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Dedication

I dedicate this to every queer person who has been told they are unnatural.

Not only are you natural, you are flawless and beautiful, exactly as you are.





Epigraph

There is grandeur in this view of life . . .

from so simple a beginning,

endless forms most beautiful and most wonderful

have been, and are being, evolved.

—Charles Darwin, On the Origin of Species, 1859
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Introduction

The State of Affairs

(if you’ll pardon the pun)

One day in my high school biology class, the teacher announced that there would be a closed-book assessment at the end of the week covering the content of the chapter we’d been discussing. This was the early 1990s, so my classmates and I had not heard that term before. Dr. Parrish explained the kinds of questions that would appear on the assessment and gave us tips for focusing our studies.

Okay, but is this a test? we asked. Dr. Parrish responded that the assessment would be worth 20 points and reminded us that the quarter’s work comprised about 200 points in total, not counting extra credit opportunities.

So is this a quiz then? Her patience beginning to fade, Dr. Parrish explained that it was worth about 10 percent of the total points of the term, so we should study accordingly.

Why won’t you just tell us if this is a test or a quiz???

I just told you how much it’s worth! What difference does it make what you call it?!

Of course, it makes all the difference in the world. Humans have a strong instinct to name, categorize, and organize everything in our lives. This helps us make sense of the world around us, both the natural world and the world that we create. But these labels are artificial. They are constructs, which is not to imply that labels and categories are meaningless, just that they don’t exist as real entities until we create them. There is no inherent difference between a test and a quiz. Those are just different words used to indicate the relative size and value of an assessment. By giving us the point value, Dr. Parrish had rendered the labels superfluous, but this did not satisfy us. We needed to know what we were studying for, a test or a quiz. At least in our minds, the two were different.

In the field of biology, we have a system—a whole discipline of study—that is all to do with the naming and classification of organisms. But these classifications, called taxonomy, are purely human creations and serve only our need to understand and communicate about the organisms that we study. We tend to think of a “species” as a real thing. This is a wolf, Canis lupus, and that is a dog, Canis familiaris. They are related, but they are different. You are a modern human, Homo sapiens, but the skullcap found in the Neander Valley on that fateful day in 1856 belongs to a different species we call Homo neanderthalensis. We are related, but we are different. A species includes all the members of one type of thing that are not members of another type of thing.* Simple. Neat.

Except . . . we know that dogs were domesticated (or self-domesticated) from wild wolves. Long ago, some wolves hanging around groups of humans underwent rounds of selection for thousands of years until the population had distinct enough features that they weren’t really wolves anymore. At what point did they stop being wolves and start being dogs? Was there a time at which the last generation of wolves gave birth to the first generation of dogs?

Similarly, modern humans and Neanderthals are both descended from a common ancestor species that most anthropologists call Homo heidelbergensis (although some believe it was H. antecessor). While our ancestors remained in Africa and continued to evolve there, the ancestors of Neanderthals evolved mostly in the Near East, Central Asia, and Europe. At some point, the two simultaneously evolving populations became so different from each other that we recognize them as different things and we assign them different species names. But at what point do we draw that line? If we could recover an unbroken line of ancestors from H. heidelbergensis to us, would we be able to pinpoint the very first modern human? The answer is no, we couldn’t. So what good are the categories if the borders are so blurry that we can’t draw lines between them?

The problem here is that the differences among species are what we call continuous, especially if you include ancestral populations. There really is no possible way to draw a hard line, but this does not mean that the differences themselves are not real and that the categories are meaningless. Consider this parallel: developmental age. At some point in the past, you were a child, and you possessed the features that children have: small stature, physical and emotional immaturity, and so on. Currently, you have the features that adults have. At what point did you become an adult? Was there a day on which you went to bed a child and awoke as an adult? Of course not. It was a continual process with fuzzy borders, but that does not mean that adults and children are the same. We all know that adults and children are different and must be treated as such.

To make sense of the variation we see in sex, gender, and sexuality, we are going to have to become comfortable with the concept of continuous categories, because that’s how life really works. Labels and categories are things that we construct so that we have a way to communicate about differences, but the realities of life weave in and out of those categories with little regard for our feelings. Categories and labels are important—it’s difficult to imagine discussing the topics of this book without them—but we must remember that they exist to serve us, not the other way around. When we find ourselves boxed in by restrictive categories, there’s just one thing to do: break out of them.

A Question of Labels

There’s no question that we are living in a time of great upheaval. Societies around the world are bitterly divided along social and political lines, on issues from the environment, immigration, globalism, and the list goes on. But according to many, the most dangerous threat of all is the increasing abandonment of traditional notions of sex, gender, and sexuality and the resulting collapse of the traditional nuclear family.

When I use the term traditional, I simply mean the views that have dominated most of the world in the recent past. For generations, we were taught that biological sex is a simple matter: that men are men and women are women; that men should be attracted only to women and vice versa; that romantic dating was aimed at the goal of finding a spouse as quickly as possible; that sexual intercourse should occur only between married couples and with the main goal of making babies; and that marriage should be permanent and focused primarily on the raising of children. These were not presented as aspirational ideals but, rather, the correct way of things. Deviation from any of this, we were told, was aberrant, disordered, sinful, and unnatural.

The times they are a-changing. More and more of us, especially young people, are taking an open-minded approach to gender and sexuality that goes far beyond identifying as gay or transgender, the pioneering deviant groups of the twentieth century.1 Terms such as gender fluid and gender nonbinary are gaining momentum, and young adults are increasingly identifying as pansexual, demisexual, or even asexual, rather than plain old straight, gay, or bi.2 Conventional categories for gender identity and expression, and sexual attraction and romanticism, are just not cutting it anymore.3 The ever-growing litany of categories for gender and sexuality are giving way to a free-for-all called no labels, an approach that eschews any restrictive definitions whatsoever.4,5

Sexual and romantic relationships are changing as well. Many young adults have no intention of getting married,6 consensual nonmonogamy is on the rise,7 and birth rates are plummeting.8 In just two generations, the sexual landscape has completely changed throughout most of the developed world, and so it is no surprise that many people find all of this terribly unsettling.

What is surprising to me, however, is how little the biology of sex has factored into the public conversation. After all, sex, gender, and sexuality are, first and foremost, biological traits. Of course there are psychological, social, political, and even legal ramifications for these issues, but I think we have all heard plenty from those perspectives already. It is time for biology to have a seat at the table, and with this book I am forcefully pulling up a chair.

I assert that this moment of sexual turmoil is actually a rediscovery of the much more expansive relationship with sex that our ancestors once had and that other animals enjoy today. I use the word ancestors to refer to both earlier human societies of our prehistoric past (thousands of years) and the primate ancestors of our deep past (millions of years). To make this argument, I will explore what we observe in other animals and diverse contemporary human societies, as well as what we can infer from our forebears in the ancient world. The key to taking an unbiased look is to set aside preconceived notions the best we can and look deeply with an open mind, as I have tried to do here.

Implicit in this thesis is the notion that much of how we humans express our sexuality and how we form our sexual relationships stems from cultural constructions, not innate biological wiring. As we will see, even a cursory glimpse of the sex lives of other animals demolishes any notion that sexual activity is narrowly purposed toward procreation. Biologists have discovered an ever-expanding list of reasons that animals have sex with each other. Animals use sex for bonding, social cohesion, and alliance building. They use sex deceptively, competitively, and financially. They even have sex for the same reason that we most often do: just for the fun of it.

Moreover, in no other species but humans is sex rigidly restricted by broad constructions such as heterosexuality and sexual monogamy, nor was it so restricted for most of the history of our own species. A reimagining of those constructions doesn’t seem so crazy when we consider how peculiar and recent they really are. Animals masturbate. They enjoy oral sex, “gay” sex, and group sex. They engage in “extramarital” sex and struggle to manage the jealousy that often accompanies it. As humans explore this supposedly new sexual territory, perhaps we can look to our animal cousins for guidance on how to manage this minefield of social upheaval. I’m not joking!

Traditionally, the question of why we have sex, and with whom, was answered more by cultural values than the biological underpinnings of this behavior. In my view, it is long past time to bring science into this discussion, and there are at least two ways in which the field of biology can teach us about ourselves. First, a look at the natural history of sex helps to place this interesting behavior in its full evolutionary context. While it is not my claim that the behaviors of non-human animals are the sole or even the best foundation for moral reasoning, studying animals can demystify our own behavior and reduce harmful taboos. And second, by fully understanding the various reasons why animals have sex, and what they gain from it for themselves and others, we can more fully appreciate its many social facets and help contextualize sex among our other needs.

Studying the biology of animal behavior is difficult work and requires continual probing and questioning. Understanding human behavior is even more so, given how much more complex our culture is. In some cases, I will draw a direct line from the behavior of close animal relatives to our own, arguing for shared evolutionary history. In these cases, we really can infer a lot about the nature of certain behaviors by understanding how they work in other animals.

In other cases, the line is parallel but not direct, meaning that a behavior may accomplish similar goals, though it may not have been inherited from a common source. Biologists frequently encounter traits that are shared in various organisms, not because the species are closely related but because the traits emerged independently because of their distinct advantages. For example, both birds and bats evolved wings and the ability to fly, but they did so separately. Because of that, their wings have major structural differences, yet they function similarly because they have the same purpose. The same can be true for behaviors. The tendency of present-day humans to form dyads (stable groups of two for raising children) is also observed in Diana monkeys. But none of the apes to which we’re more closely related, nor any of the monkeys to which Diana monkeys are related, form dyads. Therefore, this tendency to pair up, as it were, developed independently in these two species and we must exercise caution when, for example, we study Diana monkeys as a correlate of human marriage, as some psychologists have. I will point out the shared evolutionary history, or not, as we go.

What This Book Is (and What It Is Not)

The first five chapters are a comprehensive exploration of the biology of sex, gender, sexuality, and sexual relationships in non-human animals. In order to truly appreciate our own relationship with sexuality, we need to place it in its full evolutionary context because our species didn’t suddenly fall from the sky. We share kinship with all other animals—the other African apes are our cousins separated by just a few million years of distinct ancestry—and our bodies, our minds, and our behaviors took shape under the same watchful eye of natural selective forces. By observing how other animals engage their sexuality, we gain a much more complete appreciation of, for example, what gender really means, what sex is really for, and why sexual relationships are so important to us. Once we have done that, we are ready to focus on human sexuality, and that’s what we will do in the final three chapters.

I approach this topic first and foremost as a scientist. My research is focused on human evolution and the genetic basis of human uniqueness. Specifically, I study how human genes are regulated in unique ways compared to those of other apes. When it comes to anatomy and behavior and all of that, we know a lot about how humans are different from other animals, and how modern humans are different from more archaic species such as Neanderthals, Homo erectus, and so forth. But we know embarrassingly little about the genetics underneath those differences, so this is why my laboratory explores human uniqueness from the genetic point of view. We hope that by discovering instances of human-specific gene expression, we can retrace how a species as peculiar as ours evolved.

In 2012, I decided to write a book on human uniqueness. I dedicated my sabbatical year to doing research and reading on the topic, only to find myself writing the exact opposite book that I intended to. In studying how animals behave, and the instincts and emotions that drive those behaviors, I concluded that animals are Not So Different from us, and that became the title of the book that resulted from that effort.9 Similarly, the book you are now reading emphasizes our similarities to other animals rather than our differences.

It may seem confusing that a scientist who studies what makes humans different is constantly writing books and articles about how humans are not different, but that’s sort of the point. To really understand what it means to be human—the driving question of my life’s work—we must explore both our continuity with other animals and our distinctiveness. Like two sides of the same coin, considering either perspective on its own gives you only half the story.

For example, a few years ago, my research group started a hunt for human-unique genes—that is, genes that we have but our closest living relatives (chimpanzees) do not. These species-specific genes are sometimes called orphan genes or, in technical terms, taxonomically restricted genes.* My group took a somewhat naïve approach. We employed powerful new computational techniques for genome analysis that simply aligned human and chimp chromosomes and looked for differences according to precise criteria that we could customize in myriad ways. In truth, I didn’t actually expect to find anything new, as other researchers have taken similar approaches over the years. But I thought it was a good way to take this new analysis technology out for a spin and see what it could do.

We chose the smallest human chromosome—#21—with the hopes of learning our way around and then proceeding to more meaty chromosomes. To my great surprise, within a few weeks we had found an island of human-unique DNA, and within this island were some particular types of genes called microRNA genes. We spent another two years conducting painstakingly detailed analyses to characterize these genes, infer their origin, and ensure that we were correct in what we thought we were seeing, finally publishing the discovery in 2021.10 We are now using this approach in a wider effort to discover any and all human-unique RNA genes throughout the human genome. It is an incredibly exciting time to be a genome scientist!

That work, in part, was the inspiration behind my second book, Human Errors: A Panorama of Our Glitches, from Pointless Bones to Broken Genes.11 In that book, I focused more specifically on human evolutionary history and, in particular, the consequences and downsides of our unique history as a culturally evolved—and not just a biologically evolved—species. We are a strange and eccentric species, not just because of our cells and genes, but because of the way that we create our own living environment rather than simply react to the world around us.

I mention this because it demonstrates my belief that to truly understand human nature—in this case our genetic nature—we must study both the genes we share with other animals and those that are uniquely ours. If I had assumed that only shared genetic elements could be functional—a very common assumption in evolutionary genetics—I would have missed those human-specific genes on chromosome #21, like scientists had before. But if I ignored the fact that our chromosomes have a shared history with the chromosomes of chimpanzees and gorillas, there would have been no way to find those genes in the first place.

The same is true for other aspects of human nature, including our social and sexual nature. Parsing out what we share with other animals is as important as acknowledging everything that makes us different. We are a unique species. But we are also one of several species of African ape. Both our shared and our unique history make us who we are. This book focuses mostly on our shared history with other animals, simply because others have already written books about the unique history of human sexuality. The final three chapters summarize some of that work, as an attempt for me to bring us back to the human experience of sex and gender after having spent five chapters discussing other animals.

Most biologists study animals for their own sake and on their own terms, not as a lens for understanding humanity. After all, humans are not the only species with distinct features. All species are unique and must be understood as such. Humans are not simply smarter versions of chimpanzees, and we must not reduce other animals to being just simpler versions of ourselves. That being said, when we observe how various animals engage sex, gender, and sexuality, it is impossible to miss certain patterns and commonalities that reveal deep truths about what sex is truly all about. In fact, I would argue that if we want to truly understand human sexuality, we must consider the full picture, which necessarily includes the comparative perspectives.

Until we can hop in a time machine and directly observe our ancestors, the best we can do is to observe other living animals as closely as we can and attempt to draw inferences about shared features and how those features play out in the unique environments in which our ancestors evolved. This is an imperfect process, to be sure, but, combined with what we have learned from fossils and artifacts, it has produced invaluable insights into why we are the way that we are.

Be warned: if you are attached to your own prejudices about gender or sexuality, this book may unsettle you. In these pages you will learn that other animals have been experimenting with gender expression for millions of years. You will see how intersex bodies are nothing new or scary. You will appreciate that sexual activity is not and was never solely about procreation. You will learn why sexual monogamy is nearly unheard of throughout the animal kingdom. You will grapple with the many human societies in which our contemporary sexual taboos had no place. At the same time, you will be amused at early attempts to explain homosexuality in humans. You will be haunted by how transgender individuals navigated a world that was ill-suited for them. And you will wonder just how the hell we got things so wrong. Just two generations ago, we literally demanded that teenagers agree to marry someone, permanently and exclusively, without having even seen them naked, let alone developed an intimate or romantic attachment to them.

To be sure, exploring the sex lives of animals does not provide all the answers. In fact, I would not trade sex lives with very many other animal species. (Except bonobos. If you could choose what species in which to be reincarnated, you’d be crazy not to choose bonobos.) And while there may be enviable aspects of the experience that other animals have, and that our ancestors once had, there are horrors as well. For example, when a male gorilla first takes over a harem, he promptly slaughters all of the children of the previous alpha male. While there is a clear evolutionary benefit to his doing so, this is not an aspect of gorilla life that I would urge us to emulate. Similarly, neither species of chimpanzee recognize any taboo against sexual experiences with young juveniles, even infants, but this does not lead me to reconsider my revulsion toward pedophilia, even a little bit. Just because animals do something doesn’t mean that we can or should also.

Nevertheless, when it comes to a more expansive, diverse, and flexible attitude toward gender and sexuality, we can learn a lot by looking beyond our own species. We don’t have to emulate anything that we don’t want to. To be honest, even I am sometimes unsure what to think of all of this. But what I do know is that many of the arguments that have been used to enforce the rigid and limited view of sex that has dominated most of the world for the past few centuries fall apart very quickly when we take a look around. Our biology does not dictate a strict gender binary. Heterosexuality is not the primary sexual orientation. Sexual monogamy is virtually unheard of among mammals. And the nuclear family is not the sole natural state for humans.

You may identify strictly as a woman. Or you may be sexually attracted only to women. You may prefer a traditional approach to dating, relationships, and marriage. You may not want anything to do with a polyamorous relationship. There is nothing in this book that should challenge your personal conviction on those issues. But I do hope you find good reasons to accept that some of your neighbors feel differently and that their views are just as valid as yours. What we see when we look to other animals, or to our own past, is a whole lot of diversity. There is no one right way to be a man, no one proper way to have sex or form relationships, and there isn’t a rigid template for how to make a family.

Some critics of the ideas expressed herein will claim that they are driven by a social agenda, an expression of crazy postmodern values, or perhaps even my own personal beliefs or preferences. That is not accurate. When we encounter sexual behaviors in other animals, and even in some past or present human populations, that run against my values, I will have little hesitance in saying so. For example, sexual coercion and forced copulation are not uncommon in other species, even our close relatives, and with both sexes among the perpetrators and victims. Yet I am as staunchly against rape and sexual assault as anyone else. Believe it or not, this book is not about values; it is about biology.

That said, I will not insult you by claiming to have no dog in this hunt. Besides being a scientist interested in human nature, I identify as a gay man and have been involved in gay rights advocacy since the late 1990s. I am also a participant in the institution of marriage. I attended oral arguments before the Supreme Court in United States v. Windsor; I have stared down members of the Westboro Baptist Church; and I got married within months of being granted the legal right to do so in my home state of New York. My husband and I are also raising two children, whom we adopted from foster care. To anyone who would accuse me of wishing to destroy the concept of marriage and family: Why would I want to tear down the very institution for which I fought so hard to access?

Whenever hard science is brought to bear on social and personal matters, even public policy concerns, we must ultimately dissect the “is” from the “ought.” Traditionally speaking, science has been concerned with matters of “is.” Scientists aim to pursue and describe the true nature of things as they really are. It is the realm of other disciplines—such as philosophy, law, and theology—to pursue how things “ought” to be. But the lines are blurry and the dissection of the “is” from the “ought” is never complete. How can we get to where we “ought” to be without fully understanding where we are and how we got here?

For that reason, as much as I will try to offer this book as a dispassionate look at the biology of sexuality, it will unavoidably straddle the world of “is” and “ought,” and it would be disingenuous to pretend otherwise.

The simplest and most widely appreciated example of this within the realm of sexuality studies is masturbation. For many centuries in the Christian world, professionals, including scientists, insisted upon a specific “ought”: that humans ought not masturbate because it was sinful and harmful to our bodies and minds. Science, when it was finally applied to this question, showed that nearly all humans (and nearly all animals!) masturbate regularly and there is absolutely no harm in it per se, to body or mind. This forced a large-scale switch in what was believed and taught regarding the “ought” of masturbation. While some religious communities quietly maintain the taboo for the sake of doctrinal consistency, it has been dropped virtually everywhere else, and adolescents are now taught in health class that masturbating is perfectly normal and healthy. So, while science is not in the business of making “ought” statements, the truths that science reveals most certainly do have bearing on the development and maintenance of those statements. What I offer here is a little bit of truth, brought to you by careful observations of the natural world. What we do with that truth is up to us, as individuals and as a society.

This book is most definitely not a presentation of my own sense of “ought” when it comes to gender and sexuality. To be perfectly honest, I’m still working that out for myself. I simply think that today’s young people have hit on something worth exploring, a more expansive view of human sexuality. Whatever “ought” statements we advance, as individuals or as a culture, I think they should be informed by the best possible science. We can consider a more free and expansive engagement of our sexuality and decide to embrace or reject whatever aspects of it we wish. No matter where we end up, we will be better informed by an honest and comprehensive look at the natural history of sexuality.

Shall we begin?





Chapter 1

Evolution’s Rainbow: Males, Females, and More

The second-highest grossing film of 2003 was Finding Nemo, an animated family movie about Marlin, a clownfish, searching for his son Nemo. If you haven’t seen the movie, consider this your spoiler alert. The movie opens with the tragic death of Nemo’s mother, leaving Marlin a widower and Nemo lost, disoriented, and swept away by ocean currents. The rest of the movie chronicles Marlin’s search for his lost son. It is a heartwarming tale about love, loss, and growing up.

If the movie were biologically accurate, the story would have proceeded a little differently. Upon the loss of his mate, Marlin would have transitioned to female. By the time Marlin reunited with Nemo, she would have been his mother.

Clownfish (Amphiprion ocellaris) live in a precisely stratified social structure. Like many social animals—although not commonly fish—clownfish have a dominance hierarchy that determines feeding and mating privileges. Within each small group, the hierarchy is determined strictly by size, which correlates perfectly with both age and aggression. At the very top position is the largest fish, who is also the oldest and most aggressive. This alpha fish is always a female and the only one in the group. Therefore, Nemo’s mother must have been the alpha of their clownfish group.

The alpha female is surrounded by a small harem of males who are ranked by their size and age. The oldest and largest is called the alpha male, and he is dominant over the others but submissive to the alpha female. Only the alpha male is allowed to breed with the alpha female. All of the others must wait their turn—which is to say, until those ahead of them have either died or transitioned to female. Therefore, because Marlin has a son, he must have been the alpha male.

A clownfish group consists of a breeding pair, plus a collection of replacement males waiting their turn. When the alpha female is lost, the group is not only leaderless but also female-less. What are they to do? Being the largest fish left, in order to take over the harem, all the alpha male must do is switch his sex from male to female. So that is what he does!

Clownfish have almost no sexual dimorphism, meaning that males and females are essentially identical, and they even have a bipotential gonad called an ovotestis. In a process that takes about a month, upon the loss of the alpha female, the testicular tissue of the alpha male withers away and the ovarian tissue quickly matures and snaps into action. Meanwhile, all of the other males move up in rank and begin to grow. The beta male becomes the new alpha male; the gamma becomes the beta; and so on.

By the time Nemo’s father, Marlin, found him, she would have completed her transition to female. The two of them would then have found a nearby anemone in which to make a new home. Assuming no larger males joined them, Nemo and Marlin would then have begun to breed. It’s probably a good thing that Pixar wasn’t striving for biological accuracy.

Let’s Talk About Sexes, Baby

It’s a rather unfortunate linguistic situation that the word sex has two separate meanings and that both meanings often come into play in conversations involving either topic. Of course, sex refers to the behaviors and actions associated with sexuality, usually engaging the genitals and involving physical arousal of one or more parties and sometimes leading to procreation. We call that having sex and that’s the fun part, both scientifically and, well, otherwise. But sex also refers to maleness and femaleness. In everyday speech, we often use the term to express whether someone is gendered a boy or a girl, as in “Do you know the sex of the baby?” But the scientific definition of the word, often expanded to biological sex, has been progressively narrowed to the point that most biologists use it to refer only to the generation of sperm or egg cells. And how often does that really come up in conversation? Not much. But for our dissection of human sexuality, it is where we must begin because every body part and every behavior in the realm of sex, gender, and sexuality began with the emergence of these two very peculiar types of cells, the sperm and the egg, around two billion years ago.

When biologists consider the sex of an animal, we are usually referring to which gamete its body makes. Gamete is the word for the very specialized reproductive cells that come in two versions—large and small, casually called eggs and sperm, respectively. Gametes are very unique cells in the body, the only ones with precisely half the DNA that all other cells have. This is key for the fancy genetic dance that occurs during sexual reproduction, and it’s the only reason that these cells exist at all. Whenever two gamete cells fuse together as one, both cells will donate their entire complement of DNA to the fused supercell. To avoid doubling the DNA content every generation, our cells cut the amount of DNA in half when we create the gametes.

For this reason, every sperm and egg cell has half the number of chromosomes that the other cells in that organism have. In humans, gametes have 23 chromosomes, while every other cell in our body has 23 pairs of chromosomes, one each from our two biological parents, for a total of 46. When we make our own gametes, each one has a random sampling of DNA that originated from our fathers and mothers, but it is crucial that each gamete has precisely one of each chromosome, for a total of 23.

Like us, our parents had two of each chromosome, one from each of their parents, but they only pass one of them to us. It’s a coin flip which one, and with 23 paired chromosomes, that’s 23 coin flips. That comes to more than 8 million combinations of chromosomes (223). And we have two parents, so we can double that number.* And on top of this, each sperm or egg will harbor a number of novel mutations. In humans, that number is between 50 and 200. The creation of gametes has diversity-generating steps built in so that unique genetic combinations are created automatically and unavoidably every time a new individual is created. This is why two parents could have millions and millions of children without any two of them being the same genetically.* The deck is always shuffled.

[image: image]
A human karyotype showing 23 pairs of chromosomes


Because biological sex is determined by which gamete an animal makes and there are two possible gametes—sperm or egg—many people consider biological sex to be a simple either-or binary, even if they accept that gender is not so simple. We will discuss the complexities of gender in the next chapter, but it turns out that there are problems with considering sex to be a pure binary as well, even if we use it to identify only which gamete an animal makes. At a minimum, there are three sexes because we can’t forget about the hermaphrodites. If you thought that biological sex was a simple matter, buckle your seat belt, because this is going to be a bumpy chapter.

Hermaphrodites are animals (or plants) that can make both sperm and egg, often at the same time. While most vertebrates—animals with backbones—feature only males and females, many species of invertebrates—animals without backbones—also include hermaphrodites in their ranks. Some species consist entirely of hermaphrodites; some have hermaphrodites alongside males and females; while still others have what are called sequential hermaphrodites, individuals that switch sex at some point in their life cycle.

And then we also have parthenogenic species: animals that can reproduce all by themselves, but not through cloning. Parthenogenesis is the term for when an egg develops into a complete organism without being fertilized. A famous example of this occurred in 2006 when a lone female Komodo dragon (Varanus komodoensis) in the Chester Zoo in the UK hatched a brood of eggs without the input of a male. The hatchlings developed into perfectly normal Komodos, and scientists have since observed this rare phenomenon in wild Komodos as well.1 Parthenogenesis has also been observed in sharks, domestic turkeys, and a variety of snakes and lizards.2 Parthenogenic individuals are female because they produce eggs; the reproduction is asexual, since only one individual is involved; but the offspring isn’t exactly a clone, since its genome isn’t identical to its parent.

In fact, there are several species of whiptail lizards (genus Aspidoscelis and Cnemidophorus) that reproduce only through parthenogenesis.3,4 The species are all female and lay eggs that develop into adults without ever being fertilized. Nevertheless, these lizards still have sex!

Because whiptail lizards are induced ovulators, they must be mounted in order to release eggs. Thus a pair of females will take turns mounting each other in order to bring them both into ovulation, after which they will lay eggs that develop into daughters. We will say more about these whiptails in chapter 3, but for now, suffice it to say that the notion that sex must be binary because there are only two kinds of gamete is demolished by the existence of hermaphrodites and parthenogenetic animals.

Further still, in recognition that maleness and femaleness are concepts that can apply to organs and structures all throughout the body, not just the gonads, the term gametic sex is now coming into use. This helps clarify things for individuals with some body parts that do not match with the sex of their gonads. There are animals—and people—whose bodies are sexual mosaics of typically masculine and feminine forms, and so referring to their gametic sex clarifies which gamete they make.

When we get down to brass tacks, gametes are everything in the grand scheme of evolution. Individual organisms, including each one of us, don’t matter at all. We are but blips in an ancient timeline. Our bodies will eventually vanish without a trace, but what may truly live on indefinitely are our genes. We are merely vessels for propagating genes, and gametes are the way that we do that. To really understand gametes, we have to zoom way out on this question and ask something even more fundamental about our reproduction: Why do plants and animals have sex at all?

In sexual reproduction, two individuals come together to combine genetic material into a new individual, but this is not the only way that living things can reproduce. In fact, the organisms that are most abundant on this planet by far, both in biomass and in the raw number of individuals, do not reproduce using sex. I’m talking about bacteria.

Bacteria and most other microorganisms reproduce through various versions of cloning. One individual, by itself, splits into two (sometimes more) and the new individuals are clones of both each other and the parent cell, which ceases to exist once it splits. This is called asexual reproduction, and it is very quick and efficient. The bacterium Escherichia coli, the most thoroughly studied organism in the world (and the chief component of human feces), has a doubling time of just twenty minutes. If we assume a suitable broth, warm temperature, and unlimited nutrients, a single E. coli can produce one million offspring in just twenty generations—in under seven hours. In fact, if we keep going, again assuming unlimited resources, a single E. coli could theoretically produce a ball of offspring that is larger than the planet Earth in just over twenty-four hours. Asexual reproduction is fast and prolific is what I’m saying.

Bacteria do have sex; it’s just not connected to reproduction. During a process called conjugation, one bacterium can send a few genes to another. Following this exchange, no reproduction has taken place and the two bacteria go their separate ways. The donor is no different for having participated in the exchange, but the recipient now has extra copies of some genes and those copies may not be exactly the same version of the genes the bacterium originally had. They could even be new genes altogether. This bacterium will, in a process that appears purely random, select some of the new DNA to incorporate into its own genome. In this way, bacteria do indeed exchange genes, which contributes to their rapid evolution. For bacteria and many other microbes, sex changes the genetics of the participants, rather than creating new individuals with new combinations of genes. When it comes time to reproduce, however, they simply clone themselves.

Sexual reproduction, on the other hand, is much slower and more energy-expensive than asexual reproduction, and it presents a whole host of challenges that asexual reproduction does not. The first challenge is how to blend the genetic material of two separate individuals. This is where the gametes come in. Genomes are huge and contain thousands of genes connected together in strings of DNA, the chromosomes. In order to create a whole new combination of genes, one must carefully sort out the starting material because accidentally missing one gene, or grabbing too many copies of another, can be devastating. Not only that, cells are filled with complex machinery that is interconnected in a complex web of molecular attachments. There are some structures that a cell must have only one of, such as the nucleus and the centrosome. Simply taking two cells and fusing them into one big one is not going to produce a functional cell, even if you figure out how to recombine the genomes safely and correctly.

This is the reason that scientists think that plants and animals ended up with the ingenious system of the sperm and egg. One cell, the egg, is large and contains everything that the new potential organism needs to get started in life. The other cell, the sperm, is tiny, about 3 percent the size of the egg (in humans), and instead of fusing, the sperm cell basically just squirts its chromosomes into the egg cell and that’s pretty much it.* For simplicity’s sake, just about every biology book (including this one!) claims that sperm and egg “fuse,” but in reality, sperm cells are like tiny delivery packages for chromosomes. Fertilization is less the fusion of two cells and more the delivery of chromosomes from the sperm to the egg. Once that happens, the egg becomes a zygote and begins the process of development.

The blending of two genomes into one creates a new combination of genes, but in order to do this without doubling the DNA content of the organism every generation, we produce gametes with 50 percent of the normal amount of DNA. However, merging two genomes into one would be an impossibly complex sorting process if we had just one of every chromosome. So, to avoid having to keep track of each one, plants and animals have two copies of every chromosome (except in the gametes, which have just one). When two of them fuse, the proper amount of DNA is then restored. This system of halving the DNA to make gametes, then restoring the full amount when they fuse, creates unique genetic diversity in every individual that is created.

The use of one copy of the chromosomes in the gametes but two copies of the chromosomes in the full body was a key step in the evolution of sexual reproduction. Bacteria don’t have two copies of their chromosomes because they don’t have sex. And that’s also why they don’t need sperm or eggs. Their system is much simpler, faster, and more efficient.

So, since it’s slower, more expensive, and more complicated, why do plants, animals, fungi, and other complex life still prefer sexual reproduction?* There are two key advantages of sexual reproduction, and both have to do with diversity.

First, the phenomenon of diploidy—having two versions of every chromosome—provides a “backup” copy of every single gene. This means that organisms have a buffer if a gene gets damaged. The other copy can serve as a template for repairing the damage. This buffer makes diploid organisms more robust in the face of mutations. Mutations are changes to DNA that occur because of damage, degradation, or copying errors, and they are usually bad for a gene and harmful to the organism. In fact, diploidy probably first evolved as an escape from the accumulation of harmful mutations in primitive microorganisms that were rapidly evolving on the early Earth.

Having a backup copy of every gene is not just great for correcting harmful mutations. It also allows the freedom to experiment with beneficial mutations. While most mutations are harmful or neutral, every once in a while, a mutation can be helpful or creative, and these are the raw materials of all evolutionary change and innovation. Sexually reproducing species, therefore, have more flexibility to experiment with different versions of genes since all of their genes are paired with a backup copy that can retain the original function. It’s like if you have only one bicycle. You’re not going to risk ruining it by attempting fancy modifications. But if you have an extra one, you can go to town trying all kinds of “mods” because if it doesn’t work out, you still have the unmodified bike to fall back on. In organisms like bacteria, there is no compensation for a harmful change, so mutations are much more dangerous and they have far less opportunity to creatively experiment.

Being tolerant of mutations allows sexual species to accumulate genetic diversity, and this is powerful even when it offers no immediate advantage. Every organism can have two versions of every gene, and in a sexually reproducing population, there can be hundreds of different versions circulating in the gene pool, creating a huge reservoir of genetic diversity. Diversity means that each organism has unique traits and features, different strengths and weaknesses, and as any stockbroker will tell you—diversity is the best insurance plan against an uncertain future.

Second, by linking sex and reproduction together, new combinations of genes are ensured. Because asexual reproduction is so incredibly fast and efficient, organisms would be tempted, so to speak, to fall back on this incredibly prolific mode of reproduction. In a head-to-head competition, cloning quickly overwhelms sexual reproduction, so an organism that is successful and well-suited to its environment can just make more of itself and continue being successful. But success would come at the cost of diversity, and the big problem is that success is temporary. Environments are in constant flux, and stability is short lived. Even the most well-suited organism becomes vulnerable whenever conditions change. A population of clones all live and die together, but a population with a great deal of diversity has a fighting chance of surviving an environmental change, even a catastrophe, because somewhere within that diversity are some individuals who can ride out the storm and lead the species to adapt to a changing world.

The tendency of nature to generate diversity can be seen all around us. From ladybugs with their spots and background colors reversed, to the rare all-black variants seen in North American squirrels, diversity appears constantly. When a spontaneous change first appears, we call it a mutant. If it persists for a little while as a minority trait, we call it a variant. And if it becomes a major and enduring part of the variation of a species, we call it a morph. The appearance of these variations is the work of random molecular tinkering, not sex per se, but sex is key to spreading the variation through the population and ensuring that it is unlinked from other traits so it can be selected, for or against, on its own merits. For squirrels, black coloring may provide better camouflage in heavily wooded environments, but the standard brownish gray works better in more open landscapes. By having the genes for both morphs circulating in the population, squirrels are more adaptable.

Sexual reproduction forces a species to continuously generate diversity, spread it through the population, and resist the allure of cloning. The biological lesson here is that diversity wins, especially in the long term, and it always has. Because sex is the factory of diversity, it’s only fitting that, at long last, we are now exploring the diversity of sex itself.

We often take the human style of sexual reproduction for granted, as though it couldn’t possibly be any other way, but it turns out that there are lots of ways that organisms can enjoy the benefits of sex—that is, genetic recombination—and our egg-sperm way is just one of them. That said, the system of one large gamete and one small gamete offers the best balance of the pros and cons of sexual reproduction, so there are good reasons why all plants and animals have settled on it. But first, let’s take a quick look at some of the options that I think we’re all glad were mostly discarded by our ancestors.

Sugar and Spice and All Things Nice

There are creatures called slime molds and water molds that, to be perfectly honest, are just as gross as their name implies. For example, there is a species of slime mold, Fuligo septica, whose common name, I kid you not, is the “dog vomit slime mold.” These disgusting organisms are not actually true molds and, in fact, are in their own kingdoms, which is definitely where they belong, given how strange they are. But they exhibit fascinating reproductive diversity, a callback to the primordial Earth, as life was experimenting with various modes of sexual reproduction.

For instance, a slime mold called Dictyosteliida exists for most of its life as a single-celled life-form that looks like the amoeba you may have seen under a microscope in high school biology class.5 Most often, these single-celled creatures reproduce by asexual cloning. However, when food or water becomes scarce, they do something quite remarkable. The individual cells all send out a “homing signal” to attract each other and then they get together to form a large mass of cells resembling a small hairy slug. This mass of cells can even move around in a coordinated fashion, as though it were a multicellular organism (reminiscent of the Mind Flayer from Stranger Things 3). From within this structure, some cells fuse to create spores—a form of sexual reproduction. Other cells sacrifice themselves and join together to form thin stalks, or fruiting bodies, that will release the spores, like a mushroom or the fuzzy blue part of a bread mold. In other words, thousands of distinct genetic individuals come together to create a giant sex organ that spews out spores. I guess that’s one way to do it.

In an almost exactly opposite example, any discussion of the diversity of animal reproduction would be incomplete without mention of the bdelloid rotifers (class Bdelloidea).6 The bdelloids (the b is silent) are tiny, microscopic animals, and they comprise an ancient lineage descendant from the very first spongelike animals. They live in fresh water, are completely transparent, and have the distinction of being the only major animal group that has done away with males altogether. These all-female creatures produce eggs that then grow into new organisms all by themselves. Because there is no sex, there is no genetic recombination and thus very little diversity.

The fact that the bdelloids have persisted to the present day with no way to ensure genetic diversity is astonishing, but two recent discoveries have shown us how they have managed this.7 First, these animals thrive in a harsh lifestyle that cycles between an aquatic and a completely dry environment that few of their parasites and competitors can endure. Among the most pressing reasons why organisms must pursue genetic diversity—and perhaps the initial reason why sex evolved in the first place—is to outrun and outwit parasites and pathogens. Therefore, since bdelloids can shake off their parasites by cycling between two extremely different environmental habitats, genetic diversity just isn’t as vital for them as it is for the rest of us.

Second, this group has benefited from a massive influx of new genes via horizontal gene transfer, through which genes from unrelated organisms are transferred during viral infections.8 When viruses move around through a population, they can inadvertently bring genes with them, and when viruses jump from one species to another, they can accomplish, purely by accident, what can never occur otherwise: the exchange of genes between two species without any interbreeding. This is extremely rare, but when it happens, it can lead to remarkable evolutionary adaptations. So bdelloids are actually the exception that proves the rule that sexual reproduction really is the way to go. Short of the extraordinary ways that bdelloids have managed to compensate, asexual reproduction is a recipe for extinction among animals.

If we consider the bdelloid rotifers an all-female species, creatures such as fungi don’t really have “sexes” at all; they have mating types. Many fungi, including baking and brewing yeast (Saccharomyces cerevisiae), have two mating types, a and α (the Greek letter alpha). These are not sexes because the two cells that fuse are not different sizes and a different chain of events follows the fusion of two of these gametes. In the case of sperm and eggs, one of each fuse together to create a single unique individual. However, when an a and an α gamete fuse together, they create a large diploid cell, which then immediately divides to generate a variety of genetically distinct haploid spores, which can then grow into several unique haploid individuals. This system accomplishes the same thing as the sperm and egg in humans—that is, the shuffling of different genes—but it has one big disadvantage: the regular body cells of adult fungi do not have the backup copy of every gene that they can play around with through mutations. This is probably one reason why fungi never came to dominate Earth’s landscape the way that plants and animals have. Instead, they are mostly relegated to their undignified but essential ecological role of decomposers.

While some fungi have just two mating types, such as a and α, or Mat1–1 and Mat1–2, others have four. These are called bipolar or tetrapolar mating systems, respectively. It doesn’t really matter what the types are and how they are different—it basically just comes down to molecules poking out from the surface of the gamete cells. The only hard rule is that a cell cannot mate with another cell of the exact same mating type. a and a are incompatible, as are α and α. For this reason, tetrapolar mating types have a big advantage over bipolar types when looking for a mate. They are compatible with 75 percent of the population of their species, while bipolar mating types are compatible with only 50 percent of their conspecifics. As you might already have guessed, there are some fungi that have taken the “mating type” phenomenon to an obnoxious extreme and have dozens or even hundreds of mating types, increasing the percentage of the population with whom they are compatible to nearly 100 percent.

Currently, the world record belongs to Schizophyllum commune, a white mushroom that has over 23,000 different mating types.9 When this fact was discovered, many press outlets reported that this mushroom has 23,000 “sexes”—or, worse, 23,000 “genders.” Um, no. Mating types are not the same thing as sexes and they certainly aren’t genders.

The thing to really understand here is that, although alternatives exist, our gamete system (sperm and egg) seems to be the best balance of the pros and cons, and that’s why plants and animals have opted for it. Yes, it’s slow and it also means that each of us is only reproductively compatible with 50 percent of the population, but it enforces sexual recombination, avoids the temptation of cloning, provides backup copies of genes to allow experimentation, and involves no more than the minimum number of gamete types—two—to allow all of this. The evidence that this is the best compromise is that so many successful lineages have settled on this system. All plants and animals are diploid, meaning they have two copies of all chromosomes, and they have two different kinds of gametes, a big one and a small one.

Back to animal sexes: in most vertebrates, including mammals, there are males, which make the small gamete, and females, which make the large gamete. However, many animal species also include hermaphrodites, especially the invertebrates. While we may think of vertebrates as the “higher” animals, this is a species-chauvinistic position, especially when we consider that invertebrates are older, are more diverse, and far outnumber us on the planet, in terms of the number of individuals and the number and diversity of species. This is an invertebrate world; we just live in it. Hermaphroditism is common among invertebrate animals and nearly universal among the oldest lineages, and it is overwhelmingly dominant in plants as well (although different terminology is used for plants). This indicates that hermaphroditism is older than having separate sexes.

Hermaphrodites have one enormous advantage: they never have to worry about finding a mate, since they can simply mate with themselves, a process called self-fertilization (or selfing). However, because it does not promote genetic diversity, selfing is usually used only as a last resort, a poor substitute for sex with someone else. (That probably sounds a little familiar, but if you’re hoping for a section on masturbation, the bad news is that you’re in the wrong chapter. The good news is that you’re in the right book. Keep reading.)

Selfing by hermaphrodites is not cloning. Strange as it seems, a hermaphroditic animal that self-fertilizes is engaging in a form of sexual reproduction. What determines whether reproduction is sexual or asexual is not how many individuals are involved, but whether the reproduction introduces the mingling of two different genomes. Asexual reproduction involves only one genome, perfectly duplicated (less any copying errors) and produces clones. Sexual reproduction involves the fusion of two gametes, and it doesn’t matter if the two gametes come from the same individual or not.

When any plant or animal creates gametes, each gamete contains a unique combination of the organism’s two sets of genes. In a purely random sorting process, some genes will have come from the individual’s biological father and some from their mother. Because organisms have tens of thousands of genes, there is a nearly infinite number of combinations. Male animals typically generate billions of sperm in their lifetimes, and no two are exactly the same in their combination of maternal and paternal genes. Although females may “only” generate tens or hundreds of thousands of eggs, they are all totally unique in their gene combinations. Therefore, when an egg and a sperm unite, even if they come from the same individual, the resulting offspring is not identical to the parent. Instead, they are a unique combination of their grandparental genes. And they would have only two grandparents, not four.

All of that said, even though selfing is technically a form of sexual reproduction and does involve some genetic recombination, it is not good for genetic diversity. Instead of drawing on the gene pool of a population of organisms, it draws only on the gene pool of a single person. It therefore creates subsets of the genetic diversity that the parent has. When gametes from two different individuals fuse in a sexually reproducing population, genetic diversity multiplies. But when two gametes from the same individual fuse, the diversity halves. This is an extreme form of inbreeding, and hermaphroditic plants and animals go to great lengths to prevent self-fertilization.

Flowering plants get really creative with their self-avoidance. A few plants, such as gingko trees, have separate male and female individuals. Others put the male parts in different flowers than the female parts. Still others carefully time the sequential maturation of their male parts and female parts such that they are not receptive to fertilization at the same time. Some flowers even cleverly arrange their male and female parts in a physical configuration such that a pollinator, most often a bee or other insect, is unlikely to transfer pollen from the male to the female parts within the same flower. For example, the parts may be arranged so that a bee does not brush past the male parts on the way to the female parts (where the nectar is stored), but only on the way out of the flower after it has visited the female parts and drank the nectar. This ensures that the pollen that gets transferred to the female parts is from the previous flower the insect visited, not the current one. It’s not perfect, but it usually works.

Hermaphroditic animals just have to restrain themselves. Unlike plants, animals have this crazy thing called “behavior,” which is the subject of most of this book. Just like their anatomy and biochemistry, the behaviors of animals are the product of evolution. If behaviors lead to long-term success, they will be selected and tweaked. If behaviors lead to dead ends, they will eventually disappear. That’s how natural selection works. Because selfing is such a bad strategy in the long run, hermaphroditic animals have evolved to avoid it at almost all costs. But if an animal is alone and isolated for a long period of time, it is a handy option of last resort for an animal facing its demise.

The Middlesex

There are two main kinds of hermaphroditism in animals: simultaneous and sequential. Simultaneous hermaphrodites are those who are male and female at the same time for their whole lives. Sequential hermaphrodites are those that switch sexes at some point in their life cycle. Sequential hermaphroditism is pretty clever because it brings the flexibility and adaptability of being able to make either gamete, but it avoids the long-term dangers of inbreeding because only one kind of gamete is made at any one point in time, rendering selfing impossible. But first, a word about simultaneous hermaphrodites.
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Two earthworm hermaphrodites mating


For most slugs, snails, and worms, all individuals are simultaneous hermaphrodites. Each has separate ovaries and testes and both tissues are productive and fertile for all or most of the animal’s life. However, theirs is anything but a solitary existence. These animals are constantly on the lookout for mates. Food and sex are the two main appetites for basically all animals, and slugs and worms are no different. Hermaphroditic species engage in courtship, mate competition, and all of that. In order to have sex, an individual must find a potential mate and convince them to have sex. It’s really not any different except that there aren’t “sex roles” and everyone is more or less on the same playing field.

Among these invertebrates, hermaphroditic sex even looks familiar to us. They arrange their bodies such that the female parts of one individual are lined up with the male parts of the other individual and vice versa. In other words, they “sixty-nine.” In typically stoic fashion, scientists call this bilateral sperm transfer because both parties mutually inseminate one another in order to fertilize their eggs. Invertebrates don’t have pregnancy and most don’t engage in any form of parental care, so, following sex, the fertilized eggs are simply deposited in the water or soil and the parents go on their way, hoping the best for their progeny.

It’s unclear what kind of perceptions or inner experience invertebrates have, but if sex is something they “enjoy,” the way most of us do, then these hermaphroditic invertebrates have enviable sex lives indeed. Not only do they have scores or even hundreds of sexual partners, the sex itself can last for hours, with considerable “foreplay” leading up to the transfer of sperm. Although it’s not clear what is going on during these extended copulatory sessions, they almost certainly serve some kind of purpose, given that a squirt-and-go approach would work just fine.

Biologists believe that earthworm foreplay is a form of quality assessment in which each individual is somehow exploring the health and fitness of the other. We think this because sex is not always completed and, instead, individuals can disengage before releasing sperm. Scientists have found that individuals can change their mind and can even attempt to “cheat” by giving sperm but not taking it. One might have thought that one giant annoyance that hermaphrodites are exempt from is the “battle of the sexes” that plagues many of us vertebrates, but, alas, they are not so lucky.

In biology terms, the “battle of the sexes” refers to the divergent reproductive interests of males and females and the inevitable conflicts that result. We’ll dissect that later on, but you might be wondering how hermaphrodites can possibly be in reproductive conflict when everyone is the same sex. The reason for this is that sperm is cheap and eggs are expensive, owing to the big size difference of the cells. For the cost of one egg, an animal can make hundreds or thousands of sperm. Therefore, hermaphroditic animals are often a bit more choosy about whom they take sperm from, but they’ll give sperm to just about anyone. So the worms we see in those amorous sixty-nines might actually be in competition with one another to see “who’s the daddy,” so to speak. Of course, the ideal situation would be that both individuals are duly impressed and agree to take the sperm of the other. Short of that, some pretty hilarious situations can ensue.

The favorite hermaphrodites of many biologists are the flatworms in the genus Pseudobiceros.10 Armed with two penises, these marine worms actually compete for the right to inseminate in a spectacularly named dance called penis fencing. In bouts that can last up to an hour, these hermaphrodites go at each other repeatedly, each attempting to insert one of their penises inside the vulva of the other. Without any other appendages, the main defensive weapon the worm has is, once again, its two penises. The resulting conflict is like a slow-motion duel, with both combatants brandishing two swords.

Even given the higher cost of eggs, this competition seems a little silly. No matter who wins, both worms will be the parents of the resulting offspring, and eggs are not that much more expensive than sperm. So why do they spend an hour literally jousting over the privilege of fatherhood? As we will see over and over again in this book, there is much more going on than is apparent at first glance.

The fight between these flatworms is almost certainly not about the price difference in eggs and sperm. Instead, it is likely a courtship battle, a struggle to see who is a worthy opponent and therefore an ideal mate. It’s a quality assessment. Being vanquished in this battle is not actually a “loss”; it means that one has encountered a strong and formidable opponent, someone that any worm would be fortunate to mate with. After all, losing simply means that one’s genes will be comingled with those of the victor in a new generation of, hopefully, stronger and more robust worms.

If simultaneous hermaphroditism seems straightforward, the sequential version is anything but. Sequential hermaphroditism is sometimes referred to as sex-switching, and there are species that switch female-to-male, others that go male-to-female, and some that are born as unspecified, or androgynous, and can develop into males or females upon sexual maturity. These are all forms of sequential hermaphrodite, but they have two important gains over simultaneous hermaphroditism. First, there is no temptation for selfing, as mentioned before. And second and most important, these hermaphrodites can respond to various environmental or social conditions and switch sexes if and when it will bring maximum advantage to the individual. That flexibility can really pay off. Some examples will illustrate.

We can start by returning to the matter of Nemo and his father, Marlin. As shown in the opening and closing scenes of the movie, clownfish make their homes inside sea anemones, but what is not mentioned is that anemones are incredibly venomous. Armed with barbed stingers, they can inject such poisonous venom that a single sting from the most dangerous species can cause anaphylaxis and organ failure in humans. Clownfish, however, are uniquely immune to sea anemone venom and impervious to their stingers. The two species live in
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