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SEX IS A SPECTRUM
Introduction
SEX BIOLOGY IS INTERESTING
IMAGINE YOU are a fish called the bluehead wrasse, living off the coast of Florida. As you grow up, you, just like all to the other bluehead wrasse your age and size, develop one set of reproductive organs. You are what we’d call female, so you produce eggs. There is only one very large member of your group, and they are the group male, so produce sperm. But over the next few weeks you grow really fast, becoming the second-largest fish on your reef. Then the male gets eaten. Almost immediately your body starts to change, your reproductive organs mold, shift, and alter their form. You become the group’s sperm producer. As a bluehead wrasse, you can have one body and one set of DNA, but multiple forms of reproductive biology across your lifetime.
Bluehead wrasse reproductive biology is not the most common pattern in the animal kingdom, but it’s also not that weird. When most people think of the biology of reproduction, they typically envision two fixed kinds in each species: female and male. This is (mostly) right when it comes to the reproductive organs themselves, but not accurate for entire bodies and lives. Most species do have two types of reproductive organs, and they are often found in two slightly different forms of that species’ body plan. But not always. As with the wrasse, many fish start out with one set of reproductive organs, and once they grow to a certain size, they redo their anatomy and develop a new set of reproductive organs. Each earthworm’s body has both types of its species’ reproductive organs. Bees have two kinds of reproductive organs across three kinds of bodies. All mammal mothers lactate, but in some species of bat, fathers do too. And, as in the two different types of orangutan male, one with big face flanges and the other without, there can also be quite a bit of variation in bodies and behavior even among those individuals within the same species that have the same reproductive organs.
There is an explosion in research on the biology of reproduction—what we’ll call sex biology—in the animal kingdom. While we continue to find that there are important differences in reproductive biology producing female, male, and sometimes intersex bodies in any given species, there is also a lot of variation, and overlap, in the actual biology and behavior that make up these categories. The variation we observe across the animal kingdom doesn’t represent unusual exceptions to some kind of rule of sex; rather, this spectrum of variation tells us that females and males are not two different kinds of thing. Sex biology is not about two distinct kinds, a binary; instead, it’s about patterns of variation in bodies, behavior, and lives that differ, overlap, and intertwine. Sex biology, as it turns out, makes life quite interesting.
The explosion in research is not limited to how other animals “do sex.” There is also enormous investigation into human bodies, reproductive processes and patterns, health, hormones, genitals, genetics, behavior, and other related topics. For example, we now know that human brains don’t come in “male” and “female” versions. Also, unlike some other mammals, all human caretakers (regardless of their reproductive organs) can undergo changes in their brains, bodies, and behavior when they take care of babies. Fascinatingly, human sexual behavior, including the targets of attraction and arousal, is not necessarily linked to what kind of reproductive organs one has. And, most importantly, human sex is never just about biology; we have gender too.
In short, there is a lot going on in science regarding sex and gender in humans. Unfortunately, there is also a ton of misunderstanding in society about what biology, especially sex biology, tells us and what it doesn’t tell us. And there is lack of awareness of just how diverse and variable humans are. To better understand biology and sex in humans, we need to learn about our bodies, histories, cultures, and behavior. We have to understand what it means that everything about humans is a supercomplicated blend of biology and culture. We need to combine our knowledge of biology, sex, and the human experience into a new narrative. My goal in this book is to put forward this new narrative and show how the biology of sex actually works, what it does and does not tell us, and how we might incorporate this knowledge into our education, lives, and laws.
To do so, I will first summarize what is currently known about the biology of sex in animals and how, and why, that relates to humans. This is important because understanding animal biology is at the heart of understanding human biology (we are, after all, animals). From there, I will illustrate what we know about sex, in biology and behavior, in the human past and present, across the last two million years of our lineage’s existence and among the eight billion humans living today. What this knowledge from the animal world, the human past, and the human present shows us is that biology as it relates to sex is not binary, meaning that it does not come in two distinct kinds: male and female. This is not to say that females and males are the same. They aren’t. Nor is it that biological variation related to sex does not matter. It does. It’s just that not all humans fit neatly into the categories of female or male, and biological measures of human bodies rarely segregate into two non-overlapping categories. Neither “female” nor “male” describes a uniform or distinct biological type.
I will conclude by discussing why a binary view is a detrimental way to think, and talk, about sex biology and the human experience. Reproductive biology is an important structuring part of human lives; however, producing ova or sperm, having XX or XY chromosomes, or having a clitoris or a penis, does not tell us nearly as much biologically as many believe. Nor does it consistently or accurately inform us about an individual’s childcare capacity, homemaking tendencies, interest in literature, engineering and math capabilities, or tendencies toward gossip, violence, compassion, or a love of sports. By contrast, placing reproductive biology in the context of the rest of the body, and in relation to behavior, history, society, and experience, we are much better prepared to ask, and answer, questions about health, habits, proclivities, happiness, and the many ways to successfully be human.
However, at its core, biology is about evolution, and evolutionarily speaking there is a lot of variation in sex biology and behavior, both across and within species. So, to really understand how biology and sex work in humans, we need to start not with us today but right back near the start of life on earth, with the evolution of sex.
1
The Evolution of Sex
IN THE BEGINNING … There was no sex. The earliest life forms on earth reproduced asexually, internally copying their key biological material and then dividing into two versions of themselves.1 These organisms were, and remain, the prokaryotes, that is, microscopic single-celled organisms most people call bacteria (which scientists divide into archaea and bacteria)2 and blue-green algae (cyanobacteria). Then, somewhere around two billion years ago, evolutionary changes resulted in what we call “protoeukaryotes” that evolved into the common ancestor of all eukaryotic organisms, including animals and plants. Eukaryotes have DNA in the form of chromosomes contained within a nucleus. Eukaryotes mostly reproduce via a process of combining genetic information from two different individuals to create a new individual, or, as that process is commonly called: sex.
The process by which sex evolved is complex but basically involved restructuring of the ways in which DNA is packaged and copied, the internal structuring of the cell’s physiology, and the ways in which cells divide and fuse. A main challenge for sex is the ability to create a copy of one’s genetic material and package it so that it can meet up and fuse with another of your same kind of organism’s genetic material and create a new organism. Prokaryotes could already copy their genetic material and divide. The trick was to keep the system of copying genetic material, but not divide into two new organisms, and create a little package of that material that could be combined with other such packages (called gametes) from other individuals.
Over hundreds of millions of years, single-celled eukaryotes developed the innovation of “mating types”—different forms of the same organism that could produce slightly different gametes. Once two different mating types got their gametes to fuse together, they created a new organism with two copies of all genetic material. Each organism produced via the fusion of gametes from two mating types is a little genetically different from each of the parents due to the mixing and matching of genetic sequences that happens during the gamete production and fusion processes.
From the very start of sex, variation was the name of the game. Even in their earliest appearances, the number of mating types (often called “sexes”) per kind of species has been variable, ranging from two and sometimes three in most animals, to as many as seven in single-celled organisms, thirteen in slime molds, and thousands in some fungi. Sex across its evolutionary history is quite variable.3
Why Sex?
On the face of it, sex is a paradox. Wouldn’t life be easier if organisms just kept copying themselves to reproduce? Why add extra challenges and potential problems? In 1975, a classic book on sex and evolution began with the comment, “This book is written from a conviction that the prevalence of sexual reproduction in higher plants and animals is inconsistent with evolutionary theory.”4 If sexual reproduction is more difficult and complicated than asexual reproduction, why did it evolve?
The favored hypothesis is that sex is a response to dealing with changing environments. Sex is a biological way to generate more variation for organisms such that they have better chances of meeting challenges the world throws at them. But sex a risky venture.5
Here is a simplified “sex is better than no sex” scenario …
Imagine a single-celled organism living in a pond, an amoeba-like thing that filters water for food. It might do just fine asexually copying itself if the water temperature stays more or less constant. But what if the water temperature shifts? The organism might not be able to deal with the new temperature. However, there could be a multitude of these organisms in the pond, each slightly different in its ability to adjust to fluctuating temperatures. Blending genetic material with another similar but distinct member of one’s species could be a good option because it can offer greater flexibility and thereby a higher chance of survival for the offspring. But not all new genetic combinations created by sex do better. In fact, some do worse. Such is the risk of sex. It’s the overall payoff that matters: if some sexually produced offspring do better, on average, compared to those of asexual reproducers, the system (sex) has a chance of catching on. And lucky for us it generally does. Otherwise, all life on earth would be asexual, and the world would be a lot less interesting.
Different Gametes = Biological Sex Differences?
Once sexual reproduction (the fusion of gametes) became possible, there was a quick transition from isogamy (making same-sized gametes by all individuals in a species) to anisogamy (making different-sized gametes by different individuals in a species) in many (but not all) kinds of life. The exact details of the emergence of anisogamy are not fully known or agreed on,6 but it’s coincident with the evolution of more complex forms of multicellular life over the last billion years. Today, having two different types of gametes is the norm among most sexually reproducing beings.7
Anisogamy usually manifests as two types of gametes: one large and one small. The larger gametes are called ova (colloquially known as “eggs”) and the smaller gametes are sperm. Both types are haploid cells, meaning they each carry one copy of each parental chromosome, or 50 percent of the full complement of an organism’s DNA (remember: all organisms produced by sex have two copies of the genetic material, one from each parent). However, ova also have the full range of cellular machinery and large assemblage of proteins and enzymes, while sperm only have a few additional proteins and enzymes accompanying the DNA. On average, each individual ovum is more energetically costly to produce than each individual sperm, due to the size and contents of each. However, it is not accurate to compare one ovum to one sperm in the sense of costs of production because in most sexual reproductive systems (especially mammals), many, many, many more sperm need to be produced than ova. For example, in humans, the correct comparison is 1 ovum = ~15 million sperm, as that’s the number of sperm per ejaculate necessary for effective chances of a successful sperm-ovum fusion.
This difference in size and contents of gametes became a central focus in the nineteenth and twentieth centuries, when researchers began to hypothesize downstream differences in the mating types, or sexes, that produced them. One might think that it was the study of gametes that led the researchers to develop the hypotheses that gametes are the key to sex difference, but it was the other way around: belief that there had to be a key difference between the sexes—evidence of a biological binary—led to the focus on gametes.
The idea of biologically distinct sexes only became common in the eighteenth century. From the early Greek ideas about sex of Aristotle and Hippocrates and the Roman anatomical ideas of Galen through the Renaissance, and into the start of the eighteenth century, science and the medical world did not consider females and males as two separate kinds of biologies or beings. Rather, they were seen as hierarchically ranked (male above female) versions of the human form. This was termed the “one sex model.”8 But from the eighteenth into the nineteenth century, the belief in a “two sex” model, with males and females reflecting different biologies, emerged, but it had no specific definitional focus. It is from this newer two-sex worldview that the hypothesis of differences in gamete size as the key to female and male distinction emerged.9 The general assumption, which became central for many biologists in the twentieth century, was that the two gamete-producing versions (sexes) of a given species have substantive biological differences in the production of their gametes and in the physiology and behavior associated with reproduction. Given these assumed biological differences, it stood to reason that each gamete-producing version (each sex) would be under distinct evolutionary pressures because of biological differences.
In 1871, Charles Darwin proposed the central evolutionary argument for differences between the sexes—that there are evolved differences in males and females and that they are based on different investment in reproduction. This argument was focused on anisogamy (different-sized gametes) by the biologist Angus Bateman in the late 1940s. Darwin10 argued that evolutionary processes, called natural and sexual selection, made males and females very different, and Bateman11 argued that the primary cause of this was “that females produce much fewer gametes than males” and that anisogamy would ultimately result in “an indiscriminatory eagerness in the males and a discriminatory passivity in the females,” with “greater dependence of males for their fertility on frequency of inseminations.” Basically, Bateman argued that cheap sperm and costly ova drive evolutionary processes, making males and females very different.12 He developed his arguments by looking at flies where he thought males’ energetically inexpensive sperm were their only “cost” for reproduction, and thus reproducing for them consisted of trying to get as much sperm into as many as females as possible. On the other hand, he saw the ova produced by females as biologically very costly, such that females were limited in how much they could reproduce and had to carefully consider each mating because they could only have a limited amount relative to males. Bateman’s argument (cheap sperm and costly ova make males and females very different organisms) became baseline theory for evolutionary biology around 1966 and centralized in the world of assumed “biological fact” by another biologist, R. L. Trivers, in 1972.13 Trivers connected anisogamy to parental care via a simple mathematical equation. Bateman’s notions of sex differences entered near universal “truth” in biology with the work of E. O. Wilson in 1975 and G. A. Parker in 1979.14
As it turns out, Bateman was mostly wrong.
The problem came down to a counting error. Bateman made key errors in how he counted mating success for males and misrepresented the fruit fly mating system he was studying. More than thirty years of reexamination of Bateman’s experiments, continued work on his model subjects (fruit flies), and in-depth study of sexually reproducing species demonstrate that acceptance of Bateman’s paradigm as a “law” of biology led to two key problems. First, it led to a simplification of Bateman’s data, resulting in an incomplete and biased understanding of his original findings. Second, because of the oversimplification of how reproductive biology works, it hampered scientists’ ability to interpret reality with regard to male and female sexual behavior.15
This is a serious hitch in the science of reproduction. Bateman’s early studies, and the authors that subsequently enshrined them into biological canon, have led to widespread confusion, mistaken assertions, and a deep-seated belief in anisogamy as the core explanation of everything about sex. That is not to say there aren’t patterns of differential stressors and challenges across different reproductive systems. There are. Evolutionary histories have shaped sex biology into a range of typical patterns for ova and sperm producers, and we can learn a lot from the study of those patterns. However, while the gametes themselves mostly come in two types (a binary), most of the rest of the biology in organisms does not. Because they rely on the simplistic, and erroneous, assumptions about anisogamy, many of the classic assertions about why differences in sex biology emerge, what those differences are, and how we should think about sex, are incomplete and sometimes flat-out wrong.16 We’ll deal with this topic in greater detail in the following chapters. But before diving into the giant debate about sex biology and humans, we need to cover some basics, because reproductive biology is more than just gamete making.
Getting Gametes Together
The goal for any sexually reproductive system is to develop a method for ensuring that gametes get together, fuse, and prepare to develop into adult organisms. Not surprisingly, life on earth has developed a huge range of ways to get this done. Evolution and biology are anything but simple or uniform. While individuals in many species are large- or small-gamete producers for much or all of their lives, there are some species of animals where all members are simultaneously large- and small-gamete producers, and a number of species where individuals switch back and forth between being large- and small-gamete producers across their lifetimes. For most biologists, the term “female” describes an organism when it is a large-gamete producer, the term “male” when it is a small-gamete producer, and the term “intersex” is used for individuals that produce both types of gamete at the same time.17 When this naming system is used across different species, some organisms would be called male or female or intersex their whole lives, but for others, the terms would switch depending on the life stage they are in. Be warned, however, because the biology and behavior of organisms sharing the terms “male,” “female,” and “intersex” are rarely identical within each category across different species. Take, for example, the following four female mammals: a queen mole rat, a dominant hyena, a doe kangaroo, and a mother cotton-top tamarin monkey. Their biology, behavior, and life experience, while sharing a few things in common, are all radically different from one another. In fact, the patterns and experiences of reproductive biology are not even necessarily the same even within individuals in a single species with the same reproductive organs, such as between a queen mole rat and a regular female mole rat.
Things are really complicated in reproductive biology, and the rest of the body, beyond the gametes, but an overview of the typical patterns in systems for gamete fusion is a necessary starting point in understanding sex biology. In the most basic reproductive systems, individuals produce gametes and eject them into the local environment (usually water), ideally in proximity to another member of their species. And they leave it to the gametes to find each other and fuse, creating a zygote. This is called “spawning” and is common in aquatic species, including many fish, jellyfish, crabs, starfish, sea cucumbers, aquatic insects, and even some amphibians.
The next level of reproductive complexity involves one gamete-type producer (usually the large-gamete producer) creating some form of gel or other gooey/sticky matrix to deposit the ova in a cluster, which is often then attached to some object in the environment, like a plant or a rock in a pond, river, or ocean. Sometimes members of a given species carry the large sticky masses of ova on their bodies. Individuals who can produce small gametes approach the cluster of ova and eject sperm onto/into it, and thus fusion can take place, creating a mass of zygotes in the gooey matrix. A lot of amphibians, like salamanders and frogs, and many fish reproduce this way. Stepping up to the next level of complexity (physiologically at least) are systems wherein one sex develops an internal physiology that takes in and stores a cluster of already fused gametes (zygotes). Usually, this internal storing of the zygotes until they are ready to move on their own is done by large-gamete producers, but in a range of species, such as seahorses, it is the small-gamete producers that internally store and later “birth” the zygotes.
It is with internal fusion of the gametes that things get a bit trickier, as the small gametes need to get into the body of the large-gamete producer, reach the ova, and then the products of the fused gametes need to be excreted into the world at some later stage of development. There are more than a few twists to internal fusion. The first step is to get the gametes together in the body of the large-gamete producer, which usually involves some form of copulation (see below), and then there are a few variants on internal dynamics of the system. One way to deal with internal fusion and subsequent development is the production of a nutrient-rich, protective, solid, organic container, called an “egg.” The development of the egg is catalyzed by the gamete fusion process and the contributions of additional physiological structures in the large-gamete producer who then excretes it. The zygote then develops inside the organic container but outside the body of the large-gamete producer.18 The organic container (egg) system is found in many animals, from insects to reptiles to birds and even a few mammals (like the duck-billed platypus). Eggs are fantastically interesting structures, and the internal physiology associated with them is varied but has some core consistencies (described below).
The final type of internal gamete fusion and development system is the more evolutionarily recent, and highly complicated, mammalian innovation of gestation and lactation. Basically, in this system the large-gamete producer develops a specific internal physiology (a uterus) that enables it to act as a host for a process wherein a small number of large gametes are selectively released into a section of the internal biology. Then behavioral and physiological actions (copulating) requiring specialized organs (genitals19) occur between small- and large-gamete producers, and small gametes are introduced into the large-gamete producer’s internal system. Then, if gamete fusion occurs, the resultant zygote implants inside the tissues of the large-gamete producer’s uterus and develops into an embryo and then a fetus.
This is a relatively long-term developmental process that involves shared physiological connections between the developing zygote/embryo/fetus and the host large-gamete producer, with the embryo/fetus wholly dependent on, and part of, the host’s body. At a certain point in development, the host excretes (births) the developed fetus (an infant), and some form of caretaking involving high-quality nutrition (lactation) ensues. Frequently, the host and/or other members of the species help the developing young individual for an extended period of time. This particular system sets up some expanded physiological obligations for large-gamete producers and throws in a whole new set of biological and behavioral complexities, and constraints, for the reproductive process.
Let’s Talk about Gonads
The basic unit of reproductive biology is the gonad.20 We all have them. This nifty little organ produces gametes. Gonads that produce large gametes (ova) are called ovaries, and those that produce the small gametes (sperm) are testes. In most species of animal, a majority of individuals usually have one of the two gonad types (ovaries or testes) as adults. However, there are a number of species in which all individuals shift from one gonad type to the other across their lifetimes, others that have both gonad types as adults, and there are also a number of species (largely invertebrates) that have single gonads (called ovotestes) that produce both types of gamete. There is also significant variation within species, including humans, where a small but not insignificant percentage of individuals have some mix of the above (an untypical gonad, two gonad types in the same body, or even ovotestes). Most gonads also have associated duct and tube systems for the storage and excretion of the gametes, a significant/crucial component of structuring a species’ sex biology.
In vertebrates, gonads also produce a range of hormones related to the growth and functioning of reproductive tracts, accessory sex glands, and organs related to copulation. These hormones contribute to a range of behavioral actions associated with copulation and other facets of development and functioning in organisms’ bodies. Testes and ovaries emerge from the same embryonic tissues, but they vary in certain aspects of their mature physiology. All types of gonads produce the same hormones, but they often do so in differing levels. Therefore, individual organisms with either testes or ovaries, individuals having both, and those with ovotestes differ with respect to levels of some hormones (but not kinds) between them.
Details of Internal Fusion Systems
For animals in which gamete fusion is internal there are a variety of additional organs and physiological systems that make up key parts of sex biology. First, there are copulatory organs whose role is to facilitate the excretion and/or absorption of gametes. At a basic level, these are a variety of bodily modifications for clasping during copulation and simple openings connected to gonad duct systems. At a more complex level, they include invagination of body surfaces and cavities, external genitals (such as a clitoris and penis), and internal structures (such as a vagina) that interact to facilitate getting the large and small gametes into interaction with one another.
As for the core layout of reproductive organs, most vertebrates have a cloaca, a common opening/chamber for waste excretion from the urinary and digestive tracts that also serves as the exit point for sperm and/or ova. In most birds and reptiles, the cloaca is divided into a urodeum for the urine, a coprodeum for fecal matter, and the proctodeum, which is the final chamber next to the cloacal opening associated with copulatory organs and the excretion of sperm and eggs (not ova but actual eggs).
In vertebrates that lay eggs, there is specific differentiation in internal sex biology between large- and small-gamete producers. For example, egg-producing reproductive tracts develop into a system whereby the ovaries produce ova that are transported to an oviduct, a long tube with multiple cell types across different parts of it. As the ova passes through the tube, they fuse with sperm (if present), acquire various proteins and materials that make up the yolk and white of the egg, and then stop in the shell gland. In the shell gland, the internal materials of the egg finalize, and the hard calcium-rich exterior develops around to contain them, after which the egg is excreted via the cloaca.
Mammals have even more complicated reproductive physiology. Most have some form of external genitalia derived from the embryonic tissues called the genital tubercle. In humans, typically, this tissue mass develops into a penis or clitoris, with a wide range of variation in the adult endpoints (see chapter 5). Associated areas of tissue (the labioscrotal/urogenital fold) develop into the scrotum or the labia majora, and other tissues of the urogenital folds develop into the skin of the penis and the internal labia (if present). Many mammals have internal testes, but several of them (including humans) have an external scrotal sack and testes that reside in it. All ovaries are internal.
A core difference between mammals and other animals is that mammals gestate. Zygotes develop inside the uterus into embryos and then fetuses.21 To accomplish this, mammals evolved a complex system involving connection from the ovaries to a fallopian tube and into the uterus. In one lineage of mammals, including us, the uterus develops a special organ called the placenta plugging the zygote directly into the maternal physiology and providing nutrients and removing waste. This intense placental linkage between maternal and fetal bodies is distinctive in the animal kingdom. It creates a suite of patterns that structure the bodies of individuals with this reproductive anatomy relative to individuals who do not have it.22 At the end of gestation, one or more fetuses are birthed needing to be fed a high-quality nutrient (milk) until they are ready to fend for themselves food-wise. To accomplish this, mammals develop mammary glands that produce high-quality milk during lactation. The ovary-fallopian tube-uterus physiology and mammary glands are typical of large-gamete-producing mammalian bodies, but not small-gamete-producing ones.
Caring for Infants Matters
Animal bodies are shaped by sex biology, and in many cases, their behavior is too. While reproduction for many animals ends with the excretion of gametes, there are others for whom care of the embryos, fetuses, and postbirth young is a central part of the reproductive cycle and shapes the animals’ ways of living.
On the simplest end of the caretaking spectrum, in many species of fish and amphibian, adults will guard masses of zygotes/eggs and carry and protect masses of embryos (“brood” them) in their mouths, on their backs, or in invaginations or pouches in their body until the embryos develop into young capable of their own movement and feeding. Many reptiles stay with laid eggs and protect them until they hatch, with some snakes and lizards carrying the eggs internally, and then give “birth” to the hatchlings. Some reptiles, like crocodilians, even care for the young for a period after birth. Birds almost always care extensively for eggs and thereafter the hatched young. Bird parents provide warmth and protection to the eggs, then care and food for the developing hatchlings, and ultimately some level of training for adult life. And, of course, mammals take the cake in terms of pre- and postnatal care. Some lineages, such as primates, elephants, cetaceans (whales and dolphins), and many social carnivores, intensively care for young for years after birth.
For most of the nineteenth and twentieth centuries, biologists mostly assumed that because of the supposed implications of anisogamy, the large-gamete producers (“females”) evolved as the primary caregivers and thus their bodies, and brains, were “designed” for parenting. In contrast, small-gamete producers (“males”) were considered to not be under such pressures and would thus be shaped by evolution to maximize getting their sperm to the ova in order to enable the fusion of gametes, regardless of what happened postfusion. This simplistic view of anisogamy is wrong, and so were many of the nineteenth- and twentieth-century biologists’ assumptions both about the limitations on “females”23 and about parental care and its evolution. To be fair, from very early on, it was clear to many scientists that there was indeed variation in parenting and other reproductive patterns, and sex-related biology, across the animal kingdom, but these variations were often seen as exceptions and abnormalities, and studied as such. However, as we’ll see throughout this book, what were previously thought of as exceptions or minority patterns are more often than not a core part of the actual range of biological variation in and between species, and seeing and studying them as part of an expected range offers a better understanding of biology and behavior.
Clearly, there are some biological patterns that structure large-gamete-producing bodies differently than small-gamete-producing bodies, especially in those species that lay eggs or gestate and lactate. However, these differences in reproductive anatomy do not predict the entirety of the animal’s biology, behavior, and ecology. In fact, when it comes to care, there is much variation, and the specifics of that variation are central to structuring how any given sex-biology system works. The assumption that large-gamete producers are uniformly destined to be the caretakers of young is not true.24 In fish, “males” offer care more often than “females.”25 Among amphibians, there is a wide array of caretaking patterns across all gamete-producing types,26 and with birds, both gamete-producing types are joint primary caretakers in nest brooding and posthatching care in 81 percent of all species.27 When it comes to mammals, reproductive biology dictates a specific postbirth role of lactation for large-gamete producers, but regarding all other forms of active caretaking of infants and juveniles, there is a range of variation from small-gamete producers who do 90 percent of the infant care, to fully cooperative care by an entire group, to exclusive maternal care. And this range of different patterns generates a diversity of mammalian sex biology and behavior between, across, and within gamete-producing categories.28
There Are Many Ways to Do Sex Biology
At its core, the fusion of gametes forms a zygote, then an embryo, then a fetus, and eventually an adult organism. Thus, any biological system dealing with sex must be prepared to respond to three core challenges. The first is to make gametes, the second is to get those gametes together, and, finally, the last is to provide a physiologically and ecologically viable environment for a zygote to develop and mature.
The first two challenges create specific biological characteristics of organisms: gamete-production physiology and gamete-placement biology and behavior. The third challenge, finding a viable environment, ranges from simply finding a spot in the water of the right temperature and excreting gametes, to internal gamete fusion and laying eggs, to a range of internal gestation strategies, to complex parenting behavior. Clearly, this varies by type of organism. For many, some form of investment and/or care beyond gamete fusion is needed.
When parental care is needed, a new set of challenges emerges. There must be a physiology sufficient to facilitate the development of the zygote into an embryo, and then into a young organism. Then behavior sufficient to facilitate care for the development of the young organism(s) is usually required, sometimes for many years after birth. Finally, animals that have the physiology and behavior to care for young also need a socioecological system (a way of being socially) and set of responses to ecological challenges in which their particular physiology and behavior can be effective. It is in this physiology and behavior of parenting that the dynamic variation in sex biology becomes most apparent and most interesting for a conversation that is eventually about humans. The ways in which organisms interact with their environments and each other are important in understanding sex biology.29
Surveying the range of animal sex biology, a group of biologists recently summarized their findings as follows: “ ‘Sex’ comprises multiple traits.… Individuals may possess different combinations of chromosome type, gamete size, hormone level, morphology, and social roles, which do not always align in female and male specific ways or persist across an organism’s lifespan. Reliance on strict binary categories of sex fails to accurately capture the diverse and nuanced nature of sex.”30 In short, there are many, many ways to “do” sex biology effectively. The next chapters lay this out for other animals and then for humans.
2
Animal Sex Biology
MIXING IT UP
EVERY TEXTBOOK lays out how animals are supposed to “do” sex biology. But most animals don’t read textbooks.
Sex biology is often misunderstood as a story of two kinds of creatures, the male and the female. For example, many assume male mammals are larger than female mammals. But there are multiple examples of large-gamete-producing individuals that are the same size as—or larger than—small-gamete producers.1 And in many species, including humans, there is huge variation, and overlap, in size across populations and between individuals within the large- and small-gamete-producing categories. Most people also incorrectly assume that female animals are less aggressive, provide most or all care of young, and are choosier in mating than males, when counterexamples exist among species of fish, birds, lizards, and mammals.2 The assumption of fixed “sex” differences and “sex” uniformity either between or within species is a major stumbling block to understanding biology and behavior in organisms.
Science is supposed to constantly adapt to new data and analyses. The first periodic table of elements had 63 entries (in 1869); today, we have 118 due to discoveries of new elements. A century ago, tool use was seen as the near-exclusive domain of humans, but the study of apes, monkeys, birds, elephants, and many other animals revealed tool use across much of the animal kingdom. The longer a system, a species, or a group of animals is studied, the more fine-tuned our understanding becomes.
Of course, there are patterns and trends associated with reproductive systems that are common across much of life or in specific lineages. But there are also numerous variations and modifications in the patterns of sex biology in animals. In some lineages, and sometimes within the same gamete-producing categories, many previously considered “atypical” variations are as common as the expected patterns. In others they are not. Identifying what is “typical” or common and assuming that this identification represents sufficient understanding of a species or system is a scientific error. Ignoring biological variation, even if small, is bad science because the goal of biology is understanding how bodies are made and work: how all the parts relate to one another. So, ignoring aspects of some parts and the variation of those parts blinds us to key data needed to do the best science. Authentic understanding of the world grows as more of the range of what is really out there is added in.
Large- and small-gamete producers can and do experience different evolutionary pressures resulting in some sexual selection for sex-biology “roles.” But any one pattern, even if it’s very common, is seldom ubiquitous, and the actual biological outcomes—what the “roles” and bodies look like and do—vary substantially across different species and lineages.3 In mammals, the reproductive physiology associated with gestation and lactation shapes the bodies of those who gestate and lactate relative to the bodies of those who do not. However, even in mammals with this very specific set of physiological constraints, how this system translates to the specifics of body size and shape, hormone patterns, care of young, and sexual behavior in large-gamete producers alone can vary dramatically from opossums to rats to hyenas to dolphins to monkeys to elephants to humans.4 So, while there are general sex-biology patterns that are common, even typical, it is in examining the variations across biologies, within and between kinds of animal, that we see there is not one “best” or “right” or single way to characterize sex biology in the animal kingdom.
Let’s take a brief tour.
The Hymenoptera (bees, ants, and wasps) are haplodiploid, meaning they have a genetic system in which some individuals develop from fused (diploid) zygotes and others from unfused (haploid) sex cells. But this is not a binary “male/female” system. In bees, the system of sex biology includes two types of genetic systems that produce three types of bodies: one small-gamete producer and two large-gamete producing physiologies. But one of the large-gamete types does not actually produce any gametes (usually) or engage in sexual activity, while the other one can and does both.5 So instead of simply labeling both types “female,” we call the first type “workers” and the second type a “queen.” The small-gamete producers are called “drones.” The queen is much larger than the other two body types and can control the pattern of gametic fusion in her own reproductive tract to manage the ratios of the three body types in subsequent generations. The behavioral, ecological, and physiological lives of bees involve three sex-biology types.
In the Hemiptera (the official name for about eight thousand varieties of wingless, sucking insects commonly called scale insects), all zygotes are diploid, but in order to develop into a small-gamete producer, the zygote must undergo a “turning off” of chromosomes or lose certain chromosomes right after gamete fusion. In other insect lineages, all offspring of any given individual will be only large-gamete or only small-gamete producers. Yet in others, which reproductive physiology (small- or large-gamete producing) will develop is entirely temperature-dependent. Parthenogenesis—asexual reproduction by which large gametes develop into zygotes without any need for small gametes—is also found in a minority of insects. Strangely, while bodies with both small- and large-gamete-producing physiology are fairly common in many invertebrate animals, they are extremely rare in insects.6 Small- and large-gamete producers’ bodies, behaviors, ecologies, and physiologies are not uniform across the insect world; there is no one universal reproductive biology, or one consistent way to become or to be “female” or “male” in insects.
Worms, too, have fascinating sex biologies. Earthworms, for example, are all intersex. As adults, each individual has fully developed and functioning testes and ovaries along with a series of organs and glands that act to bring large and small gametes together, either in the individual’s own body or via a mutual gamete exchange with another earthworm. Additionally, certain species are also capable of parthenogenesis (asexual reproduction with no gamete fusion at all).7 The sex biology of earthworms enables a variety of sex “roles” but is not characterizable as a binary. For example, in some species, the same worm can have “self-sex” between the two reproductive physiologies in their bodies, have sex with another individual involving the mutual exchange of both large and small gametes, and undergo parthenogenesis. That’s pretty much the whole range of reproductive options for living things in one individual. Alongside this dynamic in sex “roles,” the development of such worm sex biology also involves pretty complex sex-determination systems. Most worms have polyploidy,8 with three or as many as twelve (!) sets of chromosomes related to sex biology.
Other types of worms have different variants of sex biology. The roundworm C. elegans has only two sex-biology types, but they are not the typical pattern of a small-gamete producer and a large-gamete producer. In C. elegans, individuals usually either produce both gamete types or just small gametes. The large-gamete-only sex biology rarely shows up. However, individual C. elegans can flexibly alter temporarily, or permanently, the specifics of their reproductive system (that is, go from one “mode” of gamete-producing physiology to another) in the face of environmental challenges.9
Organisms with backbones offer yet a new set of variations to consider. Take teleost fish, which are the most common type of bony fish. They have a sex biology that is flexible, with major changes in reproductive physiology within the lifespan of individuals being common. Many fish are “sequentially intersex,” meaning individuals start out with one set of sex biology and then change one or more times to different sets of sex biology across their lives.10 Such changes involve transformations, as adults, of multiple biological systems, and include behavioral, anatomical, physiological, neuroendocrine, and molecular processes.11 Fascinatingly, the bluehead wrasse usually develops into an adult as a large-gamete producer and then might shift to a small-gamete producer if their body size grows very large. But this usually only happens when the largest bluehead wrasse in a small area of a reef dies. When this happens, the next largest wrasse changes their sex biology and shifts from large- to small-gamete-producing physiology and takes over as the sole small-gamete producer in that specific area of the reef. However, the system is not without its variations. Sometimes a small, younger wrasse does not mature into a large-gamete producer but has a body that looks just like one, even though it is producing small gametes. These individuals are called “female-mimics” and covertly mate with other small-bodied bluehead wrasses without the large local “male” noticing them.12 The bluehead wrasse has three sex-biology types, and any individual in the species may or may not “be” one, two, or all three of them during their lifetimes.
Other fish species switch in the opposite direction, starting out as a small-gamete producer and switching to a large-gamete producer only when they become much larger bodied. Many anemonefish (“Nemo” from the Disney movie, for example) live in groups of two dominant reproducing adults and a collection of nonbreeding subordinate individuals. The larger bodied of the breeding pair produces large gametes and the smaller one makes small gametes. But, if the larger one dies, then the smaller member of the breeding pair undergoes a sex-biology change to become a large-gamete producer, and one of the nonbreeding members will step in to take over as the small-bodied “male” of the breeding pair.
All California sheepshead fish change from large- to small-gamete-producing physiology once they grow large enough to defend a territory.13 But some species change multiple times. Okinawa pygmy gobies start out as a large-gamete producers, and then, if they grow to become the largest goby in the group, they transition to small-gamete-producing physiology. However, if a larger fish enters the group, the one that just switched from large- to small-gamete producing switches back to large gametes in the presence of the new, larger goby.14 The triggers for sex-biology change in fish are frequently social (a change in makeup of the social group or local breeding population) or directly tied to body size. In some coral gobies, change in sex biology in one direction or the other depends on the sex-biology makeup of the population they are born into or migrate into. The gobies can shift their biology in either direction (toward large- or small-gamete-producing physiology) so that any two fish can form a breeding pair. The ability to shift sex biology flexibly by all individuals in a population reduces the costs and risks incurred by moving between the coral clusters where the gobies like to live.15
Internal gamete fusion is a whole different ballgame from the external fertilization we have just learned about in fish. Having the gametes fuse internally is associated with a set of specific reproductive organs in birds, reptiles, and mammals. With internal fusion in reptiles and birds, the large-gamete-producing individuals’ bodies develop egg-producing physiology and then excrete the egg. In mammals with internal gestation (development of the zygote into embryo and then fetus all internally), there is need for a very distinctive physiology, including fallopian tubes, uterus, and, in most, a placenta as well. These specific organs and bodily modifications in reptiles, birds, and mammals create patterns of differences in development and adult physiology between large- and small-gamete producers, giving them reproductive physiologies that are less flexible than those in the invertebrates and in fish. It is in these birds, reptiles, and especially mammals, where one sees, on average, greater physiological differences between the sex biologies of large- and small-gamete producers. However, what those patterns are across and within species, what is “typical” for any given reproductive physiology, and how much overlap exists between the bodies and behavior of large- and small-gamete producers within a given species vary quite a lot.
Take reptiles, for example. They have a distinctive climate-influenced sex biology: many species have a temperature-dependent sex determination.16 In many species of lizard, turtles, and crocodilians, the sex biology of a developing embryo is not predetermined by a specific genetic makeup. Rather, it’s a suite of hormonal responses driven by the local temperature around the eggs during a critical period of development that shapes the reproductive tracts and eventual associated adult physiology. For many reptiles, developing large- or small-gamete-producing physiology is a context-dependent outcome not predetermined by the genetic results of gamete fusion.
It’s not just how sex is determined that is interesting in reptiles; patterns of sex biology can also vary greatly across species. There are species where females are larger than males (in sea turtles and some snakes), others where males are larger than females (in many lizards, such as Gila monsters where small-gamete producers have larger heads), and yet others where there is little or no size difference (such as grass lizards). There are a number of hypotheses for why these diverse patterns emerge in different reptile species, but it’s likely that both competition between small-gamete producers (likely due to sexual selection) and environmental constraints on body size (for both small- and large-gamete producers) are involved.17
There is a particularly interesting mode of sex biology in a cluster of lizard species (and some snakes): there are no small-gamete producers.18 In some whiptail lizard species, small-gamete-producing physiologies have disappeared, and only large-gamete producers with egg-laying reproductive tracts remain. These lizards evolved a complicated way to duplicate their chromosomes and divide the results so that when they produce large gametes, there is already a full complement of genetic material in them with novel rearranging so it’s not just cloning. These gametes have no fusion with other gametes but are ready to develop into an egg and eventually into a new individual.19 In these lizards, sex biology not only isn’t binary, it’s unitary.
Finally, reptiles, regardless which sex-biology variants they exhibit, offer little in the way of care of the young. Some species do guard eggs before they hatch, and other species carry the eggs in their cloaca until they hatch rather than laying them, but their care goes no further. Crocodilians are the only exceptions, with adults doing some caretaking after the eggs hatch.20 It’s in the animals that go all-out for their offspring posthatching (birds) and postbirth (mammals) that a whole new level of sex-biology complexity emerges.
Birds lay very large eggs, relative to adult body size, that hatch into young who cannot fend for themselves (this type of offspring is called “altricial”). Birds must care for their young. In most birds, parental care is overseen by both the large- and small-gamete producers. Such care likely emerged in protobirds (better known as dinosaurs) from some forms of early care of young that increased and facilitated the development of very large eggs and highly altricial young.21 While most birds have biparental care of young, the details of that caregiving vary widely. How large- and small-gamete producers contribute to such care is related to differences in social systems, mating systems, environmental context, and bodies.22 Parental care is central to bird existence, but across—and occasionally within—species, there is not a consistent one-to-one correlation between a bird’s reproductive physiology (being a large- or small-gamete producer) and how it participates in care for young once the eggs are laid and after the young hatch.
In many bird species, there is sexual dimorphism (differences in the shapes, sizes, and/or colors of bodies) between large- and small-gamete producers, but what form that takes is not consistent or in a single pattern across all species. Body-size differences between large- and small-gamete producers often relate to aspects of social and mating systems, to the patterns of parental care, and to aspects of the specific ecologies of that species. Like so many other animals, the patterns of how sex biology varies with bird species is dynamic and multifactorial: there are not simply two uniform sex types.23 For example, in many species, small-gamete producers are larger bodied. But in some, especially birds of prey (like hawks and eagles), large-gamete producers are larger bodied. In birds where small-gamete producers do most of the competing for mates, they are usually more colorful or have the most complex songs, but not always. Also, sometimes there is intense competition between small-gamete producers and almost no sexual dimorphism. And in some species (like kingfishers and some parrots), large-gamete producers are more brightly colored than small-gamete producers. In songbirds, small-gamete producers sing most. But in some species, large-gamete producers also sing, and in those species, they are often more colorful.24 There are even some bird species with multiple “sex” categories. The white-throated sparrow has some changes to its chromosomes that effectively produce four chromosomal types that have different plumages and a mating system wherein certain types are not compatible with others. So, while there are only two gamete-producing physiologies in the species, there are functionally four sexes in the reality of the actual mating system.25
The takeaway is that while there are typical trends in bird morphology and behavior that differ between large- and small-gamete producers, especially in that only large-gamete producers lay eggs, there is no one-to-one universal correlation between a bird’s reproductive physiology and its body size, plumage color or brightness, mating or parenting behavior, song patterns or the specifics of its social system. “Sexes” are not uniform things in birds.
As varied as birds are, mammals, including humans, do sex biology differently from everyone else. The bodily processes associated with mammalian internal gametic fusion and the potential for, and actuality of, gestation result in some very specific physiological patterns. Mammals also produce and provide high-quality nutrition to infant(s) during the earliest stages of life. Large-gamete-producing mammals typically can gestate and lactate. Small-gamete-producing mammals cannot gestate (with some variation in intersex individuals, including in humans) and rarely lactate.26 Mammals also exhibit high levels and a wide variety of postbirth care of their young, including care by one adult, care by two adults, care by many adults, and care by entire groups. It is common, but not at all ubiquitous or uniform, that large-gamete producers are the primary caretakers relative to other group members.
While sexually dimorphic patterns associated with reproduction are common in mammals, they are neither ubiquitously present nor consistent across all species. There is variation in body shape and size, physiological processes, hormone patterns, genitals, caretaking, and a range of behavior. While one can certainly assert that there are typical patterns of reproductive physiology and behavior in mammals, there is simultaneously a wide range of variation rejecting the assertion of a single “way to be” within and between mammalian species.27 There are many successful ways to be reproductively effective mammals. Hyenas, “monogamous” primates, and naked mole rats offer fascinating examples.
Unlike the devious characters in the Lion King or the scoundrels or scavengers often represented in books and nature documentaries, spotted hyenas are active and successful hunters, form strong and deeply bonded social groups, and mess with most peoples’ assumptions about mammalian patterns of sex biology.28 Spotted hyena large-gamete producers are larger, heavier, and more aggressive than small-gamete producers, and socially dominant over them. The external genitalia of these hyenas include labia that develop into what looks like a scrotum and a clitoris that develops into what is called a “pseudopenis” that is fully erectile and through which mating and birth take place.29 One might think that such differences simply mean that hyenas with ovaries are more “masculine” than those with testes. That is to say they get more androgen hormone exposure during development and thus mimic “typical male mammal” development. But that’s not the case. The patterns of androgen concentrations (those sets of hormones often associated with development of “typical” sex biology for mammals with testes) in spotted hyenas are complex and vary by and are dependent on age, whether animals reside in the group they were born into or not, their social status within the group, and on reproductive state.30 Fetal large-gamete-producing hyenas are not “masculinized” by hormones in the womb. Case in point, the development of the genitals in hyenas with ovaries is not, as researchers once thought, controlled by testosterone or other androgen exposure but is, in fact, mediated by a very complex interplay between a range of multiple hormones. This distinct physiology is important because hyenas are not “intersexed” in any manner or form, or by any biological definition. They are neither “hermaphroditic” or “masculinized females.” The hyena system reflects typical genetic and internal reproductive physiology patterns for large-gamete-producing mammals but demonstrates a nontypical way to be a successful large-gamete-producing mammal. Hyenas force a reevaluation of how one can, or should, define “masculine” or “feminine” in the context of sexual biology and motivate reflection about the value of simple models of “male” and “female” in mammals.31
Similarly, there is a whole group of primates that challenges the expected roles of large-and small-gamete producers. Most primates live in big groups of several males and females and young, and others live in groups of one male and many females and young. But there is also a range of species that live in small groups of two adults and their offspring. These so-called “monogamous primates” include the nighttime dwelling owl monkeys, the titi monkeys, the marmoset and tamarin monkeys of South America, and the gibbons (a small ape) of Southeast Asia. All are assumed to have a particular pattern of sex biology and behavior that differentiates them from the assumed mammalian pattern of large males and smaller, infant-focused females. The general argument is that these primates have a “monogamy package” of bodies and behavior consisting of specific deviations from the mammalian typical pattern. The variations on the typical mammalian pattern include large- and small-gamete producers of the same size and shape (monomorphic), small-gamete producers who do much or sometimes all of the infant caretaking, and no dominance differences across females and males. This “monogamy package,” while deviating from the typical expected pattern for mammals, is still based on the assumptions of anisogamy, and thus still fits into the typical assumptions about mammalian sex biology. The problem is that this monogamy package does not exist.32 Basically, the only thing that all of the “monogamous” primates share in common is that they primarily live in groups of two adults and some young. In some species that live in pairs, sex is only between the two adults (sexual monogamy). But in others, sex can happen with individuals outside the two-adult group (social monogamy). In some pair-living species, small-gamete producers are larger than large-gamete ones and do little to no infant care, as in many other nonmonogamous primates. In others, both types of gamete producers are the same size, or large-gamete producers might even be a bit bigger, and small-gamete producers do at least half if not 100 percent of the carrying and social care of infants. In pair-living primate species, the two adults are sometimes codominant, and other times the large-gamete producer is dominant, and there are also, occasionally, more than two adults in the group (“monogamous” species are sometimes neither monogamous nor pair living). Finally, the hormonal profiles across large- and small-gamete producers in the wide range of “monogamous” primates vary depending on their reproductive condition/status, whether they care for infants, the demographic makeup of the group, age, and dominance status. Even within what was assumed to be a straightforward “monogamy exception” to the typical mammalian system of sex biology and behavior, there is a huge amount of variation in the biology and behavior of these primates living in small groups.
Naked mole rats are particularly strange mammals. They have little hair, spend almost all their time in extensive burrows, don’t regulate their temperature well, and live in large colonies with one reproducing, often tyrannical, “queen,” and a few reproducing small-gamete producers, with all other members functioning as nonreproducing “workers.”33 The naked mole rat social system is superficially like that of some social insects (such as bees). However, there are no differences in sex biology regarding chromosomes or internal reproductive physiology between the two “types” of large-gametes producers (“queen” vs. non-queen). There are no biologically distinct “workers” as in bees. Nor is there pheromonal control of “workers” or any lasting biological changes that alter their internal physiology. The mole rat “queen” (sometimes there are two in a colony) has a longer body than other mole rats and behaves differently. While there are some hormonal differences in naked mole rats relative to other species, they do not show any of the massive sex-biology differences between sex-biology types that we see in insects. In other words, naked mole rats have developed an insect-like social and behavioral system without major modification to the standard set of mammalian sex biology. Naked mole rats demonstrate that expectations of a consistent pattern of social organization and behavior based on standard mammalian sex biology are not accurate.
Hyenas, naked mole rats, and “monogamous” primates are only a few examples of variation relative to typical mammalian patterns, but they illustrate that sex biology and its relation to bodies and lives is not a clear-cut process. Internal gestation, lactation, and care of young does not limit mammals to one type of social system, one strict set of behaviors, or one single way to successfully be “female” or “male.”34
Is There a Sex Binary in Other Animals?
Chapter 11 of one of my favorite books35 is titled “Beyond the Binary: Evolution’s Rainbow,” and it opens with a quote attributed to the twentieth-century evolutionary biologist J. B. S. Haldane: “The universe is not only queerer than we suppose, it is queerer than we can suppose.” Here “queer” means strange, fascinating, different, confounding of expectations. This quote is fitting for the reality for sex biology. Gametes (sperm and ova) in most animals can be described as binary, one large and one small. But bodies, physiology, and behavior are not so easily classified, and are queer indeed.
The distribution of large- and small-gamete-producing physiologies, what forms they take, whether they are found in the same body, different bodies, one body at different times, or even consistently within a given animal lineage varies. What “female” or “male” means physiologically, behaviorally, and ecologically can be variable across and within species, and a simple take is often insufficient to categorize, or understand, sex biology. Therefore, to effectively understand sex biology and its relation to bodies and behaviors, one must examine closely the evolutionary and ecological history, as well as the current biology and behavior, of a species or lineage. And nowhere is this more evident, important, and convoluted than in humans.
3
Humans Are Messy
ALMOST FIVE THOUSAND years ago, a group of people in the eastern Iberian Peninsula (near where Valencia, Spain, is now) laid to rest one of their kin and buried ivory, weapons, crystals, and ostrich egg shells alongside the bones. When archeologists discovered and analyzed the grave site, they asserted that the shape of the pelvic bones was typical of a male and the treasures indicated the individual was a revered leader. Further, because of the bone shape and the conclusion that the individual was a leader, they concluded the individual must be a man.
Fifteen years after the initial discovery, researchers analyzed the teeth using a new technique that detects proteins specific to X and Y chromosomes. Lo and behold, the revered leader’s proteins reflected no Y chromosomes. The individual was reclassified as female.1 Oops.
What happened here? The initial researchers assumed men’s bodies and lives are one way and women’s another. In this instance, they believed that the specific grave goods were signs of high social status and reflected a specific set of “men’s” and “women’s” social roles. And, in combination with the pelvic bones looking “typically male,” they made the assessment to classify both the biology and gender and call the individual a man. But we don’t know if this individual was classified as a “man,” a “woman,” another category, or even if those categories were the ones used in that society five thousand years ago. What we can say is that the individual had elite grave goods and a body the reflected a variation on what is often assumed to be “typical” sex biology. Placing contemporary assumptions about gender roles and a binary sex biology classification on past humans, or on present humans, is almost aways shoddy science. The moral of this story? Human sex and gender are complicated. Every human body, and life, is a blend of biological and cultural processes, and nowhere is that more evident than sex biology and the human experience. And that blend is what this book is ultimately about.
Human Sex Biology Is Complicated
In the big picture of human history, and in the biological sciences, the binary definition of sex biology is a recent invention. It emerged out of particular cultural and philosophical commitments centered in the European enlightenment and infused the biological sciences across the eighteenth to the twentieth centuries.2 For at least the last century and a half, biologists generally use the terms “female” and “male” when referring to what type of gametes (ova or sperm) a sexually reproducing organism produces. But gametes don’t magically appear out of thin air. They are created, managed, and maintained by complex physiological processes and organ systems. Biologically, “sex” involves all the processes of sexual reproduction—not just gametes.
Late in the twentieth century, scholars challenged the absolutism of the binary view of sex biology and proposed definitions of sex as bimodal (having two broad ranges that overlap extensively). Now, in the twenty-first century, many researchers see the bimodal model as still too much of an oversimplification. What is referred to as “sex” biologically comprises multiple traits and processes with variable distributions and patterns. The best current data and analyses produce a contemporary understanding that a “reliance on strict binary categories of sex fails to accurately capture the diverse and nuanced nature of sex.”3
There are few universally consistent connections between the ability to make sperm, ova, both or neither, and the majority of bodily functions. Even in mammals, with internal gestation and lactation, there are variable connections between gamete-production physiology and bodily characteristics like body-fat, muscle density, height, blood pressure, metabolism, brain function, and a range of other aspects of biological function both across and sometimes within species. There are even fewer uniform connections between gamete production and specific behavioral patterns, aside from the specific behavior associated with giving birth and lactating. And even in the arena of birthing, the postbirth behavior and the investment by adults into raising offspring is not consistently associated with a specific gamete type. While one can describe gametes as binary (of two distinct kinds), the systems, behaviors, and bodies that produce them are not. And in the case of humans, it’s even more complicated.
Humans Are Biocultural
The material structures of human bodies, as with all animals, are the product of complex interactions of biological, developmental, and environmental systems. Things like hair color and type, nose, feet, and head shape, the length of legs and arms, and the shades of our skin are generally described as our “biology.” However, these structural parts of the body exist within and are part of the human cultural context. Humans shave, cut, or color their hair, bind their feet in shoes altering their shape, change their noses surgically, with ornaments, and via life experience, eat a range of foods, and participate in activities that affect growth patterns and limb morphology; they even alter the shades of their skin by activity, clothing, chemistry, and tattoos. The human foot may be a collection of tissues, ligaments, bones, and muscles arising from the interactions of genetics and development, but for every human, their foot—including its form and function—is as much shaped by their cultural selves as it is part of their biological structure.
How humans taste food, whom they are attracted to, the sports they play, and how well they play them, are always affected by biology and culture. Taste bud reactivity, muscles and coordination, and the targets of sexual desire all emerge from the mutual, and interactive, development of bodies and lived experiences. Adult height and weight, one’s ability to score well on standardized exams, views on raising children, resistance (or lack thereof) to disease-causing bacteria, and even what any given person thinks of as natural behavior for a man or a woman, are a product of dynamic relationships that interweave the biological and the cultural, as well as the historical, into a single result: us.4 Although we are biological organisms, the totality of the human experience cannot be reduced to either specific innate (biological) or external (environmental/cultural) influences. It is a synthesis of both: humans are biocultural.
The human brain is about 40 percent of its adult size at birth, relatively smaller than any other mammal. Most human brain growth happens out in the world, not in the womb. The brain and the entire nervous system develop, create, and alter connections and pathways and flows of biochemical signals in constant exchange with bodies, senses, the social and physical environments each human inhabits, including their own thoughts, perceptions, and experiences of all these things.5 This is the embodiment of culture: human bodies are literally cultural organisms. Cultural experiences are integrated into skin, muscles, nerve fibers, neurons, and other physiological systems, and the entire process is central to the development, makeup, and function of the human animal.6
Humans are born into a world of social and physical ecologies, patterns, institutions, and ideologies that become inextricably entangled with our biology, even before we leave the womb.7 Even basic perceptions such as smell, color, sound, and taste are mutually shaped by physiology and cultural experience. Think about many of the things associated with sex biology in humans: femininity, masculinity, sexuality, sports abilities, child-care, health, body shape, how one speaks, how one walks, and so on. Every single one of these elements reflects a deep interweaving of biological, cultural, and social factors, and more. Every aspect of the human experience of sex biology is deeply biocultural. And gender is central in that experience.
An Ova Is Not a Woman and a Sperm Is Not a Man
When most humans talk about sex, they are not really referring to biology. More often, they are talking about gender. Gender is the social and structural experiences framed by societies and cultures that includes norms and expectations for behavior and appearance associated with aspects of sex biology.8 Gender is femininity, masculinity, and other frames for social roles. As such, the terms “man” and “woman” are primarily about gender, not biology. Simone de Beauvoir lays this out in her discussion of “women” in the patriarchal society of her time stating, “One is not born, but rather becomes, a woman. No biological, psychic, or economic destiny defines the figure that the human female takes on in society; it is civilization as a whole that elaborates this intermediary product between the male and the eunuch that is called feminine.”9
Gender is a crucial factor in human lives because it shapes and constrains behavior, with groups and institutions rewarding/recognizing those who meet gender expectations and often punishing/dismissing those who violate or contravene them.10 Gender is all around us.11 Gender roles are a powerful influence when thinking about sex biology because they affect every aspect of daily life for individuals. Gender can shape biology itself. Case in point: a recent study of over a thousand brain scans from twenty-nine countries demonstrated that greater gender inequality in a society seems to affect the neurobiological responses of women differently than in the contexts of societies with reduced inequality.12
Gender norms consciously and subconsciously assert how we believe certain bodies and body parts “should” be and how the humans with those bodily presentations “should” behave: for example, who can and should wear a dress, a sari, a miniskirt, tight shorts, or a kilt, and what reactions the “wrong” bodies wearing them elicit. At the same time, society’s gender expectations dictate who holds a door open for whom, how one sneezes or belches, and even how one sits or stands. Nearly every aspect of daily life is influenced by the gender-space/role one occupies. Look at upper classes in certain European nations across the fifteenth to eighteenth centuries, for instance. Men wore makeup, long wigs, high-heeled shoes, and tights to convey masculinity. Today, in many of those same regions, these items are associated with women and femininity. Or consider the reality that cultural roles for and social acceptance of transgendered individuals was a typical aspect of many societies’ gender systems historically.13 Such traditions became repressed or banned with the colonial expansion of Christianity and particular political systems over the past five centuries but are now becoming more common in some contemporary cultures again.14
Gender, as a cultural experience, is not consistent or uniform. Overviews of global gender dynamics demonstrate substantial cross-cultural variation in how gender plays out. Using a simple woman/man dichotomy or feminine/masculine spectrum does not cover the entirety of gender roles across human societies.15 This is not to say there are not core commonalities in contemporary gender systems, especially in the context of childcare, labor, economic and religious roles, kinship, political structures, and expressed sexuality.16
However, there is rarely a perfect one-to-one correlation between patterns of biological variation and peoples’ lived experiences of their bodies through gender. Being classified as, or feeling like, a “boy” or a “girl” or “masculine” or “feminine” does not necessarily correlate to what one’s genitals look like, what genetic sequences reside on their twenty-third chromosome, or whether or not one can make ova or sperm. For example, a majority of, but not all, humans with a penis and testes associate with the gendered categories of man or masculinity. But do all those individuals who identify as such have the same bodies? Do they have the same desires and attractions in sexual partners? Of course not. Even in a cluster of individuals identifying as man and masculine there are substantive variations in every one of the key bodily and psychological aspects of that gendered role. Such variation does not make individuals better or worse at the gender role but demonstrates that such roles should not be thought of as uniform, or in binaries, because that is not how people experience them. Also, for many humans, aspects of their sex biology do not “match” their assigned or personally identified gendered categories, and there are those who sense themselves as not corresponding to any of the available categories at all. Gender and biology have a complex relationship—not a 1:1 correlation.
The assumption that gendered differences are primarily or “best” explained by specific differences in sex biology is both oversimplified and incorrect.17 To assume that everyone who has a vagina, clitoris, and labia, or a penis and scrotum is a uniform kind of human relative to the “other” kind is insufficient and ill-informed. One’s sex biology is important and plays a major role in how any given individual engages with gender and other cultural dynamics of their society. But it is neither simple, nor uniform, nor binary. It’s biocultural.
Two Terms We’ll Use
Given all that we’re covering in this book, we need to set some terms to assist with clarity and precision in the remaining chapters. Any effective examination of the human experience in relation to sex biology is always contingent on two things: the sex-biology variation in play, and the specifics of the culturally structured gendered system. It’s the dynamic interweaving of these two traits that distinguishes humans from many other animals. For this reason, the best contemporary scientific approach to this discussion is to frame it in terms of “gender/sex.”
Gender/sex is the notation used to reflect the intertwined biocultural reality of bodies and experiences more accurately.18 Think of it as an extension of the ongoing rejection of the nature vs. nurture frame in the study of humans. By adopting a biocultural framing, research on human bodies and lives is no longer forced to arbitrarily, and often erroneously, separate the material form from the lived experience (nature from nurture, or—better put—biology from culture). This has proven extremely important in health research, cognition, neuroscience, and a myriad of other arenas.19 Today, gender/sex is the term increasingly used by researchers who study sex, biology, gender, sexuality, and behavior in humans to acknowledge the reality that the biological and the cultural are always entangled and often inseparable. So for the rest of the book, we’ll use the terms “gender/sex” and “biocultural” in many locations both for clarity as to what we are talking about and to reflect the contemporary state of science regarding humans.20
One final set of terms is necessary. Most research on human sex biology uses “sex at birth” as the key category for dividing up subjects by “sex” in the study. However, “sex at birth” usually means a designation based on a classification of the genitals of the newborn. There are usually no tests for chromosomal complements, gonad types, or anything else along those lines. As such, the “sex at birth” category is a little sloppy, and sometimes misses the mark. What “sex at birth” is hoping to measure is really what is called the 3G category of sex.21 The three Gs are genes, gonads, and genitals. A “3G female” is a human who has XX twenty-third chromosomes, ovaries, and a clitoris/vagina/labia. A “3G male” is a human who is XY and has testes and a penis/scrotum. The assumption is that a look at the genitals gives you a solid inference of the other 2 Gs and thus that this works as the classification system and the working definition of “sex.”22 The rationale for using this categorization is that the 3 Gs are highly but not absolutely correlated with one another. Thus, while 3G categories reflect a set of typically patterned variation related to reproductive biology, they are not even close to 100 percent accurate at capturing the actual range of human biological variation, even in relation to the 3 Gs.23
3G categorization does not reflect the biological reality for at least 1 percent of all humans,24 if not more. This represents at least ~80,000,000 humans living right now. 3G female and 3G male are not absolutes, nor are they the only definition of “sex” biologically or of the terms “male” and “female.” 3G categories do not always or necessarily map to the terms “man” and “woman,” nor are they necessarily correlated with the gender dynamics of masculine and feminine in only one direction or manner. But they are biologically definable categories (if at times incomplete), which is better than “sex at birth,” or “man” or “woman,” and unfortunately most of the data we’ll be working with in the following chapters either assumedly or explicitly uses 3G categories. So when discussing these data, we will be using these categories too.
Now, with a solid grasp of basic animal sex biology, the biocultural reality of being human, and the framing of human gender/sex, we are ready to tackle sex biology and the human experience past and present.
4
Humans Then
IF YOU LINE up a monkey, an ape, and a human, you’ll see a lot that looks similar, and some key differences. Then, if you watch their behavior, there’ll be some similarities, but many more differences. This is called the comparative approach: comparing one kind of organism with its closest relatives to see what in their bodies and behavior likely comes from a shared past. We can also study an organism’s past by looking at the fossil record, the history of its ancestors. Both approaches help us understand human sex biology. Humans are primates, a particular type of primate called hominoids (apes), and a very specific lineage of hominoids called hominins (figure 1). The bodies we walk around in and the societies we live in are shaped by our primate, hominoid, and hominin evolutionary histories.
Each node of the human past (primate, hominoid, hominin) offers evolutionary clues to current human sex biology and how it relates to bodies and minds.
Primates Are Us
Primates are mammals1 and thus have a reproductive physiology that involves shaping large-gamete-producing bodies for potential gestation and lactation. Being mammals also indicates the presence of an extended system of care of the young after birth.2 Primates have large, complicated brains and lives centered around social relationships. A key part of these social relations involves very needy infants who are often the center of attention.3 In many primate species, the mother is the main caretaker, but from shortly after birth infants are moved from arm to arm of other group members, spending time being held by, cared for, and playing with siblings, kin and other members of the group.4 Some primate species have fathers as the primary or only caretakers, and in others there are no single primary roles, and different aspects of care are spread across multiple group members. Primates as a lineage evolved a diversity of modes of infant care and social life and a varied physiology that relates to both.
FIGURE 1. The human evolutionary tree.
Because primates evolved a focus on social relationships as their main way to make it in the world, sexual interaction outside of reproduction is a big part of many species’ lives.5 Primate sex biology and behavior are not just about to getting gametes together. Indeed, many primate species have socially learned greetings, vocal calls, tool use, diverse ways of grooming and developing and maintaining friendships in both sexual and nonsexual contexts. These “cultural”6 processes play important roles in primates’ daily lives. Primates’ social behavior and relationships play central structuring roles in how sex biology is shaped and experienced.
Before we explore primates further, a quick note: in keeping with the typical terminology in primate studies, in the rest of this section we’ll use the term “male” for small-gamete producers and “female” for large-gamete producers. This shorthand is meant to reflect the biology associated with 3G females and 3G males, not anything about specific behavioral roles or patterns. There is little known about the physiology of intersex nonhuman primates, except that the frequency of such variation is probably similar to that in humans. However, there are few, if any, studies that have looked specifically at variation in 3G categories in primates, but we do know that there is substantial biological and behavioral variation within the categories of “male” and “female” across and within many primate species.
There are important differences across primate species related to sex biology. In roughly a third to a half of primate species, males are a little larger bodied than females (10–20 percent). In a smaller percentage of species, there is even greater variation in body size, with male bodies 25 percent to 100 percent larger than females. In the species where males are substantially larger, they can have huge canine teeth.7 In such species, males often use their body size as a social tool to dominate and control the group (but not always successfully8) and/or to fight with one another over resources.9 This extreme variation in body and canine size in some primate males is argued to emerge from sexual selection. As Darwin originally proposed, sexual selection results from competition between or within large- and small-gamete producers and is related to achieving successful reproduction. In species with very large-bodied males, females may be shaping males’ evolution by preferring to mate with larger males, or males may evolve larger bodies and bigger canine teeth via the pressures of male-male competition (or both).10
Usually, sexual selection in primates is seen as being facilitated by the basic differences in sex biology between males and females, with males having low investment in reproduction (beyond copulation) and females having very high investment. Sound familiar? As we’ve already discussed, this assumption based on gamete size and related investment is not wholly supported, and the original model of what anisogamy implies is not universally accurate. There are many permutations and much diversity in reproductive dynamics across lineages and species. But there are some patterns in primates. In most species with large size variation, females (mothers and others) do the majority of infant care, and males do fight among themselves (sometimes a lot). But there are exceptions. In gorillas, where males can be more than twice the size of females, adult males are very tolerant of young and participate in their care.11 In macaque and baboon monkeys, where males are up to 25–50 percent larger than females, males typically don’t do much caretaking, but it is not totally uncommon for males to adopt and care for infants whose mothers died, and in many of these species, some males spend as much if not more time with infants and young than they do with other males.12 The bottom line is that in highly sexually dimorphic species of primates, reproductive physiologies usually correlate with some patterned differences in bodies and behavior, and that sexual selection likely had a role in structuring some of these patterns of sex biology.
But the same is not true for species with little or no body-size differences. In these less dimorphic primate species, behavioral differences are small, absent, or, in some cases, in the reverse direction of what they are in the species where males are much larger. In chapter 2, we reviewed the pair-living primates where there is often care of infants either by all group members or primarily by an adult male. Most primates that live in small or pair-bonded groups are relatively monomorphic (same-sized), and in the ones where there is a lot of male care of young, there are substantial commonalities in hormone activity across adults who care for infants regardless of their sex biology.13 There are also non-pair-living primates that are monomorphic, and in those species, we don’t see the pattern of male dominance, nor its biological correlates, common in primates with large size variation between sexes.14
While primates come in all shapes and sizes, from the tiny mouse lemur that can fit into the palm of a human hand to the mountain gorillas who weigh three times what most human adults do, they are relatively consistent in one critical way: primate infants are large, slow growing, and fully dependent on care for a longer period that than most other mammals. For primates, the patterns of care for young in a given species often exert substantive influence on bodies and behavior.
Humans Are Hominoids (Apes)
Because we are evolutionarily a part of the hominoid lineage, that group of primates (the living apes) provides a glimpse of what is shared between us and them, offering insight into what is deeply ancestral to human sex biology and the human experience. Thus, it should not be surprising that apes demonstrate a lot of variation in how sex biology plays out in bodies and behavior, within and between species.
Gibbons are the smallest apes and are humans’ most distant ape relatives. Gibbon females and males are mostly the same size with similar-sized canine teeth. However, in a few species, males are slightly bigger, especially in the siamang, and in many gibbon species adult males and females have different-colored fur.15 The most striking difference between many male and female gibbons are their vocalizations. All gibbon species give long melodious vocalizations, called songs, but generally males and females give different versions, often as complementary duets. Gibbons primarily live in small groups, often pair-bonded, with just two adults and some young. Female and male behavior overlaps extensively except that females do most care of the young, with the exception of siamangs, where males who do a bit more care of the young than other gibbon males.16
Orangutans shared a common ancestor with the African apes and humans more than ten million years ago. Orangutans are highly sexually dimorphic with adult males up to twice the size of adult females. But there are two different types of “male” orangutan, both basically 3G, but at least one (or two) of the Gs acts differently, and other aspects of their bodies and behavior also differ from one another. Most adult males develop a set of distinctive fatty cheek pads called “flanges” on their face and a large throat sack that enables them to give deep and powerful long calls. However, some adult males don’t develop the flanges or do long calls. This “two kinds of 3G male” is an orangutan-distinctive sex biology.17 The males that do not develop the flanges and other aspects of large adult male appearance seem to not have the circulating levels of a set of hormones (LH, testosterone, and DHT) necessary for development of the flanges and a full throat sack. However, these unflanged males do have sufficient hormone levels and patterns (specifically testicular steroids and FSH) to develop full sexual function and sperm production.18 Their gonadal and other endocrine (hormone) function is not atypical, but it is different from that of the flanged males. So, unlike most primates, orangutans have three body types related to sex biology: small females, flanged males, and unflanged males, and these types behave differently. Flanged males spend the majority of their adult lives alone, coming together with females for a few days now and then to mate. Unflanged males also spend most of their time alone, but sometimes hang out for a while with another unflanged male, especially when they are young. Females spend the majority of their time with their young offspring and on occasion with one or a few other females. Orangutan social lives and sex biology are distinctively different from those of the other great apes.19
Gorillas, as noted above, have enormous size variation. Males can be more than twice the size of females. Gorillas often live in groups with one adult male and a number of females and young. But as many as 40 percent of gorilla groups have more than one adult male. It is not uncommon for many gorilla groups to come together in large multigroup assemblages from time to time with many interactions, including homosexual sexual behavior, between the members of the different groups.20 While gorilla mothers are the primary caretakers of infants, gorilla males are highly tolerant and offer both protection of the young and often spend a good amount of time playing and interacting with them.21 Gorillas do map to the general pattern of male dominance in largely dimorphic primates, but they differ from many such species in the fact that males are attentive to, and engage with, the young regularly.
Chimpanzees and bonobos, both members of the genus Pan, are humans’ closest primate relatives. These two different ape species illustrate a range of behavioral diversity but share a more or less identical basic sex biology. Chimpanzees (Pan troglodytes) have slightly more sex-related variation in body size than humans and have much larger canine teeth. They live in communities that break up into smaller subgroups for much of the time, occasionally coming together as the full group. Adult males in most chimpanzee communities spend the majority of time with other adult males, and females mostly spend time with their young and a few other females. Males are often socially dominant to females and use aggression regularly. Sexual interactions occur heterosexually and homosexually as part of the complex social lives of chimpanzees. Mothers do most of the infant care, but older siblings, still with the mother, often chip in. The patterns of relationships across the range of chimpanzee populations (and subspecies) vary. For example, the Western chimpanzee subspecies has smaller groups, less effective male aggression toward females, and more participation in group aggression and more hunting by females (in fact, they are the main hunters who use wooden sticks as spears).22
Bonobos (Pan paniscus) have approximately the same level of dimorphism as chimpanzees and pretty much the same sex biology, but their social system and behavioral profiles are different. In bonobos, females tend to be the dominant individuals, and whole communities are more often together than in chimpanzees. Unlike chimpanzees, where different communities avoid one another or get into potentially lethal fights, bonobo communities often get together in a calm and friendly social manner (including having lots of sex). While infant care is still largely by the mother, interactions with the young are more widespread and undertaken by a broad range of members in the bonobo community. Sexual interactions are a central facet of bonobo daily life, and nonreproductive sexual behavior is common across all ages and sexes, homosexually and heterosexually.23
The striking thing about chimpanzees and bonobos is that they have pretty different behavior and social systems, and patterns of sexual behavior, despite having the same sex biology. And this is not only between the two species: different populations and groups of chimpanzees can also vary quite a bit in their social relations and sex-related patterns. And both species of Pan are quite different behaviorally from gorillas and orangutans. The diversity of behaviors and bodies in the hominoids, who all have a very similar sex biology, demonstrates that for these closest human relatives a given pattern of sex biology does not specify one particular set of behavioral and social lives. Sex biology in the ape experience is variable and is not universally tied to one kind of relationship between bodies, behavior, what type of gametes are produced, or which Gs one has: this is the key part of our inheritance from our history as hominoids.
Evolution is as much about discontinuity as it is about continuity. Understanding that humans and other hominoids share an evolutionary history, a continuity, is to acknowledge that this shared past shapes humans’ bodies and lives. But that’s only part of the story. It’s the history of our more recent evolution since our split with the other apes, a discontinuity, where we find deeper and more specific insights into human sex biology and experience today.24
Humans as Hominins
The hominins separated from other hominoids sometime between seven and ten million years ago and diversified into a cluster of lineages of ape-like beings who walked upright on two legs. Because we are talking about organisms that lived in the deep past (and all we have are fossils), we can’t truly assess any of their Gs. When talking about fossils, we use the terms “male” and “female” as proxies for 3G categories based on typical skeletal patterns for 3G humans today. Admittedly, these classifications are wrong at least some of the time, even in those with bodies just like ours. Remember the “revered leader” case from the opening of chapter 3.
The earliest hominins are not very well known, but by about four million years ago, the hominin genus called Australopithecus emerged, and in its early members are the likely roots of the human lineage. The Australopithecines were a bit smaller than most humans today and likely had a good deal of body-size dimorphism, with males larger than females. However, unlike many other size-dimorphic primates, they did not have significant canine-teeth dimorphism, and it’s unclear if the social behavior and social systems of the early Australopithecines were more ape-, other-primate-like, or more human-like.25 The Australopithecines lived in small groups with multiple adults and young, and likely had very strong social bonds between group members.26
Between three and four million years ago, the antecedents of the human niche (the way we humans live in the world) were clearly developing. By at least 3.3 million years ago, Australopithecines were making and using stone tools and beginning to interact with, and modify, the world around them in what appear to be precursors to human-like lives.27 At least some of the Australopithecines evolved a human-like reproductive pattern of giving birth to newborns that need much care and attention from multiple group members in addition to the mother.28 While this mix of very needy infants with little motor development and lots of neurobiological growth outside the womb is found in other primates and some other mammals, the human pattern of cooperative care of extremely helpless infants is rare and creates a distinctive set of biological and behavioral patterns for human bodies that have much to do with the emergence human gender/sex (see below). Between two and three million years ago, the first members of the genus Homo (humans) showed up and began the specifically human story.
Humans as Genus Homo
As noted earlier, human babies are born with about 40 percent of their total brain growth completed. Having more than half of brain development occurring outside the womb in the world is a feature not found in any other mammal or primate. Because of the human infant’s slowly developing neuroanatomy, coordination, movement capacities, and information-processing skills, they are almost completely dependent on others for the first few years of life.29 The closest comparison would be a chimpanzee, whose brain is about 60 percent grown when born, but who can cling to her mother’s fur and climb around on the mother’s body almost immediately after birth. Humans have no fur, and our infants cannot coordinate their limbs or even hold their head up on their own when born. The ability to simply move themselves along the ground, let alone climb on a caretaker, doesn’t emerge for months. Human infants must be carried, tended to, protected, fed, and nurtured more than those of any other species. But this helplessness is a necessary step to developing the physiological, psychological, and social pathways to adulthood, and to becoming the neurobiologically, socially, and technologically complex beings we are. The physical and perceptual development of touch, sounds, smells, tastes, looks, likes, movement, and everything else is entangled in, and shaped by, the infant’s cultural landscape and all the actors in it. To develop effectively, human brains and bodies, and thus minds, are completely soaked in their cultural environment. This is where the human biocultural experience begins; this pattern evolved in our ancestors.
The high post-birth-brain-growth and bioculture-acquiring infant pattern began in the genus Homo at least a million years ago. But one cannot evolve giving birth to helpless infants first and then figure out how to respond to it. The infants would die. For such a system of infant development to evolve, there must have been a serious capacity for cooperative collaboration and contribution to infant well-being already in place. But how did such a caretaking system evolve, and what does that story that tell us about our sex biology?
From its earliest appearance more than two million years ago, the genus Homo shows little sexual dimorphism relative to earlier hominins and to most other apes. Homo has small body-size variation related to sex biology (~10–15 percent) and no differences in canines. Aside from the typical skeletally identifiable correlates of birthing and slight body-size variation, the fossil and paleoarcheological record hold little evidence of physical demarcations, and even less of behavioral and social variation, between 3G categories in the genus Homo.30
Compared to other hominins (like the Australopithecines), the genus Homo underwent specific morphological changes in the pelvic girdle, legs, feet, arms, hands, skulls, teeth, and faces, alongside less easily measurable, but significant, behavioral and cognitive shifts across the last two million years or so.31 During this time period, much of what we take for granted as “human” emerged. Things like hypercooperation, complex social interactions, and increasingly complex material technologies such as tools and fire.32 Members of the genus Homo worked together, assisting one another day in and day out, expanding the intensity of mutual care and the depth of social bonds and reliance on each other.33 Via this intensive cooperation and coordination, Homo developed more intricate and diverse foraging and hunting patterns involving not only the use of stone, wood, and bone tools, but also increasingly complex collaborative behavior and communication. Around this time, the brains of the genus Homo started getting more neurobiologically complex, necessitating a longer growth and development period: Homo childhood extended to be the longest developmental process for any primate (or mammal). By at least about eight hundred thousand to a million years ago, our ancestors began to experiment with fire, eventually working together to use it to reshape bone, wood, and stone, and to cook a plethora of different foods. By three hundred to four hundred thousand years ago, there is strong evidence for social connections across different groups and places, the emergence of long-distance exchange networks, and increasingly dynamic intergroup relations. Then, in the past few hundred thousand years, we see the emergence of engravings, carvings, and eventually art. And all this was accompanied by increasingly complex communication and information sharing, eventually resulting in that amazing system called language.34
Emerging from this Homo evolutionary history are three key patterns that offer insight into how human sex biology and behavior, our experience of gender/sex, evolved. The first is an intense cooperation and coordination around childcare. The second is increased diversity in social and sexual relationships. And the third is the development of categories of culturally mediated perceptions and expectations of and for different members of the group related to aspects of sex biology, what we call gender and gendered roles.
It Takes a Group to Raise a Child
In most primate species, mothers do the majority of infant care, but some amount of allocare (care of young by individuals other than the mother) is common across the primates.35 Usually, the allocare is done by females related to the mother, and/or siblings, and/or the father, but in those species that exhibit intensive allocare, the entire range of group members assist in the raising of the young. Allocare behavior by other group members alters the evolutionary pressures on mothers and affects both group members’ and mothers’ bodies. Hormone dynamics and physiologies shift in the caretakers of heavy allocare species, making them somewhat different from other species with the same basic reproductive anatomy but mother-only caretaking systems.36 Humans are the only primates that combine intensive allocare behavior with superextended childhood: we have a deeply cooperative and collaborative multicaretaker childcare system, and human infants are born in more need of more intense and long-term care and assistance than any other primate. Human infant caretaking evolved as a group effort that reshaped human bodies.
Recent overviews of the available evidence for the evolution of the distinctive human infant caretaking system demonstrate that humans not only evolved a suite of biological processes to deal with time- and energy-intensive infants, but that we also take care of these infants through a variety of cultural adaptations, including material culture, provisioning of food, and shared child care. Humans evolved to be biocultural cooperative caretakers in every sense of the word.37
By between a million and five hundred thousand years ago, the genus Homo displayed remarkable levels of cooperation and collaboration, more so than any other primate or hominin, and they used this capacity to develop a particular type of caretaking.38 Caring for infants shifted from a primary reliance on the mother to a system wherein humans were raised by “Mothers and Others.”39 The human infant is a distinctive evolutionary twist on primate babies in that the level of care, attention, and engagement that it requires to develop could only emerge in a system where multiple potential caretakers are already present. The way our lineage enabled such helpless infants to emerge, paving the way to our incredible cognitive and neurobiological biocultural evolution, was the co-option of an already strongly developed pattern of cooperation and applying that to childrearing. Multiple researchers over the past few decades have demonstrated via fossil, archeological, and comparative studies on contemporary human bodies, that caretaking in the genus Homo evolved to involve more than the mother; siblings and other members of the group were crucial to the effective raising of a child. Carrying of Homo infants, a large cost, was spread across group members.40 Older individuals and siblings were and are key caretakers, and caretaking by a range of older individuals might even have resulted in the evolution of longer human life-spans.41 All human bodies (not just 3G-female ones) evolved strong physiological/hormonal responses for caretaking behavior. For example, unlike many mammals, human adult 3G-male bodies change physiologically in the presence of infants, most strongly when they are engaged in caretaking of them.42 The extent and structure of cooperative parenting and broadscale caretaking in the genus Homo created a distinctive context for human evolution and shaped human sex biology.43
The genus Homo evolved a system where the mother is never alone, so the pressures of successful reproduction are not solely on mothers’ bodies. The evolutionary implication of this deeply cooperative and complex caretaking is a rejection of a simple calculus of extreme evolutionary differences for bodies and behavior based on gamete producing and individual costs of gestation and lactation.44 The data from the fossil record and archeological evidence related to reproduction and energetic investments in the genus Homo indicate that we cannot model an understanding of human sex biology simply by separating small- and large-gamete producers assuming a fixed and massive difference of investment in reproductive effort. Nor can we lean solely on the expected constraints of having a uterus and ovaries, or testes, to understand human sex biology’s relation to the rest of our bodies and behavior. Indeed, a decade ago, a cluster of biologists45 specifically reviewing Bateman’s principles (the asserted universal impacts of anisogamy) and contemporary sexual selection theory demonstrated that “human mating strategies are unlikely to conform to a single universal pattern.”46
There are a few other aspects of human mating that differ from those of many other mammals: almost every adult produces offspring, and very few produce way more than others (humans have a very low “reproductive skew”). Humans have the lowest variation between individuals in number of offspring produced and the strongest similarity between females and males in number of offspring produced of almost any mammal. In short, humans evolved a distinctive relationship between sex biology, mating, reproduction, and parenting behavior.47 Therefore, explanations for human bodies and behavior that rest on the assumption of major evolved differences between 3G females and 3G males related to reproduction and parenting are inconsistent with the existing data on human evolution, and human reproduction, and thus offer insufficient explanatory power.48 The human lineage evolved a particularly intense, social, and communal mode of reproduction and childcare that shapes how our sex biology works and what it means for human bodies and behavior. But sex biology is not just about making and caring for babies.
Sex Is More Than Reproduction
Genital-genital contact, genital manipulation via hands, mouth, and feet, genital-anal contact, and other forms of sexual activity are found outside of reproductive possibilities in many monkeys, and in all apes and humans. In some primates, social sex is as frequent as reproductive sex (if not more so).49 In such species, sex is a social tool, and sex biology must be understood in the context of both its role in reproduction and its use in social relations.50
Both members of the ape genus Pan (our closest primate relatives) excel at social sex. Bonobos are famous for frequent social sex, and chimpanzees51 also participate in sexual behavior outside of reproductive possibilities.52 Bonobos engage in sexual activity in dominance relations, feeding, group cohesion, play, bonding, fighting and reconciling, and pretty much everything else (including reproduction). Being so sexually active has hormonal and other physiological impacts.53 Chimpanzees also use sexual behavior as a social tool, but not quite as much as bonobos. And in chimpanzees it may be more common between males than females.54 In gorillas55 and orangutans,56 sex outside of reproduction is less common, but it is present, most often in homosexual contexts. And humans outdo all our primate cousins with an enormous range of nonreproductive sexual activity. In fact, one could argue that most sexual activity in our species occurs outside of reproductive possibilities.57
The pervasiveness of sexual activity as a social tool in apes and in contemporary humans suggests that such behavior is an ancestral hominoid state for apes and humans. Across hominoid and hominin evolutionary history, sexual interactions are often detached from reproductive function but are attached to other social and physiological functions. So, any explanation for the evolutionary impact, functions, and constraints or benefits of sex biology cannot only be explained by its relation to reproduction. Given that humans are much more socially sexual than any related species (except maybe bonobos), the most likely explanation is that across hominin history, and especially in the last two million years of the evolution of the genus Homo, the role of socio-sexual behavior has been amplified as a major aspect of human sex biology. Sex biology is not just for making babies, not in the apes, not in the hominins, and most certainly not in humans.58 But, humans do make babies, have lots of social-sexual relations, and build amazingly strong social bonds. All of these processes—making babies, having sex, and making bonds—are interconnected.
Social and Sexual Pair Bonds Are Complicated
In the animal behavior literature, a pair bond is a special, predictable relationship between two adults, often a reproductive relationship. Humans frequently have pair bonds. This fact has been used to argue that the presence of human pair bonds stems from patterns of difference in 3G-male and 3G-female sex biology. Some researchers suggest that humans evolved heterosexual pair bonds and the nuclear family because of the specifics of our sex biology. The story goes something like this: given basic differences in mammalian reproductive biology and the costs of human infants, humans who give birth and gestate (largely 3G females) are under extreme pressures, so bonding with a high-quality partner (a 3G male in this proposal) improves her chances of successfully having and raising an infant.59 This same argument assumes that 3G males would prefer to mate with many 3G females and not invest highly in just one, but the costs of the human infant and the competition for access to the best-quality mothers make some degree of pair bonding a good option (especially if the 3G males can keep the option to “cheat” on occasion open). This story is used to explain the “human nature” of the nuclear family, 3G females as primary caregivers, and 3G males’ tendency to seeking more sex partners than females. But is it accurate?
In human evolution, the pair bond has been characterized as a “special and predictable relationship between a male and a female that involves tight social connections and a sexual relationship, and usually includes mating and the raising of young.”60 Many scholars have argued that this “pair bond” set-up is monogamous, is the basis of human society, and evolved in our hominin ancestors due to the assumed core costs and structures of mammalian large-gamete- and small-gamete-producers’ bodies.61 For example, some primatologists argue that the heterosexual pair bond (and monogamous mating) precedes and gives rise to the nuclear family structure in human evolution, and that its appearance is a key point in the evolution of human society.62 But pair bonds are not necessarily linked to a nuclear family structure in humans or in other animals. In fact, pair bonds are not necessarily linked to reproduction at all.63 Rather, pair bonds are an effective way to enhance and expand the social networks and cooperative possibilities, and they are not always related to reproduction.64 And, as far as reproduction is concerned, we know that, over approximately the last two million years, our lineage evolved a complex system for raising and caring for young that involves more than one mother and one child (and one sperm producer). We are not a species that evolved a system of reproduction and social groups based on heterosexual pairs.
More than twenty-five years ago, I began reviewing all the available data for pair bonds in primates and humans.65 I discovered that primates (including humans) are not more monogamous or pair-bonded than other mammals,66 and that while there are many primate species that live in small groups consisting of a male-female pair plus offspring, only some of those exhibit pair bonds. Work since then demonstrates that pair bonds come in a number of different types and are rarely associated with actual reproductive monogamy.67
It turns out that there are two types of pair bond: social and sexual. The social pair bond is a “strong biological and psychological relationship between two individuals that is measurably different in physiological and emotional terms from general friendships or other acquaintance relationships.” The sexual pair bond is a “pair bond that has a sexual attraction component such that the members of the sexual pair bond prefer to mate with one another over other mating options.”68 In mammals, including humans, pair bonds combine social relations with a range of biological activity.69
Humans have social and sexual pair bonds. Human social pair bonding occurs across the entire range of gender/sex and age categories, with relatives and with unrelated individuals.70 Humans have sexual pair bonds both heterosexually and homosexually. And human sexual pair bonding is not necessarily related to reproduction. Therefore, the pair bond, sexual and/or social, while critically important in humans, is not something that emerged directly out of our sex biology or something that is constrained by it.
Gender?
Gender did not appear out of thin air. Humans assign cultural meaning to almost everything in the world, and our ancestors began doing that a long time ago.71 Cultural meaning is assigned not just to the material world around us but also to different aspects of the human experience, like age and life-stage, body type, hair patterns, genitals, demeanor, voice tenor, whether one gives birth or lactates or not, who one has sex with, caring for infants and others, and much more. The social dynamic that we call “gender” today emerged from complex biocultural evolution in the human lineage. Human gender concepts and experiences have been shaped over evolutionary time by the mix of cooperative caretaking, complex social sexuality, increasingly complex social lives, and the specifics of sex biology and other aspects of human bodies.
Gender is a set of expectations, perceptions, and behavior that a social group believes about how bodies and behavior should be in relation to aspects of sex biology. Obviously, biology plays a role in gender, but the specific history of a society, its ecology, its demographic makeup, and a whole range of other political and economic factors contribute the specific details of what gender-particular roles emerge in any given group. Humans’ deep shared evolutionary history and complex dynamic variation in cultural diversity are why we have some common patterns of gender across societies and so much variation within and between them.72 However, while we can study gender dynamics in humans today and in the very recent past, it is almost impossible to see gender roles in the fossil and archeological record. That leaves us with the very unsatisfactory answer that the capacity for gender clearly evolved, but what gender roles looked like in the past is not at all clear. Interestingly, what little evidence we do see suggests that if there was something like gendered roles earlier in human evolution, they were probably not identical to those of today.73
3G-male Homo were, on average, about 10–15 percent larger than 3G females, and we can assume that earlier Homo 3G males had, on average, slightly higher muscle mass and density and greater upper-body strength (as they do today). We also know that the nutritional and caloric needs of human 3G females with a uterus go up at the very end of pregnancy and during lactation. This increase in energetic costs for female Homo likely started around 1–1.5 million years ago and was part of the evolutionary development of cooperative parenting.74
These differences in body size and the fact of costly infants are often offered as clues to gender roles in human ancestors. For example, it is common in recreations of human ancestors to envision a man (an assumed 3G male) standing with a medium-sized dead animal slung over his back (the hunter), a woman (an assumed 3G female) sitting or kneeling holding an infant (the caretaker), and maybe another woman tending a fire with a toddler at her side (the meal preparer), and then another man, usually a bit older, sitting making the stone tools (the tool maker).75 These images are contemporary gendered imaginings, not data from the past. There is almost nothing in the fossil or archeological record that suggests a specific 3G-sex biology or age makeup or gender role for who did what or that there were “jobs” like this in the past.76 Rather, for most of the history of the genus Homo, there is no evidence for specific roles of “tool specialists,” “hunt specialists,” “meal preparers,” or “childcare specialists.”77 The gendered assumptions of “man the toolmaker,” “man the hunter,” and “women the caregiver” are recent cultural inventions.78
In the comparative sense, we know that ape females use and make tools slightly more than males and that young apes learn to use tools primarily by watching their mothers. In-depth analyses of the reconstructed processes of stone-tool creation and use by Homo do not distinguish clear or consistent sex-biology differences in capacities or patterns in tool making and use.79 Analyses of recent, especially agricultural, tool use and manufacture (over approximately the last five to ten thousand years) reveal some gendered role differentiation in use of tools, but these appear to be largely based on variation related to upper-body size/strength and the requisites of certain types of labor.80 However, in most Homo populations over the last million years, but before the last five to ten thousand years or so, there is evidence of more overall upper-body strength in both those assumed to be 3G males and 3G females compared to most contemporary humans of either category.81 So, using contemporary humans as the basis to understand ancient Homo strength and capacity is underplaying the relative muscular/skeletal strength of both Homo 3G males and 3G females in the past and overplaying the relevance of sex-biology-related strength dimorphism for a majority of activities in human prehistory.82
In some contemporary human societies, men (the gender) do hunt large game more than women (the gender), and in many societies, mothers, grandmothers, and sisters are the main individuals charged with childcare. However, assumptions about such role differentiation and its patterns in the human past, especially in the context of hunting and caretaking, are challenged via a range of archeological, fossil, and recent ethnographic analyses.83 This is not to say that various gender roles did not exist. There is some evidence that while members of Homo groups likely hunted together, they may have differed in their roles in the hunt and in posthunt processing of foods and hides. For example, recent evidence for hunting in the human past demonstrates not only a high likelihood of 3G-female participation in hunting (and other physically demanding activities) but show that they probably excelled at endurance aspects of hunting endeavors.84 In another example, Neanderthal teeth from three different sites show cultural wear patterns, likely due to processing of meat and hides associated with hunting, but there is some indication of slightly different wear and tooth-chipping in teeth classified as 3G male and 3G female. This suggests that there may have been slightly different “jobs” regarding the use of teeth in these Neanderthals. What these differences could be is hard to determine, but the fact that the patterns are there in the fossil teeth suggests that some form of gendered differences may have existed. But they weren’t necessarily the same gender roles we see today.85 In the case of caregiving, we’ve already seen the evidence for human cooperative parenting, but at a broader level, there is also robust evidence that care for the injured, sick, and elderly by all group members emerged early on in the genus Homo, and that coordinated and extensive compassion was a major element in the success of our genus.86
Art is another area of frequent assertions about paleo-gender. There is very little evidence of any gendered patterns in any form of art before the last four to five thousand years, except a recent survey of one kind of cave art: the outline of hands. Archeologists examined thirty-two of these hand images from eight different cave art sites and calculated whether the hands were most likely male or female, based on the assumptions about the human hand’s second digit to fourth digit (2D:4D) ratio, and whether they were adult or youth (based on size).87 The initial conclusion was that about 75 percent of the hand stencils were likely done by females (smaller 2D:4D ratios). A sex difference! Or not. It turns out that while the 2D:4D ratio has been argued to be a good measure of patterned variation between 3G males and 3G females (in mostly UK, European, and US test subjects) and assumed to reflect differences in androgen hormone levels during fetal development (higher in 3G males than in 3G females), it doesn’t. 2D:4D variation between 3G males and 3G females varies by population, is sometimes absent, and most likely reflects gendered activities rather than a result of universal sex-biology differences in prenatal androgen exposure.88 2D:4D variation does not work as a sex- or gender-classification system across all living humans, or for human ancestors. Interestingly, at least five of the hand prints appeared to be those of teenagers, and in other studies these same kinds of hand stencils often show that many of the artists’ fingers were cut at the knuckles or were missing.89 It is not at all clear if this age pattern and the mutilation of hands tells us anything about gender, but it does show that the making of this kind of art was certainly a process that resulted from the interweaving of biological and cultural dynamics.
Many scholars note that heightened social and material complexity (more complicated technology, political systems, economies) and inequality, all usually associated with patterns of contemporary gender roles, do start showing up in many, but not all, societies, in the most recent phase of human evolution, which is the last five to eight thousand years or so.90 This suggests that the current sex biology of the genus Homo, which has been around for much more than the last eight thousand years, did not create contemporary gender roles.91
Clearly, body size, strength, and reproductive physiology all play substantive roles in human society and its structuring of gender roles, but not always in consistent manners nor necessarily in the same manners across time and culture. In the last five to eight thousand years, contemporary gender roles became widespread across our species, initially seen in the archeological evidence of burial patterns and grave goods.92 But the patterns of inequity and gender roles that emerged and became common in certain places and times do not always map to the majority patterns of the present day—remember the Iberian revered leader from chapter 3 and the many recent archeological finds of ancient “warriors” that were assumed to be 3G male but have turned out to be 3G female, at least in one or more of the Gs.93 Over the last six thousand years, researchers find increased evidence of difference in the bone and tooth chemistry between 3G-male and 3G-female bodies, suggesting social differences causing differences in nutritional status. Muscle scars and wear marks on bones at archeological sites suggest slightly different lifestyles or work patterns between people, with some of these patterned differences emerging between 3G males and 3G females (as best we can assess 3G sex from the remains). There is also an uptick in the birth rates and a reduction in the time between births in the past five to eight thousand years, suggesting that in many groups 3G females who can give birth were more frequently pregnant and occupied in lactation than at earlier periods in human evolution. These biological markers indicate the presence of behaviors and lifeways that seem to reflect specific culturally shaped social dynamics and perceptions that mark the emergence of some contemporary gender roles.
Humans Then Shaped Humans Now
The cumulative evidence from the human evolutionary past demonstrates that anisogamy and sexual selection hypotheses based on less than solid assumptions about large- and small-gamete-producing biology do not offer adequate insight for understanding the evolution of human bodies or behavior. Human evolutionary history is much more than gamete production, mating competition, and simplistic assumptions about sex biology and gender roles. Humans have evolved diverse modes of family and community and an extremely dynamic and very social sexuality. While recent gendered roles are broadly distributed today, they are just that: recent. This brief journey through the evolution of human bodies and behavior sets the stage for the next necessary set of information: the details of sex biology and its patterns of variation in humans today.
5
Humans Now
PUT TOGETHER a random set of two hundred people and invite fifteen 3G males and fifteen 3G females from that group to step forward. Line them up by height, tallest to shortest. Looking over the lineup, you won’t see all 3G males on one side and all 3G females on the other. Instead, there’d most likely be more 3G males in the taller half and more 3G females in the shorter half, but individuals of both categories would be interspersed across the entire lineup. That 3G males are on average 10 to 15 percent larger than 3G females in our species does not mean that every male is larger than every female. It just means that the averages in height between 3G females and 3G males are separated by that percentage.1 Height in humans is not a sex binary and not a true dimorphism. Height is one morph (a measurable shape) with a range of variation that can be divided into overlapping clusters composed of 3G males and 3G females. But it does not automatically have to be divided that way. Height distribution can also be sorted by age, by people from different latitudes and dietary practices, by athletes versus non-athletes, and by a range of other variables depending on what questions you are asking. There are not two forms of human, a tall and a short version; rather, there is a range of variation with some patterns in that variation.

FIGURE 2. US variation in height distribution in “men” and “women.” From A. Fausto-Sterling. 2014. “The Science of Difference.” HuffPost, May 23, updated December 6, 2017. https://www.huffpost.com/entry/the-science-of-difference-lets-do-it-right_b_5372859. Data from the CDC: https://www.cdc.gov/nchs/fastats/body-measurements.htm.
Take, for example, figure 2, which shows the usual graph for the range of heights in the United States when comparing 3G-male and 3G-female bodies.2 One can focus on the median or on the shaded clusters, but what is most significant, and often overlooked, is that if one takes away the different shading by 3G category and the median markers, one is left with a distribution of height wherein ~78 percent of individuals overlap and are not sortable, by height, into a specific 3G category. So, despite an average difference in height between 3G male and 3G females in the United States, height is an extremely unreliable way to identify any individual’s 3G category.
The majority of human sex biology works in the same way as height does: it is morphology with a range of expression across human bodies. This range of variation can often be broken down into overlapping clusters via placing the bodies being measured into the categories of 3G females, 3G males, and people who do not fall neatly into 3G categories. But doing so automatically, before one has a specific question about the aspect of biology being measured, can obscure important patterns and mislead one into thinking that 3G categories are the main categories of key relevance. For example, while it is not apparent in the black and white image, figure 2 (the original) uses gendered (cultural) shading patterns (blue and pink) to identify the clusters of 3G individuals and ignores non-3G individuals completely. Even though the graph is of a measurable piece of human biology (height), it is presented in a heavily cultural fashion (as overlapping gender-colored categories). What if we were interested in the effect of childhood diet on height? Or about the length of the femur (our largest leg bone) relative to the overall height? If we break the sample pool into male and female before we take our measurements, we might miss some very important variation that is not related to sex, or we might see the variation as sex-related when it might not be. The immediate breaking of a sample pool into male and female is a pattern of data presentation, analyses, and discussion that sometimes makes effective and accurate conversation about, and understanding of, human variation difficult.
Most work on sex biology is based on specific assumptions about “sex differences” and thus is framed as a female vs. male comparison. Researchers rarely ask the initial question about the overall patterns of variation of the specific trait or variable being measured (height, muscle strength, hormone levels, etc.) for the study subject pool. Instead, the subject pool is usually divided into “male” and “female,” without any concrete definition of those terms beyond self-reporting of assigned sex at birth (based on genitals), before the data collection starts. The problem is that if one assumes there is a difference and sets up the research project to look for that difference, the likelihood of finding difference is pretty high.3
Because of the widespread pattern of assumed difference in “males” and “females,” and the assumption that anyone not fitting into those categories can be ignored, the methods (and theory) in the vast majority of research into sex biology are conceived, conducted, and presented as the study of “sex differences” and not as the study of variation in sex biology. In this book, we are interested in the actual variation in and the patterns of sex biology. So, while we review and discuss a range of studies on contemporary human sex biology in this chapter, we are stuck with the ways in which the studies were designed and the terminology, and methods, based on assumptions of difference they used. This makes our task, trying to see what the actual human variation pattern is before assuming that “sex” is the best way to divide up that variation, a little harder. But we have to use the data and analyses that are available. I’ll try to point out the issues with certain studies and some of the more egregious biases as we work through the data, but I would suggest keeping these potential biases in the forefront of your mind as you navigate this chapter.
Humans vary in many aspects of our bodies, inside and out. Much of this variation comes in particular patterns. Some of it is directly related to sex biology. But if we focus primarily on averages and see everything from a core assumption of difference, we often obscure the biological reality of the trait in question. When thinking about bodies, we should consider the forest of variation and not focus only on a few average trees, certain tree clusters, or predetermined ways of looking at the forest. This chapter’s brief survey of human bodies, hormones, reproductive physiology, brains, and DNA reveals a lot about human variation, sex biology, and the human experience.
Human Bodies Vary a Lot
All humans share the same physical structures. Human tissues (tendons, ligaments, bones, blood, skin, etc.) are all made of the same materials. But tissues and the bodies they compose can form a variety of shapes. In the human species, body mass (the relation of weight to height) varies by as much as 40 to 50 percent across populations, and in sheer weight, the heaviest humans are as much as four times as heavy as the lightest. The width of the human body at the pelvis (the hip) varies by about 25 percent across our species, and average body heights range from about just under five feet to about six feet (from about 150 to 185 cm). Over the last 20,000 years, our species, on average, has decreased in overall body mass, but recently in many areas of the planet, as health care and nutritional patterns have shifted, people have shown dramatic increases in height, adipose accumulation, and body mass.4 Some of this bodily variation patterns within and between 3G categories.5
The USA National Health and Nutrition Examination Survey (NHANES) dataset illustrates some of this variation. NHANES is a collection of physical and social data drawn from a nationally representative sample of about 5,000 persons each year since the 1960s, and individuals are identified by 3G category before data are collected.6 In the 2015–2018 USA NHANES7 dataset, non-pregnant 3G-female adults over 20 years old weighed between 110 and 263 lbs. and 3G males over 20 between 136 and 287 lbs. In this same dataset, the 3G females range from 4′11″ to 5′8″ and 3G males 5′4″ to 6′2″: so, there’s clear differentiation at the extremes, but the distributions overlap extensively. If one takes off the 3G labels and just describes the variation, the majority of individuals fall into the space between 136 and 263 lbs. regardless of 3G category, but there is more differentiation in 3G categories at the low and high extremes. These data represent the 5th though the 95th percentiles, so 10 percent of all individuals in the dataset group fell above and below the core numbers in height and weight, adding a bit more complexity—some individuals in both 3G categories are even bigger and smaller than these numbers reveal. Keep in mind that the weight data could be as much a 50 percent different and the height data as much as 15 to 20 percent different if measured in other parts of the world. Human bodies vary a lot.
There are also patterns of variation in skeletons. While all humans have the same bones in pretty much the same shapes (with the size variation as noted above), there are a few skeletal elements that vary, on average, across and within 3G categories. The shape of the pelvic girdle is, on average, more “flared” in 3G females with a larger central space than in 3G males. The common argument for this difference is that a large-headed human infant requires a bigger pelvic opening in females than males. But recent work challenges this explanation, demonstrating that larger pelvic openings in females are common in many primates and some other mammals with smaller infant heads. Pelvic girdle variation is not just about birth requirements. A wide array of patterns in organ size and positioning, plus hormone and developmental processes, influence adult pelvic shape and size, and there is a very large degree of overlap between 3G categories.8 Remember the “revered leader” skeleton? One of the reason scholars labeled the skeleton a “male” was due to the assessment of the “male-like” pelvic girdle. And they were wrong. The pelvic girdle fell into a range where there is a little less overlap between 3G categories, but there was overlap nonetheless. Ignoring the possibilities of variation in favor of an assumption of fixed difference can lead to problems when assessing skeletons, an issue front and center in the forensics world.9
In addition to the patterned pelvic variation, there are some patterns in skulls. 3G females tend to have more vertical foreheads, smaller browridges above the eyes, fewer bony buildups around muscle attachments, and smaller mastoids (the bony protrusion just behind and below the ears). Also, the angle of the mandibular ramus (the back of the jawbone) tends to be larger in 3G females. These patterns are common, but there is huge overlap between individuals in the two 3G categories in every one of these features. For example, I am a 3G male and my mandibular ramus angle is large. Also, the relative appearance and differences in many of these areas of the skulls are affected by muscle action during life. So, the mastoids and neck muscle attachments of 3G females who spend their lives carrying weight on their heads will be larger than those who did not grow up with this practice (and possibly larger than those of 3G males as well). The shape of skeletons differs across many variables, including some patterns between 3G categories, but there are not two distinct sex morphs of the human body.
Muscles Shape Bodies
As muscles act, they pull at the surface of the bones, causing alterations to those bones, affecting the shape of the body. 3G males, on average, have greater muscle mass than 3G females of the same body size, and on average muscle strength in the upper body is greater in 3G males than in 3G females. These variations in musculature, combined with variation in height, are a major reason why, on average, bodies can look different across 3G categories.
A recent review of strength training, compiling data from over five hundred published sources, helps contextualize some of this variation.10 Muscle strength is directly related to muscle architecture, the neural drive to the muscle (called voluntary activation), and muscle fiber composition. The patterns of variation in muscle strength appear to be explained by both overall body-size dimensions (larger bodies have more muscle) and differences in muscle mass. But training, lifetime activity, and age also affect muscle performance and mass. 3G males on average have more muscle mass than 3G females in absolute terms (as a proportion of total body mass) and carry a greater proportion of muscle mass in the upper body. This pattern emerges around fifteen years of age, and by adulthood patterns of differentiation in strength, on average, between 3G categories are more pronounced in upper-body than lower-body muscles.11 When measured via various resistance, strength training, and controlled exertion methods (pushing, pulling, and lifting weights), adult 3G-female upper-body muscle and trunk strength averages around 60 percent of 3G-male upper-body strength. On the same measures, 3G-female lower-body muscle strength is usually about 70 percent of 3G-male lower-body strength. These figures all come from studies where the 3G categories are pre-identified and the tests are explicitly comparing those categories (usually not also looking at within-category variation or patterns of overlap of the variation). These data are also composites of many studies where overall size differences between bodies and differences in muscle mass and density are not always controlled for. So, it is not totally clear what role size difference as a category is playing relative to 3G sex as category of comparison. This is relevant as actual strength measures of what different muscles do in real life (as opposed to in the gym or lab lifting weights) are often smaller in between category comparisons with more overlap. But some patterns of between 3G category measured strength still exist, to some degree, when comparisons are made between same height and weight 3G-female and 3G-male individuals. This may be due to on average variation in patterns of muscle fiber in 3G males and 3G females, but it is not clear if those differences are due to differential gendered experiences and/or training, developmental sex-biology differences, or a combination of the two.12
Much research controlling for the same muscle thickness (and matched muscle size) between 3G males and 3G females demonstrates some level of greater strength performance in males in 76 to 88 percent of the comparisons (so 12 to 24 percent of the comparisons showed no such difference between 3G categories). But other research comparing muscle strength in similar manners does not reveal the same patterns.13 In power-lifting competitions, 3G males can usually outperform even heavier-bodied 3G females.14 This suggests that for at least some muscles (mostly in the upper body), this variation in strength is not due simply to size but to the actual structure and functioning of the muscles. However, we also know that actual structure and functioning of the muscles is not a reflection exclusively of one’s biology, because gendered experiences profoundly affect that biology.
In all these assessments of muscle strength comparing 3G males and 3G females, there is significant overlap. Unfortunately, the vast majority of such muscle-strength comparisons do not control for lifetime activity or kinds of training and different effects of societal gender norms and expectations for activity patterns of bodies in the different 3G categories: for example, what kind of play/exercise boys and girls are expected, or allowed, to undertake and how these affect muscle and strength development in growing bodies. While all humans can increase muscle size and strength with strength training, increases in upper-body, but not lower-body, strength are more substantial for young adult 3G females than for young adult 3G males (maybe due to the starting-point differences), and older adult 3G females increase relative lower-body strength more than older adult 3G males via strength training. Finally, a preponderance of evidence suggests that patterns of variation in strength between 3G-male and 3G-female bodies are not due to differences in voluntary activation (the brain-muscle connection), but rather to on average variation in muscle mass, size, and density. That is, there does not appear to be any sex-based difference in the neural functioning of the muscular system, so it remains remain unclear if there is a set of different gene activity related to muscle strength differences, or if the differences are primarily due to muscle structure and development.15
Previous and ongoing physical activity, training, and lifetime behavior make a major difference in adult muscle performance.16 For example, the speed of the ball in the fastest-kicked goal in the women’s World Cup in 2023 was greater than that of the fastest goal kicked in the men’s 2022–23 Premier League season.17 This is likely due to the increased quality in training and a lifetime of sports engagement by today’s women’s football (soccer) players. So some, but not all, of the variation in 3G sexes’ muscle performance and the overlap between them may be reduced, or increased, via gendered norms and behaviors favoring or restraining physical exercise/activity. For example, many elite female athletes are often coached and trained in a way that minimizes, rather than maximizes, bodily bulking up, as the importance of appearing feminine is weighed against performance goals, both because of broad cultural norms and because of the importance of looking feminine to get endorsement deals. There are also culturally mediated gendered differences in body image dissatisfaction across genders in a range of sports and athletic practices that also impact or restrict how different individuals train and shape their bodies.18
In much of the contemporary world, there is an increased focus on, and participation in, activities related to muscle development and training in boys and men (who are most often 3G males) relative to girls and women (who are most often 3G females). Across different cultural gendered landscapes, one sees a range of different demands on the musculo-skeletal systems in development from infancy to adulthood, in gender/sex dynamics, and with age. Little of this cross-cultural variation has been measured, and few studies focus on non-athlete or non-trained individuals. Most humans are neither athletes nor strength trainers. Also, while the relative measures of muscles mass and strength patterns represent a large number of samples, they are mostly from specific cultural exercise and training contexts and in WEIRD19 nations (primarily European Union, United Kingdom, Australia, United States, and Canada), so there may be some important differences in such patterns across a more global comparison of human bodies.
While some overlapping but patterned variation appears in body composition and in muscles, it’s in the genitals and reproductive tract that well-known sex-biology variation, and lesser-known sex-biology similarities, are found.
Genitals, Gonads, and Uteri, Oh My!
Despite the popular use of genitals to classify someone as male or female, genitals don’t come in just two distinct forms. In the nineteenth century, it was clear to scientists studying human biology that a range of external genital morphology was possible, and there was no way to sort it into two totally distinct categories. Because genitals did not work as a distinction, by the late 1800s researchers looking for markers of a binary sex biology moved to the gonads, identifying those with testes as male, and those with ovaries as female. However, very quickly thereafter, improvements in microscopy and surgical techniques (especially biopsies) quickly revealed that some individuals had both ovarian and testicular tissue in the same body, or even the same gonad, and some had gonadal tissue that was neither.20 Both genitals and gonads have particular patterns of variation resulting in a set of typical morphology and function, but they are not binary.
Human genitals emerge after the first six weeks of development from masses of embryonic tissue called the urogenital folds.21 One element in the urogenital fold, the genital tubercle, develops into either penile or clitoral forms. Another part forms the labia or scrotum. This process is not directly based on what genes one has but rather by the actions of hormone and tissue interactions—although there is a strong but not 100 percent concordance of having certain genetic sequences and the outcomes of this process.22 Another area, the gonadal ridge, responding to gene activity from multiple chromosomes, creates a suite of hormone-tissue interactions central in gonad formation.23 The end points of gonad formation are usually testes or ovaries, which become involved in cholesterol-derived steroid hormone production in interaction with hypothalamo-pituitary axis (HPA), a major neuroendocrine system, and gametogenesis (the production of ova or sperm). While it is not common, gonadal development does produce ovotestes and/or both ovaries and testes in the same body as a recurring component in the range of human sex-biology variation.
In most humans who are XX for their twenty-third chromosomes and have no testes, or those who are not XX but who experience early life genetic activation and developmental processes similar to the pattern in those having two X chromosomes,24 a uterus develops via the fusion of a set of tissues (the Mullerian ducts) around and in the urogenital folds between the mesonephric ducts and the gonadal ridges. The vagina emerges from interactions of the Mullerian ducts, the urogenital folds, the Wolffian ducts, and other tissues, but the exact details are not well understood.25 This internal set of developments (vagina, uterus) seems facilitated by a range of processes centrally connected to actions of a cluster of gene activation and inactivation combined with estrogens and related hormones between the tenth and twentieth weeks of embryonic development.26 We’ll loop back to uteruses below.
The amazing thing about the genitals and gonads is that, despite what seem like pretty different endpoints in most people, the various versions are all made of the same stuff. Adult external genitals are usually observably different and categorizable as such (for example, a penis and scrotum or a clitoris and labia), but there is substantial commonality across a range of shape and size. This commonality is clearly seen in sexual response physiology: in the clitoris and penis, erectile tissues function the same way. Understanding this developmental reality helps us contextualize the large range of variation in human genitals. Penis size and shape vary. Clitoris and labia vary. And it is not always evident whether an infant has a clitoris or penis at birth.27 Most importantly, most of this variation is irrelevant to adult reproductive function; size and shape don’t matter that much at all.
Genitals do not equal “biological sex,” or “male” or “female,” but their adult forms do reflect critical sex-biology variation and patterns related to reproduction and other physiological processes. And speaking of physiological processes, the very visible and often misunderstood dynamics of fat (adipose tissue) plays a central role in how we both see and understand sex biology in bodies.
Fun Facts about Fat (Adipose Tissues)
Fat matters. It shapes bodies, interacts with hormones, provides energy, regulates physiology, and has cultural meaning.28 Plus, adipose tissues are part of our sex biology. Humans deposit fat more or less the same way that most mammals do, but we have very chunky infants (a high fat-to-bodyweight percentage at birth) and “wear” our fat a little differently. Biologically, “fat” is adipose tissue and comes in two types, white and brown. White adipose is mostly laid down under the skin in the abdominal, lower back, and gluteofemoral regions (butt and upper legs) and around the organs. Brown fat is mostly deposited around the shoulders and neck. While there are typical human-wide patterns of deposition, specific patterns of where and how fat gets laid down vary by geography, populations, 3G sex, age, familial groups, and individuals.29 The pattern of fat deposition is the same for 3G sexes until puberty, when 3G females usually begin to increase total fat mass, eventually developing about 10 percent more total fat, on average, than a 3G male of the same height and weight.30 Deposition location also varies, with adult 3G females depositing more fat around the chest area and gluteofemoral region and 3G males more around the abdomen and the internal organs (usually). These patterns are on average, and there is a huge range of variation from individual to individual, and across the entire species.31 For example, breasts in humans with testes and no ovaries or uterus are not uncommon. Approximately 30 to 60 percent of 3G males experience a degree of adipose (and glandular tissue, see below) deposition in their chest leading to the developments of breasts at some point during their lifetimes (called either gynecomastia or pseudogynecomastia or both).32 In humans who menstruate and become pregnant, pregnancy and menopause are both associated with changes in fat mass and its patterns of deposition, but the specifics of how this pattern plays out vary dramatically across geographic and cultural contexts. There is mounting evidence that multiple X and Y chromosome genes (plus many other genes), epigenetic processes, sociocultural stressors, and trauma influence specific adipose deposition and metabolism. And there are even mosaic effects (where a person has two or more genetically different sets of cells in their body) on different adipose locations within the same individual.33 Adipose deposition, fat, while showing some key average patterns, is quite variable across and within 3G-sex categories in humans.
It’s worth noting that human breasts and butts are distinctive largely because of fat and bipedalism. And breasts and butts often play culturally salient roles in our gender/sexed lives. The basic mammalian pattern of adipose deposition, the fact that humans walk upright on two legs, and that we only have two nipples (most mammals have multiple sets), combined with the pull of gravity creates a distinctive look for humans. This “look” involves breasts in most 3G females postpuberty (and in some 3G males) and pronounced buttocks for all humans, with potentially relatively larger buttocks in those with ovaries and uteruses. This gives human bodies a different look than other primates. The more frequent and greater development of breast tissue in 3G females, the slightly greater adipose deposition rates postpuberty, and average body-size differences (smaller) accentuate the appearance of breasts and butts on their bodies. This small pattern of variation in fat deposition frequently forms a basis for perceptions of 3G bodies as being more different than they are. Another visible part of our bodies that plays an outsized role in our interpretation of gender/sex and assumptions about differences is hair.
Human Hair
There are two key types of hair in humans. Vellus hair—nonpigmented, soft, and small—covers much of the body (and is hard to see). Terminal hairs are longer, more rigid, more pigmented, penetrate further into the dermis than vellus hairs, and are what are what most think of as “hair.” Growth and thyroid hormones are the main actors shaping hair patterns, but in certain areas of the body (face, genital region, upper torso, thighs) androgens (see “Hormones Are Complicated” below) also play a major role.
Humans are weird when it comes to hair. We have relatively scarce amounts on our body core, yet dense patches on our heads, armpits, and around the genitals. 3G males have, on average, more and denser terminal hair than 3G females, but there is a lot of overlap between individuals within a group and sometimes extreme differences between populations of humans around the planet.34 There are groups of humans where both 3G males and 3G females have very little body terminal hair and other groups where all members of a group have substantial terminal hair. In some groups, 3G males have higher densities and distribution of terminal hair on the face than in other groups, and it is not uncommon for 3G females in those groups to also have greater facial hair. Hirsutism, defined as the presence of “excess” body or facial terminal hair on 3G females, is measured relative to a “standard expectation” for hair growth. This is a cultural, not a biological, measure. Using this measure, 10 to 15 percent of those who identify as women get labeled hirsute across the human species, with some human groups having ~35 percent of 3G females incorrectly labeled as having “male-like” hair patterns. This is incorrect because “hirsute” patterns of hair growth are well within the typical range of variation for our species, so labeling them “male-like” is a gendered (cultural) classification, not a biological one. There are vastly different levels of terminal hair growth on nonscalp bodily areas across and within different groups of people in our species, and thus many 3G females in some populations will have higher levels of terminal hair than 3G males in other populations and vice versa.35 We know that terminal hair patterns are connected to androgens, estrogens, growth, and thyroid hormone dynamics and population developmental differences: how much and what type of hair one has does not simply boil down to a “sex difference,” as the patterns and variation are related to a variety of physiological, geographic, genetic, developmental, and sex-biology parameters.36 Human hair does not come in a binary, but rather a spectrum with some hormone-related effects that often, but not always, pattern with respect to 3G categories.
So far, we’ve focused primarily on the visible differences: bodies, muscles, genitals, fat, hair. But what about our insides?
Organs Are Biocultural
Most human organs don’t seem related to sex biology. Kidneys, livers, hearts, pancreases, gall bladders, lungs, and so on are not discernably “male” or “female” except that, on average, the organs in 3G-male bodies are larger than those in 3G-female bodies. Basic organ function does not vary “by sex,” and 3G sex is not a determining factor in decisions regarding transplants. While human organs are not biologically “sexed,” some are gender/sexed: they are shaped in slightly differing manners as they develop inside the gendered body. For example, on average, 3G-male kidneys are larger, but they also, on average, have more and/or larger nephrons (the part of the kidney that filters your blood) than those in 3G females, which might affect function. There is also evidence from rodents, and a few human studies, that long-term exposure to different hormonal levels and dynamics (as happens in human bodies via age, 3G sex, and other physiological and life-experience variables) affects the behavior of endocrine receptors on certain organs and potentially some of their physiological characteristics. Higher-circulating testosterone, or more dramatic cycling of progesterone and estradiol, might reshape some of the ways in which a given organ functions. Also, inflammation, which can be heavily impacted by pregnancy, physiological/social stress, and a range of cultural and nutritional dynamics, can also affect organs. A lifetime of being in a particular body in a particular culture can shape organs in specific ways via patterns of endocrine exposures, pregnancy (or not), alcohol and drug use, social, economic, nutritional, and psychological differences in lived experiences of gender/sex, age, race, socioeconomic class, caste, and so on.37
Hormones Are Complicated
The endocrine system, our hormones, is implicated in almost everything we do. When considering sex biology, researchers and the public often turn to hormones as a (or the) core differentiation between females and males. But hormones don’t create bodies and don’t make “males” or “females.” Rather, endocrine systems are important but not exclusive components in the development of bodily phenotypes (what bodies look like) and how they function.38 Hormones via the endocrine system are how the body gets cells, tissues, organs, and other parts to communicate and interact for critical processes, like growth, metabolism, and reproduction.39 The endocrine system consists of the pituitary gland, the hypothalamus, the thyroid and parathyroid glands, the adrenal glands on the kidneys, parts of the pancreas, the gonads (testes and ovaries) and the hormones that each of those glands/organs produce. Hormones come from, and mediate, genetic action and changes in behavior and physiology in response to varying aspects of physical, social, and developmental environments and experiences. And they do so not by themselves, but via an intricate system of varying hormone receptors and a network of feedback loops within the endocrine system and between the endocrine system and various organs and other physiological components of bodies. Thinking that measuring individual hormone types or levels is sufficient information for understanding how this system works is incorrect and unscientific.40 Plus, all humans have the same hormones.41 There are no “male” or “female” hormones. Rather, levels and actions of specific hormones, hormone receptors, and their outcomes vary with age, gonad physiology, genetic variation, life experiences, social contexts, nutritional state, reproductive state, and much, much more. Endocrine system activity is deeply biocultural.42
The main hormones secreted by the gonads are estrogens, progestogens, and androgens.43 Both ovaries and testes produce all three (and a few others), but the patterns of production vary dramatically, with ovaries capable of producing higher levels of estrogens and progestogens, and testes capable of producing higher levels of androgens (specifically testosterone). The gonadal production of hormones is directly connected to and mediated by the hypothalamus and the pituitary. Ovaries and testes are variants on the same theme, not different kinds of organ.44 However, gonadal actions and their outcomes vary in patterned manners.45 Usually, there is a concordance between the presence of ovaries or testes and specific other Gs (genetics and genitals). However, there is a nonnegligible range of variation in the specifies of gene action/inaction, gonadal development, and other endocrine and physiological dynamics such that the circulating levels of gonadal hormones, and their effects, across individuals fall outside of what are seen as typical 3G patterns with regularity. Thus, 3G patterns are not always accurate predictors of endocrine status, as there is much variation in the system.46
Hormones also vary across the life cycle. Some initial variation in the circulating levels of testosterone and estrogen in bodies emerges in the late embryo stage. Just after birth, the hypothalamic-pituitary-gonadal (HPG) axis is activated, and humans undergo a “mini puberty” until about 3–6 months of age. There are peaks in estradiol and testosterone that act to facilitate the developmental trajectory of the genitals and other reproductive anatomy (glandular development around the nipples and ovarian and testicular gamete-production areas).47 This early process probably sets the stage for later functioning of estrogen and androgen receptors and aspects of their variation and action in different bodily areas. Differences in fluctuating gonadal hormone levels disappear in most bodies from ~1.5 years of age until between ~8–10 years of age. At about 6–8 years of age, humans start adrenarche, the adrenal glands and the pituitary slowly increase the production of the hormones DHEA, DHEAS, and ACTH, setting the stage for actual puberty.48 Typically starting between 10 and 14 years of age, puberty includes the full maturation of the HPG axis and the genitals (called gonadarche) and the development of patterned changes in hair growth, muscle mass, fat deposition, breast tissue, an acceleration in height growth, and, in those with ovaries, the occurrence of menarche.49
Menarche is the onset of menstruation and the specific ramping up of the hypothalamic-pituitary-ovarian (HPO) axis. From puberty forward, patterned variation in the levels of circulating gonadal hormones becomes common between individuals with ovaries and those with testes. Later in life (about fifty to fifty-five years of age), those with ovaries undergo menopause wherein changes in the ovaries result in lowered production of estradiol and inhibin (a protein), which alters the production of the two main gonadotropins, follicle-stimulating hormone (FSH) and luteinizing hormone (LH), leading to the cessation of reproductive cycling.50 Menopause has a variable range of physiological effects in addition to the changes in the hormone levels and is distinctive to humans (but possibly occurs in a few other animals as well). Individuals with testes undergo an “andropause” slightly later than menopause, with a decrease in the level of production of testosterone accompanied by a suite of physiological and physical changes.51
Patterned variation in hormone activity is an important aspect of sex biology. And, while there is much variation between individuals, there are species-wide typical patterns. Estradiol (a main form of estrogen) generally rises in individuals with ovaries during “mini-puberty” and then drops to levels similar to those in individuals with testes from ages two to eight. During actual puberty, estradiol rises in all humans but is usually two to three times higher in those with ovaries. As adults, those with ovaries, and who menstruate, typically have cyclical increases in estradiol during the follicular stages of the menstrual cycle. Progesterone spikes in all humans at birth and then drops to low levels until the age of seven or eight, when it rises moderately in those with ovaries and remains stable in those with testes. In adulthood, levels of progesterone are about the same in all humans, except during the luteal phase of those who menstruate, where it is up to twenty times higher, and during pregnancy, when it also increases. Testosterone levels are usually about three to ten times higher in infants with testes than in those with ovaries, but drop after mini-puberty, and all humans have about the same testosterone levels until true puberty. At puberty, all humans’ testosterone rises, but those with testes typically undergo a larger spike. As adults, most humans with testes typically have circulating testosterone levels on average about ten to eighteen times higher than those with ovaries. However, there are a number of variants on this theme, both in humans with testes who produce very low amounts of testosterone and in variations such as PCOS (Polycystic ovary syndrome), which occurs in five to twenty percent of human adults with two X chromosomes and often results in high levels of androgens (especially testosterone) produced.52 As with all hormones, the varying levels between bodies at different points in development and life history can have differing effects on various aspects of the developing body, physiology, and behavior. The patterns of hormone variation matter for human bodies, but they are not binary in nature or form.
One can’t do a review of hormones without talking a bit more about testosterone. “T” holds an almost mythical role in the public view, and many think T is what “makes” a “man.” But is that correct? T is probably the most scientifically researched, discussed, and debated, and certainly the most publicly misunderstood of the gonadal hormones. On the one hand, there are researchers who believe that testosterone’s main job is to support the anatomy, physiology, and behavior that increases a male’s reproductive output—T helps them [males] reproduce and direct energy to be used in ways that support competition for mates, in short, that testosterone is the biological and evolved “difference” between males and females.53 Others argue that “T” is best understood in the context of a dynamic and malleable set of relationships. These scholars suggest that T is neither the creator of masculinity nor the essence of maleness, but is involved in growth, muscle-mass development, and reproductive dynamics that produce key patterns of variation in and between 3G bodies, and thus T is intricately related to the gender/sex experience.54 These scholars also argue that T is often responding to, not necessarily driving, behavior and physiology. The preponderance of research demonstrates that testosterone action and effect is interlaced in and with biological, social, and cultural contexts. A full understanding of this (and other) hormone’s role and impacts is not simply volumetric (how much is produced or is circulating), but has to do with the dynamics of receptors, feedback loops, patterns and variations of development, and a myriad of other physiological and social factors requiring an integrative, and nonbinary, approach.55
As for function, the entire current corpus of work on testosterone does offer some basic agreement: T is involved in aspects of muscle mass, aggression, and sexual behavior/desire in many animals, including humans—and not just in those with testes—but, then again, so is estrogen.56 The distinctive evolutionary histories of different animal linages, like hyenas, naked mole rats, and titi monkeys, shape the specific patterns and dynamics of T and other hormones related to their sex biology in specific manners. Clearly, the distinctive aspects of human evolution altered some of the dynamics of T in humans. While the variance between testosterone levels, and some of its interactions/effects, can be, on average, substantial between those with testes and those with ovaries, within-3G sex correlation between testosterone and muscles, sex and aggression are small and often inconsistent. And, the patterns of T in relation to the wide array of people who do not fit into 3G categories are little studied or understood. Moreover, the interactions of T and parenting behavior in humans are pronounced, which is not surprising given the distinctive human evolutionary history around the caretaking of young.57 At the end of the day, while testosterone is an important hormone with substantive sex-biology-related variation, it is not the marker of distinction between 3G categories or the “maker” of males or men.58 The idea that testosterone—or any single hormone—is the biological basis of a sex binary is not supported by the research and reality of the complexities of the endocrine system.59
However, there is a suite of processes closely mediated by a diversity of hormones, sex biology, and reproduction, which occurs only in some human bodies and not in others.
Menstruation, Gestation, and Lactation: Now Here’s a Difference
Unlike all we’ve covered so far in this chapter, there are three core processes that do mark clear, and distinct, biological differences between humans who have them and those who don’t. These processes are central to mammalian reproduction and, as usual, the human lineage has done some weird things with them relative to other mammals.
Menstruating people and people who could menstruate make up half of humanity and thus a core aspect of sex biology.60 Ovulation in humans typically happens on a cyclical basis in those with ovaries across a certain portion of the lifespan, between menarche and menopause. The menstrual cycle itself involves a range of physiological processes related to the preparation of the bodies of those with ovaries and uteruses for potential gamete fusion, possible pregnancy, and subsequent interactions with a zygote, embryo, and fetus. These processes are regulated by the hypothalamic-pituitary-ovarian (HPO) axis, specifically interactions between follicle-stimulating hormone and luteinizing hormone, progesterone, estradiol, and cortisol (plus a few others). Unlike much common (and unfortunately medical) belief, the menstrual cycle is not a closed system isolated from other aspects of one’s body and life that is more or less the same across everyone who menstruates. Instead, it is a process that is impacted by and responds to many factors, including development, lived experience, age, nutritional state, activity, and so on.61 The timing of first and last menstrual periods, the concentrations of hormones, and the thickness of the endometrium (the uterine lining) all vary with and are particularly responsive to stressors from the social and physical environment. As with so many key processes and traits in human sex biology, there is not one “normal” menstrual cycle or one “best” way for bodies to menstruate. And while only about half of humans can potentially menstruate, menstruation is a biological process, a cultural experience, and an important part of the entire human gender/sex landscape.62 Even in an aspect of biology that only exists in a half of human bodies, an actual dimorphism, the dynamics of the process reject a simplistic description of the human experience of sex biology.
If one has ovaries plus the associated fallopian tubes and uterus, one can usually undergo pregnancy, which is the major physiological process involving the complex of gestation and birthing. Humans without a uterus are biologically unable perform this physiological process. Along with menstruation, pregnancy is probably the most substantive patterned difference between many in the 3G category of female and all 3G males. However, it is vital to note that not all humans categorized as 3G females can (or do) become pregnant, for a variety of reasons, and some humans who do not fit into the 3G categories can, and do, experience pregnancy.63 There is also a range of physiological variation, including liver, heart, endocrine, and neurobiological changes, that can emerge between those individuals who have gestated and lactated and those who have not.64 Given these patterns of variation, even in the experience of pregnancy humans do not map to a simple binary.
Pregnancy often results in an infant, and lactational feeding of infants is a significant aspect of human reproduction. While breast tissue itself emerges in most humans to some extent, lactation is possible due a specific process, postpuberty, typical in 3G-female individuals. In the process, estrogen, progesterone, and a few other hormones help facilitate the development of ducts, stroma, and glandular tissue with milk-producing globules that mix with the adipose tissue on the upper chest congregated around the nipples. In most humans with lactation-capable breasts who become pregnant, changes in prolactin, estrogen, and progesterone levels at the terminal end of pregnancy and after birth facilitate the maturity and activity of the milk-producing globules in the breast glandular tissue, enabling the production and expression of human milk. As noted above, breasts appear in as much as 30 to 60 percent of 3G males, but they are usually not capable of lactation.65 There are rare cases of human 3G males exposed to high levels of prolactin expressing milk-like substances (galactorrhea—not true lactation). In some intersex individuals, lactation occurs, and it has been successfully induced in some individuals with XY twenty-third chromosomes and some transwomen who have undergone progesterone/progestin hormone therapies.66 Intriguingly, when one looks across the mammalian world, there are two species of fruit bat where 3G males do regularly lactate67 (via mammary glands with milk-producing globules) and feed offspring with their milk. While there are clear and typical patterns of variation for lactation (it’s usually only in those humans who give birth), the biological variation across our and other species demonstrates that even in the key reproductive dynamic of lactation there is no simple binary.
There are two final sets of “internal” biology that deserve our attention, places that are the basis for deep and powerful assumptions about sex biology: the brain and DNA.
Brains/Neurobiology
Minds are a core to how we perceive, interpret, and respond to the world. And at the heart of the human mind is the human brain. There are some patterns of variation between the genders of men and women across human cultures in behavior, psychological illness, and the manners in which one perceives sights, sounds, and other signals from the world. This is often assumed to be due to biological “differences” in the brains of 3G males and 3G females. And, as usual, those humans who do not fit into the 3G categories are largely ignored in this area of research.
Are there male and female brains? A group of researchers reviewed hundreds of studies (conducted over more than thirty years) of human brain imaging and physical postmortem brain analyses. They discovered few patterned variants between 3G categories despite the strong history of repeated claims of “sex difference” in the human brain.68 As with much in human bodies, 3G-male brains are on average larger than 3G-female brains from birth and stabilize at about 11 percent larger as adults. This size difference is often assumed to be distinct from the other commonly reported, but largely inaccurate, “differences” in brains: a higher white/gray matter ratio, more intra- versus interhemispheric connectivity, and higher regional cortical and subcortical volumes in 3G males. There is also some reported 3G-related variation in the connectome (a comprehensive map of neural connections in the brain), and there are relatively successful computer-based predictions of 3G sex of any given brain based on assessment of shapes and volumes of areas. However, all these patterns are primarily correlated with size differences, and they vary greatly across populations and individuals. Brain-imaging studies fail to identify consistent reproducible differences in how brains react to learning challenges (called activation differences) between 3G categories (and between genders) in verbal, spatial, or emotion processing. The largest recent overview of brain studies found only two small areas that are pretty consistent in their pattern of variation not due to overall brain size: subcortical structures called the amygdala and putamen. Also, the INAH-3 nucleus in the anterior hypothalamus appears to be relatively larger, on average, in 3G males. Overall, when the totality of findings on structural variation in human brains are assessed, the 3G-sex category explains only about 1 percent of total variation. This means that 99 percent of the structural variation in brains across humans is explained by factors not connected to 3G categories. Being “male” and “female” tells us very little about brain structure.
The conclusion of many researchers is that differences emerging from 3G-male/3G-female structural brain comparisons are largely trivial and often population-specific: the structure of the human brain is not sexually dimorphic.69 This perspective and the overall data on brain structure and 3G sex are best summarized by a group of fourteen neuroscientists who state, “Although there are gender/sex differences in brain and behavior, humans and human brains are comprised of unique ‘mosaics’ of features, some more common in females compared with males, some more common in males compared with females, and some common in both females and males. Our results demonstrate that regardless of the cause of observed gender/sex differences in brain and behavior, human brains cannot be categorized into two distinct classes: male brain/female brain.”70
There are researchers in the neurobiological arena who disagree that brains cannot be classified into female and male versions, arguing that there are 3G-sex variants in brain structure that are not due to average size differences. Shortly after the publication of the large overview noted above, a group of other neuroscientists published an analysis of age, 3G sex, and brain allometry (relative brain size)71 using the UK Biobank dataset (of about forty thousand brains of primarily [95 percent] white British nationals) and a specific type of analysis software to retrofit the brain images for analysis.72 This group found age differences and 3G-sex differences and age-by-sex differences in the volumes and shapes in older individuals (forty to sixty-five years of age).73 While all their measures overlapped extensively across 3G categories, they did find some form of 3G-sex differences in 67 percent of the relative size measurements, with 37 percent of regions larger in 3G males and 30 percent in 3G females. They also found that 49 percent of all brain volumes generally decreased with age, and 28 percent increased, although aging effects varied across all categories of analyses. Importantly, the graphs of the data from the two 3G categories provided in the study show dramatically more overlap than the height graph at the start of this chapter, demonstrating that variation between all individuals in the dataset vastly outweighs the variation between 3G categories. Also, the main research group and subsequent commentaries on this topic highlight the fact that there are, to date, no known corollaries of behavior or function connected with reported relative volume/shape differences. It is not clear that any of these patterns do, or mean, anything at all.
In a commentary article published just after the UK Biobank study, another group of neuroscientists agree that there is key variation but argue that the patterns represented are not dimorphic, but are a continuum, with 3G categories exhibiting mean or variability differences (as with height, but much more overlap).74 In other words, even for researchers who think these results demonstrate significant patterned variation, there are not two types of brain (male and female), but rather there is one range of brain function and 3G individuals are distributed along it with extensive overlap and some small differentiation. Interestingly, a study published a few years before on the same UK Biobank dataset, but a smaller sample and different methodology, also found some patterns of variation by 3G category, but they were different ones, and many were greatly reduced or disappeared with size corrections.75 Finally, the researchers from the large overview presented above redid their key comparisons to include the UK Biobank study and five others studies looking at the same dataset or using similar methods and discovered that the results of all six varied in locations of variation, direction of the variation, and whether or not variation occurred in a given location in the brain.76 The is no single, or same, pattern of variation across all studies. The current data and analyses demonstrate that there is little evidence for substantive structural differences across most of the brain, aside from those related to overall size.
This is not to say that brains in 3G-male and 3G-female bodies, those of people who do not fit into 3G categories, those of men and women, and those of very masculine or very feminine individuals, do not respond, or function, somewhat differently in response to specific stimuli, contexts, and actions; sometimes they do.77 The fact that brain activity and the functioning of various aspects of brains varies by life experience, nutritional status, exposure to trauma, age, gender, degree of masculinity and femininity, and a myriad of other sociocultural and ecological factors, has been long known. Brains are biocultural.78 This dynamic of little-to-no structural differences but a wide range of activity and a diversity of ways that the brain reacts suggests that rather than focusing on a search for “differences” between 3G categories, an approach that examines gender-influenced patterns and dynamics using a nonbinary frame is likely to be more beneficial and scientifically fruitful.79 Even those arguing for clear and consistent structural differences acknowledge that “males and females are (at the group-level) often exposed to systematically different environments across the lifespan” and that this gendered reality could have systematic impacts on neurobiological activity and function.80 The current data are pretty clear: there are not two brain types or even a continuous gradient from masculine to feminine; rather, the human brain appears to be a multidimensional “mosaic” of countless brain attributes that differ in distinctive patterns across individuals.81
DNA
I end this overview of contemporary human sex biology with the place most people want to start: DNA. Specifically, the first “G” in 3G: the genes on the twenty-third chromosome. This chromosome pair comes in two forms: X and Y. These chromosomes are often called the “sex chromosomes” because they contain many genes related to the development of gonads and other elements of the reproductive tract. But as the X and Y chromosomes themselves are neither sufficient to “produce sex” nor limited to directing the development of sex biology, the very heart of the supposed binary of sex is neither a binary nor just about sex biology.82 The X chromosome has about 155 million base pairs of DNA and about 900 genes, not all of which are related to sex biology. The Y chromosome has about 59 million base pairs and about 55 genes.83 Most humans are either XX or XY, but there are also many variations on this theme. Usually in individuals with more than one X chromosome there is a process of “X chromosome inactivation” where all but one of the Xs is “shut down” in each cell (not always the same X) so that its genes are not expressed. But this process is not always 100 percent effective, which can lead to mosaic development and a range of potential physiological effects.
Generally, if a human embryo has one X and one Y chromosome, genes on the Y chromosome “turn on” and facilitate the development of testes and related physiology. If one has two Xs, then the active genes facilitate the development of ovaries, uterus, and related physiological patterns. These developmental trajectories primarily target reproductive physiology, but also have downstream effects on patterns of hormonal action, muscle, and bone development.
But being XX or XY does not always correlate with the patterns just described.84 One can be XY and have a variation in the activation of segments of DNA so that the specific genes that facilitate testes development never turn on and/or their protein products are differently made or transported. The same is true for someone who is XX and their ovary-related genetic sequences. Variations that depart from a 3G pattern of gonad and genital development are rare, but as noted earlier, they are a consistent aspect of human biology. For example, the SRY gene on the Y chromosome is assumed to be a TDF (testes determining factor) and known to steer the developing embryo toward the formation of testes. But it can be present and not “turn on” or sometimes can have been translocated to another part of the genome. There are also a number of other genes shared by all humans, being on the X chromosome or one of the twenty-two autosomes, such as DAX1, SOX9, and Wnt4, that all appear to have dosage effects (when there is too much or too little of a gene product) that affect the patterns of gonad and genital development.85 Variation in the activity of these genes in embryos affects much of the variation in gonads and genitals in 3G-sex individuals and in those who do not map perfectly into the 3G categories.
There is a wide array of other variations on the dynamics of the twenty-third chromosome, such as the occurrence of XO (no Y or second X), XXY, and XYY individuals. There is also a variety of scenarios where physiological processes are impacted by more than just gene action in the development of an individual and facilitate a range of outcomes that challenge the 3G-sex category model, such as XX individuals with a penis, XY individuals with a clitoris, vagina, and labia, and individuals who are XX or XY but have mixed sex gonads, genitals, and other variants. Overtly non-3G bodies make up a very small proportion of all humans, but many more covert variations arising from these same dynamics give rise to a range of genital, gonad, and endocrine structures and patterns that are outside the typical 3G expectations but are still loosely classifiable into 3G categories.86 Such variation is understudied and poorly understood but is a recurrent aspect of human biological processes and reflects the normal range of variation in reproductive development.
Finally, recent work on the human transcriptome (the initial biochemical products of genes) demonstrates some measurable variation in initial products by identical genes in different tissues of the bodies of 3G males and 3G females. However, the end product or action that these genes are associated with is almost always the same across all bodies. This is important because even when genes are doing some things slightly differently in 3G-category bodies, they mostly end up with the same outcome.87 There is, however, a specific subset of the genes that act differently depending on which specific tissues associated with 3G categories they are expressed in. For example, there are about 6,500 genes that show some 3G-sex-based variants in their transcriptome action. About 6,000 of those variants are related to expression in mammary tissue, and the majority of the rest are in reproductive related tissues, with a few in adipose, skeletal, and muscle tissues—all of the specific areas where endocrine, growth, and structural variations affecting sex biology are the most prominent—and all measured in adults.88 This intriguing genetic data suggest that there are some dynamic relationships between growth/development, endocrine and reproductive physiology, gene expression, and the lived experiences of humans based on aspects of sex biology. Yet again, even at the level of gene functions, there are dynamic and variable effects and processes, but there is no sex binary.89
Normal?
The actual biological variation of any human trait comes with a set of ideas about what constitutes a “normal” version of that trait. This idea of “normal” is also almost always accompanied by opinions about what that trait should be like. But this should give us pause and makes us ask the question: what is “normal” human biology?90
The average measure in a range of distribution of a given trait is called the “mean” of that range. It is not necessarily the best or ideal form, nor is it necessarily the most functional, adaptive, or even aesthetic. It is a statistical representation of the sum of the range of values in a given measure divided by the total number of values in the dataset. In many of the traits related to sex biology that vary across human bodies, the mean has a cultural value, and it is thought to be “normal.” And people are judged against it. Therefore, when asking about aspects of sex biology, the range of variation and functions or lack of function associated with that range should be the focus, not necessarily the mean or some subset of the typical distribution. Comparing means of some traits, like height and hair, have far more cultural meaning than biological significance. Other traits, such as gonad type or specific hormone levels, can have equally salient cultural and biological significance, but the two might not be connected in a simple fashion. Still other traits, like muscle strength, vary in their salience and importance depending on what specific questions are being asked and what comparisons are being made. In the reality of human sex biology, means, ranges, and traits have both cultural and biological implications that are almost always entangled.
Ultimately, there are some important patterns of variation between 3G categories, but there is a much more overlap in functions and outcomes than can be captured by the concept of sexual dimorphism or “sex differences.”91 “Female” and “male” do mean something biologically but are not two different kinds.92 X and Y chromosomes, gonads, pregnancy, circulating hormone levels, genetic processes, developmental dynamics, musculature, hair growth, adipose deposition, and brain morphology and function all impact the human experience. But these aspects of our biology, and their variation, are not best understood as binary sex differences. Humans are biocultural and have gender/sex. Variation is our norm, and our variation does not reflect two kinds of human.
6
No Biological Battle of the Sexes
IN 1993, a book called Men Are from Mars, Women Are from Venus hit the bestseller list and stayed there for 121 weeks. In it, the author and relationship counselor John Gray claimed that men, like the Roman god of war, Mars, are by nature aggressive and violent, but protectors, and women are emotive, coy, and maternal like the goddess of love, Venus. He told the readers that successful male-female romantic relationships are based on recognizing natural (biological) differences in communication, emotion, and behavior between men and women.1
Sound familiar?
Charles Darwin told us that “man is more courageous, pugnacious, and energetic than woman” with “more inventive genius.”2 Angus Bateman claimed males are promiscuous and females sexually passive, coy, and choosy, and E. O. Wilson told us that the evolved, biological differences between men and women naturally led to universal male dominance.3 Too many biologists and other kinds of scholars across the nineteenth and twentieth centuries made these kinds of assertions. And these assertions, just like those of John Gray, are wrong.4 We know that 3G females are not necessarily sexually passive and that 3G males are not necessarily more courageous or energetic, nor have humans evolved for male dominance or two different kinds of sex personality. Yet, more than three decades later, Men Are from Mars, Women Are from Venus is still selling tens of thousands of copies, and some biologists still refer to sex as a binary, imagining that a male/female split, via anisogamy, pits the sexes against one another and explains much in the human experience. The commitment to the binary view and its “battle of the sexes” implications is deep and resilient. Given all we know, this should not stand. So, yet again, let’s take a closer look.
It’s true that many species have sex-biology patterns that lead to marked distinctions in bodies and lives between sex categories. Take, for example, peafowl (peacocks and peahens). Peacocks, the small-gamete producers, have much larger bodies, extravagant coloration, and enormous tail feathers, potentially creating different modes of movement, risk, and related behavior relative to the peahen, the large-gamete producers. But humans are nothing like peafowl. We are not a species with dramatic, evolved patterns of sex difference.
The core premise of the battle of the sexes (in mammals) is that in order to successfully reproduce, the 3G female is locked into gestating and caring for infants and the 3G male is wired to get as many copies of his DNA (via sperm) into as many 3G females’ reproductive tracts as possible. The classic anisogamy position in biology asserts that there is a vast disparity in energetic investment in gamete production and investment in offspring between 3G males and 3G females that is related to differences in reproductive organs and physiology. As a result, there is an evolution of distinctive anatomical, physiological, neurobiological, and behavioral processes due to differential evolutionary pressures on the sexes.
When it comes to humans, the biology used to “demonstrate” the validity of a battle of the sexes is body size and strength (larger and stronger 3G males) and specific behavioral and hormonal differences (especially more testosterone in 3G males). For example, some researchers assert that “sex differences in muscle and strength are largely the result of sexual selection for male-male competitive traits, whereas females have increased body fat (in place of muscle) due to natural selection for maternal investment capacity in the context of our unusually large brains.”5 These researchers believe that evolution has shaped human bodies along two distinct lines of development, producing 3G males geared to fight each other for females and 3G females shaped for raising young. Chapters 4 and 5 outlined why these assumptions don’t map onto what we know about human evolution and how they oversimplify descriptions of the existing variation in human biology. Along these same lines, others argue that it is specific patterns of circulating levels of testosterone that create massive 3G-male and 3G-female bodily differences and that “T” even “pushes the psychology and behavior of the sexes apart.”6 In the last chapter, we covered how this is an oversimplified assignment of superpowers to one of the dynamic, and variable, aspects of the human endocrine system.7
So, as we see, there are scholars who argue that human 3G-category bodies and minds are deeply and evolutionarily different and that this “biological reality” places human men and women in direct conflict. And there is a large swath of the public that believes this as well. However, scientific data and analyses demonstrate that this sex-conflict position is not true.
Of Minds, Means, and Behavior
The “females and males as very different” camp often points to cognition (“minds”) as the proof of their position. Everyone knows men and women think differently, right? Over the past few decades, massive studies called meta-analyses8 reviewed patterns in many of these cognitive variables, such as math, verbal, and spatial-ability skills, communication dynamics (verbal and nonverbal), social and personality variables such as aggression, negotiation, helping, sexuality, leadership, introversion/extroversion, general psychological well-being, some motor behaviors (throwing, balance, flexibility, etc.), and a few other psychological states and behaviors (moral reasoning, cheating behavior, etc.). These meta-analyses involved data from more than twenty thousand separate studies involving more than twelve million participants.9 The results are clear: Across most topic areas in psychological science, the difference in responses and outcomes between males and females is small or very small.10
Here “small” and “very small” are measures of how far apart the means of massively overlapping variation are. That is, pretty much everything being measured in these studies overlaps almost completely between 3G categories (usually based on self-reported genders), but the means of the distributions of the measured variables, when separated by 3G-sex category or gender, can be different from one another. Think of the height example from earlier in the book: 78 percent of folks in the United States are not identifiable to 3G sex simply by height, but the means of the overlapping distributions of 3G-male and 3G-female height are different. So, on average, one can say 3G males are taller than 3G females. But that might not tell you much at all about any specific individual, or about height as a biological characteristic, given the massive overlap between 3G categories. In the “mind” studies, most of the differences between the means are much, much smaller than in the height example. The difference between the means in these studies is assessed by the common statistical tool called the “cohens d” measure, which reflects how far apart the means in the overlapping distributions of the measurements are in standardized units. So “small” suggests that the means are very close to one another and “very small” even closer (with almost 100 percent overlap). The between-gender differences in these huge meta-analyses were small in 46.1 percent of all cases and very small in 39.4 percent of all cases. The largest and most recent metanalysis demonstrated this same massive overlap, with about 84 percent of mean differences being small and very small across most traits examined.11 Again, we really aren’t so different. And cognition is certainly not binary.
While the vast majority of the traits measured in these studies overlap extensively, there are a few patterns worth noting. Men (the self-identified gender) consistently scored higher in hand-grip strength, sprinting, throwing velocity and throwing distance, masturbation, views on casual sex, physical aggression, and mental rotation of objects. Women (the self-identified gender) scored higher on indirect aggression, agreeableness, and smiling. These patterns reflect the effects of variation in muscle mass and body size, training, and patterns of enculturation (gender). But none of them stand out as clear and unequivocal markers of evolved patterns of male-female conflict.
The patterns of higher scores for casual sex and masturbation in men often receive a lot of attention, and are used to argue for an evolved 3G-male reproductive strategy of “more sex, less investment.”12 However, self-reporting on sexuality and sexual experience is notoriously problematic (e.g., men overreport and women underreport) due to the powerful gendered expectations and cultural constraints in the contemporary world.13 Even if the reports were mostly accurate and self-identified men do indeed have a greater interest in casual sex, more sex partners (on average), and more frequent masturbation, it would not signify that “man’s mind” differs from “woman’s mind” due to evolved patterns. One would need to have a comparative sample without the contemporary global cultural views on sex, sexuality, and patriarchal social structures to control for such variables. Also, from a purely biological/anatomical perspective, the wholly external location and the physical structure of the penis and testes makes it easy to manually manipulate to stimulate the sexual physiological response (e.g., masturbation). While the clitoris is also external and highly responsive to stimulation, across the human societies where the studies on sexuality are done, there are substantively different beliefs, expectations, and restrictions on sexuality, including masturbation, for those with clitorises as opposed to those with penises. This likely plays into the self-reported differences in sexual behavior and self-sex.
In mammals with hands, especially primates, one often sees individuals with penises engage manual stimulation for its physiological reward (primates masturbate a lot). The increased frequency of reported masturbation in humans with external penises and testes is at least as likely a by-product of the combination of primate hands and genital anatomy in the context of specific human cultural systems, as it is a reflection of an evolved difference in mind and body between those with and without the penis/external testes combo. Similarly, the lower self-reported rates for human females may not be due to any biological difference, but rather to cultural ones. In many primate species (including humans), females do masturbate, and do so more than in most other mammals. Female primates are also observed to use objects to masturbate. In fact, research on monkeys and apes demonstrates that “females exhibit more sophisticated kinds of masturbatory behaviours than males.”14 Primates use sexual behavior outside of reproduction a lot, and masturbation is part of that. Humans are typical primates in this respect (see below); it’s just that for us sexual behavior also has substantive cultural connotations and consequences. And these cultural realties in much of the contemporary world often restrict the expression of sexuality by those classified as female. Thus, measures of sexual behavior need to take that into account. As the biologist Anne Fausto-Sterling has eloquently and repeatedly demonstrated, “Sexuality is a somatic fact created by cultural effect.”15 In other words, sexuality is not strictly programmed by our genes, or genitals, but rather emerges in concert with the gender/sex experience of humans as they develop.
Actual data on sexual activity are difficult to collect and quantify, but one can look to the 2010 National Survey of Sexual Health and Behavior, a US-based study of 5,865 adolescents and adults (2,936 self-identified men [gender] and 2,929 self-identified women [gender] ages fourteen to ninety-four) to get a general idea.16 In the study, 55 percent of the men reported masturbation in the past month, and 71 percent in the last year; 31 percent of the women reported masturbation in the last month, and 54 percent in the last year, except those over seventy. 85 percent of men in their twenties and thirties reported having vaginal intercourse in the last year, compared to 74 percent in their forties, 58 percent in their fifties, 54 percent in their sixties, and 43 percent in their seventies. For the women, 81 percent in their twenties and thirties reported having vaginal intercourse in the last year, compared to 70 percent in their forties, 51 percent in their fifties, 42 percent in their sixties, and 22 percent in their seventies. Men and women of all age groups reported engaging in oral sex and masturbation with a partner. For both oral sex and partnered masturbation, the man/woman pattern is almost identical. More than 20 percent of the men between ages twenty-five to twenty-nine reported anal sex, with younger and older men reporting much lower numbers. More than 40 percent of the men eighteen to fifty-nine years old reported participating in anal sex during their lifetimes. Women are almost identical with slightly higher frequencies of anal sex over a larger age range (eighteen to sixty-nine) than males. Across all age categories, 8–10 percent of the men and 5–9 percent of women reported same-sex sexual activity during their lifetime with much higher figures (up to 17 percent) for the twenty to thirty-nine age group. The survey did not ask about sexual orientation, so it’s unclear what percentage of these numbers reflect homosexually oriented individuals as opposed to heterosexual or bisexual persons engaging in same-sex sexual behavior.17
While this is just one example, a plethora of studies of human sexual behavior demonstrate that much human sexual activity is outside of reproductive possibilities; humans have sex across a wide range of contexts and in multiple manners and that there is a lot of variation across individuals in sexual activity, orientations, desires, and practices.18 One pattern that emerges is the overall decline in sexual activity with age (especially over sixty). However, women report a higher decline than men. This outcome may be related to physiological changes associated with the sex biology of menopause.19 It also might be related to patterns of cultural heteronormativity and patriarchy that encourage older men/younger women pairings. Given everything known about human sexuality, it is most certainly biocultural.
Overall, the data show few if any consistent patterned differences between human men and women in actual sexual activity. Regardless, many still argue that the real differences between sexes are not in actual sexual activity but the patterns of interest in sex as shaped by evolved patterns of bodies and lives based on assumptions about anisogamy (whether you produce small gametes or large gametes, etc.). This pattern of differential interest in sex is assessed via a person’s “sociosexual orientation,” which is measured via the Sociosexual Orientation Inventory (SOI). The basic argument is that there is a pervasive pattern of evolved differences between males and females, and that this can be seen in their attitudes about sex in general, sexual fantasy, and sexual behavior.20
In general, men (the gender) tend to score higher than women (the gender) on the SOI. Men also tend to report higher interest in sexual activity and in sexual fantasies, higher numbers of preferred or actual sexual partners, and prefer short-term versus long-term sexual opportunities (on average). There is also a robust degree of self-reported variation cross-culturally (across genders and 3G categories) in SOI-related patterns.21 However, there are no neurobiological patterns or aspects of reproductive physiology that indicate such patterns come from specific bodily variation in 3G males and 3G females. Even testosterone, which plays an important role in sexual arousal in our species, does so in all humans not more or less in one 3G sex. There is a set of well-studied physiological links between testosterone-level fluctuation, sexual activity, sexual bonding, and parenting in some groups of 3G males.22 Unfortunately, there is not nearly as much study of the specific dynamics of T in 3G-female sexual activity and sociosexuality as there is in 3G males, and almost no study of this at all in people who do not neatly fit into 3G categories, so truly scientific comparison is difficult.23 Given the substantive average variation in circulating T levels between 3G females and 3G males, and the on-average patterns of SOI difference, one might think that the assertion that higher T in 3G males is related to (but not uniquely causal of) the between-category variation reported in sociosexual orientation is accurate. However, it is possible that circulating T isn’t the right measure to assess with regards to sociosexuality. Above a low threshold, there’s little to no increase in libido with an increase in circulating T among most 3G males, and smaller increments of T seem to have libido effects in 3G females. So, rather than simply circulating T as the prime agent that underlies libido, it might be T-receptor variation, and a range of elements related to gender and cultural dynamics also in play.24 The main researchers who study sociosexuality argue that T is not the only or even the primary factor, stating that “the most consistent finding was that men scored higher than women on sociosexuality across cultures. Several different theories were evaluated concerning why men and women differ in this way. They all received at least some empirical support. As a result, we are left with the relatively unsatisfying conclusion that sociosexual sex differences are predictable from several theoretical perspectives, none of which is conspicuously superior to the others.… At present, it appears that multiple perspectives are required to more fully explain the cultural and gender-linked variance in sociosexuality.”25
There is some gender/sex-related variation in self-reported perspectives on sexuality, but this variation is not simply a reflection of an “evolved difference” stemming from gamete sizes and reproductive tracts. Humans have a lot of sex (more than most other animals), and there are relatively few, if any, significant biological features or variants that constantly differ between 3G males and 3G females in relation to kinds and patterns of actual sexual activity. Humans are biocultural creatures, and the social and cultural context in which we develop is going to have enormous influence on something as complex as our self-reported perceptions of sex and sexuality.26
Aggression is another area where patterns of variation emerge. It is also an area that has been held up as an indicator of evolved male-female conflict.27 On average, 3G males have a larger body size and greater upper-body muscle mass and therefore can pose a potentially greater risk of harm in purely physical fights than do smaller 3G females (assuming no training in hand-to-hand combat). Across many societies, young adult men (the gender), on average, tend to participate in some culturally defined categories of physical risk-taking behavior at higher rates than young adult women (the gender).28 In many societies, men engage in overall higher rates of physical aggression than women, especially in conflicts with other men. But in aggression between heterosexual partners there is very little difference in the use of physical aggression, with women being slightly more likely to use it.29 However, in this same context (heterosexual partnerships/pairs), physical aggression by men often causes more injury than that by women. This is not surprising given that 3G males are on average slightly larger than the woman they are fighting with, and often have a greater upper-body strength due to both physiological and cultural patterns, and are likely to have more previous experience in physical fighting. This outcome is a biocultural blend of patterns, not a smoking gun for evolved differences in physical violence between 3G categories.
There is a particular consistency in certain reported patterns in aggression and violence, especially at the level of homicide and sexual assault/rape, when using the 3G-male/3G-female comparison.30 Some have argued that this is related to the differences in circulating testosterone and/or the evolution of violence and aggression as a basal adaptation of 3G-male behavior. However, there is no solid evidence from the human evolutionary record or human physiology to support such an assertion.31 While 3G males are indeed the initiators of the vast majority of homicide and sexual assault/rape in our species, it is also true that most 3G males are never involved in such acts.32 Homicide and sexual assault/rape are, in most cases, not driven by reproductive outcomes but are acts of social violence, power, and control. Acts not reflective of specific evolved sex-biology patterns or traits but rather events catalyzed, or facilitated, by cultural histories, dynamics, and structures in the context of human gender/sex.33
Do patterns of sexual violence and homicide tell us something about 3G males evolving to be more aggressive than 3G females? Not really. Men (the gender) appear to be more aggressive in some contexts and women (the gender) in others. Men’s physical aggression and men’s participation in antisocial aggression (e.g., violent crime) are more common and often more serious than those of women. But the majority of all humans (men and women) do not engage in violent aggression, or crime, with any regularity, or even at all. Overviews of patterns in contemporary human societies, and of human societies of the past, and in-depth studies of human bodies in the past and today (chapters 4 and 5) strongly suggest that while there are gendered patterns of behavior that matter, there is no evidence for an evolved pattern of specific 3G-male hyperaggression as a key adaption in humans.34
As for brains and minds, many researchers conclude35 that male/female physical/structural brain differences are largely trivial and often population-specific: the structure of the human brain is not sexually dimorphic, and while some features are more common in 3G females than in 3G males and vice versa, there are no “male brains” and “female brains.”36 There is not even a continuous gradient from men to women or masculine to feminine; rather, the human brain is a multidimensional mosaic of myriad attributes that differ in unique patterns across individuals.37 There is patterned variation in the measured means for some mental states and cognitive behaviors in humans, but these are almost always small or very small and usually in the midst of massively overlapping variation. A focus on means obscures the likely more biologically relevant realities and dynamics of variation in human bodies and minds. If one seeks to validate assumptions about difference by looking only for difference, then that is all one sees. The patterns of variation in a forest are often more important than the average height of certain types of trees. The same goes for humans and human societies.
When the great overlap (and complexity) in sexuality, aggression, and cognition fails to support the battle of the sexes argument, its proponents often turn to the costs of reproduction as a trump card. But as we already know, scientific evidence about human reproduction and the evolution of human caretaking systems rejects the simple “large-gamete producers versus small-gamete producers” view of the world. To summarize: parental investment in humans is more complex than one 3G male and one 3G female investing in reproduction. There is massive evidence that the genus Homo evolved complex cooperative caretaking of young early in the Pleistocene and that by the mid-Pleistocene human childhoods had extended substantially because of it.38 The evolutionary implication of this reality rejects a simple calculus based on individual 3G females’ costs of gestation and lactation and includes a caretaking regime where the mother is one of many caretakers and the range of the specific infant caretaking energetic burdens is redistributed across the group. This is not to say that the “costs” of reproduction are not high in the genus Homo, but rather that the costs have, in an evolutionary response, been socially and physiologically mediated and spread across group members to enable the complex, extended childhood associated with a range of capacities connected to substantial neurobiological and social development after birth.
The nuclear family structure is often brought up as evidence for some aspect of the conflict between or severely different roles for 3G males and 3G females (male the provider and female the caretaker). The assumption is that the core nature of the nuclear family deep in human evolutionary history structures both Homo bodies and societies. However, as we reviewed in chapter 4, there is little fossil or comparative evidence of two-adults-plus-offspring as the core social structure for Homo. That is, existing fossil and archeological data do not offer clarity regarding group structure aside from the high likelihood of Homo groups consisting of multiple adult females and males and young. Whether the within-group structure consisted of multiple bonded pairs is not detectable, but having pair bonding as a common facet of Homo social organization is likely given the near-universal human social behavior pattern of pair bonding and its physiological manifestations. Pair bonding does not equal monogamy or two-adult exclusive mating or a specific two-adult caretaking pattern; it is not equal to or indicative of a nuclear family structure.39 In other words, the current fossil, comparative, and contemporary data offer no support for the nuclear family as the “traditional” or core evolutionary basis of the human family or social group.40
Man ≠ Male and Woman ≠ Female: Beyond the Battle of the Sexes
The “battle of the sexes” assumes that man is interchangeable with male, as is woman with female. But this is not necessarily the case. Yes, 3G males and 3G females are typical clusters of genes, gonads, and genitals, and they vary in some patterned ways, but one’s 3G state, typical or otherwise, does not uniformly tell us what one’s gender identity, one’s degree of masculinity or femininity, one’s sexuality, or one’s sense of self in regard to reproductive roles is or will be. And these 3G categories often tell us even less about one’s other behaviors. Also, there is a cluster of humanity who are not easily classifiable into 3G categories and who need to be included in all these analyses if we wish to cover the full biological range of being human. As a collection of researchers in the areas of sex and gender recently noted, “Gender/sex is multidimensional and each component is dynamic and responsive to both internal forces (biological, cognitive) and external forces (social interactions, culture). Individuals show variability across the different components of gender/sex, presenting a mosaic of biological and psychological characteristics that may not all align in a single category of the gender binary.”41
Given everything we’ve covered so far, it’s clear that the human “sexes” are not just biology or just culture, they are not “the same,” but nor are they “different kinds.” Rather than envisioning typical reproductive physiologies, bodies, and minds in competition with one another (the “battle” of the sexes), the goal should be to move beyond assumptions about conflict between and uniformity of “sex” as categories and shift toward examining the actual patterns and variations in Homo sapiens and allowing the information emerging from that process to structure the inquiry. Male/female, man/woman, small gamete/large gamete, ovaries/testes, penis/vagina, and so on are not necessarily default comparisons to use when thinking about people. Of course, such comparisons can be appropriate for many questions, but we need to be open to letting actual behavioral, physiological, genetic, cultural, and historical data and variation drive the modes of categorization for our investigations, not cultural assumptions about what sex “really” means.
To be clear, there are patterned variations in sex biology in human bodies, and they contribute to the shaping of peoples’ lives. But those patterns are not ubiquitous. They are seldom truly dimorphic, almost never binary, and do not always or usefully match to the categories of man or woman. In fact, close attention to the actual variation in caretaking, sexuality, gender identity, parental investment, aggression, and other behaviors might suggest other ways to cluster humans as the targets of the research focus and thus frame the question(s) differently.
Man is not more courageous, pugnacious, energetic, or inventive than woman. Men are not biologically more promiscuous than women, who are in turn passive and coy. Evolved, biological differences between men and women do not naturally lead to universal male dominance. And certainly, men are not from Mars and women are not from Venus. We are all the same species from the same planet. However, this does not mean that there are not conflicts between gendered expectations and experiences, that there is no oppression and exclusion between and within genders, especially in the context of patriarchal systems, or that reproduction, child care, and patterns of violence are equitably spread across all members of our species. What is important to understand is that the vast majority of the patterns and processes related to gender/sex that humans experience today are not biologically predetermined, evolutionary ordained, or inevitable. They are biocultural, created by the entanglements of human bodies, histories, lives and cultures. And thus they are not necessarily fixed or permanent aspects of the human experience.
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Why the Binary View Is a Problem
TODAY, THE STATE of biological knowledge is one that “acknowledges sex is a rich, various, and diverse phenomenon that can—and should—be measured across multiple levels of biological organization and can be variable within an individual, within a species, and across different species. The study of sex diversity and variability in the animal kingdom has been hindered by imposing binary assumptions and limitations on what sex is, or can be, across species. By simply acknowledging that sex can, and does, exist outside a strict binary framework, we can evolve and improve how we define, measure, and analyze ‘sex’ in our research.”1
Despite this knowledge, a binary perspective remains pervasive. Understanding and communicating the realities of human sex biology is not just an academic or philosophical undertaking; allegiance to the binary view in industry, government, education, and by the public fosters ignorance, harm, and suffering. Humans are always immersed in complex, variable, and biocultural gender/sex realities. Variation in human bodies, cultures, and lives illustrates that “average,” “ideal,” “typical,” and “binary” are seldom the most effective ways to talk or think about human gender/sex.2 This knowledge is powerful, but only if it is shared and used. In that spirit, this final chapter offers brief examples of a few areas in contemporary society where binary views of sex biology and gender are invoked, and it illustrates why such actions are both wrong and harmful.
Sexuality and Sexual Orientation
Back in 1991, a neuroscientist named Simon LeVay argued that a certain brain region, called the INAH-3, was less than half the size in gay men than in straight men, and that gay men and straight˝ women had INAH-3 of about the same size.3 He believed he’d found the biological marker of being gay, in men. LeVay worried what society would do with the knowledge that “gayness” is located biologically. In discussing the possibility of a “gay” gene, he said, “We are going to have this power over our own natures, particularly over our children’s natures. What we do with these choices will be one of the major ethical questions of this century. Are parents going to have free reign, or should society step in?”4 Luckily, there will be no manipulation of embryos for sexual orientation, as subsequent research demonstrated that there is no “gay” area of the brain, nor are there “gay” genes. In fact, recent work reveals an incredibly complex and dynamic suite of genetic associations with sexuality and sexual orientation and demonstrates that the neurobiological, behavioral, and social relations to sexuality are equally complex.5 The quest for a “gay brain” or a “gay gene” stems from the belief of a “natural” sex binary tied to heterosexual reproduction such that any significant deviation from that pattern, like homosexuality, must come from a biological alteration or aberration. But reality is far more complicated. Of course, there are biological components to sexuality and sexual orientation, but these are not simply tied to a specific aspect of sex biology.
There is an enormous literature examining and debating which biological and social categories or variants matter most for sexuality and sexual orientation, with little agreement aside from the fact that it is complicated.6 The state-of-the-art understanding is that there is no consistent, or effective, sole predictor or single determinant for sexuality and sexual orientation in humans: not one’s gender, nor one’s genitals, nor one’s gonads or hormones, nor one’s genes or brain structures. Many people assume that heterosexuality is the “natural” mode of sexual behavior in humans and that other modes of sexuality, homosexuality, bisexuality, asexuality, and so on are either aberrations or deviations from the typical pattern. Such an assumption is a misleading way to discuss human sexuality. The physiological system of arousal is almost identical across all humans (regardless of what kinds of genitals are in play7), but the psychological, social, and emotional triggers for such arousal vary widely, are related to gendered identities, and are not solely, or even primarily, based on the specific variants of sex biology one has.
There is variation between, and within, gender and sex categories in sexuality. The sociosexuality index (SOI), initiation of sexual violence, self-reporting of masturbation, and a range of other behavioral patterns vary between and within genders and 3G sexes. For example, we noted in the last chapter that decline in interest in sexual activity seems to be affected by variations in sex biology related to age, relationship longevity, gender, and sexuality. There is a general decline in interest in sexual activity with age (especially over sixty years) in humans, but the decline for self-identified women is larger. This trend is especially acute in married or long-term couples (both hetero-and homosexual), where women’s participation in sexual activity with their partners is negatively correlated with the length of time together.8 This difference might be influenced by physiological changes affecting genitals and physiologies in bodies with uteri and ovaries during menopause combined with other social and psychological dynamics of aging. It also may be influenced by cultural structures and patterns, such as patterned partner-age differences, expected sexual roles and behavior, societal views of beauty, bodies, and sexuality, and a range of structured gender inequities in contemporary societies.9 As with most things, there is not a uniform pattern; rather, there is only an “on average” one, and it is surely biocultural—disentangling the role of sex-biology variation from the cultural and gender context might not be possible in this case (or even in most cases of sexuality).
Sexual behavior varies substantially across many animal species, especially social mammals. In primates, sexual behavior of all kinds is more common in social contexts than in purely reproductive ones. That is not to say that reproductive sexual activity, which is by definition heterosexual in mammals and birds but not necessarily so in other animals (remember worm sex biology), is not common—indeed, it is typical. But the key point here is that the range of sexual activity, and pair-bonding, in humans is not necessarily constrained by (or even related to) the necessities of reproduction. Humans exhibit the most diversity and highest frequency of sexual behavior of the primates (except for perhaps bonobos), and all human cultures demonstrate a wide range of sexual behaviors and sexualities, with varying patterns of cultural restrictions and constraints. So, for humans the accurate characterization of sexuality and sexual behavior is that it is diverse, largely social, and often occurs across multiple partner combinations across human lifetimes in the context of a range of cultural rules, expectations, and institutions. One cannot scientifically look exclusively to sex biology or any biological specifics to fully understand any given human’s sexuality and sexual orientation. Representing human sexuality as a binary system (men are one way and women are another, male/female, gay/straight, etc.) sets up erroneous and scientifically unsupported understandings and expectations regarding sexuality and sexual orientation. The binary approach tells us very little about human experience, and it likely obstructs effective and important research into sexuality.
Making a Family
In 2020, the Republican governor of the US state of Tennessee, Bill Lee, signed a bill to ensure that foster care and adoption agencies could exclude LGBTQ families and others based on “religious beliefs.”10 By 2024, there were at least thirteen states in the United States that had similar laws.11 The laws are based on false beliefs about what is biologically “natural,” and therefore “right” for humans. These laws assume that only heterosexual pairings of certain types of people (cisgender) provide appropriate and successful conditions for the rearing of children. This is factually incorrect, as the children of LGBTQ parents fare just as well as children of non-LGBTQ parents.12 But these beliefs and real legal structures are not about the data or facts; rather, they reflect a deep commitment to the logic of the sex-biology binary: if female bodies are made for reproduction and caretaking, and male bodies for protection and provisioning, then the biological (natural) basis for family is a heterosexual male and female couple.
The core of mammalian reproduction is gametic fusion in a body capable of gestating and birthing. But the necessary biological details for the creation and gestating of an embryo tell us only a small slice of the dynamics of a human family. The human family is not limited to or by the physiology of reproduction. Humans create and nurture families, communities of care, wherein adults, and others, collaborate to care for each other and young. But families come in all shapes and sizes. The idea of the heterosexual nuclear family as basal to humanity is refuted by a range of scholarship.13
Humans with uteri play a central, biological role in the creation of offspring (gestation and lactation), and thus are often at the heart of the human family experience. Birth mothers can technically undertake much of the reproductive process alone, but historical, social, and biological features of humanity indicate that the human system of reproduction and caretaking has evolved to be a multi-individual process. Humans with uteri are center stage regarding gestation and birthing, but human-wide physiology is structured to enable caretaking of infants and strong bonding by individuals across age groups regardless of which variants of sex biology one has. Successful rearing of children and the formation of communities of bonding and care (families) occur in a variety of ways across a variety of humans. Unfortunately, there are some contemporary societies with structures, and laws, as noted above, that seek to inhibit or limit the diversity and possibilities in human patterns of family formation, community care, and childrearing by mandating that only one combination of humans (one 3G male and one 3G female) is the correct nucleus of a family. Given what we know about sex-biology variation, pair-bonding, family formation, and how the caretaking system in humans evolved, these laws, and beliefs, place a wide range of people, especially the children who benefit from the diversity and commitment of caretakers, at substantive risk. Human families are not necessarily composed of only biological kin, are not necessarily based on the union of two cisgender different 3G-sex adults, and they are not only about reproduction. Families are complex relations and networks of bonding, caretaking, and collaborating between socially close individuals. They are not the constrained product of, or necessarily related to, a sex binary.
Medicine
Historically in the medical sciences, researchers were often hesitant to use female animals in laboratory studies. Male lab animals (mostly mice) outnumber female ones by a factor of at least five, especially in tests focused on obtaining species-wide results.14 Traditionally, medical researchers considered female animals, including humans, too behaviorally and hormonally unstable and physiologically complicated to give generalizable results in many cases.15 In the medical binary view of sex biology, there are two types in every species, the male and the female. The male is the standard, the stable specimen, because his only contribution to reproduction is sperm. The female, with her instability, is shaped by her possession of a uterus and her reproductive cycling; thus approaches to her biology, and health, are centered around her capacity to reproduce.16 And that capacity is thought to involve messy hormones, behavior, and physiology, rendering the female too complicated and a poor subject for general assessment of nonreproductive-related aspects of biology, health, and well-being. Because of this belief, many experiments, or rather experimenters, assume that how something affects a 3G male (be it a mouse or human) is the best proxy for the rest of the species. This approach assumes minimal relevant variation among 3G males and too much variation among 3G-female bodies. This belief has kept female animals, and animals who do not fit neatly into 3G-male categories, out of much laboratory research.17 For the last century, based on the binary view, most of the medical testing world18 saw male mice (and male humans) as the ideal baseline, the “normal” for understanding bodies. This commitment to a simple reproductive physiology binary as a key factor when it comes to researching health and medicine is not supported by current understanding of human biological variation and has resulted in medical science doing outsized harm to women.19
To be clear, rejecting a binary view of sex biology in medical research and treatment does not mean ignoring patterns of variation across and between bodies, including those associated with uteri, gonads, genes, and genitals.20 There are critical patterns of physiological variation related to sex biology, and they often matter for issues of health. However, to assume that the most basic dividing line for humans is between two typical sets of reproductive physiology, or that the optimal approach in medical science is to minimize variation in test subjects by avoiding complexity, has negative outcomes.
Take drug reactions. Most reports assert that women (generally meaning 3G females)21 are about 1.5–2 times as likely as men (generally meaning 3G males) to experience severe side effects when using pharmacological treatments. Women also may not derive the same benefits from many drugs as do men (on average). This is usually assumed to be because of differences in 3G-male and 3G-female biologies. But is that the case?
If one restricts comparisons to 3G categories, most of the documented variation in effects of drugs on 3G males and 3G females is not based solely on body size. There are other physiological processes at play, possibly related to aspects of sex biology. One might take this fact at face value and argue that this reinforces a binary view. It does not. One aspect likely affecting these outcomes is that most of the dosages for drugs were, up until recently, largely based on the clinical testing done solely, or primarily, in men.22 Another aspect is that the percentage of women’s adverse side effects may be overestimated because women (the gender) use prescription drugs more than men (the gender) and the databases are not adjusted for actual drug-use rates by men and women (by 3G-sex category).23 A third explanation for possible differences in outcomes is that “men” and “women” are not discrete biological categories, so testing pharmaceuticals in the categories “men” and “women” is not effectively assessing the range of human biological variation (the actual people) taking the drugs. Finally, human bodies and their physiologies are shaped by their lived experiences, so gendered cultural facets may affect how bodies and physiologies respond to drugs.
For example, there is a long-standing argument that the sleeping aide zolpidem (Ambien) affects women differently than men. The development of the original dosage data for zolpidem came from testing on men (assumedly 3G males), and because women (here meaning 3G females) are, on average, smaller in overall body and muscle mass than men, the assumption was that the same dose would affect women more than men (on average). Recent testing on women (3G females) shows that they are not more heavily affected by the drug, nor are there different chemical impacts by zolpidem in women’s bodies. To the contrary, it appears that there is a slower (up to 35 percent) clearance time of the drug in 3G females (on average) as compared to that in 3G males. This is not due to weight or BMI. Something else is going on. The initial binary-based solution was to blanketly call for reduced dosages in women relative to men, which can result in the drug having less effect and thus failing to achieve its target goal (battling insomnia) in women. But such an approach does not get to why the differences exist. Asking about the actual physiological response, rather than assuming 3G males and 3G females are different kinds of humans, is a better approach. It is likely that zolpidem clearance in humans is mediated, in part, by a system of enzymes called Cytochrome P450 (CYP), and their activity might be related to aspects of testosterone.24 If this is the case (which is not yet confirmed), then the attention should be focused on the varying levels of acting testosterone in attenuating the effectiveness of zolpidem. Testosterone is not characterizable as a male or female hormone, but rather by variation in circulating levels across humans, with 3G males usually having much higher levels than 3G females.
What appears to be in play in the zolpidem case, and in the majority of assessments of drug-impact variation, is that the sex-binary assumption of males and females as two discrete categories misses the substantial physiological variation in humans within, between, and across sex biologies, gender, and 3G categories.25 Rather than two categories (men and women) as the comparison, the patterns of variation in enzymatic activity, endocrine function, muscle activity, and so on should be the focus for understanding the specifics of drug action in human systems. One category (males) cannot stand in for all humans. That category, even if restricted to 3G males, in and of itself does not effectively capture all the variation in each of its own constituent Gs (genetic variants, testes variants, and genital variants). For example, there is substantial variation in muscle mass (as much as 100 percent) and massive variation in postpubertal circulating testosterone (by as much as 300 percent) between 3G-male individuals.26 The solution is also not simply to add an equal number of 3G females to the testing sample (although that is a good start). We know that human females vary substantially even within the 3G definition, in body size,27 in genital morphology,28 breast biomechanics,29 and endocrine dynamics.30 The binary two-kinds-of-human view restricts effective scientific understanding of pharmacological impacts in humans.
Shifting to psychiatric conditions, many neurobehavioral disorders differ in prevalence between the categories of men and women and boys and girls. Recognized syndromes such as autistic spectrum, ADHD, dyslexia, depression, anxiety, dementia, and eating disorders all have varying frequencies across genders, ethnicities, and nations. Such syndromes are complex and dynamic, and are almost always biocultural. Gender/sex clearly plays a role in many (or all) of these conditions. These conditions represent complex interlacing of physiological, neurological, social, experiential, and individual processes. Although studies of brain variation situated in the sex binary often intend to offer to a better understanding of health disparities in psychiatric and psychological conditions, their assumptions of a “male” and “female” brain are likely obfuscating the actual relationships as the binary frame excludes the complexities of interindividual neurobiological variation and human biocultural experience.31
Cardiac Disease
Since 1984, more women than men have died of ischemic heart disease and heart failure each year, and yet more men (here meaning 3G males) have been diagnosed with heart disease than women (here meaning 3G females).32 Doctors diagnose heart conditions by a combination of clinical presentation, biomarkers, and imaging. Obstructive coronary artery disease (CAD) remains the current focus of most assessment and therapeutic strategies, but women have lower rates of typical CAD than men. Women also have a higher rate of diverse symptoms and adverse outcomes likely linked to coronary and microvascular dysfunction.33 Also, understanding of antiplatelet therapy, a primary tool of cardiovascular disease prevention, was, until very recently, largely based on research with almost exclusively 3G males, and it appears that there may be a wider range of variation in function of those drugs in 3G females.34 There is also substantive evidence that the manifestations of cardiac disease and distress, and the effectiveness of various treatments, vary across humans (a lot), and one salient aspect of that variation is in the categories “men” and “women,” which are not simply biological. Some of this gender difference is likely linked to variations in 3G-sex-related physiology, but the data are clear that socioeconomic status, nutrition, smoking, alcohol use, racism, sexism, stress hormones, inflammation patterns, immune cell function diversity, and cellular aging all play key roles as well.35 This pattern suggests that rather than a binary man/woman or 3G-male/3G-female frame, which much of the medical world currently holds,36 a dynamic gender/sex and biocultural frame should be applied to the issue of cardiac disease and its treatments.
Organ Transplants
While there is no evidence that most organs originate in a binary fashion (3G-male and 3G-female organs) in humans, there are on average worse outcomes for transplants from 3G-female donors regardless of the 3G sex of the recipient. Also, kidneys and hearts (but not livers) transplanted from 3G females have specifically higher failure rates in 3G-male recipients.37 One might take a binary view and argue that this indicates some level of “female” organs and some kind of incompatibly with “male” immune systems. And one would likely be wrong. It turns out that more 3G females (and women in general) donate organs than do 3G males and men. Those 3G females and women who donate are also generally sicker and older than the population on average and a larger percentage of the 3G males who receive organ transplants are also generally sicker and older than the population on average. This pattern creates a dynamic that is not best examined through only a sex-biology lens. Rather, it’s most likely that organs are responsive to effects of gender/sex and other aspects of life. Thus, the details of the lives of the donors and recipients and the traumas—social and physiological—within them are as likely as, if not more, relevant to transplant success than if donor was XX or XY genetically. This situation is described in a large review entitled “How Sex and Gender Affect Transplantation,” in which the twenty-six authors state, “In this review, we summarize the data regarding sex- and gender-based disparity in adult and pediatric kidney, liver, lung, heart, and hematopoietic stem cell transplantation and argue that there are not only biological but also psychological and socioeconomic issues that contribute to disparity in the outcome, as well as an inequitable access to transplantation for women and girls.”38
Pregnancy and Related Physiological Changes
There is a specific set of organs that, due to mammalian reproductive biology, establishes critical patterns of variation between most 3G-female and 3G-male bodies. The dynamics of gestation and lactation, as already noted multiple times in this book, matter immensely and group those who can get pregnant and do get pregnant into a cluster of relevance to medical research and treatment. However, the binary approach generally deployed by the medical world does not cover everything here. Not all of those who get pregnant and give birth are classified or identify as women, or 3G females, and there are also plenty of individuals who have the physiology for gestation and lactation but cannot or do not get pregnant and give birth. Thus, the focus of research into pregnancy and birth should not simply be on women or 3G females as one of the two categories in a binary. Rather the focus should be on the patterns, dynamics, and experiences of the range of those who can and do get pregnant. For example, in 2020 the National Academies of Science, Engineering, and Medicine, examining the data and relevant patterns of variation changed their terms for research in this arena to “pregnant people” or “pregnant individuals” in place of “pregnant women.”39
While sex biology plays a core role in pregnancy, a mountain of data supports the assertion that the individual experience of pregnancy, like so much else in human lives, strongly intertwines with social, economic, political, racialized, and related aspects.40 Even something as specific as where one gives birth can have dramatic impacts on bodies and lives.41 Pregnancy, like so much of the human, is also biocultural. There is a substantial range of physiological variation between individuals who can and do get pregnant in terms of length of gestation (which varies by as much as many weeks), hypertensive disorders, labor/delivery experience, and much more.42 Given this range of variation in biology, and the experience and context of pregnancy and birth, rather than seeing women, people who can get pregnant, and people who do get pregnant as a monolithic category, it makes better scientific and social sense to examine the patterns and processes of the variation across and among those who do get pregnant to better facilitate healthy outcomes.
Humans who gestate and give birth undergo a suite of physiological dynamics that are not present in the same form and intensity in other human bodies. Gestating and giving birth play a core role in the construction of gendered perceptions about, and expectations of, women. Many gendered, and medicalized, perspectives present pregnancy as debilitating or as some form of malady. This is common in patriarchal systems that argue for hyperdifferentiation between women’s and men’s places and capacities in society, often promoting men in the public sphere of power and overemphasizing women as tied to the home and caretaking. But this use of gestation as a tool of restrictions and oppression is not justified biologically. While the impacts of gestation are physiologically substantive and have distinctive effects on bodies, they are not necessarily the restrictive, debilitating constraint many cultural and gendered assumptions assert they are. Pregnant individuals can usually retain their typical levels of social and physical activity and physiological functioning across the pregnancy.43 And, because the human reproductive system evolved as a cooperative system involving many individuals beyond the mother, the individual gestating and giving birth’s physiological system is “expecting” a range of collaborative action by other individuals involved (by their family/community). However, because of the misguided binary-based belief about limitation in social roles and physical incapacitation in humans who gestate and give birth, there is often robust social, economic, and political inequity for all women.
Sex Contextualism in Medicine
Approaching sex biology as a culturally contextualized patterned variation across and within categories is a framework that helps improve medical care by rejecting a simple binary and showing that investing in actual understanding of biological and social variation and patterns across bodies is key to effectively linking biological diversity to facilitating health. Drawing on the conceptual framework of “sex contextualism” can be particularly useful when it comes to medicine and biomedical research.44 This view emphasizes that “male” and “female” or “men” and “women” do not mean the same things in all contexts, nor are these the only subclasses or categories that are applicable or useful in biomedical research.45 As there is often substantial variation in some aspects of biology within the categories of “men” and “women,” using them as the “bins” everyone gets put into for a given biomedical assessment, as opposed to focusing on the patterns of variation in the biology related to the medical issues of interest, can lead to missed opportunities for achieving health.46 Think of the zolpidem example and whether or not “male” and “female” are the best categories for comparisons in that case (they aren’t), or the concern about biological variability in mice and humans classified as “female” and how this has affected medical research by keeping “females” and their complexity out of it. The data are clear; the medical world should think beyond a sex binary as the only way to ask questions about health. Sex contextualism, by contrast, recognizes the pluralism and context-specificity of operationalizations of “sex” across medical research and urges practitioners to attend to, be clear about, and be consistent with the uses and meanings of the classification used in the design, interpretation, and communication of that research.47 This approach in medicine may also be important for the sporting world. Sports could also benefit from thinking more deeply about the use, meaning, and impact of sex categories, adding nuance and context to better engage human variation and athletic performance.
Sports and the Definition of Woman
Caster Semenya is a South African athlete, winner of two Olympic gold medals and three World Championships in the women’s 800-meter race. After her streak of wins, Ms. Semenya was forced to undergo “sex confirmation” testing, becoming a center of attention in the battle of sex and gender in the sporting world. Her case, and others, resulted in various sets of debates, bans, and restrictions on women athletes. Ms. Semenya, identified as female on her birth certificate, has genitals concordant with that classification, grew up a girl, and is a woman. However, she is not a 3G female. Ms. Semenya has higher-circulating testosterone than is typical for 3G females, a Y chromosome, and internal gonads that are the equivalent of undescended testes.48 Ms. Semenya is a woman whose sex biology is outside what is typical for 3G females but well within the range of variation found in our species. The binary view, however, does not allow space for her.
Between 2017 and 2019, the International Olympic Committee and World Athletics, the two main groups controlling track events, barred women who had naturally occurring levels of testosterone (T) above 5 nmol/L from competing in races between 400 meters and 1,500 meters (including hurdles). The assertion was that such a level of circulating T was outside of the “normal” range for “women” and that it veered into the range of “men,” thus offering an unfair competitive edge to those women. In making this decision, the groups drew on research suggesting that while testosterone levels did not correlate with performance in most sporting events, there were some correlations found between circulating testosterone and levels of success in the 400m, 400m hurdles, and 800m races, and the hammer throw and pole vault for women athletes. Researchers argued that a higher testosterone level seemed to confer a 1.8–2.8 percent competitive advantage, but the actual mechanism of this advantage was not clear. This same study found that male athletes in throwing events had lower than expected testosterone levels and that testosterone did not appear to play a key role in longer-distance running or in most other sporting events assessed for men or women.49 In a 2017 article, the main group of researchers relied on by the International Olympic Committee and World Athletics concluded that testosterone does not have a biasing effect in most sporting events regardless of the gender classification of the event and that differences in circulating testosterone have no biasing effect in any of the men’s categories, but that there is, at least in a few track events, “a significant role of endogenous androgens for athletic performance in women.”50 However, in 2021, after publishing a few more studies arguing that higher testosterone benefits women in some track events, that same group of researchers published a little-noticed correction to their earlier work. In it, they stated that their conclusions about the role of testosterone on athletic performance in women elite athletes “should be interpreted based on an exploratory study setting where it was not possible to adjust for potential confounding factors.” And they concluded, “To be explicit, there is no confirmatory evidence for causality in the observed relationships reported.”51 In short, there are patterns of associations between testosterone and many other bodily and experiential factors that influence, and may potentially bias, outcomes in sporting events, but the specific relationships, especially whether it is the level of testosterone that makes the difference, are not clear.52
In some, but certainly not all, sporting competitions, upper-body strength, per-unit of area muscle strength, overall body size, and leg length and muscle performance are biological variables that may offer specific benefits. They are also aspects of human bodies that are affected, often substantially, by variation in sex biology. Because these variants do manifest, on average, proportionately differently in 3G females and 3G males, and these 3G categories are most often societally correlated with the categories men and women, many sports today have developed men’s and woman’s sports where the competitions are gender-uniform, such as basketball, baseball, football (soccer), tennis, and track and field events.53 Given recent societal changes (in some places) to accept a broader range of gendered identities, there are increasing situations where individuals who were assigned a gender at birth and have changed that gender (are now transgendered individuals) wish to compete in their current gender category. At the same time, there are also individuals, as with Ms. Semenya, assigned a gender at birth, who remain in that gender, but do not fully fit the current assumptions about the biology “underlying” that gender, who are being excluded from competitions based on a highly specific (and culturally structured) definition of “woman” (basically, how much testosterone the body naturally produces). It is worth noting that being of the right “sex” is brought up as an issue in women’s sports but not in men’s.
Before making any further comments on these cases, we must recognize the fact that women’s professional and amateur sports are relatively new as organizations and institutions, underfunded, and undersupported relative to men’s sports. There is abundant evidence that societal gender structures and gender/sex dynamics of girls’ and women’s lives structure their bodies and possibilities affecting their capacities, performances, and risk of injury in sports differently than those of boys and men who are trained for sports.54 This gendered training dynamic is illustrated in running sports, where the gender differentials in performance are the smallest at elite levels where the training is at the highest caliber and closer to equity as opposed to larger differences at lower and amateur levels where training and infrastructure quality and options are highly divergent in quality (primarily favoring boys and men).55 Any discussion of women athletes’ capacities and performance must recognize that there is an underlying inequity resulting in women athletes not yet achieving the full potential relative to their physiological capacities at the degree to which men athletes do.
Coming back to the two cases, transwomen and women who are defined out of being a woman by testosterone levels, one notes that each is different both in relation to the dynamics of sex biology and to the ways in which gender/sex works and gender is constructed, but both are united as being identified as a “problem” by the binary view. In the case of defining what a woman is by testosterone production, this is clearly not simply a biological measure, as it reflects a social construct of what the “correct” range of testosterone should be. While testosterone and other androgens often play roles in much physiological functioning related to physical activity, it is not clear if or how an individual’s physical performance at sports, including limb length, training regime, muscle density, oxygen-carrying capacity of the red blood cells, lung capacity, and so on, translates into a deciding factor as to one’s gender and broadscale physiological capacity. The decision to define who is a woman based on specific ranges of testosterone levels is a social and cultural one, not a biological one, and it has a range of ethical and societal implications.56
For the case of transwomen competing in women’s sporting events, it is a bit more complicated. If an individual is competing in a sport where aspects of sex biology such as upper-body strength, muscle density, or overall body size offer benefits, then an individual may indeed have an advantage if they are at the top end of the distribution of variation in those bodily areas relative to their competitors. But the structure and patterns of such advantage vary by sport, individual life histories, body variation, and other variables.57 This is the case already in gender-uniform sports, as certain individuals have biological variants that offer them a particular set of advantages (think of the swimmer Michael Phelps, a 3G male and a man, relative to the majority of men he competed against58). However, in the case of transwomen, it is argued that some of those benefits will be substantially outsized because of lingering effects of their pretransition physiology. But this assumes that the individual transitioned postpuberty from a body with testes and that they are in the upper end of 3G-male physiological outcomes as opposed to being in the large area of overlap between 3G-male and 3G-female bodies. Given the extremely small number of transgendered athletes overall and the even smaller number of those individuals who are winning an outsized percentage of their competitions, it is difficult, problematic, and largely unscientific to make any broad-scale blanket generalizations of this situation. And any rules created from such generalizations, especially if based exclusively on natal gonads and timing of transition, ignore the substantive variation in bodies and capacities (which is unfortunately what World Athletics did59). However, one thing is clear: the current gender inclusion and exclusion system for many sporting events, leagues, and competitions is insufficient to engage, effectively, the sex-biology variation and the gender/sex reality of humans.60
This focus on sports events, athletes’ bodies, and testosterone is interesting and matters for the athletes and the sporting world. But it is a poor venue to examine, and think about, variation in sex biology in humans. Only a minuscule percentage of humans have the pattern of biological variation that confers bodily capacity, skillset, and opportunity to be elite athletes or even athletes in amateur and school competitive contexts. There are about 85,000–95,000 professional athletes in the entire world and about 170,000 individuals worldwide who compete for Olympic slots.61 To put this in perspective: there are only between 6,000 and 11,000 professional athletes in the entire United States, out of a population of over 330,000,000. This means that elite athletes make up .0012 percent of living humans globally and .003 percent of people in the United States. Using one thousandth of one percent of humans, who are mostly at the extreme ends of the human range for many biological factors and with a lifetime training related to their sports, as the key group to understand human-wide patterns of sex biology is misleading and faulty science. The focus on athletes to legislate issues of transgender makes even less sense when one considers that only 0.6 percent of the population 13 years of age and above in the United States identifies as transgendered, and only a tiny percentage of them are athletes.62
In the day-to-day life of the vast majority of humans, a slight competitive edge in running an 800-meter race is probably not relevant. Variation in circulating levels of testosterone is not the sole determinant, or necessarily a main determinant, of any individual’s behavior, capacities, experience, or identity.63 This is not to state that testosterone is not an important hormone for humans (and most animals), because it is, as are estrogen, progesterone, and so on. It is also not to state that T is not associated with many aspects of physiology and has some differing impacts on bodily systems across humans, specifically in individuals with testes or individuals who receive external testosterone. Testosterone has a range of important functions and impacts in the human body in multiple manners. However, if we are truly interested in an accurate and comprehensive understanding of sex biology, then focusing on something as recent and hyperculturally modified at professional/elite athletics is a poor place to look.
Restrooms
In 2016, the US state of North Carolina passed a law prohibiting transgender individuals from using the restroom that corresponded to their gender. This action was part of the political, legal, and public debates over whether transgender individuals should be able to use public restrooms (including locker rooms and changing rooms) that match their gender or if they should be forced to use ones that match a social categorization of the person based on which genitals they have (or had) and how they were assigned at birth. Between 2021 and 2023, legislatures in 34 US states introduced over 300 anti-transgender bills reflecting a wide range of proposed restrictions on issues of health, legal rights, and access for individuals who did not fit certain beliefs about gender and sex biology.64 By early 2024, there were more than 450 active anti-transgender bills moving through the legislatures in 41 states.65 In June 2023, the state of Florida implemented House Bill 1521, which mandates that transgender individuals must use public restrooms that correspond with the sex assigned to them at birth, even if they have legally updated their gender on their birth certificate and driver’s license. If they do not comply, they can be charged with trespassing—punishable by up to a year in jail. In January of 2024, Utah followed with a similar law. These laws and their associated outcomes are a clear, powerful, and targeted attempt, based on the binary notion of sex biology and gender, to curtail the rights of a group of humans whose bodies and lives challenge the binary view.
Everyday people encounter the world in a myriad of different ways because of the combinations of their distinct sex-biology variations, their gender/sex, and a society’s expectations of gender. In some societies, restrooms in public, in school, and in the workplace are divided along a binary gender system with separate facilities for men/boys and women/girls. For example, in the United States, depending on one’s gender classification, the structures and locations for urinating and defecating (urinals, toilets, stalls, dividers, etc.) are quite different as are the layout and often the sanitary conditions of the restrooms. Some of the differences are asserted to be connected to genital differences and the capacity to urinate while standing. But most of the structures are highly gendered and reflect not so much the physical necessities of sex-biology variation (all humans can effectively urinate and defecate when sitting) but the cultural assumptions about what that variation means. It is also an explicit cultural assertion that a binary division is the only acceptable option for human gender/sex regarding urination, defecation, and washing up. Those individuals with sex-biology and gender/sex variation fully within the range of the human pattern but not fitting this specific set of genital-based (and broadly 3G) binary assumptions must then decide which restroom to enter and use and risk, in many cases, harassment, violence, or legal repercussions if someone else decides they’ve chosen the “wrong” one.66
The restroom example is just one of so many public misperceptions rooted in the binary. Whether it is in the workplace, the political or religious sphere, school, or broader public venues, everyday people vary a lot, but most assumptions about what that variation is and what it means are highly restrictive and ignore the actual variation in the human system. Simplistic binary assertions about how men or women “are” and “should” be, and assumptions that everyone with the same type of genitals or gonads shares the same set of ways of being, permeate the world, making it difficult not only for those who do not fit the general assumptions for the categories of men and women, but also those who do.
The Binary Is Wrong and Harmful
This book has endeavored to introduce what is actually known about sex biology and the human experience and to explain why the most accurate way to discuss and research it is via a biocultural framework. The best science requires a full consideration of patterns and diversity and the recognition that humans have gender/sex. Thinking broadly about the evolution of sex, sex biology across the animal kingdom, and the ways in which our biological understanding of sex has changed over time helps us see diversity in sex biology as typical. There are few simple one-to-one universal “truths” about being a female or male, and treating those two categories as different kinds of being is not supported by the science of sex biology. Reviewing human evolutionary history and the patterns of sex biology in current human bodies opens us up to a better understanding of why and how humans are in the world and rejects simplistic binary assertions about men and women.
The take-home message is that patterns of sex biology, while always important, are not the exclusive determinants of the entirety of or the specifics of any given individual’s gender/sex experience or their experience of self. The biological, behavioral, and social variation exhibited by humans is almost always substantively broader, and more dynamic, than culturally created binary descriptions and boundaries for gender and sex. Moving past the binary view does not mean ignoring variation and differences across humanity, including those related to sex biology. Rather, the necessity to develop better understandings of those differences, and that variation, is exactly why there is a need to move past the sex and gender binary. Let’s do everything we can to make that happen.
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