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endorsements
   

 ‘Sex and gender have become highly politicized characters in confused and often ill-informed debates. This book, with scholarly contributions from across the disciplines, throws a clear and immensely welcome light on why both sex and gender matter, and how the relationship between the two is a matter of evidence, not of personal opinion. Societies invent gender, but sex is an immutable biological fact. A public policy that ignores this difference risks unravelling many gains in women’s rights. This is not just a matter of obscure academic argument, but one that concerns us all.’



Ann Oakley, Professor of Sociology and Social Policy, Social Research Institute, University College London, UK


 ‘An important and extremely timely collection of essays that presents a valuable overview of current research investigating the relationship between sex, gender and gender identity in the UK today. The contributors to this volume are all senior researchers in their fields who conduct evidence-based research and believe, in issues as diverse as criminology, sports science, children’s literature, education and many others, that sex matters. This book pays tribute to their tenacity in researching the erasure of sex categories in their fields in the face of the many obstacles that have been placed in the way of “gender-critical” scholars.’



Sarah Pedersen, Professor in Communication and Media at Robert Gordon University, UK




SEX AND GENDER

Sex and Gender: A Contemporary Reader is a much-needed exploration of the relationship between sex, gender and gender identity. Its multidisciplinary approach provides fascinating perspectives from the sciences, social sciences and humanities, as well as biology, neuroscience, medicine, law, sociology and English literature. The 15 chapters are original contributions, authored by scholars who are leaders in their respective fields.
This thought-provoking collection offers significant methodological, theoretical and empirical insights into one of the most fraught debates in contemporary politics and academia. It provides a broad-ranging introduction to the issues central to questions about how and why sex matters from a range of disciplinary perspectives, drawing out the social, political and legal implications.
Questions addressed include:


	Is sex binary?

	What is a woman?

	Why do we need data on sex?


Also discussed are topics widely debated today such as sports, feminism, sex and inequality, sex-based rights, puberty suppression, criminal justice and gender dysphoria.
Sex and Gender: A Contemporary Reader is a timely introduction to contemporary debates on sex and gender. It is an accessible text for both general readers and for students of gender issues across a wide range of disciplines including sociology, education, history, philosophy and gender studies.

Alice Sullivan is Professor of Sociology at University College London, UK. She was director of the 1970 British Cohort Study (BSC70) for ten years from 2010 to 2020. She has published extensively on social, educational and health inequalities using longitudinal data analysis.

Selina Todd is Professor of Modern History at Oxford University and a Fellow of St Hildas College, Oxford, UK. Her books include The People: The Rise and Fall of the Working Class 1910—2010 (2014) and Tastes of Honey: The Making of Shelagh Delaney and a Cultural Revolution (2019).
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1 INTRODUCTION

DOI: 10.4324/9781003286608-1

Alice Sullivan and Selina Todd


This book is about the meaning and significance of sex (a biological category) and gender (a social category). The introduction explains our definition of sex and gender and the relationship between them. We also explain why studying sex and gender matters, and our aims for this book. The chapters that follow span, collectively, the sciences, social sciences and the humanities. The contributors – all senior scholars in their respective fields – examine the biological basis of sex, the construction of gender and how sex and gender inform academic, social, legal and political debate. Each chapter presents original scholarship of relevance to students and scholars of the subject, but this book is also written for the general reader interested in sex and gender.

The erasure of sex categories from language, public policy, discourse and data collection is a recent phenomenon. The idea that sex should not be referred to, analysed or taken into account has achieved dominance with extraordinary speed.

The Lancet medical journal’s statement that ‘“Historically, the anatomy and physiology of bodies with vaginas have been neglected”’ (Gribble et al. 2022) provides a vivid example of the expunging of sex categories, and women in particular, from language. Health services increasingly refer to women according to body parts or functions, such as ‘people with a cervix’ or ‘menstruators’.

The denial of sex has had concrete effects on everyday life, including the removal of single-sex spaces and female-only sports categories. Rapid changes in the medical and social treatment of children who express confusion about their gender have occurred despite a lack of supporting evidence (NHS England 2022). Parents and schools have had to contend with a rapid increase in the number of children and young people presenting with gender-related distress, in an emotive climate, in which even asking for better data to support decision-making is presented as suspect (Barnes, 2023).

Many people may be bemused by these developments and wonder where they have come from. Those implementing policy change on the ground may be largely ignorant of the academic origins of the campaign to abolish sex categories. Change has often been pushed through quickly and quietly, without due scrutiny or discussion. This type of ‘policy capture’ has occurred in areas of policymaking where sex is a consideration, from data collection to prisons to sports (Murray and Hunter Blackburn 2019; Devine 2022; Sullivan 2021; Biggs 2022).

In this climate, the current book provides a much-needed resource for anyone interested in how we got here and who wishes to understand current debates on sex and gender from a multi-disciplinary and evidence-based perspective.

We were motivated to write this book for three reasons. The first is that we cannot understand the world without reference to the fact that humans are sexed. Removing sex as a conceptual and empirical variable leaves the human and the social sciences and the humanities hopelessly hamstrung. This matters for science and scholarship, regardless of whether one takes a feminist perspective or not. But it matters particularly for women, because women remain unequal to men. Only by understanding sex and gender can we identify where such inequality exists, analyse its causes and consequences, and seek to eradicate it. Women across the world are subject to sex discrimination in the workplace and beyond and are subjected to male violence, sexual assault and harassment (Abdel-Raouf and Buhler 2020; Vail et al. 2018; Francis Devine and Booth 2022; Allen et al. 2022; Bryson et al. 2020). Many academic feminists have moved away from the analysis of these material problems, influenced by aspects of postmodernist thought and by gender-identity ideology (influences that we outline below). We agree with Martha Nussbaum (1999) that ‘[f]eminism demands more and women deserve better’ (45).

The contributors to this book believe that researchers and policymakers should examine the extent of inequality between the sexes, the reasons for such inequality, and who perpetuates and benefits from it. Acknowledging the biological differences between women and men is important if we are to understand their distinct needs and vulnerabilities (for example, women are on average physically weaker than men). But these biological differences do not explain or justify women’s inequality. The social and political construction of gender creates and justifies this inequality by suggesting that women should play ‘feminine’ roles and men ‘masculine’ ones and by valuing the latter more than the former. Studying gender, and its relationship with sex, is therefore crucial.

Our second motivation is a recent challenge to this understanding of sex and gender and the view that sex affects people’s lives. Since the late twentieth century, gender-identity theorists have argued that gender is a personal identity that has nothing to do with an individual’s biological sex (we explain and evaluate gender-identity theory later in this introduction). During the early twenty-first century, this idea has gained traction in academic debate and policymaking, especially in the world’s richest Western countries. Those who believe that men and women should be defined by how they feel, rather than by their biology, focus on the need to accommodate individuals who do not believe they belong to the biological sex they were born into. Those people who believe they have an innate gender identity at odds with their biological sex are defined as ‘trans’. This debate has focused particularly on how the desire of some men to be treated as women can be addressed. How the sexes, and particularly women, are defined and whether women as a sex should possess distinct rights to protect them from sex discrimination and harassment have become burning questions for academics and politicians alike. This volume will help readers to navigate this debate.

The third motivation for writing this book is to communicate evidence-based views which have been suppressed. The advocates of gender-identity politics have silenced dissent and suppressed women’s voices, for example by targeting feminist meetings with violent threats (Kirkup 2018). Their actions have highlighted and exacerbated the conflict between gender-identity activists and feminists advocating for women’s rights. The slogan ‘no debate’, adopted in political campaigning for gender self-identification and the erasure of sex as a category, has also had a chilling effect within universities (Suissa and Sullivan 2021). This book is underpinned by the need to reassert scientific and scholarly values in the face of attempts by postmodern sex denialists to curtail scholarship through campaigns of slander and abuse, often targeting employers and publishers, something many of the contributors to this volume have experienced. Calls for ‘no debate’ on sex and gender seek to prevent both democratic and scholarly discussion. Yet the open exchange of ideas is essential if we are to develop mutual understanding and work towards solutions to social problems and conflicts of rights.

The wide-ranging multi-disciplinarity of this volume reflects the fact that sex, and the gendered norms associated with sex, matters across the disciplines represented here, including biology, history, law, sociology and English literature. The contributors to this volume argue that the attempt to erase sex, both as a conceptual category and as an empirical variable, has consequences for all the disciplines which take human beings as their subject.


Defining sex and gender

The scholars in this volume share a broad understanding of sex and gender. Sex is biological, immutable and binary (there are only two sexes, as Hilton and Wright explain in this volume). Scholars and policymakers need to understand the biological differences between women and men because these create distinct, sexed experiences and needs. For example, only women have the potential to bear children, so even the experience of not childbearing is different for women than for men. Only men can get prostate cancer, and only women can menstruate and breastfeed. Everyone needs to be able to recognise these differences so they can understand their own bodies and requirements. Scholars need to be able to analyse men and women as groups to identify their needs, and policymakers need to be able to address those needs (or be held to account if they do not). The category of sex enables us to do this.

Differences do not inevitably turn into inequalities, so biological differences between the sexes alone cannot explain sex discrimination. To understand how inequality is created and maintained, we must study the relationship between sex and gender. Gender is often used as a synonym for sex. In fact, as linguist Deborah Cameron (2016) has pointed out, people have been using gender as a fancy term for sex for over 500 years. But in the 1970s, second-wave feminists began to use gender to define a socially and politically constructed set of roles and behaviours that constrain individuals according to their sex. The Oxford English Dictionary attributes the definition of gender as ‘sex as expressed by societal or cultural distinctions’ to Ann Oakley (1972): ‘Sex differences may be ‘natural’, but gender differences have their source in culture’ (189). Many social scientists use this social definition of gender and so do we.

Sex and gender are connected, because gendered constraints are imposed on individuals according to their sex. For example, girls may be expected to play with ‘feminine’ toys like dolls, while boys may be encouraged to play with ‘masculine’ toys like guns, although both sexes are capable of playing with both or neither. Women may face discrimination if they seek to work in a ‘masculine’ job such as a senior leadership position (which partly explains the significant pay gap between men and women), although there is no biological reason why men make better leaders. We are therefore interested in why women are expected to perform certain roles and not others, how certain roles and behaviours are designated ‘feminine’ or ‘masculine’, and who benefits from this.

Gender does not just create distinct roles but is also hierarchical. Feminine tasks and roles are generally granted less value (in terms of money and/or status) than masculine ones. But even if women undertake roles that are considered to be masculine, they are likely to be paid and valued less than men in the same roles. This shows how sex and gender interact: women, as a sex, are valued less than men. Women, as a sex, are subject to gendered exploitation: for example, their unpaid care work is relied upon by the state as a desirable alternative to providing a comprehensive social care system (Bedford et al., 2022), a state of affairs justified by treating such work as women’s natural role. Gender restricts both men and women, but women are oppressed because they are treated as inferior to men and subjected to gendered forms of exploitation.

The importance of sex and gender in differentiating women’s lives from men’s means they need to be taken into account in law and politics. In Britain, the Equality Act 2010 recognises sex as a protected characteristic, which means it is illegal to discriminate against someone on the basis of their sex. Some organisations and services are granted an exemption from this when there is a demonstrable need. For example, a rape crisis centre may decide to employ only women (because it caters to women victims), political parties are allowed to create women-only shortlists (because women are under-represented in politics), and competitive sport can exclude the members of one sex from sporting competitions (because women are physically weaker than men). In addition, some services are single sex (such as toilets and changing rooms) because of the need to uphold the dignity and privacy of both sexes but particularly of women. Although men can also be victims of male sexual violence, and, of course, not all men are perpetrators, it remains the case that the overwhelming majority of perpetrators of sexual harassment and sexual assault are men and the majority of victims are women. While other countries differ in the provision they make, most nations do recognise sex in law.



Competing understandings of sex and gender

The scholars in this book can be described as ‘gender critical’. Gender-critical beliefs are defined in UK law as the belief ‘that biological sex is real, important, immutable and not to be conflated with gender identity’ (Brione, 2022). The case of Maya Forstater, who lost her job at a think tank following tweets expressing gender-critical views, has established that gender-critical beliefs are ‘worthy of respect in a democratic society’ and therefore protected under the characteristic of religion or belief within the Equality Act 2010 (Forstater vs CGD Europe and Others, 2021). It is illegal to discriminate against someone because of their gender-critical beliefs.

As academics, we are ambivalent about describing ourselves as ‘gender critical’, although we certainly share the gender-critical view that sex is real and sex matters. Sex certainly matters to our academic work. Our ambivalence stems partly from the fact that our beliefs are not new – in fact, they were widely taken for granted until very recently. Many academics who believe that sex is real and that it matters may be unfamiliar with the label gender critical or not realise that it applies to them. There is a danger that the term could mislead some readers into thinking that the belief that sex matters is a new theory, formed in response to ‘gender-uncritical’ scholars.

In fact, gender-critical views do not constitute a theory about sex and gender and are compatible with every political philosophy, with the sole exception of gender-identity theory. That gender-critical beliefs are compatible with both socialism and conservatism, Islam and atheism, feminism and opposition to feminism should come as no surprise, since all these belief systems existed long before gender-identity theory. The view that sex matters does not reflect a belief in a particular theory or creed. It is an unassailable empirical fact. As such, ‘gender-critical’ people should be no more likely to agree on other matters than people who agree that the Earth orbits the sun.

However, beyond this minimal definition of gender-critical beliefs, some scholars use the term ‘gender-critical feminism’ to signal that they are critical of gender, including both gender-identity theory and traditional conservative views about gender roles (Stock 2021; Lawford Smith, 2022). This position still accommodates a wide range of views but puts gender-critical feminists in opposition to people who acknowledge the reality of sex but repudiate feminism.

The view that sex matters certainly does not imply that there is no role for social factors in determining the behaviour and social position of the sexes. This caricatured view is sometimes labelled ‘biological essentialism’, while the opposite view, that biology has no role, is labelled ‘blank slatism’. In practice, while scholars (including contributors to this book) disagree on the relative importance of nature and nurture, biology and society, it is generally acknowledged that human behaviour is determined by a complex interplay between these factors.

Gender-identity theorists sometimes disavow any role for biology, arguing that both sex and gender are culturally or linguistically constructed. They disagree with our understanding of sex as biological and gender as social. The most prominent advocate of gender-identity theory is American philosopher Judith Butler, whose seminal work Gender Trouble (1990) has informed subsequent studies on both sides of the Atlantic.

Although Butler and her followers argue that both sex and gender are constructs, in recent years many gender-identity theorists have also claimed that gender is an innate, ‘natural’ identity. They believe that biological sex is ‘assigned’ to a person at birth, not determined at conception as gender-critical scholars believe. Many gender-identity theorists view trans people as those whose gender identity differs from their biological sex. Others argue that people can freely choose their gender identity and change it at will over their lifetimes. It is not clear how gender can be both a linguistic construction and an innate identity. Because of its contradictions, some of our authors prefer to refer to this school of thought as ‘gender-identity ideology’ rather than as a theory.

Regardless of whether gender-identity theorists treat gender as an innate, fixed identity or one that is freely chosen and fluid, they believe that society should give greater weight to gender identity than to biological sex. The supporters of gender-identity theory argue that sex is oppressive because it is binary: everyone is obliged to identify as female or male. According to this view, this binary system oppresses both women and men, especially those whose gender identity differs from their sex. This conflicts with the gender-critical argument that gender is oppressive because it restricts both men and women to certain roles and ascribes low value to the roles that women are meant to perform. Far from being an innate or freely chosen identity, gender is a tool of oppression.

Gender-identity theory was developed in North American universities, and until the 2000s, it was confined to university humanities departments. It is rooted in postmodernist queer theory (we discuss what “queer” means later in this introduction), which overtly opposes scientific values and the notion of truth. Despite this, since the early twenty-first century gender-identity theory has had a great influence on public discourse and policymaking internationally. Its adherents now include many activists, politicians and lobby groups. The supporters of gender-identity theory oppose feminists’ claim that women should be entitled to certain single-sex services (such as women’s refuges), spaces (such as changing rooms) and other provisions (such as women-only sports). For theorists like Butler, feminists’ insistence on women’s rights and resources reinforces the binary system and privileges those whose gender-identity aligns with their biological sex.

Gender-identity theory rejects the evidence that biological sex exists and downplays the social and political construction of gender. Gender-identity theorists appear to believe that acknowledging biological differences between the sexes causes inequality. But acknowledging sex difference is not the same as arguing that such difference justifies social and political inequalities. Treating gender as a personal identity fails to interrogate how certain roles and behaviours become understood as ‘feminine’ or ‘masculine’ and in whose interests. Promoting gendered identities risks reinforcing the power relations that underpin gender and perpetuating stereotyped roles for men and women.

Gender-critical scholars differ in our understanding of how gender is constructed and who gender benefits. Many gender-critical scholars are feminists who believe that men construct and use gender to justify and perpetuate their power over women. Feminists call societies in which this occurs ‘patriarchal’. Feminists believe that in a patriarchy, men use gender to oppress women by ascribing little value to ‘feminine’ roles like caring (which are portrayed as ‘natural’ and thus requiring neither praise nor much pay) and by suggesting that women’s value is defined by men’s desire for them. Feminists do not believe that patriarchy is the only form of oppressive power that exists or that all women are oppressed to the same extent or that all men benefit equally from patriarchy. But men, as a sex, have a vested interest in sustaining patriarchal practices whereas women, as a sex, do not.

But there is no single gender-critical view on gender. Some think that sex differences, and the need to recognise these socially, mean that some form of gendered behaviour will always exist. Others are sceptical of patriarchy as an explanation of power. And some, regardless of their views on gender, are more concerned with examining biological differences between men and women than the construction of gender.

Given the wide range of views that are compatible with gender-critical beliefs, it is not surprising that this volume reflects heterodox perspectives. This book shows the rich potential that open scholarly discussion generates for our understanding of sex and gender in the past and the present. We hope that the volume will encourage further debate and research, helping promote greater fairness for women and girls in the future.



Trans people

Contemporary debate about sex and gender is at its most polarised when centred on the definition and rights of transgender people. We use ‘transgender’ to refer to those who believe both that they possess a gender identity and that this identity conflicts with their biological sex. According to the glossary of the UK lobby group Stonewall (2019):


Trans people may describe themselves using one or more of a wide variety of terms, including (but not limited to) transgender, transsexual, gender-queer (GQ), gender-fluid, non-binary, gender-variant, crossdresser, genderless, agender, nongender, third gender, bi-gender, trans man, trans woman, trans masculine, trans feminine and neutrois.



In this sense, trans is an umbrella term, used to refer to a diverse range of identities and experiences. Where possible, we distinguish between transsexuals, transvestites and transgender people to make clear exactly who we are discussing.

Until the twenty-first century, very small numbers of people identified as transvestites (who adopt the appearance of the opposite sex on certain occasions) or transsexuals (who wish to live as members of the opposite sex on a permanent basis and have surgery to help them achieve this goal). It was widely understood that people could not actually change sex, because they could not change the biology with which they were born. But by the end of the twentieth century, many Western countries recognised ‘gender dysphoria’ – the inability to live as one’s natal sex without significant mental distress – as a medical condition. Many governments enabled transsexuals to change their legal sex in what is recognised as a legal fiction: the law recognised a small number of people as the sex they wanted to be rather than the sex they were born. In Britain, this was enacted by the 2004 Gender Recognition Act. In order to get a Gender Recognition Certificate, applicants have to prove they have lived as a member of the opposite sex for two years and be medically diagnosed as gender dysphoric.

Some gender-identity theorists and trans-rights activists have argued that more reform is needed: that people should be allowed to self-identify as male, female or neither and access the services and rights afforded to the group they have identified into. This has implications for how we define males and females: Are people men or women on the basis of biology or on the basis of how they feel? Contributors to this volume argue that men and women should be defined by biology. It is vital that the state can categorise individuals according to sex in order to address biological differences between them (such as different healthcare needs) and identify and ameliorate sex discrimination. Replacing sex with gender identity would change who can use single-sex changing rooms and toilets, compete in single-sex sports, use women’s refuges or be housed in the female prison estate, with detrimental effects for women.

It is unclear that such reforms would benefit trans people. We still know very little about trans people’s health needs and their life experiences. Being able to identify and count trans men and women as distinct groups in social surveys and healthcare, to take just two examples, would allow us to discover more about their needs and experiences. By arguing that transmen should be identified solely as men, and transwomen as women, gender-identity theorists ignore the fact that these groups have distinct needs – based on both their biology and their gender identity – which we don’t yet know enough about.

People who do not conform to the social expectations for their sex often face prejudice, whether or not they identify as trans. All the contributors to this volume believe that trans and gender-non-conforming people should be able to live without discrimination or harm. We emphasise this because some proponents of gender-identity theory argue that discussing the origins of and reasons for gender identity is unnecessary and even prejudicial to trans people. Some claim that any critical evaluation of gender identity or assertion of the reality of sex is a denial of trans people’s identity and even their existence. The authors in this volume share the view that sex is biological, determined at conception rather than ‘assigned’ at birth. We also believe that trans people should be legally protected from harassment and discrimination. Some of the chapters that follow examine how trans people might be accommodated in (for example) competitive sports or the prison estate without encroaching on women’s right to single-sex space. Opposition to gender-identity theory does not imply disrespect for trans people. In fact, trans people have a range of views on sex, gender and gender identity.



Lesbians, gay men, bisexuals and 'queer' people

The debate over the meaning of sex and gender also affects the definition and rights of lesbians, bisexuals and gay men. Scholarly studies of their lives and histories began to appear in the 1980s and often treated each group as distinct from the others, albeit often united in their fight for rights. But by the 1990s, the pioneers of queer theory argued that lesbians, gay men and bisexuals should all be categorised as queer, because they were rebelling against heteronormativity.

It is certainly true that lesbians and gay men faced similar prejudice in the 1980s and 1990s. In Britain, the Conservative government’s introduction of Clause 28 in 1988 banned local authorities from ‘promoting’ homosexuality in schools. And between the mid-1980s and the early 1990s, the British government’s response to the HIV/AIDS epidemic treated homosexuality as the root cause of the virus – as was true in many other countries, including the United States. Lesbians and gay men recognised their shared political interests by establishing campaign groups, such as Stonewall, which was formed in Britain in 1989.

In the 2010s, queer theorists, and some campaign groups established to represent lesbian and gay rights, became increasingly concerned with gender identities. Whereas campaigners had previously been concerned with sexual orientation and practices, queer came to encompass an increasing variety of sexual and gender identities. By 2020, some gender-identity theorists, and the lobby group Stonewall, argued that men who identify as female and are attracted to other females are lesbians. This stress on gender identity ignores the reality of same-sex attraction. This has led to a rift between groups such as Stonewall, which now prioritise gender-identity theory, and those lesbian, gay and bisexual people, including founding members of Stonewall, who continue to advocate for the rights of same-sex attracted people (Sunday Times, 2019; Rhodes, 2019).

Queer theorists and gender-identity theorists both aspire to a future in which opting out of the binaries male/female or heterosexual/homosexual becomes more common. But why this would be liberatory is never explained. The authors in this volume argue that far from subverting gender norms, this version of queer theory has ignored the basis on which gay men and lesbians have faced discrimination (because they are same-sex-attracted) and has reinforced or revived prejudice towards them. Contributors show that both parents and medical practitioners have treated gender-non-conforming adolescents as potential transgender adults, despite much evidence that, without medical intervention, they are likely to grow out of their gender dysphoria and are disproportionately likely to become gay men or lesbian women.

We use ‘queer’ to refer to groups or individuals who ascribe to queer theory. We do not define lesbians, gay men and bisexual people as ‘queer’ per se, partly because queer is a porous category. The fact that some heterosexuals identify as queer, and many gay, lesbian and bisexual people do not, makes it an unclear category to use when discussing sexual orientation. The experiences of gay, lesbian and bisexual people are distinct from those of people who feel they have a gender identity.



What this book covers

This book draws on work from across the sciences, social sciences and humanities. This means that authors use different sources and research methods. Each author briefly explains these at the beginning of their chapter, and we have tried to use language accessible to the general reader.

We do not aim to offer a comprehensive account of why sex and gender matters, or how their meanings have been debated, across academia and society. Rather, we seek to familiarise readers with some of the most salient debates in academic discourse, policy and cultural life. This means tackling the recent influence of gender-identity theory and explaining the benefits of taking a gender-critical approach to sex and gender in key areas of scholarship, culture and policy.

Our focus is primarily on Britain, where gender-critical thought and scholarship have flourished in recent years. Gender-identity theory is a product of elite campuses in the US and has met with significant resistance in Britain, notably from feminist campaigners (Pederson 2020). Britain’s ‘exceptionality’ in this regard has been noted by both gender-critical thinkers and gender-identity theorists. It is therefore a valuable locus in its own right.

A number of factors may have contributed to the greater capacity for resistance in the UK. While free speech is protected as a principle in the US Constitution, in practice, US workers have few protections from unfair dismissal and lack a welfare safety net, including universal healthcare. The lack of a socialist tradition in the US may have contributed to the appeal of identity politics to US ‘progressives’. In addition, the feminist movement in the US has been far less effective in gaining material rights for women compared to the UK movement. For example, US women are not entitled to paid maternity leave, free contraception or free and legal abortion. In the UK, both sex and gender reassignment are protected characteristics, meaning that people are protected from discrimination based either on their sex or on their trans status.

Crucially, the 2018 consultation on reform of the 2004 Gender Recognition Act brought the concept of ‘gender self-identification’ into public consciousness and provided a focus for campaigning in the UK. The proposed change would have allowed anyone to change their legal sex, without the need for a medical diagnosis (Harrison 2018). The consultation undermined the usual tactics of the gender-identity lobby, which has relied on changing policy and practice behind the scenes without public discussion. Whereas in the US, a polarised politics has discouraged liberals from challenging gender-identity theory for fear of being deemed right-wing, in the UK, the resistance to gender-identity theory has been pluralistic, with strong leadership roles for Woman’s Place UK (WPUK), a group formed of labour movement activists, as well as non-partisan groups such as Fair Play for Women. These and other dimensions of British opposition to gender-identity theory and activism are worthy of further study. We hope this volume will encourage such research.

This focus on Britain is also valuable given recent international developments. More national and international bodies are adopting, or re-adopting, a gender-critical understanding of sex and gender. In 2021 the Swedish National Board of Health and Welfare recommended that children under the age of eighteen should no longer be prescribed puberty blockers or cross-sex hormones. In the UK, the Cass Review (Cass 2022) has pointed out the lack of a firm evidence base to support the use of puberty blockers and social transition for children with gender-related distress. In 2022, FINA (the world governing body of swimming) voted to exclude transwomen from female competitions. Similarly, World Rugby has banned males from the women’s game for reasons of fairness and safety (Pike 2021) and World Athletics announced in 2023 that they would exclude individuals who have been through male puberty from elite female competition.

But Britain also shows that there is no political consensus on sex and gender. The definition of sex in the UK’s decennial census has apparently become a devolved matter. While the 2021 census of England and Wales instructed respondents to record their legal sex (and included a new question on gender identity), the 2022 census of Scotland allowed respondents to record their gender identity as their sex – a decision welcomed by the Scottish government. Debates over sex and gender show no signs of abating in Britain or beyond, so academic interrogations of the subject are vital.

We include a small number of comparative contributions. Some of these help identify the reasons for Britain’s exceptionality; most focus on countries that have been at the forefront of relevant debates or developments; all provide illuminating analyses of the societies on which they focus. Chapters on lawmaking in Britain and in the United States demonstrate why Britain’s treatment of sex and gender is, in some respects, strikingly different from many other western countries. Because gender-identity theory originated in the United States, it is particularly pertinent to include a chapter on lawmaking there.

Other comparisons highlight connections between different societies. Susan Mathews’s examination of children’s literature on both sides of the Atlantic shows that influential cultural narratives can cross borders even when political differences are stark. Studies of the treatment of children and adolescents labelled ‘trans’ demonstrate similarities in the medical practices and philosophies of the Netherlands – which pioneered the use of puberty blockers – the US and Britain, despite significant variation in healthcare systems.

Our comparative chapters show that while national differences in political and legal systems are important, they do not determine how sex and gender are defined. These authors suggest that recent challenges to the gender-critical understanding of sex and gender are best understood as trans-national. They also indicate that ignoring biological sex, and treating gender as a personal identity, is detrimental to women and young lesbians and gay men across a wide variety of societies. We hope that further scholarship will shed more light on these transnational developments and what they tell us about the powers and limitations of national political and welfare systems, and the influence of national and international policymaking bodies, lobby groups and campaigns.

These comparative chapters provide a glimpse into the international context, literature on which is limited but growing. The emergent scholarship is highlighting exciting, if disturbing, new areas of interest. These include the ‘cultural and linguistic imperialism’ enacted by international aid organisations that insist recipients – generally low-income and middle-income countries – ‘desex’ language regarding maternity and breastfeeding (Gribble et al. 2022).



The structure of this book

This book has three main aims. The first is to define sex. This is realised by Chapters 2, 3 and 4. In Chapter 2, Emma Hilton and Colin Wright outline that there are two biological sexes which are immutable: in other words, it is not possible to change one’s sex. In Chapter 3, Sophie Scott examines sex differences in the brain. She demonstrates that there are some important differences between men’s and women’s brains which are determined by sex, regardless of a person’s gender identity. Contrary to biological essentialists, Scott shows that sexed brains, while important, do not explain differences between men’s and women’s behaviour. In Chapter 4, Kathleen Stock evaluates competing philosophical arguments about definitions of womanhood and shows why a robust definition must centre on biology.

Our second aim is to analyse the evolution of gender-critical and gender-identity understandings of sex and gender. In Chapter 5, Jane Clare Jones traces the history of gender-identity ideology and analyses how it became so influential. In Chapter 6, Selina Todd examines why and how second-wave feminists developed an understanding of gender as a social and political construction, with beneficial consequences for women’s legal and political rights. These chapters show that gender-critical and gender-identity understandings of sex and gender are irreconcilable and that scholars and policymakers must choose between them.

Third, we examine how conflicting understandings of sex and gender affect policy and cultural life and show why a gender-critical approach is the fairest and most robust. This is realised by the authors of Chapters 7 through 15. As Alice Sullivan, Lisa Mackenzie and Kath Murray explain in Chapter 7, it is vital that data collection exercises can categorise individuals according to sex and gender identity, rather than conflating the two, in order to allow examination of the experiences of different groups. The reasons why British and some international law safeguards sex-based rights are explained by Rosemary Auchmuty and Rosa Freedman in Chapter 8. In Chapter 9, Callie Burt examines the basis of challenges to sex-based legal rights in the US and the consequences of these. Together, these chapters argue that legal recognition of sex, and sex-based rights, is essential.

The negative consequences of ignoring biological sex in medicine are explored in Chapters 10 and 11. In Chapter 10, Lisa Littman assesses the therapeutic practice of affirming gender as an identity and shows how this fails to interrogate the reasons people feel uncomfortable in their sexed bodies. Littman demonstrates that this practice is detrimental to young gender-non-conforming people, particularly lesbians and gay men. In Chapter 11, Michael Biggs examines how medical professionals have downplayed the importance of biological sex and given precedence to gender identity. Biggs reveals that this has exposed gender-non-conforming children and teenagers to risky medical interventions.

All our authors believe that legal, sex-based rights are a foundation on which to build rather than an end in themselves. This is made particularly clear in Chapters 12 through 15. In Chapters 12 and 13, Shereen Benjamin and Susan Matthews deal respectively with education and children’s literature as important sites of gendered socialisation. They demonstrate that culture and social policy are highly influential in creating or challenging sex inequality. Benjamin and Matthews argue that encouraging children to believe that men and women are defined by gender identity perpetuates older sexist stereotypes about what males and females can do; for example, girls are those children who like to play with dolls or wear dresses. By contrast, feminist pedagogy and literature give children the tools to break out of these stereotypes, by teaching children that girls and boys can behave in a variety of ways and play myriad roles, regardless of their sex.

The contributors to this volume are opposed to discrimination on the basis of sex or gender identity. Chapters 14 and 15 address this directly regarding two areas where single-sex provision is crucial. In Chapter 14, Cathy Devine evaluates the impact of sex differences and the need for sex-based rights, in both professional and amateur sport. She shows that achieving fair competition means dividing the sexes because of the biological differences between men and women. However, she also suggests how trans people could be accommodated in distinct competition categories. In Chapter 15, Jo Phoenix examines how the justice system can treat men and women equitably. She highlights important sex differentials in patterns of offending, regardless of offenders’ gender identity. She also shows that gender-identity theory and queer theory offer no strategies for protecting women and trans people in the prison estate. Phoenix uses a gender-critical approach to suggest how both groups’ rights could be upheld.



Conclusion

This Reader provides a wide-ranging, multi-disciplinary overview of sex and gender. Discussions about this subject have become fraught with difficulty in recent years, particularly because of the claims of some gender-identity theorists that gender-critical views are inherently prejudicial. Statements of fact which would have been seen as uncontentious until very recently, such as the statement that sex is binary, have been met with denunciation and threats, generating a climate of fear and making nuanced discussion seem all but impossible (Hooven 2022). This volume contributes to breaking this spell. We hope it will provide a starting point for constructive, evidence-based conversations about sex and gender across disciplinary boundaries.
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Emma Hilton and Colin Wright



[W]hy the sexes are, in fact, always two.

—Sir Ronald Fisher, 1930



Sex is an evolved mechanism of reproduction, fundamental to the existence of almost all complex life and forming a biological pattern that is not merely descriptive of form but also predictive of function. So foundational is the functional property of sex, an astrobiologist discovering complex alien life—necessarily replicating as individuals, assumed to be subject to natural selection acting on the variation of physical form and having experienced the major transitions that lead to complex life (Levin et al. 2019)—would likely look for mechanisms of sex in our extra-terrestrial friends (although, of course, the physical form may be rather different). However, the empirical facts and principles of sex, ascertained and synthesised over centuries of scientific study, are often forgotten by postmodernist commentators, intent on framing sex as a human-centred, human-invented—and thus malleable—construction of social understanding (see Jones, this volume).

The aim of this chapter is to review the biological understanding of the phenomenon that is sex. In the first section, we ask the question: Why does sex exist? We explain its evolutionary origins and the binary gamete system on which sex— ‘female’ and ‘male’—is founded. We explore some of the diversity of sex in the natural world yet understand how reproductive bodies are organised around two functional reproductive roles. In the second section, we focus on developmental biology and how sex manifests in humans: how we make babies and how female and male humans develop. In the final section, we critique emerging misinformation about sex, arising from an anti-science movement driven by gender identity ideology, and address arguments that assert the existence of a third (or more sex) in humans, that seek to deconstruct understandings of sex as a binary phenomenon and that frame sex as a social construct.

The incursion of ideological misinformation about sex into the academic fields of medicine and biology generates confusion in research and presents potential for harm. ‘Sex matters’ in basic and applied health research (Wizemann and Pardue 2001) and major health organisations, research funding bodies and academic journals increasingly demand that researchers account for ‘sex as a biological variable’ in their design, analyses and reporting, whether they include studies of whole animals or simple cell lines. Despite this, the United Kingdom National Health Service maintains a system where biological sex cannot be disaggregated in patient records (Forstater 2021) and the World Health Organization (WHO, 2022) promises to ‘achieve greater impact [using] sex disaggregated data’ (WHO/Health topics/Gender) while updating guidance asserting that ‘sex is not limited to male or female’. From a wider perspective, we have argued that ideologically driven scientists are in danger of sacrificing ‘empirical fact in the name of social accommodation’ and that this is both ‘an egregious betrayal to the scientific community they represent’ and ‘undermines public trust in science’ (Hilton and Wright 2020). By countering deconstructive discourse, this chapter may be considered a reconstruction of sex.

A note on language. Physiologist Ernst Wilhelm von Brucke said, ‘Teleology is a lady without whom no biologist can live. Yet he is ashamed to show himself with her in public’ (Davis and Uhrin 1991, 549–552). It is possible in discussions of evolutionary biology to avoid teleological language, but sentence constructions are often verbose and clunky. For the ease of readability, we sometimes use language that is teleological in tone, but, in the words of zoologist Simon Maddrell (1998), ‘[t]his should not be taken to imply that evolution proceeds by anything other than from mutations arising by chance, with those that impart an advantage being retained by natural selection’ (2461).


What is sex?

And why does sex exist? Given the deliberately destructive discourse around sex, it is not uncommon to find purportedly scientific articles that neglect to mention its evolved function in reproduction (e.g., Ainsworth 2015; Sun 2019). Indeed, that science communicators writing about sex neglect function means that, despite the authors’ claims, such articles are not actually addressing the biological phenomenon of sex: What is it? Why does it exist? Why do humans have sexed bodies? Rather, they are examining how the sex of a given individual may be identified via some sex-linked checklist of physical features that—ironically—only exists from understanding how those physical features are associated with function. We return to this conflation of sex (what it is) with the physical characteristics associated with sex (how we recognise the sex of a given individual) in the final section of this chapter.


Reproduction

The phenomenon of sex is rooted in reproduction, the process by which new individuals are produced from parents. There are two types of reproduction in the natural world: asexual and sexual. In asexual reproduction, a parent replicates its genetic information and generates new, genetically identical offspring by processes such as binary fission—the division of a parent into two similar cells, observed, for example, in bacteria—and budding—the generation of a new individual from a parental outgrowth, observed, for example, in yeast. Expansion, via asexual reproduction, of a genetically identical population is of relatively low biological cost to each parent and rapid to enact: consider how quickly mould, which can reproduce asexually via the production of spores, can colonise a loaf of bread. There are also benefits to a parent, as its genetic information is passed in its entirety to the next generation.

Yet despite the existence of a low-cost and rather straightforward method of reproduction, the natural world is dominated by species that employ a different reproductive strategy: sexual reproduction. Unlike asexual reproduction, sexual reproduction involves two parents, almost always from two different classes of individuals called ‘females’ and ‘males’. Each contributes a halved amount of their genetic material— carried on chromosomes—which is brought together to generate a new and genetically unique individual. This mixing of genetic material from each parent is achieved, in a process called ‘fertilisation’, by the fusion of two specialised cells called ‘gametes’. Gametes, carrying only half of a parent’s chromosomes, are a unique cell type, and the function of the gamete is singular—to effect sexual reproduction.

Sexual reproduction is biologically costly. From a gene-centred perspective, genetic relatedness between parent and offspring is half that achieved by asexual reproduction, and the loss of large amounts of genetic information with each round of reproduction—a huge penalty compared with asexual reproduction—means individuals must invest biological resources in multiple offspring to maximise their genetic legacy (‘the cost of meiosis’, where ‘meiosis’ is the cellular process that halves genetic material during gamete formation; Williams 1975). At the population level of most sexually reproducing populations, half of the offspring will be males who cannot themselves bear offspring, and these populations will experience lower growth rates than asexual populations where all offspring can themselves bear offspring (‘the cost of males’; Maynard Smith 1978). Finally, at the organism level, individuals must invest resources in systems to produce specialised cells, and mating requires energy to move, locate and secure a partner, with associated health risks like disease transmission and exposure to predators. Explaining why, despite the costs, sexual reproduction is maintained in complex species has been called the ‘queen of problems in evolutionary biology’ (Bell 1982).

The advantages of sexual reproduction need to be large to balance the biological costs, and its prevalence suggests a strong evolutionary advantage for a mechanism of reproduction that mixes genetic material. Such advantage is typically conceptualised as novel combinations of genes and changes in them (mutations) upon which evolutionary selection can act—the foundation of Darwin’s (1859) theory of evolution by natural selection. It can be divided into two broad hypotheses: the accumulation of beneficial genetic changes and/or the removal of detrimental genetic mutations. The accumulation of beneficial genetic traits is advantageous in adaptation to changing environments (the ‘Fisher-Muller model’; Fisher 1930; Muller 1932) or co-adaptation alongside interacting species who are trying to harm you (delightfully called the ‘Red Queen hypothesis’ after Lewis Carroll’s (1871) character in Alice Through The Looking Glass, who observed, ‘Now, here, you see, it takes all the running you can do, to keep in the same place’; van Valen 1973). However, the benefits of bringing together useful genetic traits during sexual reproduction must be balanced by the possibility that already-coexisting beneficial traits are separated among offspring (Desai and Fisher 2007). Finally, sexual reproduction permits harmful genetic mutations—those that compromise evolutionary fitness—to be weeded out to prevent them from accumulating in a population (see ‘Muller’s ratchet’ from Muller 1964; also ‘Kondrashov’s hatchet’ after Kondrashov 1988).

The fitness advantage conferred by sexual reproduction helps explain its near ubiquity among complex species, although several biologists argue they remain insufficient to balance the costs. But even if the full evolutionary picture is not yet evident, sexual reproduction is clearly an incredibly successful evolutionary strategy. Most complex species, including humans, have completely lost the ability to reproduce asexually in favour of obligate sexual reproduction. Spontaneous asexual reproduction in some sexually reproducing species can occur (e.g. when a female generates offspring from an unfertilised egg, a process called ‘parthenogenesis’) but does not usually outcompete sexual reproduction mechanisms, despite the predicted advantages for an asexually reproducing female population. Plants and simple animal species that typically reproduce asexually in stress-free environmental conditions to which they are comfortably adapted can switch to sexual reproduction during times of stress, when genetic mixing may produce a survival advantage among offspring (Becks and Agrawal 2010). No wonder Erasmus Darwin (1800) remarked that ‘[s] exual reproduction is the chef d’oeuvre, the masterpiece of nature’.



Gametes and sexes

While genetic exchange mechanisms exist where DNA is transferred between different individuals in a non-sexual fashion, for example between bacteria and between virus and host (Callier 2019), the evolutionary root of sexual reproduction via specialised gametes sits with the evolution of multicellularity, at least 1.5 billion years ago (Fu et al. 2019). Modelling of evolutionary scenarios for a variety of gamete characteristics to maximise properties like frequency of fusion and health of offspring shows that the evolution of a binary system of gametes is optimal, comprising large gametes and small gametes and with gamete fusion occurring only between one small and one large gamete (no small–small or large–large fusions). On this extreme divergence of gamete types, evolutionary biologist Brian Charlesworth suggests that ‘anything in between [smaller but less robust eggs or larger but sluggish sperm] would be at a selective disadvantage’ (reported in Schaffer 2007). We call this binary system of gametes ‘anisogamy’, and it exists in almost all animals and many plants. For an excellent overview of gamete evolution from isogamy to anisogamy, see Lehtonen and Parker (2014) and the references therein.

In anisogamous species, the large gamete (and associated biology) is termed ‘female’ and the small gamete (and associated biology) is termed ‘male’. In animals, the female and male gametes take the familiar forms of egg and sperm, respectively (in plants, the female and male gametes are contained in the ovules and pollen, respectively). Large and small gametes have evolved different specialisations. The female gamete, with greater physical volume, single-handedly provides to the developing embryo basic cellular components, many molecules and signals required to direct early growth and energy generators (with their own DNA and replicating via binary fission) called ‘mitochondria’. Maternal inheritance of cellular components is typical of anisogamy and predicted to promote embryo health by eliminating any negative effects that might arise from competition between incompatible mitochondria inherited from two parents (Greiner et al. 2015); indeed, this process and how it is optimally coordinated may dictate the existence of only two gamete types (e.g. Hurst 1996). As a consequence of maternal inheritance, the male gamete needs only to contribute genetic information during fertilisation and participates competitively to do so, typically becoming specialised for mobility to better access female gametes—consider the tail-like structures of sperm that propel it towards the egg (Lessels et al. 2009) and pollen grains sticking to bee legs (Hu et al. 2008)— and created in large numbers to improve the chances of both an encounter with a female gamete and the outnumbering of small gametes from other males (Parker and Lehtonen 2014).

Anisogamy is the evolutionary origin of sex—the reproductive roles associated with female or male gametes. The evolution of two classes of individuals, one for each reproductive role, is thought to have arisen multiple times in animals and plants, suggesting an evolutionary benefit. The divergence into two separate sexes of individuals has been described as ‘an almost inevitable consequence of sexual reproduction in complex multicellular organisms’ (Lehtonen and Parker 2014; answering the question, ‘Why are there girls and why are there boys?’).

We opened this chapter with a partial quote; in full, it reads,


No practical biologist interested in sexual reproduction would be led to work out the detailed consequences experienced by organisms having three or more sexes; yet what else should he do if he wishes to understand why the sexes are, in fact, always two?

(Fisher 1930, ix)



So why only two, and not more, sexes? Considering the nature of sexual reproduction, gamete evolution and anatomy, we answer that question with a question (perhaps a challenge): What function could a third sex have? Science fiction (and we emphasise ‘fiction’ here) offers possibilities. When considering the Tralfamadorians in Kurt Vonnegut’s Slaughterhouse Five, Billy Pilgrim puzzled:


They said their flying saucer crews had identified no fewer than seven sexes on Earth, each essential to reproduction. Again: Billy couldn’t possibly imagine what five of those seven sexes had to do with the making of a baby, since they were sexually active only in the fourth dimension. . . . It was gibberish to Billy. (145–146)





Sexual systems and bodies

Across almost all complex life, evolution has favoured just two sexes, but this does not impose restrictions on how sex is allocated in different species at the individual and population level (described as a ‘sexual system’; Charnov 1982). Although we are most familiar with the allocation of two sexes split across two classes of individuals (‘gonochorism’), evolutionary biologist Lukas Scharer (2017) illuminates: ‘The male and female sexes are not two types of individuals; they actually represent two different reproductive strategies, and in many organisms, these two strategies are distributed among individuals in a population in a variety of ways’. That is, across the natural world, there is diversity regarding the allocation of male and female sexes within and between individuals and across populations.

Gonochorism is nearly ubiquitous in animals. Typically, male or female sex is fixed early in embryonic development and immutable to change during the lifespan of any individual, even though, of course, the physical characteristics associated with sex may be subject to expected age-related changes or changes acquired via injury or disease (or, at the hands of humans, surgery). Humans have not evolved as hermaphrodites— individuals who fulfil both male and female reproductive roles in their life span— though hermaphroditism is a natural body plan in many anisogamous species and can represent a stable strategy for sex allocation. Many plants—particularly flowering plants—and a few less-complex animals exist as simultaneous hermaphrodites, with both female and male sexes manifested in the same flowers and/or the same individual plant or animal at the same time of life.

A few aquatic species—most notoriously, clownfish—are sequential hermaphrodites, where changes in reproductive role during the life span (‘sex change’) are evidenced by the switch in production of one gamete type to the other, underpinned by anatomical changes in gamete-producing tissues (gonads). In the case of clownfish, this switch of sex (male to female) is driven by the loss of the single breeding female from the colony (Casas et al. 2016). Sequential hermaphroditism seems to occur only in species where ‘sex change’ requires no or minimal remodelling of gross reproductive anatomy. Fertilising externally, male and female clownfish both have a similar ductal system that permits the sperm and eggs, respectively, into the aquatic environment. With highly specialised and qualitatively different reproductive anatomies, neither obviously nor easily remodelled post-development, ‘sex change’ in humans is impossible.

Even considering species with same-sex allocation, evolution provides a dazzling array of anatomies and appearances. It is often true that gonochorist males whose reproductive role is to contribute sperm have evolved appendages for the direct introduction of that sperm into females, while the females of many species have evolved internal biology that receives sperm and protects the developing offspring from the outside world. But appearances can be deceptive. For example, male seahorses have a brood pouch in which developing seahorses are incubated, a functional role more usually associated in the natural world with female individuals. However, these sea-horses are the sex class that contribute sperm to the offspring, and it is that, not their gross anatomy, which defines those individuals as male. Another curious example is that of female spotted hyenas, which have a hyper-enlarged clitoris that resembles a penis, yet they produce eggs that are fertilised by a male hyena and are, by definition, female. Human-centred biological expectations about anatomy, which include, for example, penile appendages in males and pregnancy in females are undoubtedly too narrow to capture the diversity of sexed bodies in the natural world.

Hermaphrodites incorporate both male and female sexes, and gonochorists one or the other. And while gonochorism and simultaneous hermaphroditism represent stable arrangements of the two sexes within a species, there are many that buck these trends. There are species composed of females and hermaphrodites (McCauley and Bailey 2009), of males and hermaphrodites (Weeks et al. 2009), and of males, females and hermaphrodites (Oyarzun et al. 2020). The two sexes can be differentially allocated in individuals and between species. Yet, despite the variety of bodies and sexual systems found in the natural world, reproduction within and between individuals occurs by the meeting of female and male gametes, one of each type, in that precise combination, in a pattern recapitulated across almost all complex life. The binary system of sex is an evolutionary thread stitched through life on earth.




Human sex

From an evolutionary perspective, we have established what sex is (reproductive role by reference to gamete type) and that, despite the fascinating manifestations of the two sexes within individuals and within populations, there are only two sexes. In this section, we turn to developmental biology—the study of how organisms grow—and the development of the reproductive human.

The developmental biology underpinning this section is largely sourced from standard reference textbooks. Interested readers should explore Baresi and Gilbert’s (2020) Developmental Biology and Wolpert et al.’s (2019) Principles of Development.


Making a baby

Humans are gonochoristic mammals and are divided into two classes of individuals according to their reproductive roles. In humans, the act of reproduction itself requires, in the first instance, male sperm to fertilise female eggs, achieved during intercourse between two sexually mature people. Male reproductive anatomy includes testes, contained in the scrotal sac, that make sperm to be delivered to a female via the vas deferens and then the penis. Both testes and penis are external organs, while female reproductive anatomy is almost wholly internal. It comprises ovaries that periodically release mature eggs, collected by the nearby oviducts and transported towards the uterus, the muscular space in which, after successful fertilisation, a baby will grow. The uterus connects, via the cervix, to the vagina, which exits the body at the vulva, incorporating the clitoris and the urethral opening, surrounded by folds of skin called labia.

During intercourse, semen (sperm mixed with water and lubricants from the seminal vesicles and prostate gland) is delivered into the female body via ejaculation. Semen travels to the oviducts, where, should a mature egg be ready, fertilisation occurs. The fertilised egg is transported and then implanted into the uterine wall; at this stage, the female is pregnant. In the absence of a successful fertilisation event, the uterus, having already prepared a blood-rich, spongey lining suitable for implantation, breaks down this lining and expels it via the vagina during menstruation. In humans, gestation—the growing of a baby within the pregnant female—lasts around nine months, after which the female gives birth, typically via the vagina (although surgical interventions like caesarean section may be necessary in negative medical circumstances or as a preference).



Sex determination

The reproductive anatomy of a growing baby develops in utero in a series of coordinated anatomical steps. The first step, however, is the determination of the sex of a new embryo: female or male? In humans, sex is genetically determined at fertilisation via the XY determination system of sex chromosomes. Females possess two X chromosomes, while males possess one X and one Y. Given that the paired sex chromosomes, like all other chromosome pairs, are separated when gametes are made, each human egg contains one X chromosome while human sperm contains either an X or Y chromosome. Sex is thus dependent on whether an egg receives, at fertilisation, either an X or Y chromosome from the sperm.

The pattern of chromosomes within an individual is called a ‘karyotype’. Like all chromosomes, sex chromosomes carry genes. In humans, a key sex-determining gene is called SRY (sex-determining region Y) and it is, in genetically healthy individuals, carried by the Y chromosome (Kashimada and Koopman 2010; Sinclair et al. 1990). The SRY gene acts as a ‘master switch’ for male development, and its presence or absence initiates a cascade of molecular signals that drives the first anatomical step towards a sexed human body: gonad differentiation.



Embryonic development

Gonad differentiation occurs at around six weeks in utero when a bipotential pair of gonads—small buds of tissue in the abdominal cavity—are triggered to form ovaries or testes, the gamete-producing tissues in females and males, respectively. XY embryos carrying a functional SRY gene will trigger differentiation of testes via a network of molecular signals; in the absence of SRY activity, XX embryonic gonads activate distinct molecular signals and begin to differentiate into ovaries (Lecluze et al. 2020; Mamsen et al. 2017). There is feedback between these differentiation pathways; for example, a signal required for ovarian development and the later maturation of eggs also suppresses early testes differentiation (Jaaskelainen et al.
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