind ... There was littLe about him then to attract attention or command respect, but this lustreless past paid off at tremendous odds in
the end." (Howells, 1959: 35)
Just as the key to our human evolution had been as the weak, defenceless little
ape having to use intelligence to win the great prize of evolutionary dominance
over nearly all other life forms on this planet, so also there was a parallel process in
stories about our birth. The penalty of our intelligence was that we have to be born
weak and helpless, premature in order to triumphantly survive that first passage.
The imagery in the concept of the Reproductive Dilemma is not subtle. The riskiness of birth is only partly mitigated by Mother Nature (the fairy godmother); natural selection cannot operate at optimal efficiency due to a compromise of functions;
with the result that birth is uniquely painful, even dangerous or life-threatening, but
necessarily so for our uniquely human qualities: intelligence and bipedalism.
Whereas the natural processes of birth had been viewed of as painful and most
probably maladaptive for optimal survival, an increasing emphasis on the benevolence which can be attributed to 'Mother Nature' can now often be seen in literature.
It is incorporated into much literature about the birth process especially those based
on 'Natural Birth'. The obstetrician John B. Franklin wrote in the foreword to 'The
Birth Primer' a view which could be said to be quite prevalent now in obstetrics,
although perhaps not so prevalent among physical anthropologists.

"Faith in man has been replaced by faith in nature . .. If only we
do not interfere with what nature has intended for U.S, we can enjoy the
unlimited goodness of life. What is overlooked is the essential randomness of biologic events. People's bodies and their babies come in
different shapes and sizes". (Parfitt, 1977: xiv)
This is typical of the advocacy of Nature as a benevolent donor. It is no coincidence that such attitudes are an essential part of a very Panglossian perspective on
adaptation and survival.
Moving away from this misuse of adaptationism would lead to seeking an understanding of the evolution of bipedalism and determinants of pelvic forms in
humans from a quite different perspective. The advocacy of the importance in
the general pattern in primate evolution of an increasing degree of retardation and
neoteny in the anthropoidea, and especially in the horninidae, provides a usefully
different perspective as will be discussed in the next chapter.
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Summary and conclusions
1. It was often considered in general terms that the evolution of the pelvis and

bipedallocomotion were significant in human evolution.
2. At times this was extended to consider humans as yet imperfectly adapted to
bipedalism.
3. When securely dated fossil pelves were found, these clearly showed that the
evolution of bipedalism preceded brain expansion, and bipedallocomotion
had been utilised for millions of years before encephalization increased in
hominids.
4. About the same time the Reproductive Dilemma was adopted as part of the
paradigm in paleoanthropological theory. It implied that bipedalism had assisted in the uniquely human selection for delayed neonate development and
silenced claims of maladaptation in human anatomy. It is consistent with a
somewhat Panglossian perspective on natural selection and the 'Benevolence
of Nature'.
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10
Retardation and Neoteny
The concept of retardation in growth rates had its origins in the extremely important place that embryology had in the history of the study of zoology. That embryos of different classes of animals were strikingly similar was well known, and
was important in the development of evolutionary theory. Von Baer's Law of ernbryonic resemblance had been published in 1828; in Darwin's Origin of Species
he gave attention to the cases in insects and crustaceans when an animal becomes
active during part of its embryonic career (1859; 1985 Penguin ed. : 419). D' Arcy
Thompson also noted that the facts of embryology record not only the life-history
of the individual, but the ancient annals of its race (1942: 3). It is interesting that
all mammals pass from the embryonic to an extra-uterine stage without a change
of form, so all mammals have the potential to show slight variations in growth or
retardation and thereby to carry into juvenile or adult life aspects of their uterine
form.
A retardation in development is a process which mayor may not yield feetalization of form as a result (Gould, 1977: 365). Although it is very important to
distinguish between them, they are often erroneously discussed as being equivalent
processes. It was the inclusive treatment of these processes by Montagu (1960 (b)
which led to his suggesting that retarded development was unique to humans. He
had used the word neoteny, considering it was a more comprehensive term; and with
it embraced all the terms previously used, including pedomorphosis, predogenesis
(von Baer, 1828) fcetalization (Bolk) proterogenesis (Schindewolf), bradygenesis
(Ivanow) and neoteny (1. E. V. Boas, 1896, de Beer). Most of this 1961 paper was
concerned with neoteny, although he did at times refer to the significance of the
longer period of childhood dependency, l.e., retardation of growth rates resulting
in postponement of maturity.
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The reproductive patterns in mammals can, very generally, be summarised as
dividing into two different patterns:
• altricial, whereby the neonates are relatively helpless, with a large litter size,
and
• precocial, whereby only one offspring is born at a relatively mature stage of
development.
In large litters there is an adaptive advantage in rapid development whereas in ani-

mals which usually produce only one offspring there is an adaptive advantage in a
slowing down of development, because the fcetus is generally better nourished and
less exposed to danger than the newborn.
In spite of all the various discussions about the nature of reproductive success
in the two different systems, as in Montagu's work and that of many others, it is
usually claimed that human development does not fall into either of these cate gories
but is uniquely characterised by a secondary altriciality. This is different from other
primates because the growth of the human neonate has been extremely retarded to
the degree of requiring more than just the 'single-handed' efforts of the mother to
survive in the early ex-uterine period.
Is this an aspect which is unique to humans among primates?
It is characteristic of primates that "the infancy phase of non-human primate
life varies with the life-span and becomes progressively longer as the phylogenetic
ladder is ascended (Napier & Napier, 1985: 59)". Humans are considered to be the
most extreme in this regard. However, in such discussions it is common to attribute
to humans the possible life-span of three-score years and ten as can be seen in the
following table from Napier & Napier 0985: 59),
GESTATION

INFANTILE PHASE

JUVENILE PJlASE

ADULT I'IIASE

L1FE·SPAN

(DAYS)

(YEARS)

(YEARS)

(YE"RS)

(YEARS)

12G--135

0.5

2

11+

14-15

165
210

1.5

6

20

27-28

2

+
6 +

+

30-10

Orang-utan

264

3.5

7

Chimpanzee
Gorilla
Man

228

5

4G--50
4G--SO

258

3

10
3-10

30 +
30

266

6

14

Lemur
Macaque
Gibbon

20

27 +

4G--50

50 +

7G--75

Schultz (1969: 253) also considered that humanity was distinguished by the extreme prolongation of post-natal growth period and entire life span. If instead we
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reduced the life-span to that of 40-50, which is far closer to the average age-atdeath in non-industrial societies, the adult phase would also reduce to 30+ which
make humans appear less unusual than in the table above. But we do show the
extreme case of a general primate trend. Perhaps we are the most retarded and the
most primal of primates? If so, it puts notions of progressionism and determinism
on their heads. The apparent success of the human species might only be due to a
small but significant retardation of growth, and the other aspects of human development which have in the past been used on different occasions as the rubicons of
human evolution take a secondary place, impressive spandrels but epiphenomenal
nonetheless.
That is why the chronological ordering of bipedalism ,neoteny and retardation of development may be significant. It is also very important to differentiate
between fretalization and retardation. Montagu discussed the importance of ascertaining whether neoteny was a factor in the evolution of man, and as a factor in
the early differentiation of man (1960 (b): 310). He tended to lump the processes
together, e.g., "The essential feature of human evolution has been not so much the
development of new characters as the retention of embryonic, fetal and infantile
ones (1960 (b): 311)". He did not at this point include any reference to the Reproductive Dilemma. Twelve years later he still considered that the real significance
of neoteny in humans was not understood (1973 : 257), and a 1961 paper he had
written for the Journal of the American Medical Association was republished in
the 1973 book 'On the Origin and Evolution of Man'. This clearly noted that a
human was born when the size of its brain reaches the maximum "consonant with
its ability to pass through the birth canal (ibid : 257)". The focus was on the significance of the years of childhood dependency and the development of the nuclear
family but this early description of the Reproductive Dilemma had been largely
overlooked and by the time he republished it it was 'old hat'. To justify the claim
that the human spent nine months in utero and then a further nine months of exterogestation until able to proceed on all fours, he utilised comparative mammalian
data, but unfortunately not primate data.
This was possibly a major contribution to the idea not only that we live much
longer than other primates (further supported by Napier and Napier, and Schultz)
but also that we are born at a much more 'premature' stage of development. Schultz
would not have agreed with this; he considered that the neonates of the great apes
are born as helpless and as immature as the human neonate (1969: 154). Noting
that chimpanzees require 20 weeks before being able to walk on all fours, and the
few gorillas observed required slightly more, the idea that humans were exceptional in being born helpless was contradicted by the facts about pongid neonates
(ibid: 157). I would suggest that humans are an extreme case, but not a special
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case. As already noted, I do not consider that our period of neonate helplessness is
so very different from other pongids, nor do humans live very much longer.
We do appear to have longer years of childhood dependency until sexual maturity than the other pongids but this particular aspect is very variable. In some
cultures children after the age of 6 or 7 have very little specific dependency on
their biological parents or closest social kin, although they live within a village or
supportive kin group, and take responsibility for certain chores within the social
unit. There are many cultures where older children take responsibility for child
care as soon~) or even before, lactation has ended for the younger child. Although it
is common'in books about primates to attribute to humans quite a few more years
than pongids before adulthood, as in Napier and Napier (1985: 59) it is peculiar
that the profound ethnocentric bias in these data has not caused it to be widely
discounted. The onset of sexual maturity and fertility in humans is not so very
significantly later than in chimpanzees although in both cases the presence of nonfamilial males seems to have a profound affect on accelerating the onset of fertility.
Likewise it has been well-documented that the presence of dominating females can
inhibit or suppress ovulation in other females. The question as to whether humans
show significantly delayed physical maturity has to be carefully evaluated, as will
be further discussed. It could be useful at this point to take the position that there is
a general trend in primates to retardation of growth. Are there significant adaptive
advantages? What sort of trigger could alter such timing? If all the great apes and
humans show retardation to some degree, what has been the influence of it on their
social and physical aspects? We may show it to a slightly more developed degree,
but what is important is that in the case of humans it appeared to allow a larger degree of retention of neotenous traits and might have facilitated the evolution of an
increasing component ofbipedallocomotion in a serni-aboreal lifestyle in a mosaic
woodland environment.
This general issue of neoteny and retardation with respect to the pelvis raises
two questions which the remainder of this chapter will address:
Firstly, do we as adults depart less from our early or juvenile pelvic form than
other closely related primates? Secondly, how could retardation of growth have
facilitated the learning and retention of bipedallocomotion?
Does the pelvic form in humans depart less from the early or juvenile form than
in other hominoidea or anthropoidea? In Balk's work on fretalization (circa 1926)
he cited the form of the pelvis in humans as being a terminal stage of humans, but a
transitional stage in the ontogenesis in other primates, i.e., the retention of ajuveni1e
feature of our ancestors (Gould, 1977: 357). Gou1d thinks this inclusion in the list
of predomorphic features by Balk as being "vague and confusing (ibid: 438)". It is
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interesting in Montagu's discussion of the neotenous features listed by Bolk (M ontagu, 1962: 326-327) that he did not include the pelvic form on his list. As will
become clear, I consider its inclusion would have been warranted. Confusion no
doubt arose from aspects oflocomotion claimed to show atavism, e.g., Hrdlicka's
1927 paper on children running about on all fours ... being a phenomenon of the
order of functional reminiscences of an ancestral condition.
Children learning to run on all fours were also observed in the so-called 'wolfchildren' (Sing & Zingg, 1939; Gessell, 1941), which seemed to confirm Hrdlicka ' s
claim of atavism. Critiques of these studies have been made from the likelihood that
these children were abandoned autistic children (Ogburn & Bose, 1959; Bettelhein,
1959, as cited by Clarke & Clarke 1976: 28) and the studies Hrdlicka made. All the
extreme cases in Clarke and Clarke's (1976) summary of severely isolated children
showed rickets. This was due to very inadequate nutrition and usually being shut
indoors for virtually all their lives until discovered. Consequently their learning of
bipedalism does not provide an accurate yardstick by which to distinguish which
components of bipedalism are due to an inherent tendency in humans, and which
aspects can be entirely attributed to the learning process.
We do not actually have a gene for bipedalism although it is the genes which
provide a potential for bipedalism by building an unspecialised, even a somewhat
plastic anatomical structure. It has been generally assumed that we are genetically
programmed for bipedalism, but it is more likely to be a predisposition, rather
than a 'pre-programmed' or inherited form of locomotion. Although the foundation may be genetic, we also need the environment which stimulates that predisposition. Children have to be taught with a lot of effort on the part of the teacher
and learner. To what extent does bipedalism have a deterministic effect on the
pelvic form in skeletally mature humans? The pelvis of one of the better documented 'wolf-children', Kamala, was said to be slender, flattened, well-built, flexible in a straight line with the exceptionally straight spine (Gesell, 1941 : 57). He
noted there was no advantage for bipeds in a perfectly straight spine. There are no
further anatomical details about her pelvis. The most signi ficant information might
only be that she was never able to run, although she did learn to walk, indicating an
aspect of pelvic form unusual in humans. Whether she was brought up by wolves or
not, her preference for quadrupedal running, at a speed faster than normal human
bipedal run, seems to indicate some anatomical specialisation by the age of eight
or so.
It is difficult to gain access to information as to the nature of pelvic form in
individuals who have never walked. The comments of Herman (1900: 135) were
noted in Chapter 3. He considered that those who never walked retained the fcetal
pelvic form. There are cases where children have not learned to walk bipedally
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because of congenital disabilities, but I have been unable to locate any post-mortem
or X-ray studies on the pelvic form in those individuals who have been seated all
their lives. In a study of the childbirth pattern of female paraplegics it was noted
that in all but six of the twenty-six cases were 'traumatic' paraplegics, i.e., their loss
of mobility was due to an accident after birth, usually at a mature age. Of the six,
two were due to polio, and four to spinal cord disease (Robertson, 1972). It is not
surprising that pelvic studies have not been undertaken on congenital paraplegics,
as a critical interest would only be at the time of childbirth, and it would be very
difficult to get a significant sample. In the cited study, the cases were noted over a
twenty year period.
So it is very difficult to ascertain the pelvic form in humans who never walked
or who have been observed to use a quadrupedal locomotion. Even at a young
age, a human child is encouraged to walk, and so the pelvis gradually grows to that
form we think of as adapted for bipedalism, and bipedalism may encourage the
retention of the dolichopellic form, thought of as paedomorphic, as it is apparently
most efficient for locomotion.
This is relevant to Gould's reminder (1977: 384) that in order to really understand the nature of human evolution we should not look at comparative primate
anatomy, but instead at the anatomy of the human fcetus or juvenile itself. From the
studies showing the high incidence of the long-oval or dolichopellic form in children and adolescents, do we depart less from this form than other primates from
their fcetal or pedomorphic form? We also need to know the ontogeny of the pelvis
in the different primate species, looking at juvenile and fcetal forms. The life pattern
in many human females is characterised by sexual maturity, the onset of fertility,
conception and parturition, all before the skeleton has reached full maturity and ossification. This could result in a premature end to the ontogenetic development of
pelvic form in females, then followed after fertility has ended with another period
of skeletal change from altered hormonal patterns.
The specific relationship between the onset of puberty and the maturation of the
skeleton is complex. First, there is not a close connection between the two, because
the increasing level of circulating androgens (which have bone forming effects) and
cestrogens (which inhibit linear growth and promote fusion of the epiphyses) in both
sexes show a very large amount of individual variation depending on environmental
factors, as well as the effect of undernourishment on growth generally. Although all
adults eventually reach the same final point in bone maturity, this is slowed by poor
nutrition, and similar heights are not always achieved in under-nourished groups.
Delayed maturation does not extend the growing period sufficiently to allow an
under-nourished group to catch up in height (Eveleth, 1985: 36). The relationship
between hormones and pelvic shape will be further discussed in Chapter 11.
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Secondly, the timing of the onset of fertility, which is a good indicator of hormonal maturation in females after the onset of puberty, is not clearly documented.
Hormonal maturity as indicated by the onset of menstruation and the attainment of
maximum stature are both strongly influenced by adequate nourishment. However,
good nutrition results in a decrease in the age at menarche, whereas with respect to
stature it results in a greater height gain over the same or slightly shorter growing
period. In females fertility commences two to four years after the first menstruation (Short, 1976: 8); this point is generally well understood, but with respect
to males there are some different representations. Mann noted that the onset of
puberty in females was during the fourteenth year and a year or so later in males
(1968: 76). Goodall suggests that in humans, mature sperm do not appear for a few
years after the first ejaculation (1986: 84). Such statements do not assist in gaining
an understanding of the relationship of hormonal maturity to skeletal maturity in
males, because more detailed work such as that by Short noted three studies which
indicated to the contrary: that males become fertile before females, and excrete
spermatozoa in their urine by the ages of 11 and 12. It appears that they become
fertile before girls, at a very early stage in pubertal development (1976 : 8).
The primate data on the onset of fertility in non-human primates, especially
males, are not specific. From the Gombe chimpanzee data, Goodall considered
that males might be capable of fertilizing females when they were 12 or 13, but
the youngest father was 14 years old. They appear to gain adult body weight at
age 16 or 17. The females do not have the sudden growth spurt which males have.
The onset of menarche, about age 10 or 11, is followed by adolescent sterility for
one to three years, and the female chimpanzee reaches adult weight at about age 19
(Goodall, 1986: 84). I suspect that in humans the chronological age of hormonally
mediated fertility is very close that in to other anthropoid apes, whereas our skeletal
maturity occurs later.
This view would appear to be opposed to that of Schultz, who suggested that
several components of upright posture were recapitulatory traits produced by a true
acceleration in development, such as :
• the early fusion of the sternebrae to produce a sternum
• pronounced bending of the spinal column at the lumbosacral junction
• several aspects of pelvic shape (Gould, 1977 : 383, quoting Schultz 1949 and
1950)
He had in fact earlier considered that the general evolutionary trend to a widening
of the ilium was also found in the differences between infant and adult pelves, and
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suggested that ontogeny repeats phylogeny (1930: 349). Although it appears that
Schultz changed his ground about the relevance of retardation and neoteny, that is
not the case, because he maintained that bipedalism and changes in the pelvis occurred long before the processes of retardation in human evolutionary history. Although he considered retardation to be a more recent step in human evolution than
bipedalism I am suggesting that it is far more likely that bipedalism was epiphenomenal to retardation.
Gould cites Schultz extensively, considering him with Starck (who writes in
German) as the two most careful and diligent students of comparative primate
morphology (1977 : 375). These two men independently came to the same conclusion : that the differences in form between humans and apes are almost entirely
quantitative; they are produced by alterations in rates and durations of ontogenetic
development.
In de Beer's 1958 publication 'Embryos and Ancestors' his work on the relationship between ontogeny and phylogeny was based on differentiating between
the course of evolutionary changes, and the mechanism (variation and selection) by
which these changes took place. Recognising this allows for an appreciation that
selection may work not on a restricted type in each species, but on all the structures present in the life history of a species. If this is applied to theories about
pelvic form, it can be seen to be.is critically important to appreciate all the different aspects of pelvic form that may occur in the lifetime of an individual, rather
than restricting studies to the form at death, or in early first pregnancy, as will be
covered in the next chapter.
The second question is: how could.of retardation facilitate learning and the
retention of bipedalism? Bolk (1915) suggested that bipedal walk found in the
primitive central fretal position of the foramen magnum a lucky condition, sympathetic to its trend (Gould 1977 : 397). In the process oflearning upright posture and
an increasing use of bipedallocomotion as a component of the locomotor alternatives available to an early common ancestor to the large apes and us, this learning
process would have taken place during the years of childhood while the skeletal
morphology was relatively immature and may have inhibited the tendency of the
foramen magnum to shift to a slightly more posterior position. Zuckerman (1966)
considered that the position of the foramen magnum is independent of locomotion.
This may be the case in some organisms, but the position in humans is concomitant with the need to keep the head balanced on top of the spinal column. It may
be that as we learn to walk, and it is always a learned process, we are doing so at
an early age but it is even earlier that children learn to keep their head up to look
round, in common with all primate children. That requires strengthening of the
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neck muscles within the first six months of extrauterine development. Any tendency of the foramen magnum to move further posteriorly at the base of the skull
might occur much later in life, as evidence by the often 'hunched' head position in
older humans, although this is more often attributed to a soft-tissue response to the
'Dowager's Hump'. Studies on the position of the fa ramen magnum over a range
of ages in humans could clarify this.
It is interesting that from the analysis of one Australopithecus, (Mrs PIes) in a
computerized tomography by Conroy and Vannier, it was suggested that she walked
with her head carried at a greater forward-sloping angle than in modem humans
(Lewin, 1985: 44). The presence of nuchal crests in non-human anthropoidea and
some of the early hominids seems to indicate that the balancing of the head may
have evolved following diminution of these crests, leading to the retention of the
fa ramen magnum in a more anterior position.
Another source of information on retardation of growth comes from teeth studies. Alan Mann undertook an X-ray study on a number of Australopitnecus africanus from the Makapansgat, Taung and Sterkfontein sites and a similar number of
Australopithecus robustus from Kromdraai and Swartkrans. From the juvenile hominids, he noted that the australopithecine pattern of dental eruption and differential
wear on the molars was very similar to modem man's (sic) (Mann, 1968 : 70). The
most significant difference between humans and other pongids in extant samples
was that the canine teeth in non-human primates erupt relatively late, just before or
after the third molar (ibid: 71). A paper by Bromage and Dean (1985) suggested
that the Plio-Pleistocene hominids had markedly abbreviated growth periods similar to extant apes, and unlike extant Homo. This was based on counting the incremental growth of the enamel on the incisors of immature fossils. From this, they
deduced that the Taung skull was 2.7-3.7. years old at death, instead of 5 or 6 years
as had been previously assumed (Bromage & Dean, 1985; Bunney, 1985; Lewin,
1985). The counting of the ridges on the enamel by Bromage and Dean provided a
scale against which the early hominids could be measured. This was backed up by
Holly Smith's work on standards for pongids and humans (1986) which indicated
that although the robust australopithecines which Mann studied had a relatively
late eruption pattern, the other australopithecines should be considered to show a
more ape-like pattern (Lewin, 1987: 750). The debate continued with exchanges of
letters in Nature (August, 1987). Conroy and Vannier applied the tool of a computerised tomography on the Taung skull to the problem (Conroy and Vannier, 1987).
This, combined with the recent study by Beynon and Dean (1988), indicate that the
early hominids had shorter periods of dental development. From this it is deduced
that they had a less prolonged infancy.
It is that latter assumption which I find difficult to accept. Kieser et al. (1985)
226

argue against Brace and others who considered that toothsize reduction w~%t'mani
festations of active selection or reduced selection resulting from under-utility. They
considered that human tooth size reduction was an example of random demic variation, favourably quoting Roydhouse's view that ectodennally derived dentition
is not very responsive to selective forces. "The adult male gorilla has labored for
several million years with the most inadequate dentition for a vegetarian (Roydhouse, 1980: 158)." The same criticism could be made of the argument that the
canine teeth in non-human pongids W~r!iate in erupting because\l'ifwas'part of the
"equipment to function in the adult social system ... the eruption of the canine has
both a social and a biological significance (Mann, 1968: 72)".
Schultz discounted any social or adaptive significance of the small canines in
the Australopithecus and Homo. He considered the reduction to be secondary to
other changes (as indicated by the seemingly unnecessarily long roots of the canines); as long canines limit lateral movements of the mandible during mastication
(1969: 103-104). Mann's suggestion of the social significance of the late canine
eruption was accepted uncritically, with the inference that tooth eruption and form
was sensitive to rapid evolutionary change by selective forces. It is equally possible that both eruption patterns and thickness of enamel may be related to longevity
rather than diet or infant dependency. As the robust Australopithecus, Homo and
Pongo all show thick enamel, does our eruption pattern compare to that of the
orang-utan? It is likely that there are no easy answers to the questions about the
extent to which tooth form, sequence or timing of eruption might change rapidly
under selective pressure.
If the critiques of Alan Mann's work are correct; and if there is an association
between tooth eruption and growth retardation not shown in the australopithecines,
then the different sources of information seem to suggest that fretalization of form
followed the retardation of growth rates, but possibly not until after Homo habilis.
This is consistent with the apparent changes in the biomechanical pattern of the locomotor apparatus between the australopithecines and Homo erectus and the taller
stature and greater brain size in Homo erectus. No biomechanical analysis has
been possible on Homo habilis because of the dearth of post-cranial material. It
is also consistent with the apparent high incidence of the broader pelvic inlets in
the australopithecines, assuming that there was less retention of the child-like form
(dolichopellic) and a more rapid transition to the broader pelvic inlet shape characteristic of older members of a population (see Table 11.1) especially in archaeological populations.
Balk's thesis was based on the idea that we are a primate fcetus which has become sexually mature (Gould, 1977: 361). I am suggesting also that the bipedal
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walk found the hormonally immature pelvic form of humans coupled with precocious sexual maturity a lucky condition, sympathetic to its trend. Jacob (1983 : 42)
noted that some of the most dramatic events in evolution of many different organisms resulted from a change by which sexual maturity was achieved at an earlier
developmental stage, so that previously embryonic characters were retarded in the
adult, while previously adult characters were lost. Applying this to an understanding of the determinants of pelvic form, bipedalism and the form of the human pelvis
would not be envisaged as an exception to the general pattern of retardation, but
secondary or epiphenomenal to it. Interestingly enough, Stanley also suggested that
neoteny must have dictated the evolution of upright posture, but he attributed it to
the fact that infants as helpless as ours could not cling to a quadruped mother, especially one lacking both fur and the dexterity to make clothing (Stanley, 1977 : 156).
There is a tendency to think that if retardation was important in our evolution,
then it might be possible to identify what factors could have selected for it. This
question only arises if it is assumed that it was critical to the early differentiation
between the other great apes and ourselves. As already outlined, I do not consider
that we have a significantly different pattern of retardation than the other great apes.
The process of retardation mayor may not yield fretalization of form as a result. In
our case it did; different aspects of human physiology can be seen to be neotenous
as in Montagu' s lists. In humans retardation of growth allowed for the extension of
intermittent bipedalism to become a more significant component of our locomotion.
It also resulted in many aspects of our physiology retaining the more neotenous
forms. The potential for brain growth from neotenous retentions and the potential in
longer periods of inter-human dependency resulted in a relatively longer period of
intellectual receptivity and the development of aspects of human activity included
in the concept of culture.
All major human adaptations acted synergistically throughout their gradual development. The interacting system of delayed development-upright posturelarge brain is such a complex (Gould, 1977: 399). Within this development the
pelvis was responding to a complexity of events both at an individual and species
level. It is not possible that selection could have favoured broader pelves in one
sex, and more contracted pelves in the other. What may have been selected was
a pattern of sexual maturity before skeletal maturity, which in both sexes resulted
in continuing modification of pelvic form as the pelvic bones, especially the pubic
bone, were idiosyncratically responsive to the two major hormones: cestrogen and
androgen.
The relationship between hormones, nutrition and pelvic shape will be described next, within a synthetic perspective from the previous chapters. This includes a discussion of the effect ofhonnones on bone growth, especially cestrogens
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and androgens. It will be discussed in the context of the female form being the general form, with sex differences seen to be on a continuum rather than discrete. I
will also consider pelvic inlet shape; and the way it is affected by diet. There is far
less dimorphism in pelvic inlet shape than has often been suggested. This leads to
consideration of whether we have adequately documented the potential for ontogenetic changes in the pelvis, or taken adequate account of the influence of the bias
from 19th and 20th century primagravids,
When this stage is reached, then it is possible to reconsider the perception of
pelvic form in early horninids, and again refer briefly to the question of fceralization
of form and retention of pedomorphic features in the pelvis.

Summary and conclusion
1. Retardation of growth mayor may not yield fretalization of form.
2. Secondary altriciality is pronounced in Homo. It could be said that we are
an extreme case, but not a special case. Some of the claims of the extent to
which it is unique in Homo have exaggerated the immature stages in Homo.
3. Bipedalism is a learned form of locomotion, the learning and retention of
which could have been epiphenomenal to retardation of growth rates.
4. The occurrence of sexual maturity while the skeletal pelvis was still immature was sympathetic to the trend of an increasing component of bipedalism
in locomotion.
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11
Hormones, Diet and the
Determinants of Pelvic form
With respect to the pelvis, I have already documented the understanding of the role
of hormones in affecting pelvic shape from the time of Franz's work in 1909 onwards. Hormones were considered to be the primary cause of sexual dimorphism.
Franz's results anticipated the increasing importance given more recently to the
significance of androgen for bone formation and growth in both sexes. Bone age
is more dominated by androgen stimulation than by the cestrogens (Austin & Edwards, 1981 : 396). Both hormones are produced to a certain amount in both sexes.
The principle ones of interest are those produced by the gonads, all of which are
classified as steroids.

<Estrogen
(sometimes spelt estrogen). The three 'classical' restrogens are estrone, cestradiol17B and cestriol, Although the ovary and the placenta are the major sites of cestrogen production, a number of tissues have the ability to produce cestrogens (Gosden,
1985: 18-20). CEstrogens are pre-eminently responsible for the sex-specific form
and physiology of female mammals. They are essential for fertility, and deficient in
the post-menopause stage (ibid : 20). There is still a problem ascertaining how the
effect of cestrogen protects the bone-mineral status in women but recent work by
Komm et al. (1988), and Eriksen et al. 1988) appear to indicate that the receptors
for cestrogen in long bone matrix can be identified. Although the close association between cestrogen deficiency and osteoporosis is well documented there is a
warning against thinking of osteoporosis as a single entity; preferring to see it as a
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non-specific reaction of the skeleton to a variety of factors (Albanese, 1977: 96).
The secretion of cestrogen increases in adolescence, and is responsible for the fusion of the epiphyses; the overall effect is an inhibition of the linear growth in bone
(Tague, 1986:81)

Androgen
This is a testicular hormone, which includes testosterone. The role of androgens
is still being uncovered, e.g., Gosden considered that androgen has important but
undefined physiological actions (Gosden, 1985 : 27); it appears that fat tissue converts androgen into cestrogen (Frisch, 1988: 74). Generally androgen reduces calcium excretion and reduces bone resorption; it may have a bone-forming effect.
Although masculinization is caused by androgens it should not be overlooked that
androgens are produced in larger quantities in the ovarian cycle than cestrogens
(Gosden, 1985). Feminization is caused by the absence of androgens. The conversion of androgen into cestrogen by fat tissue accounts for roughly one third of
the circulating cestrogen and is the main source in post-menopausal women (Siiteri
& McDonald). Men also conve~ androgen into cestrogen from the same source
(Frisch, 1988: 74).

The physiological response to hormones, especially in the
skeleton
There is a differential response by the body to these different hormones. It appears
that the cartilage cells in the shoulder region are specialised to respond to the male
sex hormone, whereas the cells in the hipjoint respond to the female sex hormone
(Austin & Edwards, 1981 : 412). Incidentally, there is a dearth of adaptive explanations as to the significance of broad shoulders for males, although I have shown
a great number of adaptive explanations for broad hips in women. Parts of the jaw
appear to respond to higher levels of relaxin in pregnancy by becoming softer resulting in an increased mobility of teeth (Jenkins, 1978 : 511). Hartman and Straus
(the same W. L. Straus) showed an interesting experiment on monkeys in 1939 in
which the pelvic ligaments of some females were much more mobile than in others,
although the ligaments of males and castrated females never showed the slightest
movement (1939: 499). Some multiparas had tight joints except in pregnancy; relaxation was an invariable accompaniment to pregnancy in rhesus and bonnet monkeys, reverting to the non-pregnant condition 3 or 4 weeks afterwards. They also
noted that the same observation had been made on pregnant women by pushing one

231

leg while pulling on the other; there was a significant increase in mobility of the
pubic joints during pregnancy.
With regard to the effect of hormones on bones, there has in the past been
some difficulty in identifying the mechanisms for controlling bone formation and
resorption, especially in the pubic bone. The receptors for many of the hormones
affecting bone growth in osteoblastic cells (bone- forming cells) have been known
for some time but with respect to cestrogen the receptors have only recently been
identified (Komm et al., 1988, Eriksen et al., 1988). The other problem is that it
appears that the chondrocytes and osteocytes in the region of the pubic bone contain intracellular receptors of an essentially inverted nature, compared with cells in
cartilage and in other bones in the body. This was established by Crelin (1954) in
experiments on mice. Although he was not certain whether the eestrogen acted directly or indirectly, he noted that the general pattern of cestrogen injections leading
to an increasing degree of calcification was not observed in the bones which meet
at the pubic joint. At this point, a short ligament was produced in part by the resorption of the medial ends of the os coxae (Crelin, 1954: 28). So it appeared that the
response of the cells in the pubic bone is opposite to that of other chondrocytes and
osteocytes. It was assumed that this occurred in humans too, and the osteocytes
in the pubis are uniquely' programmed' to respond to cestrogen with osteoclastic
activity, i.e., resorption (Tague, 1986: 89). In other parts of the skeleton the fusion
and ossification of bones is hormonally mediated; cestrogen treatment causes increased ossification whereas in the pubic bone it appears that the opposite occurs,
and the bone undergoes resorption (softening). It is suggested that it is this' softening' of the pubic bone under the influence of circulating cestrogens that causes
the slight elongation of the pubic bone in the female skeleton compared with the
male skeleton.
The longer pubic bone in reproducing females does appear to be universally
dimorphic, and was referred to as a primary variable by Washburn, as other aspects
of the female pelvis such as the wider subpubic angle are secondary to this. However, the actual elongation which occurs depends not only on ovarian function and
secondary sex glands, but also on the bone strength and the weight-bearing factors. The amount of circulating cestrogen during pregnancy is much higher than
during non-conceiving fertile menstrual cycling (Tague, 1988: 265) and the combined effect of a greater degree of resorption of the pubic bone and the weight of
the pregnant uterus accentuates the elongation of the pubic bone and greater iliac
flare which is thought of as typical of the female pelvis. But this occurs primarily
as a consequence of the gravid state. It is doubtful that it should be construed as a
primary adaptation for successful parturition. If, in fact, the longer pubic bone is
secondary, or epiphenomenal to the fertile or pregnant state of the female then this
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elongation would most likely happen in bipedal hominids no matter what the size of
the biparietal diameter or the the developmental degree of the neonate. The effect
of upright posture is to increase the weight-bearing function of the pelvis, which
may increase the relative elongation of the pubic bone in species which have a large
component of upright posture concomitant with little dimorphism in stature, e.g.,
the gibbon, and extant Homo. This contrasts with the langur data outlined in Chapter 5, where males of the species which show least body size dimorphism show a
very low ischium/pubic index with no overlap. In the most upright primates height,
relative trunk length and body mass could all have some variable effect on this.
This partly explains Schultz' puzzle as to why there was such a close fit between
the neonate headsize in humans and not in the chimpanzee or gorilla (1969 : 154).
He wondered why the neonates of the latter did not continue further intrauterine
development. Looking instead at why the pubic bone is elongated to such a degree
in the mostly upright great apes shows such speculation is a non sequitur.
After Tague studied pelvic form in four Amerindian populations he noted that
data from this study imply that "osteoblasts in the medial pubis are relatively refractory to cestrogen (1986 : 49)", (i.e., resistant) but it is not clear if this means
relatively resistant to the normal effects (ossification) or refractory to the normal
effects in the pubis, Le., show less resorption than extant populations. If the latter
was the case, this might indicate these females had relatively poorer nutrition and
lower levels of circulating cestrogen, as will be further discussed.
With regard to the sacro-sciatic notch: it might appear from the degree of scarring of the pre-auricular sulci at the sacro-iliac articulation that part of the ilium
also has this 'inverted reaction' to cestrogen. That may be so and may account
for the wider sacro-sciatic notch in females although this is not universally dimorphic. The width of the sacro-sciatic notch may also be influenced by the degree of
squatting; Singh & Potturi (1978) noted no sexual dimorphism on a population of
known sex from India. It is also not dimorphic in the Bantu population (Genoves,
1969: 430). Andersen (1988) considered that pelvic scarring was more likely the
result of physical stress of any kind (birth or physical exertion) which would be
consistent with the width of the sacro-sciatic notch in both males and females in a
population where there is a significant amount of squatting.
Is this perspective compatible with the idea that in the absence of testicular
(male) hormones, the female type of pelvic form develops, as show by various
work on rabbits, sheep and rats as was detailed at the end of Chapter 3.? I would
consider that it is; it is also noted that Tague concluded by supporting Crelin's
model that pelvic dimorphisms develop as a result of exposure to androgens during growth and development; androgens "modify the regulatory method of gene
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expression (1986 : 50)". In other words, in the absence of a certain level of androgen stimulation, the female form of the pelvis would develop; and the male could
be described as one variety of pelvis form derived from the general form as typified
by the female form. Since the time of Aristotle there has been an awareness of the
now current view that there is an innate tendency to femaleness that takes over in
the absence of the H- Y antigen (Austin & Edwards, 1981 : 2). I am not at all sure
that many physical anthropologists had appreciated this point.
In physical anthropology the difference between male and female had been
ascribed to the reproductive function in females. The male was considered more
efficient in terms of locomotor abilities-the females differed from the male by
being lighter/smaller/broader for parturition, so it was implicit that the male form
was the 'natural' human form. This was perpetuated by the lists as at the beginning
of Chapter 6 whereby it was implicit that the male was the norm, and the female
was a deviation from it. Sexual dimorphism in the pelvis had been attributed by
both obstetricians and physical anthropologists to the action of the female hormone.
It would have been more correct to emphasise the role of the male hormone. The
continued representation in anatomy or obstetric texts of the different female forms,
and the one male type of pelvis, has perhaps been reinforced by the idea that the
female hormone causes the female type of pelvis, e.g., as already cited:

"The length of the pubic bone is the best indicator of the sex of a
skeleton because it is the part which is most responsive to the action
offemale hormone. (Washburn, 1948: 203)".
"It is possible, then, that theform ofthe pelvis is determined by two
groups ofgenes-one group identical in male andfemale, and another
group sex-controlled and peculiar to the female (Nicholson & Allen,
1946: 192)".
This is not compatible with the endocrinological perspective which had emphasised
that in the absence of the testicular hormones, the female form dominates.
The second point from hormonal studies not appreciated by some physical anthropologists was that sex differences should be conceived as a continuum rather
than as two discrete groups. Medical practitioners were far more aware of this, as
they had better knowledge of the cases of testicular feminization and endocrinological dysfunction. Morris and Mahesh (1963) noted that cases of testicular ferninization all showed the female (gyruecoid) type of pelvic form (cited by Tague,
1986 : 48" I had described in Chapter 2 the ethnocentric aspect to the perception
of male and female as two discrete groups. The views of Greulich and Thorns,
already cited, noted the continuum concept in his use of the word' degree'.

234

"They (masculine pelvic characters) are, therefore, not necessarily a reliable indicationof the degree ofmaleness orfemaleness of the
individual possessing them (Greulich & Thorns, 1939: 298)".
There was no one type of male pelvis, just as there was no one type of female
pelvis. The dolichopellic, mesatipellic and brachypellic are all found in male pelvic
architecture.

"In neither male nor female pelves can the conception of general
conformation be said to be concrete,jor much the same variations are
found in both sexes (Thoms 1941 : 961)".
This was substantiated by Morton : that sex hormones were not only the cause of
the sexual dimorphism in the adult pelvic form, but possibly also "with regard to
variations in pelves of the same sex (Morton, 1942: 815)". Hoyme (1957: 544) also
considered that the inlet shape was not distinctive between the sexes. Summarised
by Stewart: "the shape of the pelvic brim among healthy well-nourished people is
much the same in both sexes (1984: 619)". Females are known to reach skeletal
maturity at a younger age than males so studies of dimorphism in pelvic growth
which stopped at age eighteen for both sexes (such as LaVelle Moerman' s) may not
indicate the total pattern of growth. To be consistent with the studies of males as
indicated in Tables 11.1. and 11.2. one would expect a degree of widening of pelvic
breadth in some males before the end of the third decade. Frisch (1978) had noted
that the bony pelvis does not complete growth until the age of 25 or 30 in females;
it could be even longer in males. Appreciating the extent to which differences in
pelvic form occurred within one sex would have led to a better appreciation of the
quantitative nature of sex differences rather than emphasising its discrete nature, as
already discussed in Chapter 2.

Pelvic

~nlet

Shape

The main reason for thinking that pelvic inlet shape was sexually dimorphic was
the idea that the longer pubic bone in the female pelvis resulted in a broader pelvic
inlet (gymecoid)-the 'female' type of pelvis. But this is not totally satisfactory
as the main consequence of the relative elongation of the pubic bone is a widening
of the subpubic angle. This may occur while the pelvic inlet retains a dolichopellic
form and is quite obstetrically adequate (Thorns 1934(a); Molumphy, Kishore &
Thorns 1953: 652).
In a normal full-grown pelvis, the shape of the pelvic inlet does not have any direct effect on the mechanism oflabour although Caldwell and Moloy, and d 'Esopo,
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(1933, 1934, 1938) maintained the contrary for many years. This was countered
most clearly by the work of Nicholson and Allen, 1946. (See also the discussion
in Chapter 4 of the studies of Young & Ince, 1939; Ince & Young, 1940; Thorns,
1939; Greulich,Thoms & Twaddle, 1939 and Kenny, 1944). Contrary to the popular perception even a relatively short pubic bone and smaller subpubic angle is not
life-threatening to the mother. The significant aspects of parturition for the survival
of the mother is avoidance of hrernorrhage and minimising the possibility of convulsions and infection (Lewis, 1980: 122; Shorter, 1982: 91; Sandelowski, 1984).
A generally contracted pelvis may be damaging for the neonate, but not for the
mother:l was fully discussed in Chapter 7. Even in surveys of neonate deaths, such
as Buchler's survey of20,319 New Zealand obstetric cases (1935) she found only
3. 3% of the still-births were due to a flat or contracted pelvis or other deformities.
In the last year of her survey, 1935, she noted 30.8 still births per 1000 births.
In most cultures where there is not large-scale contraception, a young primagravid will most likely still be in late adolescence, at a time when the competing
demands of the mother and baby for nutriments for bone growth tend to result in
smaller babies (Frisancho et al., 1985). The fusion of the pelvis is not complete,
which adds to the flexibility of the pelvic girdle under the influence of cestrogen.
Despite studies indicating that teenage prirnagravids may not have a fully developed pelvic breadth (LaVelle Moerman 1981, 1982(a), 1982(b» their obstetric
success is not inhibited by small pelvic size (Clark et al. 1986; Lee & Walters,
1983). The effect of the high levels of circulating cestrogen in late pregnancy combined with the weight of the pregnant uterus results in subsequent changes in the
pubic bone proportions throughout childbearing years.

Infertile females
Another indicator of the effect of hormones on pelvic form, especially pelvic inlet
shape and the subpubic angle, comes from data about infertile females, although
they are somewhat rare. Notwithstanding that infertility is not always caused by endocrinological disturbance, it is noted that Hauser and Jahn (1984) found some association between infertility and an increase in pelvic height in females. Caldwell,
Moloy and d 'Esopo (1934: 489), in commenting on the occurrence of a broader
subpubic angle in females with the anthropoid type of pelvic inlet shape, considered that the anthropoid pelvic inlet shape combined with narrow subpubic angle
in a female was more likely to be found in the infertility clinics than the obstetric
wards. It is implicit in this that if infertility was caused by an endocrine dysfunction, the lower levels of circulating cestrogen would also result in the relatively
rapid ossification around the pubic symphysis, resulting in a narrower subpubic
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angle. The anthropoid form with a narrow subpubic angle was not uncommon in
females in the Todd collection, but it must be remembered that the age distribution
was possibly skewed to the older half of the population with a certain proportion
of postmenopausal women from the lower socio-economic levels in the Todd collection, compared with the women Caldwell, Moloy and D'Esopo were studying
from the X-rays of primagravids.
The few studies of pelvic inlet shape in males of known sex have been described, and they all clearly state that males show a range of pelvic inlet shapes;
there is not one shape which could be considered typical of males. In some studies of individuals of known sex, females certainly show a higher incidence of the
broader pelvic inlet shapes. But if a summary is prepared of all the indices mentioned in the preceding chapters as in the next table, the differences between average
pelvic inlet index is far less than might be expected from all the claims of sexual
dimorphism in pelvic form (see Table 11.1 on next page).
The most remarkable aspect of the summary in Table 11. 1 is the extent to
which males appear to show relatively broad pelvic indices (the platypellic form
is considered to have an index under 90). This should lead to an expectation of a
broadening of both the male and female pelves in or after the reproductive years.
This Table also shows the anomaly of the Yale medical students, being younger
and most probably better nourished than individuals in 19th century collections or
archaeological samples. The average age would no doubt also make a difference;
apart from the Yale students there would most likely be a high representation of
older men in these groups especially in the middle and later years, although this
cannot be proven. Further examination of some of these sources reveals that both
males and females not only show a large degree of overlap, but also a huge range
in intrasex variability, as in Table 11. 2.
This view is consistent with the suggestions of pelvic brim index as an indicator
of nutritional status and/or stature rather than as a specifically sexually dimorphic
aspect of pelvic form.as will be further discussed.

Influence of diet on pelvic form
It was because the diversity within each sex was not appreciated as diversity (but
thought of as abnormal, or a perversity) that causes were looked for. These eventually led to an unequivocal case for the influence of diet on pelvic form. It is
interesting that some writers such as Tague(l986 : 48) found a dichotomy between
attributing the pelvic index to hormones or nutrition, when there are such a lot of
data concerning the effect of nutrition on endocrinology in the individual. At a
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TABLE 11.1: Average Pelvic inlet indices in males and females
Average Pelvic Inlet Indices
Group:
European
European
European
European

Females
78
78
87.3

European
European fcetal sample
Amerindian
New Zealand
Pecos Amerindians
Europeans
Indian Knoll
Pecos Pueblo
Libben, Ohio

Males
81
80
87.9
80
84.4
86.2

83.2
79.5
95.4
71.9

76.1

78.5
81.2
68.5
72.7

80
82.3
71.6
77.4

Source:
Sir W. H. Flower
Verneau *
J. J. Watt *
Topinard +

*

Krause +
Thomson, 1899
Emmons, 1913
Alien, 1944
Howells & Hotelling , 1936
Howells & Hotelling, 1936
Tague, 1986
Tague, 1986
Tague, 1986

Yale students
London population

90.8

Thorns & Greulich, 1940
Inee & Young, 1940

U.K. (Glos.)
N.Z. Collection

88.3
88.4

Nicholson, 1938
Appendix A

100.5

91.8

Cases where the female is greater than the maie
European

85

84

Gegenbaur *

European
European
SW. Amerindians
Arkan. & Louisiana

86
79
77.5
80.7

85
77
77.1
80

J. Wood *
Sir. W. Turner *
Howells & Hotelling , 1936
Howells & Hotelling, 1936

Japanese

88.4

85.8

Howells & Hotelling , 1936

Haida, Amerind.

82..4

78.4

Tague, 1986.

* referred

to by Thomson, 1899

+ referred to by Thorns 1956: 51
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superficial level the two can be virtually indistinguishable in some cases, such as
anorexics.
Diet can affect pelvic inlet form in three ways:

1. from an increase or decrease in stored fat-in adipose tissue-which is a
source of extragonadal cestrogen
2. from affecting the functioning of the pituitary gland and the responses of that
to the ovarian hormones, therefore affecting gonadal sources of circulating

cestrogen
3. from a change in diet which may result in a change in minerals, protein calcium, etc. available for bone growth
There are two major sources of information about this aspect, and it will be sufficient to summarise them very briefly for these purposes:

Archaeological data on the influences of diet on pelvic form
In a study published by Angel (1976) comparing 82 skeletons from 1675-1879
(the colonial period in the United States) with 182 modem skeletons, he found
that the changes in size were much less than expected, but considered that the anterior/posterior (AP) deepening of the pelvic inlet was "a much more striking accompaniment of improving nutrition than pelvis size (1976: 733)", i.e., a tendency
to the more dolichopellic form in either sex under improving nutrition. In a later
study he noted that this increase in the pelvic index in this group (up to an index
of91) was also parallelled by a similar increase in the pelvic index from studies of
Greek data in the period from late Bronze Age to early Iron Age (an increase up

Emmons
Hepbum
Ince and Young
Appendix A

TABLE 11.2: Range of pelvic indices
EslffiRe females
1913

Hepbum
Greulich & Thorns
Appendix A

1925-25
1940
1924-25
1938

British females
London females
New Zealand 'females'

61
62
64
80

British males
Yale males
New Zealand 'males'

61
77
1S1

.1\ (Y\'C/" \-{\c\ '\ Q\{"'
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-

-

-

107
85
115
100
99
121
104

to 84). This increase in both cases of about 6% parallelled increases in stature and
longevity, and he considered the pelvic inlet form to be a neglected index of nutritional status. It was suggested that it was possible to use the concept of an absolute
lower limit in the average pelvic index for a whole population which would indicate
optimal nutrition-90; adequate nutrition-80 and minimal nutrition-75.
That dietary factors could influence the degree of sexual dimorphism was suggested by Gray and Wolfe (1980), and although they were referring more to body
size dimorphism this idea is compatible with the effect of diet on pelvic dimorphism. Angel and Olney then published a study of changes in skull base height
and pelvic inlet size from prehistoric to modem populations (1981). Although
they found that changes in calorific intake were hard to prove archaeologically, the
changes in skull base height closely parallelled the increase in the pelvic inlet index and increase in stature. They considered that this was evidence of the influence
of dietary changes over the period from the Mediterranean Palaeolithic to Modem
populations, a change in response to nutritional change from a chiefly meat diet, to
a cereal based diet, to a more 'balanced' diet including fish, olive products, grapes
etc.
The study of Brinker (1985) is probably the most interesting in this context
as he noted that the higher status groups had a significantly higher stature, and
there was a significant association between status, stature and pelvic inlet form
in the Amerindian population at Illinois. He suggested that pelvic inlet form is a
good indicator of nutritional status among females, i.e., the longer AP diameters
were found in the better nourished part of the population. From Tague's data on
four Amerindian populations he noted that the broader inlet form (having a lower
index) showed a higher incidence in the population with a maize-based diet (the
Pecos Pueblo); the Haida and Indian Knoll populations had a larger component of
protein from meat, and showed a higher index (longer AlP diameters)--see Table
11.1 above.
By Angel's criteria, an adequate diet (index +80) was only evidenced in the
Indian Knoll and Haida populations; the Libben nutrition was just minimal, and
the Pecos Pueblo was less than minimal. Tague's conception of a better diet (more
meat) seems opposite to Angel's (more fish/fruit, less meat) but Angel had documented elsewhere the trend through the Late Paleolithic and Mesolithic in the
Mediterranean to a contraction of dietary resources, and it was the later expansion
of choice in the Neolithic with more of a mixed diet which led to better nutrition.
The assumption in Tague (1986 : 32) of an association between protein in the diet
and an increase in pelvic index is probably correct. Much protein can be gained
from vegetable sources; and sometimes the imagined protein sources from ~''early
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Paleolithic meat diet may be exaggerated because of lack of adequate food storage or preparation techniques in the Paleolithic to make red muscle meat usable.
I consider that whatever the source of proteins, a well nourished population with
adequate sources of protein, cereals and fats does show a higher pelvic inlet index when the population as a whole is considered. As a broad generalization the
pelvic index can be used as a gross indicator associated with improved nutritional
status and taller stature when two or more relatively homogeneous populations are
compared.
It is possible that in a small prehistoric population where there were no class
differences, diet should be uniform and pelvic variation minimal compared with the
populations Brinker and Angel were studying. In the data from the N.Z. collection
described in Appendix A it can be seen that 13 of the 29 individuals had an index
between 80 and 90, and the other 16 had an index over 90. By Angel's criterion,
this indicates adequate and optimal nutrition, but the sample was very diverse both
geographically and chronologically throughout the entire prehistoric occupation
period in New Zealand, and no trends could be identified one way or another.

Data from extant populations
The second major source of data as to how diet affects pelvic form comes from
studies on extant populations, especially the connection between diet and the reproductive cycle in women.
There is a very strong connection between improvement in nutrition and a decreasing age of menarche. Frisch and Revelle (1970) had looked at the relationship
between diet and the onset of menarche. This is part of many investigations into the
association between menarche, nutrition and the causes of secondary amenorrhcea.
Shorter (1982: 18-19) gives a brief documentation of the trend to a lower age at
menarche, attributing it to better nutrition.
The various studies on this subject start from different perspectives, e.g., what
are the causes of secondary amenorrhcea in anorexics, and what are the causes of
secondary amenorrhcea in athletes (Frisch & Albright 1985) or any group which
exercises a lot, e.g., ballet dancers (Frisch, Wyshak and Vincent 1980), a channel
swimmer (Frisch et al. 1984); the possible connection with the early onset of osteoporosis (Goulding, 1986, Hay & Hall 1987) and the use of hormone replacement
therapy (Bonn, 1987). There is a good summary in Baker 1981. Hutton (1986)
looked at the relationship between exercise, onset and maintenance of menarche
and pregnancy. There have been fewer studies on the effects of dieting to reduce
weight in sport for adolescent males (Wills, 1987) and the effect on stature, (e.g.,
jockeys, boxers).
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It is the work of Rose Frisch which has been the major contribution to these
studies, but the list above barely scratches the surface of the in-depth studies done
on this topic. She had started from the relationship between fat tissue and secondary
arnenorrhcea from dieting or exercise (Frisch & MacArthur 1974) and how food
intake affects fertility and population growth generally (Frisch 1978, critique by
Trussell, 1978). This was extended to examine in more detail how fat tissue exerts
a regulatory effect on reproduction in females (Frisch, 1988).
But the only question that is really of interest at this point is how all these data
might indicate the ways that diet affects pelvic form. It is possible to hypothesise
that in populations with adequate sources of fat and carbohydrates, the level of
nutrition would not only reduce the age of menarche, but it might also delay the
onset of menopause. The maintenance of fatty tissue provides an extra-gonadal
source of eestrogen in both sexes (Frisch, 1988) ensuring continued bone strength. It
is not known whether this circulating cestrogen would be maintained at high enough
levels after menopause to retain the broad' female' type of pelvic inlet if the pelvis
had broadened during the reproductive years. The data from Table 11. 1 seem to
indicate that the wider forms might be retained, or even occur with an increasing
frequency in males. Sir Arthur Keith noted the tendency of males to the female
form of the pelvis in old age (1923 ; 626) and Howells was very surprised to find
'female' types at the Gallen Priory site, supposedly an all-male domain. These
views are consistent with the data in Table 11. 1.
Frisch noted that all the studies in the last 15 years indicate that the body
needs to store a minimum amount of fat to begin and maintain menstrual cycles
(1988 : 70). She suggests that natural selection would have very quickly ensured
that women who ovulated without sufficient fat stores for pregnancy and lactation
would have left no descendents; the ancient Stone Age fertility symbols such as
the Venus of Willendorf are particularly fat around the breasts, hips, thighs and'
buttocks where cestrogen promotes fat storage.
There are other factors which may inhibit fertility indicating some endocrinological dysfunction, such as stress or, in some primates, the presence of dominant
females (Hrdy, 1981 ; 107). Apart from diet having a positive effect on fertility, the
presence of non-familial males has been documented as stimulating fertility in a
number of non-human primate species. This is not really specific to the current issue about determinants of pelvic form, but illustrates that the onset and maintenance
of fertility, and its effect on pelvic form in women, should not just be considered as
some sort of unrelenting biological clock, but is remarkably sensitive to an number
of different environmental factors.
The opposite side of the coin is that minimal nutrition might not only shorten
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fertility, but also affect pelvic inlet shape. Diet affects the amount of adipose tissue in the body; this affects the amount of circulating cestrogen. Not only would
a reduction in the amount of cestrogen affect fertility and the resorption in the pubic bone, resulting in a reduced elongation in the pubic bone, but it could lead to
premature ossification of the pelvis, with the result of a relatively small pelvic inlet with a narrow subpubic angle-the sort Caldwell, Moloy and d 'Esopo thought
was more likely to be found in the infertility wards than the obstetric wards. In the
current decade when infertility is found in association with secondary amenorrhcea
and excessive exercise, the result in pelvic form from the combined effect of lack of
resorptive capacity in the pubic bone and highly developed muscular development
around the hips may lead to an extremely contracted and obstetrically inadequate
pelvic form in females.
Evidence from malnourished popu1ations, such as the prehistoric population
in Sudanese Nubia, and slave women in the West Indies in the eighteenth century,
showed severely contracted and more 'male' type of pelves as already discussed.
In either sex there may be a tendency in this situation to the osteomalacic type of
pelvic form, which would appear to be a 'male' type. If it was taken as a working hypothesis that there is a tendency to the male type of pelvis in older females
with marginal nutrition, this is consistent with the bias which Weiss noted (1972)
in which he found a systematic bias of about 12% in favour of so-called males in
43 archaeological sites, as already discussed in Chapter 5. Some research has indicated that the older female skeletons may disintegrate more rapidly, but this was
not upheld by Walker, Johnson and Lambert, 1988. Both of the two elderly (>45
years) individuals were considered males in the Purisima collection they studied.;
otherwise the sexes were represented equally.
Considering the interaction between these factors, it is not at all surprising that
there are so many differences in pelvic form in both males and females even within
one homogeneous population as evidenced by the range of pelvic indices in Table
1L 2. Having briefly documented the way in which endocrinological events affect
pelvic form, the third way on which diet affects pelvic form irrespective of its effect
on hormones also has to be examined.
Diet not only affects stature and bone growth through endocrinologically mediated events, but through the nutrition directly available through the bloodstream
for bone maintenance and growth. If there were two populations, both of which
had optimal nutrition available to them, but in one group the potential maximum
stature was greater than in the other group, would there be any significant difference in pelvic form? This question remains unanswered definitively, because of a
basic lack of sufficient attention given in most studies to the relationship between
height and pelvic index. The higher incidence of the dolichopellic form in taller
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individuals indicates that there might be some difference in pelvic form due to the
different stature.
There has been some association noted in the literature such as the comment
by Greulich, Thoms and Twaddle (1939 : 489) that long oval pelves occurred most
frequently in women with long oval heads, and the round and transversely elongated pelvis were most frequently associated with relatively broader heads. Kenny
(1944) superimposed X-rays of the neonate pelvic inlet on the X-ray of the maternal pelvic inlet to demonstrate familial patterns. She also found that of the 48
Jewish women in her sample of 1000, all had very similar round inlet shape indicating some consistencies in small homogeneous groups. It was noted in Chapter
6 that there had been some of the discussion about allometry and pelvic form in
primates, but studies specific to the significance of allometry in the different human skeletal forms, such as ethnic groups, are lacking in pelvic studies. Pelvic
inlet shape may be more like the shape of the cranium or stature, being part of
the genotype which may achieve maximum growth depending on nutrition. It may
be broader one way or the other depending on the characteristics of that particular
population and individual variation, just as cranium shapes are extremely variable
in some populations.

Ontogenetic Changes
A bias was introduced into studies of th.e pelvis from the fact that obstetrics was
concerned with the pelvic form in primagravids. This bias has already been noted
by other authors, but not fully unravelled.
The understanding of what constituted a female pelvis was derived from anatomical studies in the late nineteenth and early twentieth centuries. What we think of
as a typically female type of pelvis as being permanently quite dimorphic outside of
pregnancy and lactation may be a relatively recent phenomena, The 'female' type
of pelvic inlet may have been characteristic of 19th and 20th century females because the demographic patterns in Western Europe and North America were characterised by relatively few conceptions and longer periods of non-conceiving fertile cycling. Although the levels of cestrogen during non-conceiving fertile cycling
were lower than in pregnancy as long as the females were well nourished there
might have been sufficient to ensure a continuation of the slightly broader pelvis.
There was also a very profound bias from rickets as already discussed in Chapter 4.
It is likely that there is less dimorphism in pelvic inlet shape in populations from
non-industrial societies although the data in Table 11.1. of pelvic inlet indices really show very little dimorphism in those populations too. Derry (1923-24: 77)
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considered that sexual differences were less marked in primitive races; Genoves
(1969: 430) considered that sexual dimorphism in Bantu pelves is far less than
Bushmen or Europeans; Howells and Hotelling thought sex differences were no
less pronounced in the Amerindian populations they studied than sex differences in
Europeans, but then Howells (1941--42 : 176) contended that there was greater contrast between the European sexes in the Gallen Priory report. The opposite point of
view was expressed by Tobias (1975)-- quoting Bonnet that there was more sexual
dimorphism in more primitive hominids, and the comments by Meindl, Lovejoy,
Mensforth and Don Carlos (1985 (a): 85) and Tague 1986 that archaeological populations are more sexually dimorphic. It is likely that this confusion originated
from the erroneous perceptions of sex differences in pelvic inlet shape as being
innate, unchanging and adaptive to reproductive and gender function. From this
synthesis it can be seen that all of these assumptions are largely unfounded.
If ontogenetic changes in the pelvic form were expected to occur through the
lifetime of an individual there would be greater attention paid to changes after childbearing, or in the middle decades in males. At this point we are considerably disadvantaged by the lack of studies of such changes throughout late adolescence and
the third and fourth decades in individuals of known sex. In studies like those of
LaVelle Moennan in which there was a comprehensive documentation of changes
in the pelvic form throughout puberty, she stopped the study at age eighteen (1981),
although noting that it is not clear when the pelvis is full grown (1982(a) : 528).
Few gravids would be unaware of the changes after childbirth not only in the distribution of fatty tissue and muscle strength around the lower abdomen, but also
in the actual skeletal change. Genoves noted that the amount of work on the female pelvis far surpasses that on the male pelvis, because it has been studied in
relation to childbirth, which has given rise to the frequent confusion between the
characteristically female pelvis, and that of the childbearing women "That is to
say, in normal circumstances, female pelves are not so wide ... as it has been supposed and described (Genoves, 1969: 433)". This was substantiated by the work
of Greulich and Thorns. There was a much higher incidence of the dolichopellic
inlet shape in late adolescent nulliparas in well-nourished populations, compared
with a lower incidence in their enormous samples of pregnant women (1938).
Because the pelvis was reified into a 'thing' independent of the organism within
which it functioned, there was a lack of appreciation of the potential in pelvic form
to adjust to differing patterns of locomotion, or of the need to look for changes
during the normal ontogenetic development.
It is now possible to reconsider two questions:
how does this affect the perception of fossil pelves?
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whether the pelvis in extant Homo shows a pattern of retarded growth and/or
retention of neotenic or pedomorphic features.

The perceptions of fossil pelves
It was a coincidence that the platypelloid form which was so widespread among
women around the turn of the century, due to the high incidence of rickets, should
show some superficial similarity to the very few australopithecine pelves which
have been found, especially Mrs PIes and Lucy. Australopithecus and Homo habilis were short in stature and do not show any tendency to neoteny more than other
hominoidea. The extent to which sexual dimorphism occurred in non-pelvic aspects of the skeletons of the australopithecines is a debatable point. Zihlman' s 1985
paper summarised the debates about whether the fossils attributed to one species,
Australopithecus afarensis, represented two sexes or two species. The similarity of
the pelvis of 'Lucy' to the Sts 14 pelvis argued against Australopithecus afarensis
being categorised as more' primitive' than Australopithecus africanus, nor is the
cranium so very different. The extreme range of size in the postcranial fossils for
the Hadar site support'the
idea that more than one species is represented (Zihlman,
.,
1985 (a) : 217); the usual conclusion from other studies that they represent one
highly dimorphic species cannot necessarily be assumed (ibid : 218).
Even if there was significant dimorphism in long bone length, this would not
exclude there being a minimum amount of sexual dimorphism in pelvic form, as
dimorphism in the pelvis is not always related to body size dimorphism. As pelvic
inlet shape is more of a population characteristic, and the sexual dimorphism of it is
of a dynamic nature, then it is not surprising that nearly all the australopithecines
show one type, seemingly the 'female', and a few 'adolescent' types. A mature
male australopithecine pelvis has yet to be identified. SK 50 was apparently a
male but as it was also crushed and badly distorted it does not seem to provide
unequivocal identity as a male. If there was a more rapid transformation in both
sexes from the dolichopellic form in the younger specimens to the broader pelvic
forms with increasing skeletal maturity in both sexes, this would explain why the so
called 'males' are all young, and would be compatible with the idea that retardation
of growth did not produce fretalization of form until the later Homo.
The rare Homo erectus pelves show only male types and one with mixed features, but as they are mostly adolescent this should be viewed with some reserve.
It is possible that the pelvic form may substantiate the trend which had been deduced from other parts of the skeleton: an increasing stature, an increasing degree
of encephalization and probably an increasing component of retained neotenous
features in Homo erectus. The occurrence of the dolichopellic form of the pelvis is
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consistent with these trends, but does not necessarily indicate a male rather than a
female, especially in an adolescent. The understanding we have gained from studying sexual dimorphism in the pelves of 18th and 19th century extant Homo has no
relevancy to making a sexual determination of any species prior to Homo sapiens
sapiens.
Sap ere aude-'Dare to be wise'
It is hoped that this has provided sufficient substantiation for the suggestions
that
• sexual determination from pelvic fragments in those species should not be
attempted by comparison with extant Homo, nor should the Reproductive
Dilemma be assumed significant in determining pelvic form
• to a large extent the pelvic configuration confirmed the expected morphology
of a species which had a large component of bipedalism in its locomotion.
However, this was not functionally equivalent to the modem human condition.
• the small stature may have been a significant factor in pelvic form; as an
extremely broad generalisation, shorter humans do have broader pelves and
the pelvic form which appears' female' may be more determined by shorter
stature and bipedallocomotion rather than any selection for a broader birth
canaL
The next question is: do we show less departure from the early or juvenile forms
than other primates? This is very difficult to answer, as there is a lack of studies on
changes in pelvic configurations in non-human primates. So it is virtually impossible to answer that specific question accurately.
However, considering the pelvic form in children it was found that when sufficient studies had been completed the dolichopellic form was very predominant
although there was considerable divergence of opinions as to its cause and incidence as documented in Chapter 4. When Greulich and Thorns found an unexpectedly high incidence of the form in young late adolescent nulliparas they attributed
it to retention of a predomorphic trait. This was not a new idea; (as Flower 1879
noted: 'an indication of an infantile or of an animal tendency'). What was overlooked was the fact that it was really far less common in any groups of older adults
from all sorts of different populations than had been previously assumed. The Xray work done on Scottish and American White males showed a wide range of
form. From a list of some results of studies of the pelvic index in Table 11.1, it
can be seen that for the means to lie in the 70-90 ranges so often, the incidence of
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pelvic indices above 95 could not have as high as was previously assumed. (The
dolichopellic form is characterised by a pelvic index between 95 and 100, although
it may be over 100).
The dolichopellic pelvis, common in children, is also found in both male and female adolescents and young adults. On this basis its inclusion in a list ofneotenous
retentions would be warranted, such as in Bolk's list. It appears to be obstetrically
adequate. This retention is most likely dependent on adequate nutrition.

"From the standpoint of developmental morphology it has been
shown that the long oval pelvis completes a direct line of descentfrom
earlier phylogenetic and ontogeneticforms, being similar in inlet contour to infra-human mammalian pelves and humanfetal and pre-pubertal
pelves. Deviation ofthe majority ofpost-pubertal pelvesfrom this long
oval inlet form has been poorly understood, but may well be due to
defective growth before or during puberty on the basis of inadequate
nutrition." (Molumphy, Kishore and Thorns, 1953: 652)
The evolutionary metaphor in this will be further commented on, but it should
also be noted that the possibility of a relatively short lapse of time since the onset
of fertile menstrual cycling in females and the effect of this on their samples was
not taken into account.
Schultz 's hint that in pelvic form ontogeny reflects phylogeny may give the clue
to the place of the dolichopellic pelvic form in the pattern of the pelvic ontogeny
of both sexes. It is a form which probably appears with the highest frequency
in late adolescent or early reproductive years gradually reducing in frequency in
the older population. This is compatible with the data in Table 11.1. The bias
from archaeological data where most often the age range is skewed towards the
older segment of the population meant that the cases where fretal skeletons were
found within what appeared to be the pelvic cavity of a male pelvis appeared to
contradict the perceived wisdom about what constituted male and female pelves,
but, in fact, were concomitant with the probably higher incidence of this form in
younger women.
It is most certainly not a form typical of 'primitive' women, nor is it a pelvic
form intermediate between the pelvis of a common ancestral ape and the modem
female 'ultra-human' platypelloid form, as Caldwell, Moloy and d'Esopo (1934)
had suggested.
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Why was the dolichopellic type thought of as primitive?
There are two reasons. Firstly, the pelves of the large pongids also showed a long
AP diameter, similar to the dolichopellic form, so it was thought that the dolichopellic form was 'less evolved' and therefore more characteristic of the 'primitive'
races.
Secondly, Turner found a high incidence among males of what he considered
were primitive races. In spite of the nature of his samples, which may have been
very heterogeneous, he did not really consider why the 'higher' races might show
the broader transverse form. Having indicated that primitive males showed such a
form, when later scholars observed it in females also they thought of it as a racial
type; although Turner had excluded females because he considered that they all
showed a wider broader pelvis for the special functions of childbirth in females.
When Caldwell, Moloy and d 'Esopo published their evolutionary scheme showing a gradual progression of form (1934: 487) they called the true anthropoid the
ape form with the longer AP diameters; and indicated an evolution of form to the
'ultra-human', the platypelloid. This was a fragile basis for suggesting that the dolichopellic form was more primitive, and therefore characteristic of women whose
cultures were perceived of as less civilised than Western Culture, i.e., if a female
belonged to a primitive culture, she also had a primitive pelvis. Not only sex going
through to the bone, but culture going through to the bone. However fragile this
premise was, it stayed in the perceived wisdom about the development of pelvic
form in spite of the energetic criticism of this concept by Greulich, Thorns and
Twaddle (1939).
The idea that it had a higher incidence in the Negro race was propounded by
Molumphy et al. (1953) in which they considered its incidence, normally about 2030%, was higher in Negro females and White American females whose growth had
achieved the maximum potential. They also discussed it in terms of being in a direct
line of descent from infra-human mammals, as quoted above. But the equation of it
with being more 'primitive' was perpetuated by Gray's Anatomy (Williams & Warwick, 1980) as they called the platypelloid the 'ultra-human'. They cited a higher
incidence of the dolichopellic in Negroes (40% c. f. 25% in Whites). This could
be contrasted with the view expressed in the text by LIewellyn-Jones (1982: 331)
in which it is considered relatively uncommon (about 15%) irrespective of race.
Thorns (1947) also considered that the incidence in American Negro women was
lower than in White Americans. These ideas are all based on obstetric analysis
from X-ray results, and can be seen to be largely inconclusive as to whether any
racial group shows one type more than another, let alone the question as to whether
this would therefore make it a more 'primitive' form even if it was found in a higher
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incidence in the Negro sample.
Because if it did have a higher incidence in a racial group such as the Negro
which was cited by Montagu (1960 (b): 304) as showing more neotenic features
that the Caucasoid, then perhaps the dolichopellic form is part of the genotype
which could be included in Montagu's somewhat broad inclusive categories of
neotenic features which show some prolonged retention in different groups. Montagu listed features of Mongoloid, Negroid and Bushman-Hottentot groups which
showed more neotenic features than Caucasoids (ibid: 304) but did not mention
pelvic form. By Gould's criteria, retarded development may ormay not show some
fcetalization of form. The data on pelvic inlet form are compatible with some degree of fretalization of form in optimal nutritive conditions.

Summary and conclusion
1. Contrary to the effect of cestrogen on bone growth in most parts of the skeleton, there is an 'inverted' reaction to cestrogen in the pubic bone. The resorption which occurs results in the elongation of the pubic bone which is
thought of as a primary sex feature.
2. This does not necessarily result in a broader pelvic inlet. It does affect the
subpubic angle, with a subsequent widening of the angle, but this may occur
while the pelvis retains a long-oval (anthropoid, dolichopellic) inlet shape.
This is obstetrically adequate.
3. Data from a wide variety of sources show that the pelvic inlet shape as indicated by the pelvic inlet index does not show the pronounced sex differences
which are assumed to exist. Within each sex there may be a very wide range
of indices.
4. Diet, stature and the ontogenetic development of the individual affects pelvic
inlet shape. In most studies of individuals of known sex there is a range of
pelvic inlet shapes. It appears to be more of a population characteristic, like
cranium shape or stature.
5. Sexual identification of fossil pelves should not be attempted by comparison
with extant Homo.
6. There does appear to be some fretalization of pelvic form in some populations with adequate nutrition and relatively tall stature. Because of weightbearing factors, body mass or body proportions could also be a significant
influence.
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12
A Case Study: The Neanderthal
Pelvis
The pelves of anatomically modem humans from a number of early sites are indistinguishable from the pelves of very recent Homo. This was also considered true
of H. s. neanderthalensis sacra, ilia and ischia. These showed none of the massiveness of the Middle Pleistocene os coxae, and were described as similar to modem humans in the size relative to stature and the sexual dimorphism of the sacrosciatic notch (Trinkhaus, 1984: 509). However, the remains of the pubic bones
showed the morphology which came to be seen as distinctive of the pelvis of the
H. s. neanderthalensis. The pubic bone is elongated mediolaterally with a long obturatorforamen. The subpubic angle is considered 'hyperfemale'; and the pubis is
thin along the ventral margin of the superior ramus (ibid : 510). The development
of certain ideas concerning the reason for such a distinct morphology provides a
case study which illustrates many of the ideas discussed in the preceding chapters.
The earliest neanderthal pubic bones found in the Middle East showed a pubic
morphology more similar to that of Cro-Magnon than to the European H. s. neanderthalensis. Stewart (1960) noted that it had been expected that the Mount Carmel
(palestine) skeletons would show the 'rather uniform' physical characteristics of the
Mousterian or H. s. neanderthalensis remains from Europe. But there was an observed difference in the material. The Skhul (Mt. Carmel) remains looked like those
of modem humans, whereas the Tabun female (c. 1; Mt. Carmel) and Shanidar
(Iraq) Homo are like the classic H. s. neanderthalensis from Europe. Stewart quoted
from the 1939 report that the pelvic remains from the Skhul cave are more comparable with those of recent Homo, especially Cro-Magnon remains. But the total
assemblage of features from the skeleton shows a larger proportion of neanderthal
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features than features of recent Homo.
This contrasts with the 'woman' from Tabun Cave, especially in the pelvis
where the pubic bone showed a 'delicate, plate-like form' and a larger obturator
foramen (Stewart, 1960: 1437).
The Shanidar site, excavated in 1957, was dated to between 100,000 B. P. to
40,000 B. P; which is later than the Mt. Carmel site, but these individuals also
showed the same features as the Tabun skeleton. "Since Shanidar I appears to be
a male, these pelvic features are not sex-induced changes (ibid)", Another male,
Shanidar Ill, also shared these features. It is not clear how sex identification was
made. It was clear to Stewart that the populations from the two sites of Shanidar
and Tabun showed the classic neanderthal features of the skull with a unique shape
of pelvis. "The pelvic differences impress me as having as much significance as the
skull differences. Together they amount to a fundamental difference (ibid: 1438)".
He thought that the Skhul and Tabun groups occupied the caves at different times
on Mount Carmel, and were not combining in a breeding population.
These Southwest Asian H. s. neanderthalensis pelves were compared with the
European pelves, especially the pubic bones, by Trinkhaus (1976). Subsequent
to those discoveries already discussed, pelvic remains from the Wadi Amud in Israel, and Shanidar IV showed a consistent pattern similar to that described above.
Trinkjiaus discovered that the pubic rami in the specimens from Krapina (Yugoslavia) and La Ferrassie (Southern France) were adequate to provide a comparison,
and he developed an index of pubic robusticity and an index of pubic flattening
(1976: 96).
The index of pubic robusticity was much lower in the H. s. neanderthalensis
from these sites (La Ferrassie, Krapina, Shanidar 1& Tabun) than in extant Homo. It
was only the Skhul individuals (IV and IX) who showed closer affinities to the range
in extant Homo. The index of pubic flattening was lower in the Amud, Tabun and
Krapina individuals, but closer to the modem range in the La Ferrassie, Shanidar,
and Skhul sites (ibid: 100).
It is very interesting to note how were these sexed, given that if the relative
elongation of the pubic rami was used, as in modem Homo, then they would all
be considered females. The Shanidar I, although listed as male (ibid: 97) might
have been female (ibid: 10 1). Krapina (208/210) was indeterminate, but in fact
all of the Krapina European H. s. neanderthalensis were listed as indeterminate
(ibid : 97) from the source of the report by Gorjanovic- Kramberger, 1906. Amud I
was considered male on the basis of ilio-ischial morphology, and La Ferrassie I was
considered a male on the basis of pelvic morphology and body size relative to the
much smaller La Ferrassie II (ibid: 101). Trinkhaus concluded that it was difficult
to maintain an explanation for the difference in this morphology based on sexual
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dimorphism or biomechanical alteration.
It is only recently that the significance which Stewart attached to this unique
pubic morphology was connected to parturition, and then to gestation length in the
H. s. neanderthalensis. Wolpoff (1980) suggested that the great breadth of the pubic bones represents a compensation in populations with average stature and large
cranial capacity (relative to modem humans) which allowed them to give birth to
neonates with a relatively large cranium also (as quoted in Trinkhaus, 1984: 510).
This was discounted by Trinkhaus on the basis that the interpretation failed to take
into account the similarities between H. s. neanderthalensis and early anatomically
modem Homo in brain size and body mass, suggesting that "it is therefore likely
that Neandertals, with their large pelvic apertures, had gestations approaching 12
months (1984 : 510)". This was based on a series of six assumptions about the relationship between parental and neonate growth in humans, which will be discussed
further in some detail.
He went on to suggest that if the gestation length in early anatomically modem Homo was nine months, the increasing degree of cephalopelvic constriction
was compensated for by improved obstetric techniques and care of the mother and
neonate. This is part of a resurrection of the Reproductive Dilemma; that the differences in pelvic form between early and recent Homo, and sexual dimorphism of
the pelvis in extant Homo can both be attributed to the need for maintaining pelvic
diameters in the face of selection for increasing bipedal efficiency. This is in spite
of the fact that obstetric analyses of the Australopithecus result in vastly different
scenarios, as already discussed. By now, the idea of birth difficulties being unique
to recent Homo because of our degree of encephalization deserves to be laid to rest.
But the reaction to this idea shows some interesting developments. Stringer
(1984) repeated the idea more or less verbatim, especially Trinkhaus's idea that the
selective advantage for humans was that the neonate was exposed to outside stimuli
at an earlier age, birth spacing could have decreased, and the pelvic architecture in
anatomically modem Homo became more efficient in locomotor terms.
The main critique of Trinkhaus by Greene and Sibley followed in Current
Anthropology in 1986. Based on data from a Sudanese cemetery excavated in
1981, they criticised Trinkhaus ~ use of the acetabulo-symphyseal length as a predictor of pelvic size, especially of the mid-plane or outlet cross-sectional area.
Trinkhaus (1987) answered by using Rosenberg's data on the relationship between
the acetabulo-symphyseal length and obstetric diameters in extant Homo.
Karen Rosenberg had presented a paper to the 1985 Conference of the American Association of Physical Anthropologists, in which she suggested an alternative
hypothesis that in human populations in which head size is relatively large, birth
canal size will be relatively large (Rosenberg, 1985: 222). This was based on the
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results of her Ph. D. research, published in 1986, in which she analysed data from
eight extant populations which showed a wide range of variation in stature and
head size, establishing a relationship between body proportions and pubic length.
Some of her assumptions will be further discussed. Rosenberg concluded that
H. s. neanderthalensis females, who were considered to be very heavy compared
with modem females, show femoral head diameters at the upper extreme of the female range but within the expected range of pubic length for their body weight. The
males had considerably greater pubic lengths than recent human males, which was
considered to be related to extreme sexual dimorphism in body weight (Rosenberg,
1986 (a), Abstract). She had found no anatomical evidence that the gestation period was longer, and suggested that the neonates were about the same size relative
to their mothers as are modem infants.
However Dean, Stringer and Bromage did not agree, as this failed to take into
account the large brain in adult H. s. neanderthalensis, about 10 per cent larger relative to body size than extant Homo.They argue for accelerated growth in the uterus,
based on the analysis of the child from Devil's Tower Cave in Gibraltar which appeared to show the brain size of a five year old, but was only three years of age
based on tooth growth. This suggested to them an early and rapid cranial expansion, and clear ontogenetic variation among neanderthal children (1986: 307). In
other words, the large birth canal was because the brain growth before birth was
more rapid than in extant Homo.
In the Delson volume on 'Ancestors: The Hard Evidence' , Delson repeats TrinkMaus's suggestion, considering that the additional 2-3 months of uterine development fits in well with estimates of how long human gestation should be, based on
brain/body scaling (Delson, 1986: 297), and in the same volume Trinkhaus and
Smith expand on the behavioural implications of the changes between neanderthal
and modem humans. They speculate that there was a reduction in gestation in early
modem humans. "It is possible that the earlier exposure of the neonate to environmental stimuli, combined with the generally richer cultural environment of early
modem humans, promoted an accelerated rate of brain growth relative to cranial
vault ossification. This would produce more anterior and superior brain growth and
hence higher and rounder adult neurocrania (Trinkhaus & Smith, 1986: 330)". The
subsequent narrowing of the pelvis was one factor which led to a better adaptation
to bipedal efficiency and resource exploitation by modem Homo.
More neanderthal sites were still being analysed, and the dates from the Kebara
Cave (Israel), published in late 1987 showed an individual in one of the lowest
living floors, around 50--55,000 B.P.,with the most intact H. s. neanderthalensis
pelvis yet known (Bunney, 1987: 32). The statements in the first paragraph of this
chapter about neanderthal ilia and ischia, made by Trinkjiaus in 1984, were not
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confirmed by the find of this virtually complete pelvic bone. Although the pubic
ramus was extremely long, the size of the pelvic inlet was comparable to that of
modern Homo (Rak & Arensburg, 1987). They suggested that the uniqueness of
the neanderthal pelvis may be due to locomotion and posture-related biomechanics
rather than to obstetric requirements. The evidence from this neanderthal male
raised again the whole question of sexual dimorphism in the pelvis, assuming that
the sexual diagnosis was correct.
In Rosenberg's (1986(b)) discussion of sexual dimorphism she noted that the
H. s. neanderthalensis pelvis showed a pattern of dimorphism which was contrary
to the pattern in other primates and humans in that the neanderthal male had a longer
pubic bone than the female. This could fit in with Lande 's model of sexual dimorphism in homologous characters in which selection acts directly on only one sex.
Although selection acts directly on female pubic length, (Le., on birth canal size),
males show a 'correlated response' and have a pubis which is longer than expected
if only selection for efficiency of locomotion had been in operation (Rosenberg,
1986 (b): 257).
Tompkins and Trinkhaus made a metrical comparison of the La Ferrassie infant,
aged 3-5 years, with modem infants; noting that the elongation of the pubis was
expressed quite early in ontogeny, well before puberty; the flattening and thinning
of the ramus appeared later (1987 : 233). They warned against concluding that the
early appearance of the elongated pubic bone means that this feature has nothing
to do with reproductive demands, considering that the answers to questions such
as these are currently unknown (ibid: 238). These ideas are interesting because
many scholars still do not separate the confusion between the causes of sexual dimorphism in the pelvis, and selection for some functions associated with reproduction. From all the studies of a very wide range of mammals, sexual dimorphism is
caused by endocrinological mediation, in which the male sexual differentiation is
imposed upon the natural tendency of the fcetus towards femaleness (Imperato et
al., 1974: 1213).
The sexing of the H. s. neanderthalensis remains had to be achieved in individuals where the male type of pubis appeared to be more 'female' than the female
pubis. It is understandable that the sexing of neanderthal individuals therefore was
very problematic, and had to be based on a combination of factors other than pubic
morphology, such as stature or robustness. As these aspects of skeletal morphology
are also endocrinologically mediated, it had to be assumed that the more' feminine'
type of pubic bone was in some way atypical of male morphology. As has already
been discussed in Chapters 9 and 11, the elongation of the pubic bone in females
did not really make the shape of the pelvic inlet any more adaptive for parturition,
and in the male H. s. neanderthalensis from Kebara it can be seen that the very long
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pubic bone did not really make much difference to the total pelvic inlet length, as
shown in the next figure.

Superior view of the Kebara pelvis with. a
superimposed pelvic inlet of a modern human male (10
bl~ck). Note that both the width and the length remain
approximately the same from on:, specim~n to the other.
though the inlet IS positioned differently In rel ation to
the ;nterior acetabular margins (indicated by the bl'~.:·

eral line i. Points .;" and B represent the most anterior
portion of the acetabular rim (the base for the ram,us
lenzt h measurementL The broken line represents, t ne
plane of the acetabular openings, relati ve, to t~e sagHtal
plane. The acetabulum of the Neanderthal laces more
laterally than that of modern humans.

FIGURE 12.1: The Kebara Pelvis compared with a modem Homo pelvis (Rak &

Arensburg, 1987, Figure 3.)
The reason for the long pubic bone in H. s. neanderthalensis cannot be that
selection acted on one sex, and males had a correlated response. That is not likely,
as the male response is more pronounced than the female. It would be preferable
to stop looking for any adaptation related to parturition in the longer pubic bone,
either from longer gestation, accelerated uterine growth or bigger cranial size in
the neonate.
One explanation could be that the shortening of the acetabula-sacral distance
and the rotation of the acetabula to a more lateral plane, results in the sac rum being
very close to the ischium and the sac re-sciatic notch being very narrow (Rak &
Arensburg, 1987: 229). This unusual orientation has only really been able to be
adequately observed in the Kebara os coxae. It is just a completely different type of
pelvis, no doubt biomechanically adequate, but one which could be an integral part
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of the robust H. s. neanderthalensis morphology in which thickness of some parts
of the skeleton seems to be related to overall robustness rather than any specialised
function specific to that bone. The long pubic rami may be secondary to the short
ischial/iliac lengths in the anterior/posterior (AP) diameters.
Whatever the reason for the distinctive morphology, the completeness of the
Kebara specimen has demonstrated the failure of explanations which are based on
assumptions about pelvic form and parturition. It also casts very grave doubts on
the value of such studies as Rosenberg's which are based on the assumption that the
sexual diagnosis of' male' and 'female' skeletons from the neanderthal collections
are correct. Femoral head diameter was used by her (Rosenberg, 1988: 600). As
these diameters showed no overlap where sex was 'more generally agreed upon',
she was able to sex the previously unsexed specimens with reasonable confidence
(ibid). The female where sex was agreed upon was the Tabun Cl H. s. neanderthalensis. It is unclear from her Table 2 and Figure 2 which was the other female
with a femoral head diameter of 46mm to give her the female range of 42-46mm,
and males 47-54mm.
This problem with sexing material of which the sex can never be known with
certainty applies to all early hominid material, but is particularly accentuated in
the neanderthalensis material. The studies of the neanderthal pelves show that
establishing the determinants of pelvic morphology becomes critically important,
especially which determinants may be related to obstetrical or other functions. The
problems in this case can be seen to originate in five assumptions, some of which
are well founded, but others of which are not.
The first assumption was that the gestation period is sensitive to environmental factors, i.e., a more hostile environment would select for longer gestation, and
that the longer gestation would lead to a much larger neonate.
It is interesting that Trinkjiaus had quoted Schultz (1941) in support of his view
that there is a close fit between human maternal pelves and the cephalic dimensions
of their neonates. In Trinkhaus 's argument which followed for the longer gestation
period in H. s. neanderthalensis he seems to echo Schultzs rhetoric very closely:
"With such exceptionally and (unnecessarily' wide birth canals
the great apes could theoretically afford to continue their already prolonged intrauterine development until the fatuses have attained a relative size and maturation comparable to that prevailing among monkeys" (Schultz, 1969: 154).

Schultz knew from primate data that gestation length was remarkably similar between anthropoidea (see Table 12. 1).
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The gestation length in humans is quite variable, and a summary of gestation
lengths averaged between male and female neonates shows some ethnic differences,
as in Table 12.2.
However, these data for humans are all longer than Napier's figures for the human gestation length. The difference of fourteen days between the shortest and the
longest in that group would lead one to hesitate to put too much emphasis on the
differences between us and other anthropoid apes as differences within or between
primate species might show a similar degree of variability if sufficiently large samples were obtained. The sample size of this human data is probably much greater
than any ape data, as the commencement of gestation in apes can only be accurately
determined in a very small number of cases, either in the wild or in captivity, bearing in mind that gorilla and orang-utan, like humans, do not show any observable
cestrus. Goodall noted that in the field it was not possible to calculate the length
of gestation precisely, but nine captive females showed a range from 203-244 days
(1986: 85); this has more of a range than the human data given above.
What actually initiates parturition? There is no clear answer on this, as the
mechanisms which initiate labour are not completely understood. There is a vast
literature; Roy et al. (1985) summarise some recent advances in the understanding
of it when they say: "The onset of labour is a complex biological phenomenon
controlled by multiple regulatory mechanisms which remain largely unknown in
man ... The placenta ... may be able to control steroid metabolism and trigger the
onset of labour. The fcetus may be able to interact with such events to modulate
the timing at the appropriate time (Roy et al., 1985: 100)".
There are two ideas: either that labour commences when the placenta begins
to malfunction, and stops secreting the hormones which inhibit contractions beginning, or that labour is initiated by a hormonal trigger from the neonate in the uterus.
This seems to be controlled by the extent of pulmonary maturation of the neonate,
as the maturation of the lungs rather than the brain is the most critical factor in survival of the neonate in the first few weeks. Instead of being able to assume that a
hostile environment may select for longer uterine development, the contrary seems
to be the case.

TABLE 12.1: Gestation length in Primates, from Napier & Napier, 1985: 57
Chimpanzee 228 days
Orang-utan 264 days
258 days
'Man'
266 days
Gorilla
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TABLE 12.2: Gestation Lengths in Humans!
286
India
Irish in UK
279
White Americans
279

British
White South Africans
Jamaicans in UK
American Negroes
Coloured S. Africans
Bantu
(from Hytten & Leitch, 1964: 289)

278
276

275
274

272
272

An example of the effect of smoking is most useful; the widespread studies may
be due to the fact that it is much easier to monitor and measure than other factors
such as calorific intake or physical stress. In this situation pulmonary maturation
appears to be accelerated, which incidentallygives rise to the idea that women who
smoke have smaller babies. The adverse effect of the nicotine in the bloodstream
accelerates the maturation of the lungs and the babies have a slightly shorter gestation length with lower average birthweights. Smoking may produce a one and a
half week acceleration in lung maturity. "Adverse pregnancy conditions may lead
to an acceleration in pulmonary maturity to allow earlier extrauterine adaptation
(White et al. 1986: 365)".
It substantiates the view that a slightly longer gestation is not related to brain
development, but: rather is dependent on adequate uterine and placental functioning,
ensuring optimal nourishment and oxygen available to the fcetus. The maturation
of the fcetallung due to steroids appears to be as critical as other aspects of fcetal
development; the fcetus and the placenta are holding each other in check. Uterine
activity (labour contractions) is probably initiated by prostaglandins and this may
be related to the stretching of the uterus, tending to produce prostaglandins, It may
be other things as well such as changing hormone levels, but the fcetus will hold
this in check until the adrenal pulmonary maturity produces an inhibition or cessation of anti-prostaglandins, That is to say, the fretus calls the tune (Prof. Seddon,
pers. comm.)
This would lead to a conclusion away from the idea that a more hostile extrauterine environment, possibly with fcetal malnourishment, would select for a

lThe lack of information J.S to the sample size and standard error of these means considerably
reduces the value of this data, as there may be no significant ethnic differences between the longer
anti shorter lengths.
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longer gestation. The other assumption that a longer gestation period would automatically lead to continued uterine growth should not be taken unquestionably, as
it does not fit in with the idea of Briend that freta! malnutrition was one of the prices
we paid for upright posture. He argues that there is a unique pattern of intrauterine
growth of the human fcetus in that the growth rate falters towards full term, and no
other animal shows this pattern (1979 : 317). Arguing against this being an adaptation to facilitate delivery or being directly related to maternal nutrition, he suggests
that the cardiovascular system of pregnant women is not perfectly adapted to the
upright position, and that fcetal growth near full term is adversely affected by maternal posture, especially where physical work is involved. The responses to this
hypothesis were mainly positive, although Dobbing criticised the interpretation of
growth faltering from growth curves of the bi-parietal diameters. Jordaan noted that
the ratio of brain to body growth is constantly changing during foetal growth, and
although it is high early on, it falls progressively towards full term, when it reaches
a value of about 9-10% (Jordaan, 1976 (b) : 279). Milnoz et al. (1986: 686) also
confirmed that growth curves indicate slow growth in the last ten weeks. This paper
may have been categorised as unorthodox, but Briend is nothing if not persistent,
and published the same basic hypothesis in 1980(a) and (b). This may well ensure
its absorption into many doctors' perception of the maladaptation of bipedalism. If
it was correct, it might be taken to indicate that the apparent similarity in gestation
length with non-human apes is secondary to selection for bipedalism.
It is more likely that throughout the evolution of hominids from the common
ancestor with other apes, we have retained a remarkably consistent gestation length.
The placenta has been termed 'The Celibate Sibling' (Mackey, 1984). Mackey
noted the lack of attention to the question of what selective pressures would operate
on the placenta. An optimal functioning would be that which minimises maternal
death rates first, and neonatal death rates second. He did not include discussion
of gestation length, but I would suggest that there is very little in the way that
natural selection can operate rapidly on gestation length. This, of course, recalls
the remark attributed to Samuel Butler that a hen is an egg's way of getting another
egg. Or a more recent example in the discussion as to whether a frog is a tadpole's
way of producing another tadpole. The difference between hens, frogs and humans
is that we, as mammals, do not undergo a transformation between the uterine and
extrauterine stage, and so have the potential to depart less from the foetal stage, in a
quite undramatic manner, depending on growth rates. But as soon as birth occurs
(giving the opportunity for environmental selection) the placenta dies. The ability
to remain largely unaffected by external pressures which could initiate adaptive
changes through selection means that it retains a conservative influence on human
evolution, especially with respect to gestation length.
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The second assumption in these hypotheses is that maternal height or weight
is closely correlated to pelvic inlet dimensions. Rosenbergs work was based on
the utilisation of a relationship between maternal weight and pelvic inlet dimensions. She starts by stating that overall size is important: the larger size (meaning
taller) population has longer pubic bones (1988:605). Relatively heavier populations have longer pubic bones that lighter ones of the same stature. From the data
in Chapter lion the response of the pubic bone to optimal nutrition and optimal
endocrinological functioning, this is what one would expect. From a comparison
between a population of Sudanese Nubians, the Kerma, and two populations of similar weight but smaller stature, the Kodiak and Zuni (New Mexico) she observed
that the pubic bones are longer and pelvic inlet larger in the shorter population because of the importance in relative body weight in determining birth canal size. She
concludes that "body weight is more highly correlated with acetabulo-syrnphyseal
length in recent humans than is stature (ibid : 605)". I would agree with that; but
not with her next sentences: that "this relationship parallels the known relationship
between maternal weight, maternal stature, and infant size. Given that infant size
is the major constraining factor on the size of the pelvic inlet, this is precisely the
relationship one would expect (ibid)". The relationship between maternal weight
and maternal stature and infant size is one of the most difficult ones to establish,
as will be shortly discussed. Just keeping in the meantime to the relationship between maternal size and pelvic inlet size, it can be seen that the data on populations
groups show some correlation, but when a case by case approach is taken, the relationship is impossible to predict. The problems the obstetricians had in the 1930's
and 1940's in trying to establish this as a prima facie case were fully described in
Chapter 4; as Greulich, Thorns and Twaddle noted,

Pelvic inlet type "cannot with certainty be deduced from external
measurements, and the ability to infer itfrom general body build would
appear to be one of the more esoteric of anthropologic accomplishments." (Greulich, Thorns & Twaddle, 1939: 493)
The third assumption was that there was a correlation between parental height
or weight and neonate weight. One example which may be fruitful is in the ethnic
differences in birth weights which were seen to be due to variation in fcetal growth
rates and not to variation in length of gestation (Hytten & Leitch, 1964 : 289, and Table: 305). Do they vary according to ethnic differences in average maternal height
and weight? At the time when Hytten and Leitch posed this question there was
very little data available, but they concluded that it did not completely account for
the differences, partly because of the effect of parity on birthweight. There was a
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good correlation between maternal height and birthweight of first borns, but not
with paternal height. In later children both correlations were low (ibid : 307).
The idea that the maternal height is significant, whereas the paternal weight or
height is not, appears to be based on experiments from breeding horses (Hytten &
Leitch, 1964: 305; McKeown & Record, 1954: 460) and Morton's (1956) study of
Japanese children in Hiroshima and Nagasaki between 1948-1952. This study was
titled: 'The Inheritance of Human Birth Weight', and after considering a variety of
factors which may influence birthweight concluded that the resemblance in birthweight of sibs is largely attributable to the maternal constitution or environment,
not to the genetic similarity of sibs.
The Aberdeen data which Hytten and Leitch described (ibid: 307) was used
for comparison with the results from Buckfield et al. (1983). In this study of 9,000
births, they assumed that the influences of parity, smoking and hypertension on
birthweights were randomly distributed among different maternal height groups.
Nor did they consider that maternal height was affected by nutrition in this New
Zealand sample. It was concluded that maternal height did affect birthweight, and
they proposed a series of adjustments to birth centile charts to correct for maternal
height. This contrasts with the suggestion by McKeown and Record (1954) that
parity had an influence, as they noted that although the maternal height correlated
with weight of the first born, it did not in subsequent births. In an anthropometric
study of 259 women, Winikoff and Debroener (1981) did not find that maternal
pre-pregnant weight nor weight gain during pregnancy appeared to correlate significantly with the birth weight. The only correlation was with maternal height.
McKeown and Record maintained that birthweight increases with birth rank
(1954: 459). This is supported by Oxorn (1980: 653) who found that many women
tend to have progressively larger babies. Pritchard and McDonald (1980) noted that
multiparity can be a factor in fcetal macrosomia. In opposition to this is the view of
Ounsted et al.,(1982), that first born were heavier, and Robinson (1979) suggested
that there is a well-recognised reduction of fcetal weight with an increasing number of pregnancies. It is clear that there is not a complete agreement on whether
birthweight increases with parity, or not. It is also not clear how parity is taken into
account in studies which make adjustment for it.
For example, Abrams and Laros (1986) reported on a survey of 2,946 births
in California. Adjusting for age, race, parity, gestational age, smoking and socioeconomic status of the mother, they found that if the pre-pregnant weight was 135%
or less of ideal weight for height of the mother, there was an association between
weight gain of the mother and birthweight of the infant. In the 7% of the sample
who were more than 135% over ideal weight, their weight gain had no effect on
birthweight. This article also had a very comprehensive bibliography referring to
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the vast literature on this topic. What is relevant to Rosenberg's (1988) study of
H. s. neanderthalensis pubic morphology is the material she used to justify the
claimed relationship between maternal size and infant size. She cited Kaltreider's
study, showing that the weight of the mother was considerably more important than
her stature, and Garn and Pesick (1983) that pre-pregnancy weight was the best
predictor of birthweight. However, Garn and Pesick recognised that" a measure
of fatness of the mother would provide more information than a weight-derived
measure (1983 : 668)". This is wholly consistent with all the studies on stature or
body weight: above all, it is the well-nourished mother who has the bigger babies.
All the studies which try to look at height or weight are really ignoring the basic
question as to whether the mother has had adequate nutrition to reach her maximum stature potential, and whether she has had enough nourishment to maintain
adequate weight for her energy requirements. Weight and height measures do not
operate independently of the environment in which she lives.
It is probably sufficient in this context to note that the factors which may create
a hostile uterine environment are mainly those which were listed as factors which
had to be adjusted for in trying to make a correlation between maternal weight
and birthweight. Socioeconomic status is significant, as it not only affects nutrition available to the mother, but also may reflect the stature and bodyweight of the
mother before pregnancy, and the physical demands or exertion by the mother during pregnancy which may be more demanding in low income groups. Weight may
be more signi ficant than height, but both may be predictive and can be used jointly.
The fourth assumption was that of a close relationship between maternal
pelvic dimensions and cephalic dimensions of the neonate. It is based on the
idea that natural selection ensures that if the pelvic aperture is too small, mother
or baby or both die. The idea that the pain in parturition was a uniquely human
problem, and one which also had a life-threatening quality, was part of the Reproductive Dilemma as outlined in Chapter 7. A critique of Rosenberg's discussion of
selection on the pelvic aperture was made in Chapter 7. As noted there, it remains
to be proven that small pelvic size has ever contributed significantly to maternal
mortality.
All of the vast number of obstetric studies on maternal pelvic shape and dimensions only really have a limited value in prediction of the outcome of labour,
because
1. it is so difficult to predict the neonate birthweight and headsize from maternal
measures.
2. it is very difficult with a primapara to predict the extent to which uterine
contractions will be able to be maintained, and the degree of moulding of
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the neonate cranium. There is also the question of to what extent the cause
of shorter labours for multiparas is because the muscles and ligaments have
already been stretched, or because the muscles and ligaments are more receptive to the endocrinological stimuli.
If obstetricians had ever been able to predict a close relationship between maternal pelvic size and neonate size, obstetrics would have been a lot easier, and
natural selection would have operated in a way which Dr. Pangloss himself would
have approved of. The case for any relationship between maternal pelvic dimensions and the cephalic size of the neonate remains to be proved.
The fifth assumption was that there is a relationship between neonate birthweight and neonate headsize. This holds in most cases, but there is not a close
correlation between headsize and birthweight in adverse conditions. In a small-fordates neon ate the factors which may inhibit uterine growth affect all other aspects
of the physiology before affecting head size. Growth retarded neonates have a head
size very similar to normally developed babies, although their heart, thymus and
liver can be very underweight (Briend, 1979: 317).
Rosenberg's work on ethnic differences seemed to show that this assumption
was substantially correct, but studies of ethnic groups in New Zealand give different results. The study of neonate headsize near full term by ultrasound scans
on three different groups in Auckland by Lee and Scott included data from European, Maori and Pacific Islanders. They concluded that the differences equal to
or greater than those observed in the present study are quite likely to occur purely
as a consequence of natural variation. Sabbagha et al. (1976, 1982 as quoted in
Muiioz et al., 1986: 686) also emphasized that there is little difference between
bi-parietal diameters (BPD) for various ethnic groups, so an explanation based on
ethnic differences in bodyweight to explain ethnic differences in BPD is suspect.
It is also interesting to note in this context that moulding due to a tight passage
in the pelvis really occurs very infrequently. The incidence of head moulding or
bruising was noted in four out of a total of 224 cases by Mufioz et al. (1986 : 682).
The bi-parietal diameter ofnewborns also often decreases in the first 24 hours after
birth (ibid : 685) suggesting the pressures on the head are fewer than is commonly
envisaged.
This study by Mufioz et al. (1986) on gestational age and headsize was based
on a Zulu population. They measured the headsize (using the BPD) by ultrasound,
finding that this group had low BP diameters, which they related to the shape of
the Zulu pelvis. The women were from a mainly rural area, with a high incidence
of poor nutrition and intrauterine growth retardation (ibid : 688); there was a very
high incidence of the platypelloid form of pelvis (ibid : 687). The population was a
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group characterised by poor nutrition, short stature and low socioeconomic status.
Although head size is usually the last thing to suffer from malnutrition the low BPD
may be due to extremely poor nutrition, rather than to the platypelloid pelvic shape
as Muiioz et al. conclude.
There was also a great deal of work done on these related topics in South Africa
by H. Jordaan. His 1973 Ph. D. was titled: 'A study in maternal pelvic capacity and
foetal cranial dimensions in the South African Negro and its bearing on human evolution', Although a glance the titles of his papers in the bibliography would suggest
a very comprehensive undertaking, the data bases from which he worked proved
unsatisfactory. fur example, he measured the headsize of neonates from 50 newboms, he measured pelvic inlet dimensions from 109 adult females, brain and body
weight was measured from 183 deceased newborns, and maternal weight/neonate
weight data was from 1,999 cases from hospital computer records (Jordaan, 1976
(a) : 273), The disparate nature of this data made the study unwieldy. Without
looking at individual cases, he found the correlation between birthweight and indices of maternal size too low, concluding that "each fetus should be used as its
own control in serial cephalometry (Jordaan, 1978: 59)". It was this work which
Stewart (1984: 616) referred to as 'confusingly mathematical', considering that
a knowledge of Bernard's work might have saved Jordaan from embarrassing errors (ibid : 622). Jordaan did not find any consistent relationship between the biparietal diameter of the neonate and birthweight, nor between bi -parietal diameter
and brainweight (Jordaan, 1979: 149).
Having discussed the five assumptions which have been incorporated in theories about the neanderthal pelves, I would not agree with the comment by Rak and
Arensburg that "maternal body weight, infant-size and birth-canal dimensions are
undoubtedly linked in H. sapiens, as meticulously demonstrated by Rosenberg (in
her Ph. D, thesis)(1987: 230)". The readiness of many to accept Trinkhauss theory
about the reason for the longer pubic bone in H. s. neanderthalensis illustrates the
strength of the expectation of a structure/function relationship existing as a determinant of pelvic form. The five assumptions as outlined are the result, but few can
be considered to be unequivocally applicable.
There is, however, something unique about human gestation and metabolism
during pregnancy and lactation which has been deduced from studies of neonate
size and maternal size in non-humans. Sacher and Staffeldt hypothesised that there
was a relationshi p between gestation time and brain weight, considering 91 species
of placental mammals, and that the rate of fcetal growth in mammals was governed
by a common limiting factor: the rate of growth of neural tissue. That is to say, that
gestation time depends on brain weight at birth, equating this with brain size. Brain
size could be limited by nutritional limitations or by an upper limit on information
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flow during development. In plotting the allometric relationships, they suggested
that the variance could be due to maternal body temperature and metabolic rate.
Although the gestation time of great apes seems long in relation to small body size
at birth, it is reasonable when brain weight and brain advancement is taken into
account (1974; 604).
In a study of neon ate size and evolution of the brain in anthropoid apes by Lynch
et al. (1983), it was considered that the adult brain weight was more tightly linked
to neonate body weight than adult body size, and the brain of Homo became larger
at least partly as a result of an allometric shift in neonate size. Human babies are
considerably larger than expected on the basis of an allometric relationship between
maternal and newborn size. They did not consider as to whether this might not
have been a relatively recent development, but concluded that neonate size may
have increased as a result of morphological change accompanying the transition to
bipedallocomotion (Lynch et al. 1983).
Two factors complicate the analysis of scaling relationships between neonatal
size and maternal size in placental mammals. One is the fundamental distinction
between altricial and precocial neonates. These two groups can be clearly distinguished by gestation period relative to maternal weight (Martin & MacLarnon,
1985 : 220). The other factor is the problem of the interaction between the three
factors: gestation period, neonatal size and maternal investment. The gestation period and fcetal growth parameters give a measure of maternal investment, and can
be linked to neonate weight by a combined function. Altricial mammals have a
higher maternal investment for a given gestation period and maternal weight than
precocial mammals. The human pattern is often described as being characterised
by secondary altriciality, In other words, the general trend in primates is towards
an increasing degree of precocial births, but we have changed the trend and reestablished a secondary degree of altriciality, as described in Johanson and Edey
(1981; 321) as a difference between a K strategy and the r strategy.
However, when the relationship between metabolic rate and reproductive patterns has been further elaborated we do not appear to have the higher energetic
maternal investment which is typical of altricial mammals. This is a highly specialised aspect of allometric studies as it involves consideration of the energetic
costs of reproduction. The parental investment is sometimes viewed as decrements
in a parent's future reproductive success that result from the current reproductive
episode. Alternatively, it can be viewed as energetic costs from pregnancy and
lactation, measured directly as energy allocated to reproduction or indirectly by
increases in metabolic turnover or loss of fat reserves (Harvey, 1986; 648). The relationship between maternal metabolic rate and brain size was confirmed in a study
by Martin (1981) of a range of terrestrial vertebrates, including reptiles and birds.
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There has been much work comparing marsupial with eutherian mammals, but
what is relevant to the arguments about human gestation length is the idea that
primates have longer gestation lengths and slower postnatal development for their
body size than other mammals; gestation is two to four times longer than in other
mammals of equivalent weight whereas milk production per unit time is far lower.
In this respect, humans appear to be fairly typical of the primate pattern having
low daily energetic costs of gestation and lactation. But we are atypical in one
way: women have big reserves of adipose tissue which provide an energy source
during short-term nutritional shortages. The cost of reproduction in humans may
be even lower than previously estimated. There is a drop in the metabolic rate in
the first trimester of pregnancy, and for many a further drop during lactation. This
contrasts with marsupials, where it rises sharply, and other eutherian mammals,
where it increases only a little during pregnancy (Harvey, 1986). Harvey does not
go further than this, but I would suggest that the success in human reproduction
with the degree to which human neonates demonstrate a secondary altriciality is
partly due to this capacity we have to depend less on immediate food sources to
maintain an adequate metabolic rate. Instead, we can maintain a consistent level
of lactation during the early stages of post-uterine development due to the levels
of fat accumulated, and in optimal circumstances also become pregnant while still
lactating.
Gestation length in mammals could be compared to egg size in birds. Taking
the example of the kiwi egg which is enormous relative to the body size, it can be
seen that although this large size confers a number of advantages for the newborn
chick, the current utility of the large egg should not be confused with the historical
reasons for its origin. The kiwi was evolved from a lineage of much larger birds,
and its ancestors laid large eggs relative to their large body size. But as the kiwi
reduced in body size, the size of the eggs only slightly reduced (Gould, 1986 (b)). In
the great apes, their body mass and pelvic dimensions have increased quite rapidly
since the point at which they shared a common ancestor with other horninoids, but
the size of the neonate did not increase, nor did gestation length in spite of very
large pelvic inlet diameters.

Conclusion
Gould used the example of the kiwi egg to demonstrate that current utility may
not be equated with historical origin. The utility of the longer pubic bone in the
H. s. neanderthalensis could be related to parturition for females, but this does not
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solve the problem about why, how or when it arose, and then disappeared. I suggested that it was secondary to the robustness and the rotation of the ilia and ischia
as seen in the Kebara pelvis. The males developed even longer pubic bones than
females to maintain an adequate biomechanical operation in bipedalism. But how
can we still maintain that primate (including human) data show greater pelvic inlet dimensions in females as an adaptation for parturition? The neanderthal data
would provide counsel for great caution in sexual diagnosis of earlier hominids by
pelvic breadth.

268

13
Conclusion
The Neanderthal Case was used in the last chapter to provide an illuminating example of the way that adaptation for parturition was so deeply imbedded in theories
about pelvic form that there was a complete breakdown in the ability to separate
this function from understanding the determinants of pelvic form even in the face
of the most contrary data. The longer gestation period theory was not adopted uncritically, however, as there were too many contradictions in it, like a 'Just So' story
which has gone wrong.
The apparently longer pubic bone in males and females did not seem related to
sex differences or adaptation to parturition, but merely a secondary response from
selection for other aspects of the physiology. It emphasised that an organism is an
integrated entity, not a collection of discrete objects. It highlighted the flaws in the
previous tendency to reify the pelvis and derive an understanding of the determinants of pelvic form which could be used as a basis for making sexual identification
and for ordering the' type' pelves.
The descriptions in the history of pelvic studies in obstetrics showed the importance of understanding how the naming of these types developed. The starting point
in anthropology by Turner in naming these types seemed unambiguous; they were
descriptive categories based on a numerate index, the numerical limits of which
seemed entirely arbitrary. But the extension of this system into a more subjectively
assessed shape, and the transition from the implicit evolutionary metaphor into an
explicit one was made by Caldwell and Moloy. It was adopted into texts with little
awareness of the profound bias not only from the significant studies being restricted
to females, but also from only studying 19th and 20th century prirnagravids, with
efforts being made by only a handful of scholars to understand how pelvic form
was affected by environmental factors.
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One assumption which has virtually always been implicit is that a functional
interpretation of pelvic differences can be made, relating the differences to gender
function based on the understanding of the extreme types of male and female pelvic
form. This was substantiated by the representation of sex differences as being discrete, innate and unchanging; more or less in direct opposition to the quantitative
theories of sex differences. It was implicit that differences between male and female pelves were attributable to the reproductive function in females, considering
it advantageous for the female pelvis to be broader to facilitate birth; whereas the
male type with the smaller pelvic cavity was considered optimal forlocomotion and
support of viscera. The sex differences which are found between the pelvic form
of large samples of male and female of known sex do show some grouping but not
with the discrete quality which is a characteristic of studies from populations such
as archaeological assemblages. There was an underlying contradiction between the
idea of a type of male and female pelvis, and the importance of the presence of a
large degree of variation in one population for any adaptation or selection to occur.
In these studies the problem of the' mean' or average type, and what was normal
regarding sex differences was affected by the strong cultural conditioning. This led
to a process of blotting out the possibility of abnormal variation-the concept of
statistical deviation being confused with the concept of sexual deviation. Very often specimens which seemed to show conflicting features which were too different
from the rest of their sex group were excluded.
The diversity within each sex was not appreciated as diversity, but thought of
as abnormal, or perversities. Therefore causes were looked for. In the most recent
work in both obstetrics and physical anthropology there has been an appreciation
that some variations, previously thought of as class or race related, may be more
properly ascribed to nutrition or physiological stress If there had been a greater
degree of respect for differencesthis would have allowed an understanding of the
sources of variation without annihilation of the differences. This is almost a completely opposit~(t8'th':i
of organising data by the principle of dichotomy.
/.
An implication in adopting a more quantitative perspective on sexual differences is that it may be appropriate to create an intermediate gender in the analysis
of archaeological populations. Hrdlicka had noted that broadness of the character
of sex was such that the most masculine and feminine are decidedly farther apart
than the large majority, who may be termed more or less orthosexual (Hrdlicka,
1927: 141). This view is somewhat in contrast to the ways in which lists of criteria are utilised in making sexual diagnosis of archaeological populations, such as
Hrdlicka's list reproduced at the beginning of Chapter 6. The sophisticated statistical discriminant function analysis seems to give some faith in the segregation
of male and female skeletal data; whereas in current work by specialists making
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sexual identification from archaeological material one is far more likely to find
sex differences represented on a quantitative continuum. As Black pointed out, our
results are more correctly considered as consistent, rather than accurate, when making sexual diagnosis. Use of an intermediate gender would be consistent with this
attitude, and would minimise the erroneous perception of sexual differences from
archaeological populations as being discrete, without the morphological overlap
commonly observed in extant Homo.
The hesitancy to accept the quantitative nature of sex differences stems from
the last hundred years of physical anthropology which has been dominated by the
premise that by studying the physique of living humans and the cadavers of those
recently dead from measuring and observing we can gain an understanding of which
aspects of the soft parts of the individual, such as genitalia, actually also show in
the bone. Just as social anthropologists depend on a knowledge of the sex of individuals of the community to establish family, kin and social organisation, equally
so the archaeologists depend on an assumption of immutable sexual boundaries
to be able to make assumptions about other aspects of the society of which they
are trying to 'flesh out the bones'. Gender is an important organising device in
archaeological studies. With the idea that sex went through to the bone, gender
was perceived as a cultural manifestation of a deeply based anatomic difference.
It appears to be difficult for archaeologists to reconsider whether there is a good
biologic bedrock for gender constructs.
When the idea that sex went through to the bone was extended to the sexual
identification of hominids before anatomically modem man, the lack of any other
means of making a sexual identification meant that the ex cathedra argument could
not be challenged. It both contributed to and was considered as proof of the Reproductive Dilemma-that differences in pelvic breadth observed in hominids showed
selection for females with wider pelvic breadth to allow for a greatet(ff~ncephal
ization of the neonate. The appeal of this imagery lies in the 'birth' of Homo sapiens at an individual level being depicted as solving a Dilemma posed by Nature;
with our brain size or braininess being of unnatural proportions. This narrative
component depicts our birth as a mirror of the birth of our species; some of the
obvious appeal in it could be attributed to this aspect.
The longstanding awareness of the significance of the trend to longer periods
of offspring dependency in primates could have provided an alternative explanation of the selection for bipedalism, the determinants of pelvic form and selection
for increasing altriciality irrespective of sexual dimorphism in the pelvis. The inference from tooth eruption patterns that the australopithecines may not have had
such prolonged periods of infant dependency remains to be proved, as retardation
of growth is more likely to have preceded the increasing use of bipedalism in the
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locomotion of the early horninids. In the past teeth have not been found to be very
sensitive to slight variations in diet or environmental stimuli. Like gestation periods, they appear to be somewhat resilient to rapid natural selection and may be a
conservative influence on rapid morphological change.
This account of the way in which the pelvis has been viewed from different
angles shows a wide diversity of questions asked, explanations sought and methodologies employed. This in turn is reflected in a diversity of knowledge acquired,
and, indeed, what counts as knowledge (Keller, 1985 : 166).
The most relevant perspectives in this account were those from obstetrics and
physical anthropology, and the utilisation of pelvic studies in theories of human
evolution. Even within one of these disciplines, successive views did not use the
same jargon; they did not divide the pelvis into the same categories, and most importantly they embodied fundamentally different ideas about the nature of causality,
especially the causes of the apparent sexual dimorphism in the pelvis. The implications of the differences in these perspectives were salutary.
Underlying these studies were four beliefs as outlined in the Introduction. These
four beliefs are an integral part of the biological ideology which dominated studies
of the pelvis. Three of the four are related to concepts of evolution, and the theory of evolution itself is a framework of thought which underlies one part of the
biocentric outlook on nature. Through a knowledge of evolutionary theory we understand ourselves as beings that fit into the same structure of reality that accounts
for every other form of life (Taylor, 1986: 112-113). To look at ourselves this way
legitimates our claim to be an integral part of life on earth.
The first belief, that of a purpose-directed attitude to the human condition leads
us to tell stories about things in ways that they really aren't, Because the two B'sBrains and Bipedalism -were viewed by many scholars as significant in defining
what it means to be human, they are considered to have always been significant.
This led to many studies underpinned by the objective of identifying the extent
to which one interacts with the other in the narrative of human evolution. Many
studies saw the pelvic form as being determined or directed by the needs of reproduction and brain development. This conceptual trap was most evident in the
widespread popularity of the 'Reproductive Dilemma', a metaphor implying conflict/resolution with a strong intellectual appeal of the dichotomy itself generating
the power which changed both pelvic breadth and neonate headsize. In fact, the
strong narrative component in this metaphor suggests that it is more allegorical
than analogous. To make a conceptual transition out of this may require an understanding of pelvic form as epiphenomenal to other factors in human evolution
rather than to be a solution to a problem which never existed, with the result of
giving it a purpose in evolution vis-a-vis a gender-related function.
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The second belief, that of a close structure-function relationship in organic
form led to the idea that the pelvis might be adapted to parturition. There was a
significant increase in functions with the transition to a completely bipedal form of
locomotion. Such multiple utility inhibits any specialisation, belying any close
structure/function relationship in pelvic form. These increasing functions with
bipedalism, which for so long had been thought o(~' rubicon in human evolution,
meant that the difficulty in reaching a consensus regarding the nature of the australopithecine gait may have contributed towards their continuing dehumanization
in the literature.
Regarding the rubicon in human evolution, it is germane to note that in the
Introduction it was mentioned that physical anthropology had developed from anatomy. Robert Young noted that the points at which distinctions of issue, discipline
or level are made are themselves of socioeconomic and ideological issue. Physical
anthropology was established as a science under the anatomy umbrella. But it made
a distinction. Anatomy was not zoology. as it was the study of the human organism.
It was part of medicine, whereas zoology was part of biology. Although under the
umbrella of anatomy, physical anthropology was trying to cross the demarcation
between humans and non-humans. As studies of racial comparisons were reduced,
primate comparisons increased. As long as physical anthropologists stuck to human anatomy, the demarcation was maintained. When Schultz consistently treated
the human skeleton as just one species of primates he was making a profound ideological shift in physical anthropology, as was Straus. Although their scholarship
was impeccable, it was quite different from anatomy when that had been restricted
to one species. The distinction between anatomy and physical anthropology had
been one of level and scope, not of what is human and what is non-human. When
Schultz and Straus did their work, they claimed that human anatomy could best be
understood relative to other primates. Although they were fond of some sort of continuum, the implication that to study physical anthropology also required one to be
a primate anatomist bridged the old division between medicine and zoology-a vast
chasm, the demarcation of which was rigorously maintained. Primate anatomists
still roam a no-man's land. It was interesting in the list of student prizes from the
American Association of Physical Anthropologists that there are no prizes named
after Schultz or Straus.
In making this study of the pelvis, I have been trying to utilise Bar;1bh
McClin1'\
tack's ideas about understanding matter based on differences not divisions (Keller,
1985: 164). As concluded at the end of Chapter 2, appreciating the differences
within each sex and the similarities between the sexes would provide a completely
different springboard for conceptualization of pelvic form, The value in this is that
/\
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it invites a form of engagement and understanding which allows for the preservation of the individual. The integrity of each human survives all our pattern-making
attempts, and the order of nature transcends our capacities for ordering. We would
not have to see every pelvis as male or female, or old or young. We would accumulate masses more information about the determinants of pelvic form in the old,
the males, the infertile, the disabled. This would lead to a much richer appreciation of the way that our environment can interact with aspects of our physiology
which seem as fixed as skeletal form. That is not to say that there is no reality in
aggregates, but the emphasis on multivariate studies from studying a number of
different aspects simultaneously, and from that making generalizations about the
origins of form and structure has effectively hidden the degree of interaction between one organism and its environment, and the effect this has on the skeleton of
each individual.
Because this sort of science is not premised on maintaining boundaries between
subject and object, these boundaries can be suspended. We would not have to
validate studies of the pelvis by appealing to objectivity. McClintock's feeling for
the organism provides a mode of access to reliable knowledge-it is a form of
attention reminiscent of Schachtel's 'focal attention' in which we centre attention
on an object fully so that one may perceive or understand it from as many sides,
as fully as possible (ibid : 165). In Newton's words, we might only be picking up
smooth pebbles and pretty shells, but at least seeing them from as many sides as
possible allows us an appreciation of the richness and variety of shapes and form
without imposing onto them our restricted understanding of the causes thereof.
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Appendix A

A study of pelves from a New
Zealand collection
Aims of the study:
L To apply the Turner and Thorns systems of categorisation to a skeletal collection of pelves.
2. To examine any results relevant to the discussion about the relationship of
pelvic brim index to sex, height and the ischium/pubic index.

Material used
This study was of the skeletal material in the General New Zealand Collection of
the Anatomy Department in the Otago University Medical School. It is treated as
a completely prehistoric collection, although one individual had musket wounds
from the warfare last century. It is certain that the collection is wholly Polynesian
from New Zealand and the Chatham Islands.
All post-cranial material was studied, and twenty-nine individuals were found
to be in a sufficiently complete state to be included. It was necessary for at least
one side of the innominate, the sacrum, and one femur to be measured. Details of
this sample are listed at the end of the appendix.
The following data were recorded:
1. The pelvic brim index:

anterior-posterior diameter x 100
transverse diameter
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The anterior-posterior diameter is in these cases the minimum distance between the promontory of the sacrum and the pubic symphysis, and is the same
as the obstetric conjugate diameter. The difference between the TR and the
AP diameters was calculated in order to apply the Thorns' categories.
2. Iliac height
3. The ischium/pubic index:
pubic length X 100
ischium length
Ischial length was measured from the centre of the acetabulum to the most
distal point on the ischial body. Pubic length was measured from the centre of
the acetabulum to the most medial point on the front edge of the symphysis.
4. Femoral length
5. The subpubic angle
6. Femoral shaft diameters and circumference
7. Acetabulre diameters
All measurements were repeated not less than three days after the first measuring,
and so the observer error was detectable at all stages of the study. Although there
was very little error in the long-bone measurements, the sub-pubic angle was one
of the measurements which rarely repeated exactly. The pubic and ischium lengths
showed slightly more variation on the second measuring than the long bones, but it
was within a more acceptable range than the variety in the sub-pubic angle measurements. Where they were slightly different, the measurements have been averaged
for the purposes of the following graphs. Studies which utilise high-technology
methods of measuring would not have the same problem, but to get consistency
with measuring the sub-pubic angle the need for a very exact articulation of both
sacro-iliac joints remains, and is often a problem with very brittle or fragmentary
material.

Method of sexing the individuals
Much of the General N.Z. Collection from which this sample was taken was first
studied at the end of the nineteenth century. Sexual identification has been based
on the traditional method of sexing, undertaken at different times by different workers as the collection increased. In a recent re-assessment of indeterminate cases,
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femoral head diameter was measured as it was considered that this was particularly
dimorphic in this population. The cases which have been categorised as indeterminate in this analysis have only been treated in that manner because there has
been some question in the past as to their status. The current criteria for sexing
would assign them to one or the other without utilising an indeterminate status.
The possibility has to be allowed that tall robust females are classified as males,
and short gracile males classified as females. The solution to this would be a metrical study of pelvic and femoral data of a Polynesian population from individuals of
known sex, but this had not been undertaken and is unlikely in the current climate
of cautiousness from the tangata whenua towards skeletal studies of archaeological
populations.
I have treated Numbers 15, 17 and 21 as indeterminate, for reasons explained
in the captions of the photographs at the end of this Appendix. Of the other 26,
15 were considered male and 11 were considered female.
Some metrical aspects of this collection show almost a complete overlap of
ranges between male and female; it is of interest to detail these because of the
claims for a discrete nature to some of the measurements by others (Table A.I).
The exclusion of Number 2 (a young male) for femoral lengths in Table A.1 was
made in order to highlight the discrete clustering by femoral length of the assigned
males and females in this collection. It was surprising, because one would expect
a degree of overlapping in ranges of nearly all metrical data as occurs in extant
human populations, where the taller females are taller than the shortest men. The
range of the sub-pubic angle and the range of the ischium/pubic indices will be
further discussed.

Categorisation of pelvic inlet index
• Turner's system
Dolichopellic inlet shapes have an index of 95 and above. This was found
in 5 males, 1 indeterminate and 2 females; No's 7, 8,9,17,18,20,24,
27.
Mesatipellic forms have an index between 90..:'-95. This was found in 4
males, 1 indeterminate and in 3 females, No's 11, 12, 13, 14, IS, 16,
19,25.
Platypellic forms have an index under 90. This was found in 7 males and 6
females, being No's 1,2,3,4,5,6,10,21,22,23,26,28,29.
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TABLE A.l: Ranges of measures
Range in females
Range in males
Measure
87-115 mm
93-113 mm
Iliac height"
Midshaft transverse
21-27 mm
femoral diameter
21-27 mm
Midshaft AlP
26-32 mm
femoral diameter
20-29 mm
Pubic length
78-96
mm
77-92 mm
Femoral midshaft
75-96 mm
circumference"
70-85 mm
Acetabulum
49-57 mm
diameter
43-51 mm
Ischial length
76 -86 mm
65--80 mm
425-474 mm
Fernoral Iength''
384-420 mm
(incI. No.17) (incl. No.15 & 21)

"Straus (1929: 433) considered the true pelvic segment of the ilium is relatively longer in the female.
bBlack (1980: 227) considered that the sexual dimorphism in widths, circumferences and areas (of the femur) often exceeds the sexual dimorphism in
bone lengths.
"Baker (1975: 19) considered the femoral head diameter a strong sexual discriminator, and the femoral head diameter is often used in sexual identification in this collection. Six of 24 measurements on females, and five of 27
male measurements were in the overlap range.
.
dThis excludes the young male No.2; with femoral lengths of 405 and 412mm.

Turner (1885 : 141) had put New Zealand males into the dolichopellic category.
• Thorns' System

This was based on Turner, 1885, but added the brachypellic type.
Dolichopellic TR < AP. Found in 3 males and 1 female. Their indices were
all over 100. No's 7, 9, 18,24.
Mesatipellic TR < AP + lOmm. Found in 3 males, 1 indeterminate and 2
females. No's 8,11, 16, 17,20,27. Their indices were all between 93
or 94-99 or 100.
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Brachypellic. TR < AP + 10-30mm. Found in 10 males, 1 indeterminate
and 8 females. No's 1,2,3,4,5,6, 10, 12, 13, 14, 15, 19,21,22,23,
25,26, 28, 29. These indices were all between 80-92 or 93.
Platypellic. TR < AP + 30mm or more. None fitted in this category.
There could be several reasons why a system such as the Thorns method does
not show any platypellic pelves in this group. The first is, as Thoms suggested,
that these pelvic inlet indices are largely nutritionally determined, as examined in
Chapters 4 & 11. Applying the criteria suggested by Angel: that an index over 80
indicates adequate diet, and an index over 90 indicates an optimal diet, it can be
seen that 13 were between 80-90, and 16 were over 90 (see Figure A.1). Another
reason could be that Thoms' system was established from a different racial group
and as the critical difference between the TR and AP diameters was expressed in
absolute terms, such as lOmm, 10-30mm, >30mm; these exact categories might
not apply to all racial groups.
The pelvis (Number 26) with the lowest index, 80.48, had an AP of 10. 1 cm
and a TR diameter of 12.05 cm. It was about average height for the females and
did not look particularly small. Photographs of Number 26 and Number 24 (with
the highest index) are included at the end of the Appendix.

Discussion
What can be summarised from the summary of these indices in Figures A. 1 and
A.2.?
1. Both male and female show a range of pelvic inlet shape. This could perhaps
indicate that there is adequate or optimal nutrition, showed by the variety of
pelvic inlet shapes in both male and female, and that the very flat pelvis, the
rachitic type, is not found in this prehistoric population. It neither proves nor
disproves Angel and Brinkers hypotheses about pelvic inlet index being an
indicator of nutritional status.
A study of the geographic distribution of these finds did not show any clear
clustering of individuals. This may be partly due to the fact that there is little
possibility of making any accurate dating of this sample due to the extremely
variable sources of the collection over the last 100 years. No. 19 is from the
nineteenth century. The first Chatham Island group (No's 4,5, & 7) is not
necessarily connected in any way to No's 22, 23, 24 which were from an archaeological site dated to the 16th Century. Of the Otago sample, No's 1, 11
and 12, could be early rather than later; No. 21 (from Auckland) and No. 16
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(from Stewart Island) possibly in-between; and Nos. 13 & 18 are thought to
be from the middle period. No. 28 could be later rather than earlier; No. 20
was from a Canterbury site with more or less continuous occupation; and
No. 10 could be from any time. A number of the Otago specimens were
from coastal sites which have been undergoing erosion over the last century,
and were not excavated archaeologically. Material from some of the most
carefully excavated archaeological sites in New Zealand, such as the Palliser Bay material, was found to be too fragmentary for this analysis. The
best preserved pelvis from there, Bundle Burial A (E 122), did not have an
adequately preserved pubic symphysis.

2. The graph in Figure A. 2 does not seem to indicate any relationship between
height and pelvic inlet index. fur any particular height there seems to be a
range of pelvic inlet indices in both male and female. It also shows the lack
of overlap in height in this population. All the females and one male (No. 2,
a young male) show a femoral length 42 cm. or less. All of the males show
a femoral length of 42.4 cm or more. The relationship can be expressed in
the formula:
If log maximum femur length less 1.26> log max. transverse inlet diameter,
then the individual was considered male.
If log maximum femur length less 1. 26 < log max. transverse inlet diameter,
then the individual was considered female
It can also be expressed as

= female
length = male

3.5254 x av. max. transverse> max. femur. length
3.5254 x av. max. transverse < max. femur.

This discrete attribute of this collection is possibly due to the use of femoral
head diameter in sexing the material.

The relationship between the sub-pubic angle and the ischium/pubic
index
The sub-pubic angle has been used as a critical factor in sexing pelves and has
many advantages as the visual estimation as to whether the angle is around 90°, or
significantly less than 90°, can be quickly and easily applied. The sub-pubic angle
is dependent on and secondary to the elongation of the pubic bone, and Washburn
(1948) established the use of the ischium/pubic index as a criterion for sexing archaeological collections. The relationship between these two aspects is represented
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in the graph (Figure A . 3). Although the ischium/pubic index is often preferred because it only needs one side of the pelvis, there is in some individuals considerable
asymmetry between the right and left sides. fur the purposes of Figure A. 3 an
average was taken between the two indices.
Llewellyn-Jones cites the normal female pelvis to show a subpubic angle of
about 85°; Smout et al. (1969) cite a normal female angle about 80° and a male
about 58° but a contracted female pelvis may show an angle of a little as 67°
(ibid : 33). In the New Zealand collection all the female pelves showed a sub-pubic
angle within the range of 87° - 126°, and the males from 54° - 89°, except for
No. 4, which appeared to have an angle of 105°, although only the right side was
present and it was difficult to measure. The three indeterminate specimens were all
within the male range.
Figure A. 3 shows the clear relationship between the ischium/pubic index and
the sub-pubic angle, as they increase or decrease proportionately to each other.

Ethnic comparisons of the ranges of the ischium/pubic index
TABLE A.2: Ischium/Pubic indices
I
Females
Males
Group
I Range Mean Range Mean
Negroes
84-106
95.0 71-88
79.9
Whites
91-115
99.5 73-94
83.6
94.3
New Zealand 108-125 116.0 96-109

The first two sets of data in Table A. 2 are from Washbum (1942, 1948). The
NZ data are from this sample. The lack of overlap in the N. Z. data is probably
due to the use of a collection of unknown sex in which sexual identification was
dependent on the skeletal material only rather than any inherent tendency to more
dimorphism in the latter population.
These indices can be usefully compared with data about different body proportions in the three groups. In the book 'The First New Zealanders' (Houghton, 1980)
attention is drawn to the significance of the different body proportions among these
three groups (see Figure A. 4).
A comparison of relative trunk proportions with ischium/pubic indices in different groups suggests that both males and females in a racial group which shows
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FIGURE AA: Characteristic Body Proportions in Polynesians, Europeans and Negroes (from Houghton, 1980: 29)
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a longer trunk length relative to total stature also show an elongation of the pubic
bone, reflected in a higher ischium/pubic index. This might be taken as confirmation of Rosenberg 1986(a) in her study of the relationship between stature and
pelvic proportions in different ethnic groups, but she considered body weight to be
more significant than stature in determining the relative pubic bone length. It does
not appear from her 1988 paper that she considers whether the different body proportions in shorter populations with a greater trunk length relative to total stature
would account for the longer pubic bones, rather than body weight.
Pubic length does not show any relative relationship with pelvic inlet shape.
The Figure A. 5 shows the distribution of different pelvic inlet indices relative
to pubic and femoral lengths, and there is no clear pattern in the distribution of
Turner's types in this Figure. Similar efforts with the ischium/pubic indices and
with Thorns' types also failed to show any particular pattern or correlation. This
substantiates the claim that a longer pubic bone does not necessarily mean that the
inlet is wider, or more platypelloid.
Pelvic inlet proportions often reflect some physiological characteristics of the
individual as already discussed, whereas the ischium/pubic indices may show a
relationship between trunk mass and stature and the pubic length.
A Map is given to show the appropriate geographic distribution of these specimens (Figure A . 6).
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Source Reference Numbers
Number

Catalogue

Location

Sex

Comprising of:
Complete pelvis, 2 femora
Complete pelvis, 2 femora
Complete pelvis, 2 femora
Right hand side of pelvis, 2 femora
Both sides; (poorly wired together) 2
femora
Complete pelvis, left femora
Complete pelvis, 2 femora
Complete pelvis,:'. femora
Complete
pelvis with dislocated femoral head on
left hand side.Left femur
Complete pelvis, 2 femora

I

E21

Otago

2

E22

Otago

Otago
Chatham Is.
Chatharn Is.

Male
male
Female
Male
Female
Female
Female
Female
Male

Female
Male
Male
Female
Female

3

E24

4

E25

5

E27

6

E28

7

E32

8

E35

9

E36

Otago
Chatham Is.
Poverty Bay
Poverty Bay

to

E42

Otago

11

E41

12

EM

13

E45

Otago
Otago
Otago

14

E48

N.Z.

15

E74

16

E82

Otago
Stewart Is.

17

E75

18

E92

Otago
Otago

19

E223

Horowhenua

20

E238

21

E160

Canterbury
Auckland

22

E171

23

EI72

24

E174

25

El92

Complete pelvis, :'. femora
Complete pelvis, :'. femora
Right hand side of pelvis.left femur.
Female Almost complete pelvis (from left side
missing) 2 femora
Complete pelvis, 2 femora.
Complete pelvis, 2 femora
Male
Left hand os coxae & sacrum. Left
Male
femur. Showed a long bone musket
wound partly healed.
Complete pelvis, 2 femora
Male
Almost complete pelvis, from right
hand side absent, 2 femora
Complete pelvis, 2 femora
Male
Complete pelvis, left from missing;
Male
right femur
Complete pelvis, 2 femora
Male
Complete pelvis, although fragmented;
Male
2 femora
Female Complete pelvis, 2 femora
Complete pelvis, 2 femora
Male
Complete pelvis, although front of
Male
ischium on both.' sides damaged; 2
femora
Female Complete pelvis, right femora

Chatham is
Chatham Is.
Chatharn Is.
No rthl and

26

E193

27

E76

28

E206

Northl and
Poverty Bay
Otago

29

E221

Hawke Bay

Complete pelvis, 2 femora
Complete pelvis, 2 femora

TABLE A.3: Reference numbers of specimens
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FIGURE A.7: Photograph of No. 7. This individual appears to have suffered pathological damage to the right hand side in the front part of the pelvis. There was slight
bone rezrowth.

FIGURE A.8: Photograph of No. 9. This individual had suffered a dislocated
femoral head on the lefthand side. There was gross bone regrowth over the acetabulum, and marked asymmetry in a much greater degree of robustness on the
righthand side
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FIGURE A.9: Photograph of No. 15. This pelvis was originally considered to be an
immature male, but this was revised to female, although the citrate analysis results
showed it to be similar to males in citrate levels (Dennison, 1979).

FIGURE A.1Q: Photograph of No. 17. This pelvis was designated female, corrected
from small male, but Prof. P. Houghton considered it to be a male
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FIGURE A.ll: Photograph of Number 21. This was designated as probably young
female; Prof. P.Houghton considered it to be male (not immature)
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FIGURE A.12: Photograph of No. 24. This had the highest pelvic brim index, 104

FIGURE A. 13: Photograph of No. 26. This had the lowest pelvic brim index, 80
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Glossary
Anthropoid (when used in reference to a class of primates) means belonging to
the sub-order of the primate order which includes all New and Old World
monkeys, apes and 'man' (Napier & Napier 1985: 18). That is, it excludes
the primates such as pottos, lorises, galagos, lemurs, indrii and the aye-aye.
anthropoid A pelvis of the long oval shape, with a transverse diameter usually less
or only slightly longer than the anterior/posterior diameter. Use of the term
anthropoid was discussed on Page 26. An illustration is in Figure 4.2.(Literally Human-like)
android A 'heart-shaped', shield-shaped , wedge-shaped or slightly triangular
form. See Figure 4.2 also. (Literally Male-like)
AP Anterior/Posterior diameter (front to back)
bimodal construction or distribution a frequency curve with two peaks
or maxima
biparietal diameter A cranial diameter, i.e., the diameter across the head between
the ears. Often used to measure skull width in the neonate or fcetus.
BPD biparietal diameter -

see above

brachypellic a round pelvic inlet, where the TR is between I and 3 centimeters
longer than the AP (see Page 75).
confidence limit e.g., 95%, is the range within which 95% (say) of the observations are found. If it is 95%, then there is a 5% chance that an observation
wi1llie outside that range.
continuum A range of values where a variable can take any value within that range,
or a line representing the relative frequency of values for any object over a
given range
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deviance In statistical terms this means the distance from the mean. It is a measure
of dispersion, variation or diversity.
deviation A variable which shows deviance.
discriminant function and analysis by discriminant functions, as established by
Fisher, are used in a similar fashion to correlation co-efficients, in so far as
they may indicate the significance or lack of significance of a relationship
between variables.
dolichopellic TR less or equal to AP; similar to the Anthropoid brim shape (see
Page 75).
gynzecoid called by Caldwell and Moloy the 'normal' round pelvic inlet shape;
see illustration in Figure 4.2, description on page 58. Literally woman-like.
Hominid refers to the family Hominidae to which Homo sapiens belongs. It is
usually taken to also include the extinct Australopithecus. Literally, 'human'

Hominoidea refers to the superfamily of primates which includes all apes (gibbons, orang-utans, siamangs, chimpanzees and gorillas and humans).
Hylobatids refers to gibbons and siamangs
innominate bone; an old term (used by Derry and others) to indicate hip bone.
The articulated pelvis comprises of two hip-bones and the sacrum (tail-bone).
The proper term for innominate is os coxae (Tuttle, 1988).
mean or average. If dealing with individuals of known sex, and there are clusters about the means for each sex, this can be taken as indicative of a sex
difference.
median the middle number in a range of numbers
mesatipellic Originally used by Turner to represent those pelves where the brim
index was between 90--95. This can appear android or gynrecoid in shape.
Used by Thorns in cases where the TR is up to one centimeter longer than
the AP (see Page 75).
mode most commonly occurring numbers in a set.
multi gravid a women who has had more than one pregnancy
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multivariate methods measure the interaction between different factors acting upon
or influencing the data
nullipara a women with no children (cf. multipara, a women with at least one
child)
os coxae the hip-bones. Each person has two of them, one each side.
Pan -Chimpanzee
pelvis an articulated pelvis comprises of two hip-bones or os coxae and the sacrum
(tail bone)
pelvic brim index is a description of the relative measurements at the top (or brim)
of the bony pelvic canal (APffR). The higher the index, the more the pelvic
brim is elongated in a front-to-back dimension. The lower the index, the
more the pelvic brim is wide from side to side.
Penrose's size/shape method standardises and sums the deviations of each individual from the average
platypellic Used by Turner to indicate a brim index under 90. Used by Thorns to
indicate that the TR was more than three centimeters longer than the AP. A
wide pelvis (side-to-side).
platypelloid Described by Caldwell and Moloy as a 'simple' flat pelvis, of a wide
oval brim shape (see Figure 4.2)
Pongids Orang-utans, chimpanzees and gorillas
Pongo -Orang-utan
primagravid a women with her first pregnancy

standard deviation the square root of the variance; a measure of dispersion or
amount of spread
TR Transverse diameter of the pelvis (side-to-side)

univariate methods include Student's t and Chi-squared tests. They are used for
hypothesis testing and used to set con fidence limi ts
variance the sum of all the squares of the deviations divided by the number of
items
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