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Questions







The female is softer in disposition, is more mischievous, less simple, more impulsive and more attentive to the nurture of the young. The male, on the other hand, is more spirited than the female, more savage, more simple and less cunning.


Aristotle





My title is from the famous plaint by Professor Higgins in the musical My Fair Lady. The song is about the difference between the sexes. It comes very clearly from an amusingly, ludicrously biased male point of view, but it serves to remind us that the differences between men and women are a major issue in our lives. However, I might just as well have called the book Why Can’t a Man be More Like a Woman? Since men, as I shall show, are essentially biologically modified women.


So just how different are men from women, and are there important differences that are genetically determined? This is a very controversial subject, but most men and most women would think that there are significant differences, and so do I. An enormous scientific literature, often disputed, has been devoted to the subject and it is one that arouses strong passions. There has even been criticism of some of this scientific literature to add to the controversy – namely, the assertion that some investigators may have biased their research deliberately to show differences, since a result of an investigation showing no difference between males and females would be less interesting.


Are there significant biological factors that make women behave differently from men, or are all the apparent differences due to social and cultural factors? I am a developmental biologist who has studied how embryos develop from the fertilised egg. Genes control the development of the embryo by providing the codes for making proteins which largely determine how cells behave. The cells in the human embryo give rise to the structure and function of our brains and bodies. We are essentially a society of cells which come from the egg and which determine who we are. They determine whether we are male or female, and I want to understand whether important differences in the behaviour of men and women are largely controlled by their genes during development and by the action of hormones both in the womb and in later life. This is particularly relevant in relation to men and women’s intellectual, emotional and physical abilities and their social behaviour.


And why are there two sexes? This is a difficult problem related to our evolution, and most animals have two sexes. But there are some species with just one, and with these, asexual reproduction is possible, if simpler and less enjoyable. Evolution has selected differences between men and women so as to make their reproduction as successful as possible. What are the evolutionary advantages of two sexes and of the genetically specified differences between men and women? Are there differences in intelligence and mental skills, language and motor skills?


The development of the brain, which determines how we behave, involves billions of nerve cells making innumerable connections with each other, and this is controlled by genes. We need to understand the differences that develop between male and female brains. The hormone environment in the embryo, controlled by genes, clearly contributes to the development of the physical and mental differences between males and females. Genes on the sex chromosomes explain why most people are heterosexual, for example. In other animal species, research has shown that the early hormone environment clearly has long-term effects on behaviour by changing the development of the brain, but the specific changes involved in humans have only recently begun to be identified and are a controversial area.


Also controversial are the many sex differences that have been described between human male and female brains, but only a few of these seem to be relevant to sex differences in behaviour. Regions of the brain, such as the hypothalamus and amygdala, which play key roles in processing emotions and sexual behaviour, have receptors for male hormones like testosterone, but much work still needs to be done in discovering reliable links between these hormones, the development of the brain and different behaviour in men and women. I will look at the structural differences between male and female brains revealed by the powerful techniques of MRI (magnetic resonance imaging) as well as by post-mortem examinations. MRI allows one to identify which bit of the brain is active under different conditions, such as thinking about a particular problem, being under stress or engaging in sexual activity.


One well-supported scientific view is that there are inborn differences between the minds of men and women. But this view is being challenged by scientists who call this the pseudoscience of ‘neurosexism’, and are raising concerns about its implications. They emphasise instead social influences, such as stereotyping, in determining the differences in the behaviour of the two sexes. If, for example, parents tell boys that they have less chance of acquiring good verbal skills than their sisters, and tell girls that they have little prospect of developing skills in maths, this can seriously and negatively affect their acquisition of skills in these subjects.


The evidence for some genetic differences in males and females is, however, overwhelming – just consider our bodies. Yet it has been cogently argued that sex differences in behaviour do not have a genetic basis, instead being socially determined. In this book I shall question the claims made for greater ability of males or females in a number of intellectual and emotional spheres, looking in detail at maths and science, motor abilities, analysis of complex systems, empathy and language skills. Much of the recent literature claims that men and women differ in a number of emotions, linguistic ability, memory, spatial reasoning and even in their sense of humour. If the differences are significant it could mean that men and women are naturally suited to different kinds of work. For example, the small number of women employed in areas related to engineering and technology might be related to their psychological function.


Some commentators see differences to be solely a matter of biology, with no social or cultural interventions, though, as we shall see, social conditioning can shape some biological features. The Oxford English Dictionary defines feminism as ‘Advocacy of equality of the sexes and the establishment of the political, social, and economic rights of the female sex’, and some feminists promote what is called the similarities hypothesis, which contends that the psychological similarities between males and females outweigh the differences. In effect, males and females are more alike than they are different.


All this will be considered in some detail, as will differences in emotional attitudes between men and women and the nature of sexual attraction.


In discussing biological differences I have, with just a few exceptions, left out the enormous literature on other male and female mammals such as chimpanzees. There is some hesitation in accepting its direct relevance to humans and, while I think many studies are relevant, many are not. In addition, I rarely refer to behavioural and brain studies on mice – we like to think we are very distinct from them.


Helen Bradford Thompson made the earliest scientific study of sex differences in cognitive abilities in 1903 at the University of Chicago. Her pioneering work failed to show any differences in the emotional abilities of men and women, and only very small differences in intellectual capabilities, which she attributed to social conditioning. But early brain studies concluded that women were intellectually inferior simply because they had smaller and lighter brains. Since then there has been a great deal of research, but questions still remain. In an interview for the New Scientist to mark his seventieth birthday in January 2012, the theoretical physicist Stephen Hawking admitted he spent most of the day thinking about women. ‘They are’, he said, ‘a complete mystery.’


In discussing male–female differences the term ‘gender’ is not used in the same way as ‘sex’. Gender refers to socially constructed roles and characteristics used to distinguish between males and females in a given society. There is a distinction between biological sex and gender, as sex refers to the biological characteristics, namely the genetic constitution of an individual, whereas gender refers to their personal identity, beliefs and behaviour. Sexologist John Money first made the distinction between the terms almost sixty years ago. The word ‘gender’ grew to be used in relation to how individuals identify themselves. The words ‘male’ and ‘female’ are sex categories, while ‘masculine’ and ‘feminine’ are gender categories, according to the World Health Organization. Differences between men and women, as I have said, are controversial and there are many books on the subject, some of them science-based. But there are also very popular books like John Gray’s Men Are from Mars and Women Are from Venus, and Why Men Don’t Listen and Women Can’t Read Maps by Allan and Barbara Pease. These amusing books focus largely on widely held beliefs about differences in communication and the relationships of couples, and stress the possible innate differences between the minds of men and women. There are, of course, numerous scholarly books on this topic too, as we shall see.


It has been suggested by Deborah Cameron in her book The Myth of Mars and Venus ‘that some writers on this subject can be thought of as latter-day Galileos, braving the wrath of the “political correctness” lobby by daring to challenge the feminist orthodoxy which denies that men and women are by nature profoundly different.’ Cameron recounts how Simon Baron-Cohen, in his book The Essential Difference, explains in his introduction that he put the book aside for several years because ‘the topic was just too politically sensitive’. In the chapter in his book about human nature, The Blank Slate, Steven Pinker congratulates himself on having the courage to say what has long been ‘unsayable in polite company about male–female differences’. Cameron points out that neither writer has a political axe to grind, and that they are simply following the evidence where it leads and trying to put scientific facts in place of dogma. I shall be trying to do exactly that myself and am certainly no Galileo. But my most basic and potentially controversial contribution to the subject is my conviction, based on embryonic development, that men are fundamentally modified females. Not ‘Why can’t a woman be more like a man?’ but rather ‘Why isn’t a man more like a woman?’


I first look at the evidence for discrimination against women and their subordination throughout history.
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Discrimination







For most of history, Anonymous was a woman.


Virginia Woolf





Men have dominated all societies from the earliest known times. In almost every society, the primary tasks of men and women have been different. Men are given responsibility for the government of the society, and women responsibility for the daily care of the household and children. Thus the female has been in many ways subordinate to the male and has generally had a lower status. Almost all inventors of modern technology have been male, and similarly most artists who have shaped our world have been men. There have, of course, been some very important women working in these areas, but historically the list is tiny in comparison to the number of men. What is the basis for this? Is it social or biological?


Understanding the differences between men and women could help to explain why women have suffered so much discrimination. Men and women are certainly different, as their sexual behaviour makes all too clear, and all societies accept this, but the belief that women are biologically and intellectually inferior to men has also been widely held and has an ancient history. Hunting and gathering was the ancient means of getting food, and men did the hunting while women gathered food locally and looked after the children. Women were there to provide domestic comfort and, of course, children, but many were looked on more as servants than equals.


In a very small number of societies women have played a more powerful part. One example is the Iroquois in North America, in whose society mothers have important moral and political roles. Another example is in Meghalaya in north-eastern India, where women run businesses, dominate households and take all key family decisions. They also inherit all property. There are other matrilineal societies where descent is via the female line. It is also claimed that in primitive societies this system preceded that of descent through males.


Women were subordinate in the most ancient cultures, such as those of the ancient Mesopotamian societies of Sumer and Assyria, whose religions and laws even prevented women from having control over their reproductive function. In ancient Egypt, however, women were given equal rights with men under the law. They could initiate divorce, control their own property and finances, and appear in court as witnesses. A woman could even become a pharaoh, though only a handful did. Even so, men still played a far larger part in government while women continued to spend most of their time at home. Nevertheless the Greek historian Herodotus, who claimed he had visited Egypt around 450 BC, thought the Egyptians had ‘reversed the ordinary practices of mankind’. In the ancient civilisation of Babylon women had similar status, enjoying complete independence and equal rights with their husbands and brothers.


In Greek society the status of women was determined mainly by the standing of the men in their lives, their husbands and fathers. In Athens wives seem to have been considered of use only in producing children, particularly male children, and contributed little to society in their own right. Around 800 BC the poet Hesiod wrote about how Zeus, chief of the gods in Greek mythology, created a beautiful first woman, Pandora, who was moulded out of earth. She was given unique gifts including a jar not to be opened in any circumstances. But she was tempted to open the jar that she had been given and released terrible evil into the world. There are striking similarities between the legend of Pandora and that of Eve in the Bible, as both are about the creation of the first woman, her disobedience of a divine command, and her thereby becoming a disseminator of evil, a status which was extended to all females. Eve ate an apple from the Tree of Knowledge and she and Adam were accordingly expelled from the Garden of Eden. Women were already doing badly in these accounts – which came, of course, from men.


Aristotle believed females to be physiologically and psychologically inferior to males. Yet in Greek mythology the Amazons were a nation of female warriors, and in classical Greek and Roman religions goddesses were worshipped. But their apparent high status did not help their earthly sisters much. With respect to reproduction, a woman was seen as essentially an infertile male, and the development of the embryo was attributed entirely to the male’s input of sperm.


In early Roman law women were inferior to men and were described as children. Although Roman women were citizens, they could neither vote, run for office nor work in government. Young unmarried women were controlled by their fathers, and on marrying passed into the control of their husbands. Later, under the Roman Empire, women were give more freedom and had more public influence, even if this was largely limited to those in the educated upper classes. But women in general were still dependent, mistrusted, and looked upon as frail creatures.


The early Christian church adopted the Greek philosophy that held women to be inferior to men by nature and based its laws on the Roman legal codes which gave women fewer rights than men in the home and in civic society. Women’s presumed inferior status was linked to scriptural texts which claimed that only man was created in God’s image. Just consider: ‘But I would have you know that the head of every man is Christ; and the head of the woman is the man; and the head of Christ is God’ (1 Corinthians 11:3), and ‘Of the woman came the beginning of sin, and through her we all die’ (Ecclesiasticus 25:24).


Christianity has traditionally given men the positions of authority, while few women are mentioned in the Bible by name and role, and they are seriously downgraded. ‘Wives, submit yourselves unto your own husbands, as unto the Lord. For the husband is the head of the wife, even as Christ is the head of the church: and he is the saviour of the body …’ (Ephesians 5:22–3); ‘Let your women keep silence in the churches: for it is not permitted unto them to speak; but they are commanded to be under obedience, as also saith the law’ (1 Corinthians 14:34); ‘Unto the woman he said, I will greatly multiply thy sorrow and thy conception; in sorrow thou shalt bring forth children; and thy desire shall be to thy husband, and he shall rule over thee’ (Genesis 3:16).


Later Christian theologians and authors continued with these negative views. Tertullian, born in the second century AD, described women as ‘the devil’s gateway’ in his De Cultu Feminarum and criticised their love of gaudy clothing. Fathers of the Christian Church such as St Augustine believed that only men, not women, were made in the image of God and St Jerome was another vehement misogynist who considered women to be the root of all evil and said, ‘Woman is the gate of the devil, the way of wickedness, the sting of the serpent, in a word a dangerous thing.’ These doctrines influenced Christian theology for centuries. Thomas Aquinas still maintained in the thirteenth century that women were intellectually inferior and created only to help men by conceiving children.


Women in ancient Chinese culture had virtually no rights. According to Confucius, women did not deserve an education because they were not equal to men. It was the duty of a Chinese girl to obey the men in her family, and have her feet bound to make her more desirable for marriage, and sometimes not even be given a name but be known as ‘daughter number one’ or ‘daughter number two’. In ancient India, by contrast, women were originally valued equally to men, but this positive view gradually declined as females came to be deemed less useful or valuable than males.


At the time of the foundation of Islam women had little or no rights. But the prophet Muhammad revolutionised this by giving women rights including property ownership, inheritance, education and divorce. The Koran is clear that men and women are equally valuable, although men have superior abilities which make it their duty to protect women. However, even in recent times women under the extreme Islamist regime of Taliban-controlled Afghanistan were forced to wear the burqa in public and forbidden to work, while girls were denied education after the age of eight.


 The origins of the movement for women’s suffrage are attributed to late eighteenth-century France, but it was not until 1839 that Mississippi became the first of the United States to pass laws allowing married women to own property separately from their husbands; other states followed. It was only in 1893 that the British colony of New Zealand became the first self-governing nation to extend the right to vote to all adult women. The first European country to introduce women’s suffrage was the Grand Principality of Finland, which elected the world’s first female members of parliament in 1907. In 1928 British women won full voting rights on the same conditions as men. But even now women worldwide have limited political power. In the parliament of the United Kingdom less than twenty-five per cent of members of both Houses of Parliament are women at the time of writing, and in the United States Congress the figure is only eighteen per cent.


In practically all economically primitive societies men perform physically demanding work such as hunting, fishing, metalworking, weapon-making and boat building. The women normally farm, manufacture and repair clothes, and do the work at home, which, as we shall see, has led them to make important inventions in agriculture. The same division of labour has been observed all over the world. There are a few examples of societies, such as the aborigines of the Trobriand Islands, where the system of inheritance is matrilineal and women hold a very good position, but men remain in charge. Even in most modern societies, men are more likely to do physical work and travel, while women more commonly stay at home and take responsibility for domestic work and caring for children.


A special form of discrimination is female genital mutilation, involving partial or total excision of the female genitals for non-medical reasons. It is thought to affect some 140 million women worldwide. The prevalence is particularly high in north-east Africa. The reasons vary, but a key one is ‘purification’ of the woman, and even some mothers support it. It is a form of gender-based violence.


Is the domination of women by men dependent on the different biological features of men and women? To explain the basis of this historical and current situation, it has been often set forth as indisputable that men are socially superior because they are naturally superior. Men, many have claimed, are endowed by nature with higher physical and mental attributes. Consider Charles Darwin’s views. In The Descent of Man (1871) he wrote:




Man is more courageous, pugnacious and energetic than woman, and has a more inventive genius … Woman seems to differ from man in mental disposition, chiefly in her greater tenderness and less selfishness; and this holds good even with savages, as shewn by a well-known passage in Mungo Park’s Travels, and by statements made by many other travellers. Woman, owing to her maternal instincts, displays these qualities towards her infants in an eminent degree; therefore it is likely that she would often extend them towards her fellow-creatures. Man is the rival of other men; he delights in competition, and this leads to ambition which passes too easily into selfishness. These latter qualities seem to be his natural and unfortunate birthright. It is generally admitted that with woman the powers of intuition, of rapid perception, and perhaps of imitation, are more strongly marked than in man; but some, at least, of these faculties are characteristic of the lower races, and therefore of a past and lower state of civilisation.


The chief distinction in the intellectual powers of the two sexes is shewn by man’s attaining to a higher eminence, in whatever he takes up, than can woman – whether requiring deep thought, reason, or imagination, or merely the use of the senses and hands. If two lists were made of the most eminent men and women in poetry, painting, sculpture, music (inclusive both of composition and performance), history, science, and philosophy, with half-a-dozen names under each subject, the two lists would not bear comparison. We may also infer, from the law of the deviation from averages, so well-illustrated by Mr. Galton, in his work on Hereditary Genius, that if men are capable of a decided pre-eminence over women in many subjects, the average of mental power in man must be above that of woman.





But Darwin had no real evidence for that conclusion.


Biological differences have often been blamed for the inequality between the sexes. Nicolas Malebranche, a French religious philosopher, argued in the seventeenth century that abstract thought was impossible for women because of the delicacy of their brain fibres. In 1875 the English biologist and philosopher Herbert Spencer, who coined the term ‘survival of the fittest’, argued that women were incapable of abstract thought and could not understand questions of justice, only issues of care. Sigmund Freud described women as inferior to men and argued that they were deficient in abstract thought, more influenced by feeling than reason. ‘Women oppose change, receive passively, and add nothing of their own,’ he wrote in 1925. Freud also proposed that girls and women were incomplete men. His concept of penis envy was based on the notion that girls realise early that they are not as complete as boys, and want to be more like them. I cannot take Freud seriously in spite of his great influence.


In contrast to all the negative views about women, fiction has been much more positive. Virginia Woolf in A Room of One’s Own claimed:




Indeed, if woman had no existence save in the fiction written by men, one would imagine her to be a person of the utmost importance; very various; heroic and mean; splendid and sordid; infinitely beautiful and hideous in the extreme; as great as man, some think even greater.





It takes much research to understand and account for men and women’s current unequal outcomes in academic careers. There are fewer women in academic positions in universities, especially in maths and science. A recent survey in the United States showed that women in science, engineering and technology were much less likely to obtain tenure in full-time academic positions than men. The figures were twenty-nine per cent of women compared to fifty-eight per cent of men. In addition only twenty-three per cent of women compared to fifty per cent of men achieved the rank of full professor. Why are women so under-represented in this sphere? What role do biological and social factors play? We will return to this later.


It is important to recognise how much the position of women in modern society has changed. Women have developed feminism, a movement based on the belief that women should have equal rights to men in all spheres of life, with widespread success. Many women hold high positions in politics as well as the commercial world; consider Angela Merkel in Germany and Hillary Clinton in the United States, and remember Margaret Thatcher. There are several awards in the United Kingdom for achievements by women in business. In the Olympic Games women have an equal role to that of men. Yet many people still consider housekeeping and raising children to be a woman’s proper sphere. The feminist Germaine Greer claims that there has been a recent rise in misogyny as women expect to share men’s lives and men find this intolerable.


Do these widely observed differences in male and female social roles arise from biological foundations? We return to the tricky set of problems of identifying human male–female differences and then determining whether these have a social or biological cause. I will first look at the embryonic development of humans to see how the physical differences between the sexes have arisen.
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Modified Women







What would men be without women? Scarce, sir … mighty scarce.


Mark Twain





The biological differences that can be found between the bodies and brains of males and females are largely due to the way their embryos develop. After starting life in the womb as a single cell, the fertilised egg, we all begin to develop as females, the default sex. Early development of the human embryo follows a female path and is thus similar in males and females, with sexual differences appearing only at later stages when male development starts by modifying female development. Although the development of the individual as either male or female is genetically fixed at fertilisation, males develop only because, in about half the embryos, there are genes that modify female development. If these genes did not do their job properly, we would all be women. A sobering thought for us males.


The fertilised egg divides to give rise to all the cells in the body, and the organisation of the developing embryo is determined by the behaviour of cells in different regions. Cell behaviour is largely determined by their proteins, specified in turn by genes that provide the codes for the different proteins. In humans some 23,000 genes are located on forty-six chromosomes, twenty-three from each parent. Turning different genes on and off in different places and at different times in the developing embryo determines what proteins the cells contain, and thus how the cells behave. In this way genes play a fundamental role in how we develop. Genes, via the proteins they code for, determine the shape and function not only of the body but also of the brain, so that certain behaviours are genetically determined. An obvious one is the desire to have sex.


Whether a gene is switched on, and thus whether its protein is made, depends on the binding of certain proteins – transcription factors – to the DNA in special control regions of the gene. Only if the correct control regions are occupied by the right transcription factors can a gene be turned on. The activation of a single gene may involve many transcription factors, and they can also turn genes off so that the proteins they code for cannot be made. In addition hormones can affect the control regions by regulating the release of transcription factors or preventing them from acting. The protein produced by one gene can activate several other genes or inactivate them, and so a circuit of gene interactions is set up which determines cell behaviour and how it changes with time.


The basic mechanisms involved in embryonic development are understood, but the role of many proteins remains to be deciphered, and this is especially true for the development of the brain. A key question is what controls the behaviour of individual cells so that highly organised patterns emerge, like those of the nerve cells in the brain. The cells arising from division of the fertilised egg become different from each other as a result of signals between each other as well as of their internal developmental programmes. Hormones released by cells in one part of the embryo can affect cells in other parts, so that they too play a key role.


Signals from other cells often arrive at the cell membrane but most do not enter the cell, instead binding to a receptor which activates a sequence of molecular interactions within the cell leading to genes being turned on or off. This sequence can be very complex and there is a nice cartoon by Rube Goldberg, The Self-Opening Umbrella, which illustrates it. A man has a chain of interactions that causes his umbrella to go up when it rains. The rain causes a prune to expand and so light a lighter which starts a fire which boils a kettle which whistles and frightens a monkey who jumps on to a swing which cuts a cord releasing birds who, when they fly out, raise the umbrella. In the cell the sequence can be much more complex.


After fertilisation, the egg undergoes a number of cell divisions which give rise to a layer of cells that will develop into a human body. This layer then undergoes gastrulation, a sequence of movements which sets up the basic structure of the embryo (I am quoted as saying that gastrulation, not birth, marriage or death, is the most important event in our lives). After gastrulation the nervous system begins to develop, starting with the formation of the neural tube from a sheet of cells. The anterior end of this tube gives rise to the brain, while further back it develops into the spinal cord. The nervous system is the most complex of all our organ systems, as there are many hundreds of types of neuron, differing in the billions of connections they make. Some features of its development will be described later.


It is the female that dominates in embryonic development. She provides the cell – the egg that gives rise to the child – while the male contributes only his genes at fertilisation. She also feeds and protects the embryo during its development. Early development of the human embryo, as we have seen, follows a female path. But the development of the individual as either male or female is genetically fixed at fertilisation by the chromosomal content of the sperm that fuses with the egg. There are two chromosomes that determine the sex of an embryo, X and Y. Females have cells with two X chromosomes (XX) while males have an X and a Y (XY). It is worth noting that in women one of the two X chromosomes is randomly inactivated, as only one is required for normal function. Before fertilisation the cells that give rise to egg and sperm divide and halve the number of their chromosomes, the beginning of a process known as meiosis. The egg thus has a single X chromosome while each sperm cell carries either an X or a Y. The genetic sex of mammals like us is thus established at the moment of conception, when the sperm introduces either an X or a Y chromosome into the egg. The presence of a Y chromosome makes the embryo develop as a male; in its absence, the default development is along the female pathway. If the cells in the embryo have just a single X chromosome and no Y – Turner syndrome – the embryo develops as female, but with abnormalities. In the absence of the X chromosome, there is no development.


The genes on the Y chromosome carry code for only about twenty proteins, but a most important key gene is SRY, which causes testes to develop. The testes then secrete hormones about ten weeks into gestation including testosterone, which cause the development of male tissues and suppress female development. Testosterone is high in male embryos during weeks twelve to eighteen and then again during weeks thirty-four to forty-one, when it reaches a level ten times higher than that found in female embryos. It is also high in baby boys in the first three months after birth. The development of a penis in males, instead of the clitoris of females, and the reduced size of mammary glands in males are due to the action of testosterone. Breasts and nipples are already in place in the embryo before testosterone is secreted, as it is essentially female at early stages, so they are present in both sexes but have no function in males. Thus the SRY gene has a major effect on our lives: it initiates the basic differences between men and women by turning on male hormones. In the male embryo the SRY gene is expressed in the brain, kidneys, heart and pancreas, while in adults its activity can be detected in the kidneys, heart and liver. It is very clear from our sexual development that males are essentially modified females, and that applies to both our bodies and our brains.


Imprinting is a peculiar and special feature in development. During maturation of the sperm and egg certain genes are inactivated by a process known as imprinting. At least a hundred genes are affected; the majority of their functions remain to be worked out, although most are expressed in the brain. Their general function is to control development so as to give an advantage to whichever sex is involved in the imprinting. Thus imprinting in the egg will reduce the growth of the embryo in order to limit the negative effects excessive growth can have on the mother. By contrast male imprinting of the sperm promotes growth. It is clear that there are significant genetic differences in male and female brains due to imprinting.


There is a higher rate of left-handedness among men than among women, and this may be due to the higher levels of prenatal testosterone in males. A minor physical characteristic that shows sex differences is the ratio of the length of the right-hand second digit (index finger) to that of the fourth digit (ring finger). In men the second digit tends to be shorter than the fourth, while in women the second tends to be the same size or slightly longer than the fourth. Lower 2D:4D ratios imply a higher testosterone exposure in the embryo.


The effect of hormones such as testosterone on the development of male features of the embryo is fundamental to understanding biological differences between the sexes, including physical characteristics such as size and strength as well as particular skills and emotions. More than fifty years ago a paper was published about the effect of treating the embryos of female guinea pigs with male hormone, which masculinised their sexual behaviour. Since then there have been numerous studies showing that sex hormones present early in development affect sexual differentiation and sex-specific behaviour. It is not permissible to inject male hormones into the human womb where female embryos are developing to observe the effect, but it is possible, as we shall see, to study the development of individuals with disorders that cause an increase in testosterone in the womb, as well as measuring hormone concentration during pregnancy.


Hormones are not the sole contributor to the differences in typical male and female development. Genes on the sex chromosomes influence the development of both the body and the brain, and directly influence neural developmental and some identifiably sex-specific behaviour. These direct genetic actions have a wide influence and can include actions caused by locally produced hormones or other, non-hormonal, messenger molecules.


One informative disorder of sexual development occurred on the island of Hispaniola in the Caribbean, where children who had been identified as girls at birth began to develop male sexual characteristics at puberty, and grew up to become men. This was found to be due to a faulty gene for the enzyme 5-alpha reductase, which is required to make testosterone potent. Its absence in embryonic development was resulting in babies being born with female characteristics even though they had a Y chromosome, but at puberty the secretion of large amounts of testosterone caused them to grow a penis. The defect was traced back for seven generations. We will also examine examples of another genetic disease, congenital adrenal hyperplasia (CAH), which increases testosterone during development and so masculinises the development of the female embryo, and causes changes in the female body and later behaviour.


Further evidence for the key role of genes and hormones in human sexual development is illustrated by rare cases of abnormal development. Testosterone can enter cells and then bind to a receptor. If XY males have a mutation that prevents testosterone binding, they develop as females in external appearance, even though they have testes that secrete testosterone, and they do not develop male secondary sexual characteristics at puberty. Thus there are males with this insensitivity who despite their Y chromosome are usually indistinguishable from girls and women. Conversely, genetic females with a completely normal XX constitution can develop as male in external appearance if they are exposed to male hormones during their embryonic development. There are also rare cases of XY individuals who are female due to part of the Y chromosome with the SRY gene being lost, and XX individuals who are physically male due to that part of the Y chromosome being transferred to the X chromosome. The sex chromosomes can have negative effects when combined in an abnormal manner that results in there being three of them, instead of the usual two. Some individuals who have three sex chromosomes (either XXX, XXY or XYY) have clearly marked difficulties in speech and language, motor skills and intellectual achievement. Mental ability has been found to be poorest in females with XXX, while males with XYY have normal-range intelligence.


After birth, development continues mainly as growth but at the age of about ten to fourteen years old puberty occurs, bringing major physical changes through which a child’s body develops into that of an adult capable of reproduction. Puberty is begun by hormonal signals from the brain to the ovaries and testes, which respond by producing a variety of hormones that stimulate growth. The principal sex hormone for males is testosterone, while the hormone that dominates female development is an oestrogen, estradiol. Females also produce testosterone, which is made in their adrenal gland and ovaries. The concentration in their body is only one twentieth that of males. There is a growth spurt in the first half of puberty which only stops once puberty is complete. Puberty introduces much wider changes into bodies of boys and girls than merely genitalia, and results in radical developments. Females develop functional breasts and oestrogen widens the pelvis to help with childbearing. Males become sexually competent, develop facial hair and their voices break.


The average height of men in the United Kingdom is five feet nine inches, and for women just under five feet four inches. American men are about an inch taller, and American women half an inch. According to the Guinness Book of Records 2013 the shortest living man – at one foot nine and a half inches – is Chandra Bahadur Dangi of Nepal, and the tallest living man is Sultan Kösen of Turkey, at eight feet three inches. The tallest man ever was Robert Pershing Wadlow (1918–40) from the United States, who was over eight feet eleven inches tall. The tallest living woman is Yao Defen of China at seven feet seven and a half inches, and the shortest Jyoti Amge of India at two feet seven inches.


On average males are physically stronger than females and this has a significant effect on lifestyle, particularly in relation to defence, hunting and aggression. Men have more total muscle mass than women because of higher levels of testosterone. As a result gross measures of body strength suggest that women are between fifty-two and sixty-six per cent as strong as men in the upper body, and between seventy and eighty per cent as strong in the lower body. Males typically have about fifty-six per cent greater lung volume proportional to body mass, and larger tracheae and bronchi. Men also have larger hearts and a ten per cent higher red blood cell count: more haemoglobin, and hence greater oxygen-carrying capacity. An important consequence of these structural differences is that maximal exercise capacity in women may be more limited by lung capacity than in men.


It is worth noting some other physical differences that result from development. Both males and females have an Adam’s apple but it is larger in men because their larynx, which contains the vocal cords, is larger. The Adam’s apple is actually the thyroid cartilage which forms part of the larynx protruding in the front of the neck. In most women it is not easy to see. Women, who have smaller vocal cords, normally have higher-pitched voices than men. But this is not the only difference. Timbre, the tone quality differentiating one spoken sound from another, also matters and men tend to speak more monotonously while women tend to use a wider range of tones.


Differences are found also in the special senses. In sense of smell, for example, women are significantly better than men in odour detection and identification. It has been claimed that this superiority can even be found in newborn babies. Female sensitivity to male-specific odours is many times stronger during ovulation than during menstruation. Women are also significantly more likely than men to suffer from cacosmia, where a normally benign smell is registered as unpleasant. Symptoms include dizziness, headaches and anxiety, and while there can be more serious causes, links have been found to common household solvents such as paint. Women are better at hearing at high frequencies than men and have even more acute hearing around the time of ovulation. A boy may need a teacher to speak more loudly than girls if he is to follow a class, but he can also block out background noise in the classroom better than girls.


As we shall see from the behaviour of newborn children, there are also psychological differences specified in development as the brains of males and females are different at birth.


One may ask why specific differences should have been favoured and selected for by evolution. And how could they confer advantages for reproduction?
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