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Men are still led by instinct before they are regulated by knowledge.

—THEODORE DREISER, SISTER CARRIE




INTRODUCTION

 


The notion of love as “mystery” is so ingrained in the human imagination, it may be our oldest cliché. Plato called it “irrational desire.” Cole Porter seemed to speak for most of us when he threw up his hands and, in a kind of musical sigh of resignation, asked, “What is this thing called love?” In his classic song, a person describes being content, even if leading a “humdrum” life, until love mysteriously “flew in,” changed everything, and made “a fool of me.”



At some time or other all of us are gobsmacked by the dramatic way our behavior can change when love flies in. And our desire for sex can seem boundless. We crave it so much, we’ll lay out good money just to be reminded of it, to the financial benefit of Hugh Hefner, Jimmy Choo, and the economy of Las Vegas. The combination of erotic desire and the love it leads to may be the most powerful force on earth. Some people will kill for love. We’ll marry somebody with children and happily accept the job of parenting their kids, though we had no intention of living with children of any kind when we were single. We’ll change religions or join a religion for the first time. We’ll leave the warm breezes of Miami and move to the frostbitten climes of Minnesota. We’ll do any number of things we never imagined doing, think thoughts we never imagined thinking, adopt ways of living we never imagined adopting—all under the sway of love. And if love goes bad, we’ll wonder, like Porter’s once-contented protagonist, what went wrong and how we could have been so foolish.

How does this happen? How can two complete strangers come to the conclusion that it would not only be pleasant to share their lives but that they must share them? How can a man say he loves his wife and yet have sex with another woman? What makes us stay in relationships even after the romance fades? How is it possible to fall in love with the “wrong” person? How do people come to have a “type”? How does love begin? What drives mothers to care for their babies? What accounts for the gender of the people at whom we aim our affection? What does it even mean to say one is female or male? Where does that idea reside? How is it formed?

When Larry began doctoral studies in neuroscience, within the zoology department of the University of Texas, he wasn’t really thinking about trying to answer such questions. Then he started working with an unusual species of lizard. (We’ll explain later why these lizards are unusual.) Lizards wouldn’t seem to have much to tell us about human love, but Larry began to make the connection in his own mind when he discovered he was able to completely and exquisitely control the sexual behavior of these animals by administering just one chemical. A single molecule, active in the brain, created fundamental changes in mating behavior. For Larry personally, and for his scientific career, it was a profound moment. He wasn’t the first to realize that one chemical or another had such power: as you’ll see, earlier generations of scientists had paved the way. But as Larry researched their work, made discoveries of his own, and as he and others advanced the knowledge of social neuroscience—the study of how we behave in relation to others—a picture of the brain mechanisms underlying the mysteries that had befuddled so many for so long began to form in his mind. This book is an attempt to interpret that picture.

Throughout time, storytellers like Plato and Porter have performed much hand waving when trying to explain love, so daring to barge in where they’ve already trod may seem like a fool’s errand. But we’ve teamed up to try, because new science is proving that Larry’s instinct back in graduate school was correct: desire, love, and the bonds between people aren’t so mysterious after all. Love doesn’t really fly in and out. The complex behaviors surrounding these emotions are driven by a few molecules in our brains. It’s these molecules, acting on defined neural circuits, that so powerfully influence some of the biggest, most life-changing decisions we’ll ever make.

We tend to think of the miasma of symbols, incantations, and, ultimately, behaviors surrounding love as mysterious because we seem to have so little mastery over them. Yet we also like to believe that we’re not driven by our most basic instincts, that being human insulates us from the force of passion. Humans, after all, have very large and complicated brain cortices—the frontal lobes. We’ve taken great comfort in these seats of reason, congratulating ourselves on having risen above our unthinking, impulse-driven animal cousins through long evolutionary advancement.

The Stanford University physician and neuroscientist Josef Parvizi calls this attitude “corticocentric bias.” In fact, the brain is made up of a number of structures that respond to a galaxy of neurochemicals. Contrary to common wisdom, no one region of the brain is “higher” or “lower” than any other. Behavior doesn’t always develop as part of a stepwise hierarchical process; it’s more of a parallel operation. This doesn’t mean we are completely at the mercy of our irrational drives, and we will not argue so in this book. Reason can indeed help us apply the brakes. But we shouldn’t underestimate the power of those drives, either. The brain circuits of desire and love have such enormous influence, they routinely overrule our rational selves, making our behavior subject to the force of evolutionary drives. As Parvizi has written, in the nineteenth century “humans were considered to be strictly different from animals because of their voluntary inhibition of instinctual desires by virtue of rationality and pure reason. However, the times have changed. We have recently begun to acknowledge the biological bases of our core human values, such as empathy, sense of fairness, and culture in other animals.”

You’re going to read a lot about animals, as well as people, in this book. There are a couple of reasons why. Animals have a lot to tell us about our own sexual behaviors and social bonding—about human love. There’s a tendency to use trite statements like “animals aren’t people” as a way to dismiss the relevance to humans of animal behavior studies. True enough: Animals aren’t people. But animals, even animals we think of as primitive, are under the influence of the same neurochemicals as people when it comes to mating and reproduction. Those chemicals trigger behaviors in the animals just as they do in people. These animal behaviors often have close human analogues, and the common neurochemicals, and neural circuits, have been evolutionarily conserved. Sometimes, in the human context, they’ve been repurposed, or tweaked, but they’re there nonetheless, and they drive us to action.

You’ve probably seen television programs featuring functional magnetic resonance imaging (fMRI) and other such technologies used in experiments where a human brain is stimulated by music, or math problems, or NFL football and then depicted in gee-whiz, TV-friendly colors as this or that reacting brain region lights up in reds or greens. These experiments are valuable, and you’ll read about some of them here. But fMRI and other imaging technologies aren’t the only, or even the most powerful, tools available for teasing out the “hows” of behavior. They’re used so often, and so enthusiastically, because there are few other ethical ways to peer inside the functioning human brain. Unfortunately, the results of such tests can be more suggestive than definitive. On the other hand, new techniques that allow scientists to manipulate the brain circuits of living animals are being employed to see how such manipulations change behavior, what chemicals are involved, and what brain events result. Such animal experiments, sometimes later corroborated with human imaging studies, have helped researchers understand the development of emotions like fear and anxiety. These findings have led to the creation of drugs used to treat humans for phobias and post-traumatic stress disorder.

Some may argue that sex and love are so enormously complex—so very mysterious—that relying on animals to teach us about our own sexual and romantic behaviors is a pretty big stretch. We fully expect such criticism. As you’ll read, however, some animals—like the unassuming prairie vole, a small rodent—act remarkably like people. They form monogamous bonds. They “fall in love.” They grieve over the loss of a mate. They become homesick. They have sex in response to chemical cues. They cheat on their “spouses.” Males act like males and females act like females because their brains develop in deterministic ways, just as human brains do. And, as it turns out, some of the very same genes involved in these behaviors have now been shown to influence human behavior, too.

Of course, we’re also going to make use of the latest findings from human tests and experiments. As you’ll see, it has recently become possible to manipulate human emotions with the same neurochemicals scientists study in animals.

As important as human romantic love is, the stakes involved in what you are about to read extend far beyond romance, into the core nature of our societies. What social neuroscience is telling us about love also applies to how we live the rest of our lives and to the kind of world in which we’ll live them. Human disorders like autism, social anxiety, and schizophrenia all feature elemental deficits in social interaction. Such disorders erode the ability of one person to socially engage. Since societies and cultures are built with the bricks of social engagement—from the first gazes mothers share with their babies, to the handshakes and smiles between shoppers and clerks, to a couple’s first kiss—anything that weakens those bricks could have the same powerful effects on a society that it has on individuals.

Saying we’re going to write a grand, unified theory of the brain, sex, and love—that we’re going to try to answer the questions both ancient philosophers and Cole Porter have whiffed—makes our knees shake a little, in part because some of what you are about to read may prove to be controversial. It’s important for us to stress that part of what we’ve written is argument, a group of hypotheses for a model of love. The hypotheses are based on science but are not themselves settled scientific fact. Still, we think this book is a bold attempt to explain the previously unexplainable. Ultimately, critics and readers will decide whether or not we’ve met our goals. At the very least, we think you’ll come away understanding a lot more about love—about why it’s not really crazy at all but the way we are made to operate. We do admit, though, that such knowledge might offer little solace when you wake up one February morning to find yourself in Minnesota.


1

BUILDING A SEXUAL BRAIN

 

A little over sixty years ago, in her book The Second Sex, Simone de Beauvoir famously wrote that “one is not born a woman, one becomes one.” In the years since, Beauvoir’s epigram has been turned into an all-purpose bumper sticker, embraced by feminists and fashionistas alike. Of course the fashionistas may not fully grasp Beauvoir’s point. She was arguing that women have gender-based behavior thrust upon them by a patriarchy, whereas fashionistas tend to think that womanhood is bestowed by a slinky Ralph Lauren gown and a pair of heels, but the general idea is the same: one’s behavior as man or woman derives from some external power. As the children of the small Dominican Republic town of Las Salinas proved, however, Beauvoir was wrong.

Luis Guerrero had no intention of rebutting the great French intellectual; he was simply intrigued by a riddle. As a young doctor working in a Santo Domingo hospital in the late 1960s, he encountered the peculiar life histories of some Las Salinas children and wondered why girls were turning into boys.

A native of the Dominican Republic, without many advanced research tools at his disposal, Guerrero couldn’t do much to investigate the phenomenon he had encountered. But he packed his curiosity with him when he came to the United States to take up a residency in endocrinology, including work at Cornell University Medical College (today’s Weill Cornell Medical College in New York City). Guerrero, who is now a doctor in Miami, helped interest Cornell researchers in making a trip to Las Salinas to see for themselves what was happening.

The 150-mile drive to Las Salinas from the Dominican Republic’s capital, Santo Domingo, was a white-knuckle affair. In the early 1970s, the roads were mostly dirt. “These eighteen-wheelers would come screaming around bends,” Guerrero recalls. “It was awful.” Las Salinas was poor. Roofs on the houses were made of palm fronds. The main street, Calle Duarte, was a dusty track. Indoor plumbing didn’t exist, and some homes didn’t have outhouses. People bathed in a nearby river. The men who did not work in the salt mine that gave the town its name either cut down trees to make charcoal for cooking fires or farmed small plots of land.

Even today, there isn’t much to attract visitors. The nearest Caribbean beach of the sort that has made the Dominican Republic a favorite of international vacationers is about fifteen miles away. A cemetery forms the western edge of town. Beyond that, the old salt mine gapes open, a briny slash in the landscape. Calle Duarte is paved now, and most homes have tin roofs and basic plumbing, but not much else has changed.

The Cornell research team soon discovered that the two dozen affected girls they found had been born looking for all the world like females. They had female-appearing genitals, complete with labia and clitorises. Naturally, their families raised them as girls. As these children grew, they wore bows in their hair and dresses—if they had any. They did the domestic chores girls in Las Salinas were expected to do while the boys roughhoused together and had fun exploring away from home.

Then, at around the age of puberty, they grew penises. This had been going on for generations, so long that the locals even had a name for it: guevedoces, or “penis at twelve.” They called the changelings machihembra (“first woman, then man”), and, indeed, the girls did appear to become men. Their labia turned into scrotums filled with testicles. Their voices deepened and they grew muscles—a picture of one machihembra, around nineteen years old, shows the carved physique of a strutting middleweight boxer.

These youths’ behavior changed, too. They walked with a macho bearing, joined the village boys in male play, and eventually started chasing girls. Most married. Some fathered children. Transition into male adulthood was not always easy, and there were lifelong differences between the machihembra and other men. The machihembra had penises that were somewhat smaller than average, and they didn’t grow much of a beard. With the passing of years, they didn’t develop a receding hairline. They also endured some social stigmas: imagine the taunts an adolescent schoolboy might suffer if his fellows knew he’d once been a girl. Even so, after guevedoces, the machihembra were fully male. More importantly, they accepted themselves as male.

When the Cornell team eventually solved the mystery of the machihembra, its resulting research article was given marquee treatment, appearing in the December 1974 issue of Science, the premier American scientific journal published by the American Association for the Advancement of Science (AAAS).

Almost exactly one year before the machihembra study came out, a man named John Money stood in front of an audience at the annual AAAS meeting to report on an explosive experiment he’d been conducting. Back in 1955, Money had declared that, as far as gender was concerned, babies were born blank slates. They might come equipped with the 46 chromosomes—including two Xs for females and one X and one Y for males—of one gender or the other, and the genitals of a baby boy or a baby girl, but, in an echo of Beauvoir, Money argued that this biological sex did not dictate one’s “gender identity,” a term he coined. Like Beauvoir, he insisted that gender behavior was imposed by parents, society, and culture. It was a position of nurture over nature.

For a variety of reasons, roughly one in a thousand babies is born in the United States with ambiguous genitalia. A girl may be born with an enlarged penislike clitoris; a baby boy may have a micropenis or no penis at all and undescended testicles. Babies are rarely born as true hermaphrodites with the reproductive structures of both sexes. What to do about such cases had always been a puzzle; the notion of doing nothing seems not to have had many advocates. By 1973, however, Money’s views had become widely, even eagerly, embraced. This was partly because his power base at the prestigious Johns Hopkins University lent his views great weight. But he also salved a lot of anxiety among parents and doctors.

Surgeons who operate on children with ambiguous genitalia have long had a saying: “It’s easier to make a hole than a pole.” Constructing a penis for a 46,XX baby with a greatly enlarged clitoris, or making one for a 46,XY baby with a micropenis, or for a baby whose genitalia are so ambiguous as to be unidentifiable is extremely difficult. Removing a micropenis and constructing a pseudovagina is simpler—and that’s what many doctors did when they surgically assigned gender to babies. Money’s argument that this was a fine idea, as long as you followed up with lifelong hormone treatments and rigorous social and parental reinforcement, provided the intellectual justification doctors and parents needed. Few people chose to doubt him.

Though Money was sure of himself, and though his theory had been put into practice, there had never been a definitive test to prove that society creates gender identity. How could anybody possibly set up such an experiment? Ideally, one would have to use a baby with a perfectly normal chromosomal arrangement and perfectly normal genitals, then switch their genitals to those of the opposite gender—all of which would be wildly unethical. Even then, there would be no control (i.e., an untreated baby living in the same environment) against which one could gauge success.

The Reimer family walked into this void. Bruce and Brian, Canadian identical twins, were born in 1965 as two completely normal boys. After a botched surgical correction of the infant Bruce’s foreskin destroyed his penis, the boys’ parents consulted with Money, who immediately realized that Bruce’s misfortune presented the ideal controlled experiment. Bruce and Brian had the same genes, had developed in the same womb, and would grow up in the same household—and because Bruce had been a perfectly normal boy until the surgical accident, there was no question of his “maleness,” as there might have been had he been born with ambiguous genitalia or as a hermaphrodite. If Bruce grew up to behave like a typical girl, while Brian went on to behave like a typical boy, nobody could question Money’s argument that society, not biology, exerts the strongest hand in making us behave as men or women.

The Reimers followed Money’s advice. They had Bruce castrated and supplemented with estrogen. They raised him as a girl, changing his name to Brenda and giving Money the bombshell presentation at that AAAS meeting of what later became known as the John/Joan case.

The experiment was successful, Money told his AAAS audience. The male brother, Brian, behaved just the way we have come to think most eight-year-old little boys behave, he said, describing him as made of snips, snails, and puppy-dog tails, and as enjoying rough play. Meanwhile, Brenda, all sugar and spice, reveled in her little dresses and dolls.

As Time magazine reported after the meeting, Money’s presentation provided “strong support for a major contention of women’s liberationists: that conventional patterns of masculine and feminine behavior can be altered…. Money…is convinced that almost all differences are culturally determined and therefore optional.”

In her 1898 treatise “Woman and Economics,” feminist pioneer Charlotte Perkins Gilman declared that “there is no female mind. The brain is not an organ of sex. As well speak of a female liver.” Now Time suggested that both she and Beauvoir were proven right. Second-wave feminists embraced Money’s ideas as scientific proof that, above the shoulders, there were no important inborn differences between men and women.

The results of the Las Salinas investigation would seem to have thrown such conclusions into doubt. In all, the Cornell team found twenty-four men in thirteen different families who had experienced guevedoces. All but one of those families could trace their lineage back seven generations to a woman named Altagracia Carrasco, an indication that the condition had genetic origins.

Chromosomally speaking, the machihembra were normal males. They were 46,XY. They also possessed testicles at birth, but the testicles were undescended, tucked into their abdomens. What looked like labia was actually the raw material for a scrotum. The clitoris wasn’t really a clitoris, but a penis awaiting instructions to develop—instructions that didn’t arrive as the boys were gestating in their mothers’ wombs. In other words, the machihembra were born pseudohermaphrodites. They looked like girls, but were actually boys.

The cause was a mutation, a misprint in a gene that carries instructions for cells to make an enzyme (a protein that catalyzes chemical reactions) called 5-alpha-reductase. This created a communication problem.

Cells are not self-starters; they require instructions. They receive those instructions through a system of signals—the signals are chemicals, such as hormones, that lock into receptors, or docking bays, located in or on cells. When activated by a docking chemical, the receptors for steroid hormones like testosterone and estrogen bind themselves to genes. This binding, in turn, activates (or inactivates, as the case may be) the targeted gene. If activated, the gene’s recipe for making a protein is transcribed, like a ticker tape, onto a section of RNA. The recipe on the RNA ticker tape winds up at the ribosomes, the cell’s protein factories. The proteins made in the ribosomes then head out into the world to perform a function. Because 5-alpha-reductase is a protein whose function is to turn testosterone into an even more powerful androgen called dihydrotestosterone (DHT), and because DHT signals cells to begin forming the prostate, penis, and scrotum, the bad recipe for 5-alpha-reductase meant that the fetal cells of the machihembra never got the message to start building male genitals.

Testosterone itself will dock on the same receptors as DHT—but not as efficiently. That’s why, despite making testosterone as fetuses, the machihembra couldn’t make enough to overcome the lack of DHT. But once they hit puberty, and got the massive rush of testosterone made in those undescended testicles (with a little help from their adrenal glands), the sheer amount of that hormone was enough to flood the receptors in the cells that are supposed to develop into the penis and scrotum. Voilà!—girls appeared to turn into boys.

DHT doesn’t seem all that important after puberty, but some tissues, like the structures that make body hair and the prostate, still respond to it. In the machihembra, those cells only heard muted signals, which explains why the pseudohermaphrodites of Las Salinas had very little beard growth, small prostates, and hairlines that did not recede, even late in life. Hair follicles on a man’s head can be sensitive to DHT. Depending on one’s genetics, DHT sensitivity can lead to pattern baldness.

(Today, when you see a TV commercial with a middle-aged man doing the gotta-pee dance, or one in which an attractive woman runs her hands through some guy’s verdant head of hair, you can thank the machihembra of Las Salinas. Drugs like Avodart, for enlarged prostates, and Propecia, for growing hair, are 5-alpha-reductase inhibitors.)

The Cornell team solved one mystery but only hinted at a solution to another. If Money was correct that society imposes gender identity and behavior, why, after appearing female for the first years of their lives, growing up as girls, and having a female gender reinforced every day for years, did the young men embrace their new maleness? Though they faced some difficulties, they didn’t seem particularly shocked by their transformation. Something besides their new penises was telling them they’d been male all along. In fact, out of the original group of machihembra studied by the Cornell team, only one retained a female gender identity after puberty and, according to Guerrero, that exceptional individual was suspected of choosing a female identity as a ruse to gain access to young women for sex.

One year after the Las Salinas article appeared in Science, Money outlined a bright future for Brenda Reimer. “Now nine years old, she has differentiated a female gender identity in marked contrast to the male gender identity of her brother. Some of the other patients [whose treatment Money directed] are now adolescent or adult in age. They demonstrate that the twin can expect to be feminine in erotic expression and sexual life. Maintained on estrogen therapy, she will have [a] normal feminine physique and a sexually attractive appearance. She will be able to establish motherhood by adoption.”

In 1979, famed sexologists Robert Kolodny, William Masters, and Virginia Johnson published their landmark Textbook of Sexual Medicine, in which they highlighted the importance of Brenda’s transformation. “The childhood development of this (genetically male) girl has been remarkably feminine and is very different from the behavior exhibited by her identical twin brother. The normality of her development can be viewed as a substantial indication of the plasticity of human gender identity and the relative importance of social learning and conditioning in this process.” Money’s views had become medical gospel.

But that same year, one of the Cornell team members, Julianne Imperato-McGinley, wrote an article for the New England Journal of Medicine that followed up and expanded upon the original 5-alpha-reductase report. This time, there was no hinting. Imperato-McGinley argued plainly that “the extent of androgen (i.e., testosterone) exposure of the brain in utero, during the early postnatal period, and at puberty has more effect in determining male-gender identity than does sex of rearing.”

Ruth Bleier, a physician and professor of both medicine and women’s studies at the University of Wisconsin, as well as a renowned feminist crusader who founded a bookstore and café in Madison called Lysistrata (named for the heroine of the eponymous Aristophanes play who convinces Greek women to withhold sex from men), launched a scathing letter at the journal. Bleier had trained as a neuroanatomist at Johns Hopkins. Citing Money’s research, she attacked the Cornell team’s “scientific objectivity and methodology.”

“The authors’ failure to even consider an alternative explanation” for the switch of the machihembra from a female identity to a male identity was “truly astonishing,” her letter said. Of course the girls had to act like boys, Bleier insisted: they grew penises! Everybody around them would start treating them like boys. To behave as a girl would defy all social expectations. Besides, she argued, girls in that society were restricted. They couldn’t run around and play like boys; they were too busy doing domestic chores. Any sane person would make the calculation that it might be more fun to be a boy than a girl. “My fear,” she continued, “is that this study, like others that incorporate preconceptions, faulty logic, and restrictive interpretations will be seized on…as demonstrating that our fetal brains are irreversibly imprinted, after all, by the presence or absence of androgens.”

A few months after Bleier’s letter was published, Brenda Reimer, then fourteen and desperate to live as a male, changed “her” name to David.

Money’s grand experiment hadn’t merely not worked—it was a disaster. Even while living as Brenda, young Bruce Reimer hated dresses. When Brian refused to share his toy cars and trucks, Bruce/Brenda saved up enough allowance money to buy his own. He bought toy guns so he could play army with Brian.

The truth was inconvenient, and not only for Money. Back in 1970, journalist Tom Wolfe had made fun of what he called “radical chic”: left-wing politics promoted by the rich and socially connected. In the ten years since, radical chic culture had become mainstream, and one of its most cherished tenets was that recognizing inherent difference was prejudice. People were enamored with the idea of the “makeable society,” recalls Dick Swaab, a pioneer in the study of brain and gender at the Netherlands Institute for Neuroscience. “Everything was ‘makeable’ and [Money’s theory] fit into this concept.” Brenda, now David, Reimer was a stark rebuke.

Perhaps that’s why it took seventeen more years to debunk Money’s story. It was not until 1997 that University of Hawaii sex researcher Milton Diamond and Canadian psychiatrist Keith Sigmundson (who had treated Bruce/Brenda under Money’s supervision) published an article in the Archives of Pediatrics and Adolescent Medicine that shattered Money’s triumph. Not only did Bruce/Brenda change his name to David, he eventually had surgeries to remove the breasts that had formed thanks to the estrogen he’d been given, and to create the simulacrum of a penis and testicles. He started taking testosterone, took a job in a slaughterhouse, married a woman, and helped raise her children. Sadly, he could not fully excise his tormented history. David Reimer used a shotgun to commit suicide in 2004. It was his third attempt. Even today, Diamond tells us, Money has adherents in the United States as well as around the world. His views are still reflected in some university gender studies programs that use clichés like “the social construction of gender.”

Both the machihembra and David Reimer were always male because their brains were male, no matter what their genitals had to say, and all the socialization in the world was never going to change that.

THE ORGANIZATIONAL HYPOTHESIS

Cows don’t often have twins. But if they do, and if the twins are both female or both male, the farmer gets a nice bonus. On the other hand, for hundreds—probably thousands—of years, cattlemen and dairy farmers have been disappointed by fraternal twins of opposite genders because the female is usually born a freemartin. Just how that term originated has been lost in a lexicological haze, but it was used as early as the 1600s to refer to a female calf born with a twin brother. She is almost always sterile; her brother is usually perfectly normal.

In 1916 and 1917, Frank Lillie, of the University of Chicago, began rooting around inside freemartins. He discovered that they often had ovotestes, an amalgamation of male and female gonads. They were hermaphrodites—the outcome of two different eggs being fertilized by two different sperm, and the resulting opposite-gender embryos fusing and sharing a blood supply. Male fetuses, Lillie realized, began making male-specific hormones (testosterone wasn’t characterized until 1935, so Lillie didn’t yet have a name for male hormones) before the female fetus’s hormonal engine began pumping. Since they shared the same blood, she was getting a dose of those male hormones. She became masculinized.

Work like Lillie’s spread the idea that hormones served important developmental functions in utero, but it wasn’t until 1959 (five years after Money promulgated his theories on gender) that science began to understand how prenatal hormones could affect behavior. A research paper entitled “The Organizing Action of Prenatally Administered Testosterone Propionate on the Tissues Mediating Mating Behavior in the Female Guinea Pig” has the sleep-inducing understatement common to breakthrough science articles, but it became the foundation of what’s known as the organizational hypothesis. Larry and others believe the events the hypothesis describes establish the brain circuitry that greatly influences all our basic love-related behaviors.

The outline of the experiment described in the paper was pretty simple. Charles H. Phoenix and his colleagues at the University of Kansas injected pregnant guinea pigs with testosterone, then waited to see what would happen to the babies. When the pups were born, the daughters of guinea pigs given higher doses of testosterone emerged with what a human doctor would call ambiguous genitalia. Phoenix later put those daughters into heat with hormone injections, then mimicked the way male rodents ask for sex, which consists of stroking a female’s hindquarters; Phoenix called his imitation “fingering.”

If she’s in the mood, a female rodent will behave a lot like a swimsuit model during a photo shoot: she will arch her back and present her rear end, an invitation that signals she’s receptive. This is called lordosis. When a soliciting male sees lordosis, he will mount. When Phoenix fingered the female guinea pigs whose mothers had received testosterone, they barely displayed any lordosis behavior at all. They did do a lot of mounting, though—about as often as males. The hormone hadn’t just changed the daughters’ bodies, it had changed their behavior, too. This means it changed their brains.

Phoenix tried giving testosterone to normal adult females, but it didn’t have the same effect. Whatever was going on was happening in utero, during fetal development, to organize the brain in gender-specific ways. It also mattered when Phoenix gave testosterone to the pregnant mothers. He discovered there was a window: if he gave a dose of hormone when that window was open, he could lay down neurocircuits that would create male-typical behavior later in life, when neurochemicals activated these circuits.

The organizational hypothesis has held up remarkably well through years of refinements and additions. It holds that the default setting is on “female” during fetal development. At about the eighth week of human gestation, testicular cells will start making testosterone from cholesterol. In a typical 46,XY fetus, testes begin to form and they make more testosterone. Later, they will get a boost from the adrenal glands that also make a small amount of testosterone. This testosterone and other androgens that derive from it, like DHT, spark the construction of male genitals from the raw materials available.

Testosterone, typically through conversion to other hormones like DHT (and even estrogen), also act in the brain to lay down male-typical neural circuits and permanently change the brain’s chemistry. Later in life, when androgens are secreted, they activate these male circuits giving rise to masculine behavior.

In 1978, a UCLA postdoctoral student named Larry Christensen wanted to learn how to use an electron microscope better, so he reserved time on one for a practice session. He needed something to look at, of course, and because he was then working under Roger Gorski, who had spent most of his career studying hormones, gender, and the rat hypothalamus, there was a lot of rat brain around, especially slices of hypothalamus, a region at the very base of the brain that’s a central player in regulating sexual, parental, feeding, and aggression behaviors, among others. It’s also the brain’s switchboard for hormone secretion from the pituitary and the gonads. Christensen mounted tissue on some slides, switched on the scope, and began looking. He soon noticed something surprising in the medial preoptic area, or MPOA: a spot on the very front of the hypothalamus above where the optic nerves cross each other (left eye to right brain, right eye to left brain) to form an X. (See Figure 1, page 19.)

Christensen found that one part of the MPOA seemed to be bigger in males than in females. He rushed to tell Gorski, but Gorski didn’t believe him.

“He told me there were sex differences, and I said, ‘Come on!’” Gorski recalls. “I was sure there were not any sex differences. I had looked at hundreds, if not thousands, of brains and never saw one.”

A skeptical Gorski told Christensen to bring him the evidence. “Well, we had these two overhead projectors, and he projected them on the wall, and the difference just jumped out at you,” Gorski tells us.

[image: ]

Figure 1.

The hypothalamus (left is forward). (1) The MPOA stimulates the VTA to release dopamine into the reward centers. (2) Sensory information from a courting male modulates VMH activity, which stimulates lordosis. (3) Oxytocin (OT) and vasopressin (AVP) from the paraventricular (PVN) are released from the pituitary and (4) into reward systems including the nucleus accumbens (NAcc), facilitating a bond. (5) OT neurons in the PVN also modulate the release of dopamine via connections to the VTA.

It was so obvious, that once Gorski and his crew knew what to look for, they didn’t even have to magnify images of the region, which they later dubbed the sexually dimorphic nucleus (SDN). During all the decades of using rodents in labs all over the world, nobody had noticed this difference before, but as it turned out, the male SDN was roughly five times bigger than the female SDN.

In a series of experiments, Gorski proved that this SDN size difference depended on male or female hormone exposures in utero, just as predicted by the organizational hypothesis. He could give a single dose of testosterone to a pregnant rat and get a female pup with a male-sized SDN. In 1985, Dick Swaab announced that he had found the SDN in the human hypothalamus. It was two and a half times larger, with about twice the number of neurons, in men than in women.

The same kinds of manipulations Gorski performed in rats work in primates, too. One of Phoenix’s students, Robert Goy, conducted experiments with rhesus monkeys, similar to the ones done with guinea pigs, and got similar results. Giving testosterone to pregnant monkeys created the same kinds of physiological and behavioral changes in the offspring. Even if a young monkey had female chromosomes, it acted like a male.

Goy did consider the issue of nurture. Did these females behave like males, he asked, because the other members of the troop, seeing a youngster with what looked like a penis, made the natural monkey assumption that it was a male and started treating it as such—thus suggesting that she’d better act like a male? If so, this would be a strong argument in favor of sexual “scripts” created by cultures to promote conformity to gender classifications.

To answer the question, Goy tried giving testosterone to pregnant monkeys at two different times. One group got the hormone early in the pregnancy, the other group got it late. The mothers who received doses early in pregnancy gave birth to females like the ones in the first experiment, with masculine genitals. But, despite having masculinized body parts, they played like their normal sisters and took on female roles. The babies of mothers given testosterone late in pregnancy looked just like typical female monkeys with all the proper female body parts. Clearly, the late testosterone boost missed the window to influence physical development.

Amazingly, though, these females played like young males—with more roughhousing and aggressiveness—but because they looked like females, their malelike behavior could not have been caused by monkey social pressure. There were clearly two windows of development that could be affected by androgens. One opened early in pregnancy and controlled the formation of genitals. The other opened later and organized the brain according to gender, masculinizing and defeminizing it in males. Without the testosterone surge, the brain would remain feminized—its default setting.

Larry’s colleague Kim Wallen, who studied under Goy and is now at Emory University, has carried on this work, executing some of the most revealing experiments of all. He and his students and collaborators have used monkeys living in naturalistic settings—large social groups, intact families—so they’re exposed to all the normal socialization monkeys experience. In 2008, Wallen and Janice Hassett used deceptively simple tools to test nature and nurture: toys.

Test after test has shown that if you put a typical little boy or a typical little girl in a room with a mix of toys—toys we usually think of as being for boys and toys we usually think of as being for girls—the boys play with the “boy” toys, like cars and trucks, and the girls play with the “girl” toys, like dolls. These results may not seem exactly shocking, but some have long argued that they prove that culture programs boys to prefer, say, a bulldozer, and girls to prefer a Barbie. After all, goes one argument, there were no Caterpillar tractors (and so no Caterpillar tractor toys) a million years ago, when we were still getting our evolutionary legs, so a preference for miniature versions of heavy landscaping equipment could not possibly be bred into our genes. Rather, under the influence of marketing, advertising, and social expectations, we cram our kids into gender categories when what we ought to be doing is setting them free from preconceived gender roles. Some parents choose to raise their children with this idea in mind, buying only “gender-neutral” toys or “girl” toys for boys and “boy” toys for girls.

Culturally speaking, monkeys don’t have any particular toy prejudice—no Saturday-morning cartoons foisting Star Wars: The Clone Wars light sabers on males, no TV ads for females featuring Hasbro’s Baby Alive Whoopsie Doo doll, who “‘eats’ and ‘poops’ just like a real baby!” The other young males in the troop aren’t going to call Jake the rhesus a sissy if he picks up a doll and plays with it, and monkey parents don’t particularly care what toy a youngster uses. Yet, when Hassett and Wallen presented monkeys with toys—specifically, plush dolls that included Winnie-the-Pooh, Raggedy Ann, a koala bear hand puppet, an armadillo, a teddy bear, Scooby-Doo, and a turtle, as well as a selection of wheeled toys that included a wagon, a truck, a car, a construction vehicle, a shopping cart, and a dump truck—73 percent of males preferred trucks and cars and 9 percent preferred plush toys. High-ranking females showed a pronounced preference for the dolls, as did a third of lower-ranking females. (Females were somewhat more flexible than males, with about a third preferring the wheeled toys. Another third didn’t seem to care either way.)

The results clearly demonstrated that socialization does not dictate toy preferences. Those preferences are wired into our brains. Indeed, from the very first day of life, most baby girls prefer to look at human faces, whereas most boy babies prefer mechanical objects. In 2010, just in time for the Christmas doll-buying rush, Harvard University researchers announced that they’d been studying a group of wild chimpanzees in Uganda and had found the young females treating sticks the way human girls would treat dolls. The young females picked the sticks up and cradled them, taking them into nests and playing with them like a mother chimp plays with a baby. Young males never did this.

Monkeys aren’t people, of course, and neither are guinea pigs. In the natural world, animals don’t get shots of testosterone. But nature itself experiments with animals and with people, and those experiments have yielded powerful evidence to support the organizational hypothesis that gender behavior is built into our brains by the actions of hormones.

Africa’s spotted hyena, for example, is that rare social animal in which females are dominant while males are submissive. Female hyenas are more aggressive than males, and the most powerful female hyenas are more aggressive than the other females. The females rule through intimidation. High-ranking females not only gain more access to more food, they exert breeding rights and have more offspring. In short, they behave like male lions or gorillas.

Female spotted hyenas are unusual in another way. They have penises—or what look like penises, but are really just incredibly large clitorises. These are so big that most untrained people can’t tell a male from a female. They also have no functional vagina, giving birth through the penislike clitoris. This is a very bad way to give birth because it makes for such a long, painful delivery that babies can wind up suffocating before they reach the outside world. The reason for the female dominance and the malelike genitals is that hyenas are exposed to a lot of androgen during fetal development. Because the highest-ranking females receive the biggest doses of androgen as fetuses, and then go on to have the most babies, evolution is continually selecting for more and more masculine female hyenas.

Nature’s human experiments can be equally as dramatic. About 1 in 20,400 baby boys is born with a condition called androgen insensitivity syndrome. Simply stated, they don’t have any effective androgen receptors. Even though they make androgens, like DHT, there are no cellular docking bays to receive the instructions those androgens transmit. While they are 46,XY males, those with complete androgen insensitivity are born with female-appearing bodies and undescended testicles. This sounds like the machihembra. Unlike the affected children of Las Salinas, however, boys with complete androgen insensitivity exhibit feminine behavior when they’re young, prefer girl toys and feminine play, and are attracted to males when they grow up. As far as their brains are concerned, they are women.

(Feminist writer Germaine Greer argues that 46,XY people with androgen insensitivity are men pretending to be women. She’s wrong.)

One in 15,000 babies born around the world has a condition called congenital adrenal hyperplasia, or CAH. (The rates vary significantly from country to country. The rate in Japan is 1 in 21,000, while among the Yupik of Alaska it’s 1 in 300.) CAH comes in several forms and degrees, but it’s usually caused by an enzyme deficiency that leaves the androgen producers on the adrenal glands stuck in the “on” position. This gives a developing fetus loads of androgen hormones like testosterone and androstenedione (the 1990s hormone of choice of baseball players like Mark McGwire). Boys with CAH are physically affected—they are prone to short stature and infertility, for example—but their behavior is that of typical boys.

The effect of CAH on a 46,XX baby girl is more profound. CAH can result in ambiguous genitalia, an enlarged clitoris, and the appearance of a scrotum. She may have acne, excess body hair, and male-pattern baldness. A female might be infertile. Girls with more complete forms of the condition self-describe as lesbians later in life at a higher percentage than women who aren’t affected, but even CAH girls who are less affected and consider themselves feminine and heterosexual play more like typical boys than girls.

As in the case of the Las Salinas children, these kinds of hormonally dependent, in utero developmental situations were once viewed with suspicion and carried a stigma. A talk given in 1918 by Dr. C. S. Brooks, of Frederick, Maryland, to the National Medical Association provides stark testimony as to the kinds of prejudice affected people faced. At the very moment he was speaking, Frank Lillie was solving the riddle of the freemartins, but too late for Dr. Brooks to understand its implications. He called his talk “Some Perversions of the Sexual Instinct.”


A degenerate is an individual that is defective, either physically or mentally. I have observed three cases that were physically defective. In one case, a male subject, the genitals were very small and the urinary meatus opened on the perineum about half an inch above the anal orifice. In another case the urinary meatus opened just above the symphysis pubis. In a third case, a female subject, there was an infantile vagina, and the clitoris was elongated to the length of the Index finger. These three cases were sexual perverts, and their various anomalies could have been remedied by surgical interference, thereby restoring them to a normal place in human society.



These people were not perverts, of course. In all these cases—and in the case of all of us—a single molecule, a hormone, applied or withheld during discrete moments in fetal development, has not only affected genitals but also set a path for some of our most important behaviors over the course of our lives.

DIFFERENT CIRCUITRY, DIFFERENT BEHAVIOR

While the fundamentals of the organizational hypothesis explain the basics of heterosexual gender identity and behavior, homosexuality and transgenderism would seem to present problems. Most homosexuals, for example, do not have CAH or any other condition. Yet they behave differently in one of the most basic realms of human existence: they prefer to have sex with people of the same gender. Transgendered people usually don’t have obvious medical conditions like androgen insensitivity, but they have a strong desire to change their gender.

Many regard homosexuality and transgendered people as notorious examples of how our culture has perversely allowed—even encouraged—people to reject the moral and social boundaries established by religion or custom in favor of aberrant ways of living, but gender-bending is more common in nature than you might think.

Some fish—groupers, porgies, bluehead wrasses—live as transsexuals. They change, typically from female to male. All bluehead wrasses, for example, are born female. They stay that way until a resident male disappears or dies. Then, the most dominant females immediately begin acting like males. They battle for preeminence. When one finally takes over, her ovaries degenerate, testes develop, and her brain creates new behaviors. She becomes a he.

Other fish are cross-dressing transvestites. Male round gobies, a species that has invaded the Great Lakes, guard their nests. But when they’re on guard duty, they can’t feed as well as they do when they roam, and finding a mate is a challenge because they basically have to wait around and hope a female shows up at their place. Some males, called sneakers, have devised a trick to take advantage of these limitations. Whereas the nesting homebody males look typical for their species—large, black, wide heads—the sneakers are smaller, mottled brown, and have narrower heads, like females. What’s more, they behave like females. While the alpha male protects his bachelor pad and the Ferrari parked in the garage, along with any female who comes by to lay eggs, the meek cross-dresser slips in to propose a sexy ménage à trois. As males are wont to do, the alpha male finds this prospect irresistible. But the sneakers don’t just have testes. They have bigger gonads than their brothers, and they make more sperm. So while the resident male thinks he’s getting a three-way, the sneaker is actually fertilizing eggs left by a real female.

Many mammals, including primates, engage in homosexual behavior. The argument over same-sex coupling has always been whether or not any of these animals prefer gay to straight sex. What’s true is that primates like gay sex. They have orgasms with same-sex partners. They ejaculate and make happy noises when they do. Dominant silverback gorillas have boyfriends. Some male langurs spend about 95 percent of their sex lives having homosexual encounters.

In part because monkeys and apes can’t tell us, nobody knows for sure if any of these animals would pass up straight sex in favor of boy-boy or girl-girl sex. Many homosexual interactions in primates appear to be rooted in either necessity (males in all-male bachelor troops who have no other outlet other than masturbation, like guys in prison) or social communication (displays of dominance, conflict resolution). But because the behaviors exist and are so common, it’s obvious that they are the natural products of the animals’ brains.

A gay preference can be induced in individual animals. A phenomenon called the position effect, discovered by Fred vom Saal at the University of Missouri, works something like the process that creates freemartins. A female rodent that develops in the mother’s womb between two male littermates can be masculinized and defeminized—turned into a butch mouse. Such females prefer to mount members of their own gender, display male-like behavior, and are less attractive to males.

Clearly, brains have an intrinsic capacity to display homosexual, bisexual, and transgender behaviors. Whether that capacity is expressed depends upon how a brain is shaped during development. Oregon Health & Science University biologist Charles Roselli believes that, when it comes to sexual preference, brains have a kind of “disinhibition” switch. The double-negative prefix makes for inelegant grammar, but it concisely describes what Roselli thinks happens in some animals.

A typical mammal’s brain is organized to inhibit the desire to mate with a member of the same gender. Obviously, there’s significant variation in the degree of this inhibition, or those male langurs wouldn’t spend most of their lives having sex with each other—but the inhibition sets up an information flow within the brain telling an animal that sex with a member of the same gender is less desirable than sex with a member of the opposite one. Male-male sex may do in a pinch, but male-female sex: that’s the good stuff. The switch can be manipulated, whether by a chemical, or the position effect, or human CAH. Sometimes individuals can be naturally and completely disinhibited, their capacity for same-sex attraction fixed in the “on” position. Roselli has come to this conclusion after spending the past fifteen years studying the only mammal other than humans known to prefer homosexual sex: male sheep.

For most of the year, ewes want little or nothing to do with rams. Then, in the autumn, as days shorten and the nights cool, the ewes come into heat. The aroma of their urine and their lady parts changes, becoming more appealing to rams than anything Coco Chanel could ever have created. Rams react as you might expect: they get very horny.

Luckily for the rams, the same hormonal signals that change a ewe’s body also act as neurochemicals to change her behavior. Now she is receptive to the ram version of foreplay: bumping, sniffing her nether regions, kicking her legs, licking her. All the while, she will fan her tail to waft that sexy perfume his way, and often look over her shoulder at her would-be lover. Finally, she’ll remain still while he mounts. Six months later, the farmer has a new lamb.

But some rams just won’t cooperate. In agricultural circles these rams have been called “nonworkers” (farmers aren’t romantics), or, as in a 1964 examination of the problem reflecting the Freudian lingo of the time, “sexually inhibited.”

Roselli thought the problem of the uncooperative rams was an interesting one. He had come to Oregon to work with John Resko, a colleague of Phoenix and Goy’s, but “I cannot say I came to study this particular issue,” he recalls with a laugh. Nonetheless, Roselli began collaborating with scientists in Idaho who’d been studying rams they’d found to be “male-oriented.” His job was to figure out what was going on in the brains of those rams.

One obvious idea was that gay ram brains somehow hadn’t been defeminized like typical males. But these rams did not act like females; they acted like virile rams are supposed to act. They didn’t stand still, waft their tails, and glance backward like ewes in heat. They sniffed, kicked, licked, and vocalized like any male seducing a female—they just did all those things only with other males. What’s more, meeting a potential male sex partner created the same kind of hormonal surges in male-oriented rams as it did in female-oriented rams. It was just that ewes in heat, with their alluring scents and tail-wafting and sexy glances, elicited no chemistry at all in gay rams.

“You can’t even give them female hormones and expect them to display female behaviors,” Roselli tells us.

The reason why, he believes, is that the brains of these rams have been organized to be gay. He has come to believe that there aren’t just one or two windows of fetal brain organization, but many that affect discrete brain regions at different moments.

The natural question, of course, is whether gay rams tell us anything about gay people. Roselli is cautious, saying, “It helps us with the questions. It’s interesting,” he adds, that “there are parallels…. Biology is biology: there is a common evolutionary thread there, and it gives me greater confidence in what science says about humans, but I think we need to do the science in humans, ultimately.”

This is where Dick Swaab comes in. Enter his lab on any given day, and you might be reminded of a New York City deli: somebody is bound to be using the laboratory equivalent of a meat slicer to turn human brain into what looks like shaved ham. Slices of brain a few centimeters long and a micron thick lay on tray after tray for drying and storing, the trays stacked one atop the other. Before they’re sliced, the brain bits—often from the hypothalamus—are kept in small jars, the jars filed away in metal drawers. A room full of long freezers holds more tissue. There are scores of drawers, hundreds of samples, and thousands upon thousands of slices, all because the Netherlands has made it easy to donate your brain to science.

Making a deposit at the Netherlands Brain Bank, which was founded in 1985 by Swaab, is as easy as signing your name, and then dying. If you die in the Netherlands, an on-call team (every hour of every day, no waiting!) will swoop in and remove your brain from your skull within hours of your demise. As of spring 2011, the bank, with about 2,500 brains, was one of the largest—if not the largest—resources of its kind anywhere. The collection took Swaab decades to assemble, but over the past twenty years it has helped scientists around the world issue a raft of findings.

Swaab himself makes heavy use of these brains. Today, he works in the modern concrete medical campus of the University of Amsterdam, about twenty minutes by tram from the central city. For twenty-seven years he directed the Netherlands Institute for Brain Research (now called the Netherlands Institute for Neuroscience), where the bulk of his funding has been aimed at untangling the causes of psychiatric illnesses such as depression and schizophrenia.

In addition to the work that pays the bills, Swaab has what he calls his hobby. It’s not really a hobby; Swaab takes this other work very seriously. But he has a dry and sardonic sense of humor, and when he says “hobby” he really means something like “very important science I’ve worked on for the past quarter century that hardly anybody is willing to pay for because it involves sex.”

On the other hand, he has been assisted by those
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