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Praise for Sex on the Brain

“A riveting investigation into the biological differences between men and women.... Blum’s incisive exploration cannot fail to amaze, confound, and delight readers.”

—Rosemary Mahoney, Elle

“Blum manages the tricky art of good science reporting: she has a friendly, conversational tone that is relaxing without being chirpy, she writes clearly and accessibly, and the science is all there.”

—The New York Times Book Review

 
“An extraordinary roller coaster ride over the bumpy intellectual territory—endocrinology, neurology, genetics, anthropology, sociology—between sociobiology and psychiatry.”

—New York Observer

 
“Blum surveys the field of current [gender] research with mastery ... even the title is provocative.”

—The San Diego Union-Tribune

“Deborah Blum uses tact, intelligence, and humor to enliven her journey through the political and scientific minefield of sex differences.” —Matt Ridley, author of The Origins of Virtue

“Blum is a superb science reporter who presents just the right amount of complexity, tries to explain findings rather than just report them, and writes in a consistently clear and pleasant style.”
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INTRODUCTION

There comes a moment in everyone’s life when the opposite sex suddenly appears to be an alien species. Totally and mind-bogglingly different. The world cleaves apart, with “us” on one side and “them” on the other.

I came to this epiphany late because I was raised in one of those university-based, liberal-elite families that politicians like to make fun of. In my childhood, every human being—regardless of gender—was exactly alike, and I mean exactly, barring his or her different opportunities. Even Santa Claus felt strongly about this, apparently. One Christmas, I received a Barbie doll and a baseball glove. Another brought a green enamel stove, which baked tiny cakes by the heat of a lightbulb, and also a set of steel-tipped darts and a competition-quality dartboard.

It wasn’t until I became a parent—I should say, a parent of two boys—that I realized I had been fed a line and swallowed it like a sucker (barring the part about opportunities, which I still believe). This dawned on me during my older son’s dinosaur phase, which began when he was about two and a half. Oh, he loved dinosaurs, all right, but only the blood-swilling carnivores. Plant-eaters were wimps and losers, and he refused even to wear a T-shirt if it was marred by a picture of a stegosaur. I looked down at him one day as he was snarling around my feet and doing his toddler best to  gnaw off my right leg, and I thought, This is not a girl thing—this goes deeper than culture.

Raising children tends to bring on this kind of politically incorrect reaction; another friend came to the same conclusion watching a son determinedly bite his breakfast toast into a pistol that he hoped would eliminate his younger brother. Once you get past the guilt part—Did I do this? Should I have bought him that plastic allosaurus with the oversized teeth?—you end up asking the far more interesting questions that lead into gender biology, where the issues take a different shape: does a love of carnage begin in culture or genetics, and which drives which? Do the gender roles of our culture reflect an underlying biology and, in turn, does the way we behave influence that biology? Can one redirect the other?

The point I’m leading up to—through the example of my son’s innocent love of predatory dinosaurs—is actually one of the more straightforward in this debate. Most scientists agree that the gender difference in aggression begins in biology. Behavioral biology—in the modern sense of gene mapping and brain imaging—is a new science, so the details have not been worked out. But at a 1995 conference on crime and genetics, when scientists were asked how much energy went into figuring out male versus female aggression, their reply was that the difference was so accepted—such a given —that it really didn’t make for interesting research.

“There’s plenty of room in society to influence sex differences,” says Marc Breedlove, a behavioral endocrinologist at the University of California, Berkeley, and a pioneer in defining how hormones can help build sexually different nervous systems. “Yes, we’re born with predispositions, but it’s society that amplifies them, exaggerates them,” he continues. “I believe that, except for the sex differences in aggression. Those are too massive to be explained simply by society.”

To pursue the question further, let’s consider some hard numbers. Aggression, at least as measured by crime statistics, exhibits an enduring gender gap. Government statistics in both the United States and in Europe record between 10 and 15 robberies committed by men for every one by a woman. I cite this first because it shows one of the biggest differences. (For some uncertain reason, robbery exaggerates the violence gap between men and women. Go to simple assault, and the ratio narrows: three men for every one woman. You can argue, of course, that assault may be a matter of rage, indicating loss of control, whereas robbery requires some cold-blooded intimidation. In the latter case, some obvious biology—men are usually larger—might favor the intimidation theory. One study, in fact, found that dedicated robbers tended, as a group, to work out almost obsessively, building muscle bulk.

But guns, you would think, could equalize that. If women are simply handicapped by size, then they should be able to compensate by arming themselves. For a while, scholars argued that guns would equalize the relationships between men and women; that larger size would be rendered irrelevant. That hasn’t happened, and the arguments today tend to concern why it hasn’t. Women are just not drawn to guns in the same numbers that men are. Among women robbers as a whole—presumably including amateurs or one-time, desperate cases—only 30 percent use a gun. Among men as a whole, the figure is 50 percent.

There’s a similar pattern in domestic-partner murders: close to 75 percent of men who kill their partners use a gun. Women kill their partners too, but again—despite the equalization factor—only about half use a gun. And women almost never stalk their previous lover, gun in hand, after a relationship is ended.

There’s another telling statistic in the domestic killing studies: In conflicts where a woman killed a man, he tended to be the one who started the fight—in 51.8 percent of the cases, to be exact. When the man was the killer, he again was the likely first aggressor and by an even more dramatic margin. In fights in which they died, women started the argument only 12.5 percent of the time.

Asking why and how our species developed such a strong gender difference tends to lead us into the world of evolutionary psychology, which tries to reconstruct the way our past shaped our present behavior. There’s an evolutionary theory—some would call it  influential, even—predicting that (overall) men will flash more quickly to anger and aggression; that women will be kinder and calmer. The theory is based on the idea of minimum investment in the survival of one’s own genes: What’s the least a male or female has to do to produce a child and, therefore, genetic continuance?

Stripped down like this, the contrast is extraordinarily sharp. At minimum, a male must have healthy sperm and an interest in sex. At minimum, for mammals like us, a female must produce an egg, carry and provide nutrition for the developing fetus, and, odds are, take on much of the child care. As we know only too well, she does not have to be interested in sex to get pregnant.

Thus, if we think of behavior in terms of evolution—the survival of the species, and of our own particular genes—the difference becomes compelling. How could the same strategies suit both sexes? Healthy, fertile females don’t, in general, have to fight to get pregnant. Their chances of reproducing, of continuing their genetic line, are very high. Some would say 100 percent. But males do often have to fight to become a parent—which is the central point of this evolutionary argument. Over the thousands, even millions of years, there’s been enormous evolutionary pressure on males to be the ones who hustle, who push, who have power, who achieve the prize of sexual access. In monogamous species, where a longtime mating arrangement happens, the pressure is less. But among polygamous species, competition may be everything and may be brutal. Most of the world’s species are polygamous; many scientists argue that early human ancestors were as well.

One of the most dramatic examples of how desperate this battle for genetic immortality can be comes from elephant seals, where the clearly polygamous society is dominated by huge bull males who claim most of the females. Biologists calculate that only 20 percent of the males ever become fathers. And there are many similar examples—orangutans live in such an ironclad harem system that for many young males, their only chance to father a child is through rape.

Obviously, in such a scenario, pushy, even violent males, quick  to take on challenges, might well stand the best chance of reproducing. Natural selection might have favored those males who would risk it all for immortality. But where, in evolution, is the comparable incentive for females to become so physically nasty over sex? They seem surrounded by potential and even overeager mates. It makes more sense for the female to be choosy—pick a mate carefully, go for the good genes.

Further—and remember, this is the stuff of basic instinct and evolutionary background—fighting doesn’t seem to give females a strong advantage in terms of carrying genes into the next generation. Early man might have battled his way to several mates and thus several chances of reproduction, but in our species, a woman doesn’t have more than one successful pregnancy a year. So, in terms of reproduction, risking it all for multiple one-night stands might make sense for men, but not women. In reproductive terms, she’d do better to save her energy toward mothering the baby into adulthood. Her greatest risk of failure is in the death of a child. By such evolutionary theory, we should clearly expect men and women, directed toward such separate goals, to behave differently. We might also expect what we do see today—more aggressive males.

It may seem weird to be talking about elephant seal sex and early human parenting at this point. But the basic theory—and it is basic to the extreme—is fundamental to the way biology explains sex differences. Many scientists trace almost every behavioral gender difference—from emotions to competitiveness—back to the different demands of being a sperm-producer or an egg-maker. The path is not always direct, but it winds in a curiously logical way.

This is a very broad concept, relating only to general behavioral influences. It doesn’t explain the specifics of becoming a serial killer, say, or an international banker. It doesn’t separate humans from other species, either. Evolutionary psychology is not just about humans; it pulls us into the well-rounded world of Earth-based biology. It says that we share some behavioral urges with other species; the same kind of reproductive argument would suggest that  bulls would be more aggressive than cows, that male dogs would chase females, and not vice versa. The argument does not rule out females being competitive or even dangerous, especially when it comes to survival of the young (think of the risks involved in stepping between a mother grizzly bear and her cubs). The point is that these influences may run through our own primitive evolutionary past, that they remain with us in subtle ways, and that perhaps they lay the foundations of today’s culture.

How do you test that, though, and how do you distinguish cultural from biological influences anyway? University of Washington archeologist Donald Grayson tried this a few years ago, after also reaching an epiphany of sorts. Grayson’s specialty is the ancient cultures of the American West, particularly those built in the deserts. So he’s spent many field trips in some of the least hospitable lands on Earth, sandblasted by the wind and basted by the sun. (And, of course, there’s always the occasional disaster of equipment failure and overheated tempers.) What Grayson found was that come a crisis—say, a Jeep with a bad engine, stranding his group in the sandy heat—it was the men who jumped to fix it. They were efficient and cheerful as long as they could make the repair, and make it quickly. But if they couldn’t, if the crisis began to drag into a lost day, then the men—himself included, Grayson acknowledges—became grouchy and irritable. They were depressed about the situation and increasingly frustrated about being stuck with a bunch of people they suddenly didn’t like too much.

“At that point, women were the glue,” Grayson said. Women comforted and teased, proposed other solutions, and kept the group from igniting in a blaze of frustration and irritation. Again, some of this has to be attributed to culture—don’t we teach women to be nice and men to be fixers?—but it was so consistent and so enduring and so effortless that Grayson began to suspect it ran deeper. He began to think about the different biology of men and women in terms of strengths.

And he wondered, if you examined men and women in a time of total disaster—of life-threatening terror—when people often are  stripped down to basics, would the same pattern emerge? And would it make a difference? Would the reactions and capabilities of one sex serve better than another? He decided to look at one of the most famous, or notorious, tragedies of the early American West: the awful fate of the George Donner Party of 1846, in which a group of pioneers were trapped by snow in California’s Sierra Nevada mountain range.

The Donner Party consisted of a group of 87 Midwesterners, mostly farmers, lured by tales of golden California. They were brave; they were naive; they knew almost nothing about the wilderness before them. Along the trail—and their route often led through canyons with no trail at all—they fell too far behind schedule. Winter literally roared over them; the snow banks around their camp reached a prison-wall height of 22 feet. Almost half the members of the Donner Party died in the mountains. But the group is best known because those who survived did so by eating those who did not—stewing the bodies of men, women, and children.

Would you call this life on the edge? Grayson did. In that framework, he found a number of startlingly consistent gender differences. Female survival stood out: 57 percent of the men died compared to 30 percent of the women. Why? First, because the men killed each other; three of the 40 deaths in the Donner Party were murders. Second, because the women’s bodies were better built to handle cold and starvation. Women have more insulating fat, and their bodies are, on average, 17 percent smaller than men’s and burn up less energy. And, third, by the time total crisis struck, the men were far more worn out. Bigger and stronger, they were the ones who hacked paths for wagons to follow, carried exhausted children, built shelters. It’s logical for a society to assign the heavy lifting jobs to those with the largest muscles, of course. But when starvation came, the men had fewer reserves than the women.

Grayson also suspects that men are less durable, period. Returning to the issue of reproductive differences, he says, there’s good reason for nature to design females—the primary reproducers of a species—to last a long time. Women outlive men by an average of  seven years these days, and there’s new evidence that hormonal concentrations in women effectively prolong good health.

In looking at longevity, Grayson also analyzed another pioneer disaster, the Willie Handcart Party’s crossing of the Rocky Mountains in 1856. The party belonged to an experimental Mormon program in which emigrants pushed their belongings in handcarts rather than riding in the slower, more expensive wagons. However, the 1856 party, led by James Willie, ran into winter snows. They were trapped, exhausted and short of food. Of the 429 people, 68 died on the path between Iowa and Utah. And although men and women were equally tired—everyone walked, everyone pushed the carts—the dead numbered 40 men and 28 women. (The percentage breakdown sounds even more dramatic: 25 percent of the men, 8.5 percent of the women—a three-to-one ratio.)

There’s also another contributing factor which may highlight gender differences. The Donner Party was stranded because the men who led it decided to gamble on the best way to reach California. They chose an untested route, hoping it would be quicker. They left the well-known trail. There’s evidence that they did this over the objections of the women in the party. And certainly the evolutionary argument that I’ve just outlined would predict that split: that men would be far more inclined to take the chance.

Stephen McCurdy, a professor of occupational medicine at the University of California, Davis, did another gender-focused analysis of the Donner deaths. His conclusions agreed with Grayson’s. “In the decision to take that shortcut that led to destruction, the women were not involved,” McCurdy said. “I hate to throw a monkey wrench at my own sex, but I can’t imagine a woman being willing to take that risk with her own children and family.”

If, then, women come less easily to risk-taking, they also move less readily to destruction and harm, at both high and low levels. Jay Belsky, Distinguished Professor of Human Development at the Pennsylvania State University, talks about risk-taking on a small scale. “Dads like to toss their babies in the air,” he says. “And I guarantee you, wait long enough and the tossing gets higher, and  pretty soon, the wife is saying, ‘Honey, that’s enough.’ She’ll stop him. If you look at emergency room statistics I suspect you’d see more children injured on Dad’s watch than on Mom’s. Dads don’t watch in the same way; they’re more willing to take risks, even with their children.”

Grayson also believes that men are simply more naturally inclined to gamble with lives. All of these studies tell us, Grayson thinks, that history is really the story of biology.

Of course, you can’t prove any of this unless you can figure out the mechanics—what “biology” are we talking about specifically? Do our genes have a program in mind for each sex? Do they produce a distinct male chemistry that leaps to the fight and a distinct female one that turns toward comfort and caution? It’s undoubtedly not quite that simple, but scientists studying such questions propose hormones as the most likely candidates in this scenario. For instance, males run high in testosterone, a hormone that spikes up in times of challenge. Perhaps—and this remains speculative—the hormone also propels a quick, aggressive response. Females are high in oxytocin, a hormone that supports not only lactation but, apparently, bonding and nurturing behaviors—although this too remains speculative.

This is not to suggest that we dangle like puppets on hormonal strings. If hormones do profoundly affect behavior—which I believe, though not all do—then they must do so as one of many cast members, not as a solo performer. Our behaviors are, in many ways, wide open to many influences—foods, drugs, injuries, life in all its dimensions. We can also choose to override an instinct. Think of biology and behavior as dancers—one leads, the other follows. But which does which, and when? They tug at each other, and in turn are pulled by the music, the fluid melody of the environment. And do we ever know—can we ever know—where we are in the dance?

It’s that sense of motion which makes gender biology so frustrating, so promising, and so blessedly interesting. We’re trying to figure out who we are, even as we’re changing into someone else,  moving from the waltz to the two-step. And because we do change, there’s no limit to the questions we can ask, from the grandiose ones (Why do we have two sexes at all?) to the small ones (Is there a scientific reason why boys get intense about Legos and girls—as the manufacturer’s studies show—do not?). How easy is that to change? Do we want to?

Late in the summer of 1996, the New Yorker magazine ran a cartoon showing a man sitting at a kitchen table, relaxing with a newspaper. His wife, children dangling off her arms, was setting dinner down on the table. She was looking at him without affection. The caption said, “Despite my best efforts, you’re still the man and I’m still the woman.”

In that image is the bottom-line question, the one that I want to pursue in this exploration of gender biology: Are men and women dancing toward a real and equal partnership and is it biology that makes it, apparently, such a very slow dance?



Chapter One

SPLITTING THE LARK

The Origins of Sex

 
 
 
 
 
 
In the realm of poet and playwright, the coming together of the sexes is all beauty, all passion. Think of Shakespeare’s Romeo, who stands outside the house of a girl he’s barely met, caught by an unexpected enchantment. When she appears at the window, it’s like dawn’s first shimmer on the horizon: “It is the east, and Juliet is the sun.”

There’s no metaphor too great or too gorgeous. Man and woman are restless tide and welcoming shore. All hope is in a face, all fortune in a gilded body. The whole affair becomes so exhilarating, and ultimately so exhausting, that even the flamboyant nineteenth century romantic, George Gordon, Lord Byron, acknowledged it could go too far:

 
For the sword outwears its sheath,  
And the soul wears out the breast,  
And the heart must pause to breathe,  
And Love itself have rest.


 
In the literal world of science, of course, Byron couldn’t have been more wrong. Lungs breathe. The heart pumps. If it pauses, call the doctor. “Love itself” can be broken down to hormonal signals and molecular structure. This conflict—the ruthless exchange of shining beauty for clinical chemistry—has endlessly frustrated poets. More than 100 years ago, Emily Dickinson wrote sarcastically of dissecting birds to find the mechanics of song. “Split the Lark—and you’ll find the Music—” she said; kill the bird and silence the melody: “Scarlet Experiment! Sceptic Thomas! / Now, do you doubt that your Bird was true?”

In Tom Stoppard’s recent play Arcadia, which turns physics into an exploration of life and love, a literature professor rails against a world pulled down to the rattle of atoms and the empty clink of test tubes. He takes up Byron’s lush verse like a weapon, reciting:

 
She walks in beauty, like the night  
Of cloudless climes and starry skies;  
And all that’s best of dark and bright  
Meet in her aspect and her eyes:


 
Let science give that much glory to life, then; let research enrich our lives by half that measure—and the professor slams off the stage.

Even scientists sometimes wonder if too much analysis misses the point. At a late-1980s conference on the evolution of sex, the famed biologist John Maynard Smith confessed to a gut reaction against explaining away sexual attraction as nothing more than a means of fixing genetic errors: “I find it hard to accept that bird song, the color of flowers, Romeo and Juliet, all evolved because of a molecular mechanism of double-strand DNA repair (and nothing more). Somehow this explanation seems inadequate to explain the phenomenon.”

Yet, he continued, “We should not rely on gut feelings in science.” Research will never transform women into starry skies and morning light.

Science offers a different kind of beauty. It opens the worlds within worlds. We can hear not only the bird’s melody but his message as well. A lark’s song becomes more than aimlessly pretty notes; it’s the sound of seduction, the bird world’s version of a  pick-up line—although perhaps more charming than most of ours.

John Maynard Smith is right. Science does—or at least it tries to—strip sex down to the fundamentals of biology. I’m not arguing for chemical romance. I’m not saying that a digital computerized image of infrared radiation stirs the senses the way Byron does. Neither can I say that current explanations for human partnership—for instance, that, like mice, we may sniff out our mates—exactly warm my heart. Poets and dreamers—and the rest of us, too—enjoy love’s mystery, an inexplicable alchemy that turns lead to gold, binds heart to heart. What science substitutes, or tries to, is a promise of understanding, a chance to see ourselves through another lens.

When it comes to sex, that vision doesn’t come easily. Biologists are still trying to figure out why life demands two sexes. From the point of view of simple, clean reproductive biology, this seems unnecessary duplication. If species need only reproduce themselves, as generously and prolifically as possible, then the logical answer seems to be self-contained clone generators. A planet inhabited by hermaphrodites seems more sensible than the messy system we have now, with all its competitions and battles and emotional furors. From the beginning of evolutionary theory, biologists have been stumbling over this one. Charles Darwin professed himself frankly baffled—“The whole subject is hidden in darkness”—and today, at best, it sits in an uneasy twilight. Never mind cloudless climes, rising suns, and breathless hearts—the two-sex system is too incredibly, unbelievably inefficient.

How inefficient? David Crews, an evolutionary biologist at the University of Texas, once looked at that question by analyzing chicken reproduction. (This is a perfect example, by the way, of the distance between poetry and science. Who writes poems about the merits of hermaphroditic hens? Who would want to?) In Crew’s scenario—purely hypothetical—a poultry farmer owns ten breeding females. Each hen produces 30 eggs a year. The female chicks begin busily laying eggs themselves when they are three years old. To analyze efficiency, Crews then compared the eventual offspring  of a half-male, half-female poultry population with that of an imaginary all-female, self-fertilizing group. The existence of males—incapable of laying even one lousy egg—didn’t cut the offspring merely by half. In seven years, if none of the chickens died (and remember that males seem to die off faster anyway), the fortunate farmer who owned the self-sufficient females would own 633,100 egg-laying hens. His competitor, relying on the traditional two-sex system, would own 56,150 hens.

Furthermore, if counting unhatched chicks seems figuratively risky, mating is literally so. In the predatory wild, sex demands a relaxing of vigilance. There’s a concentration requirement—so to speak—that interferes with the normal alarm systems; the senses aren’t tuned to the pad of heavy paws in nearby bushes. For wild animals, the act of mating can be a flirtation with death. You can measure this, in a way, by realizing how rapidly most animals get through it, as if they really want to get back to looking over their shoulders. Among the apes, the act of copulation has a breathtaking sense of hurry, averaging seven seconds for common chimps, 15 seconds for bonobos, sometimes known as pygmy chimps, and one minute for gorillas, who, after all, are big enough that most predators aren’t going to mess with them.

Scientists can’t hold that kind of stopwatch on their fellow humans. It makes for a hilarious image: Okay, 30 seconds; okay, 60 seconds ... As you might imagine, this activity ends up being estimated instead by means of a nice, safe survey. And by such self-reports, we find that the American average for length of copulation time is about four minutes, starting from the moment of penetration. You have to wonder about this number, though. Is anyone going to admit they have sex like a gorilla? Do people feel a competitive urge to report a better time than their neighbor’s? The four-minute mark is best taken for its main contrast with the habits of other primates: humans take longer. Perhaps the many years we’ve lived out of the wild has allowed us to relax the pace. Still, there remain other risks to copulation. We could have spared ourselves sexually transmitted diseases like syphilis, chlamydia, and AIDS, if we had evolved as clean, self-reproducing hermaphrodites.

There are similar risks for other species. Yet it’s a male-female world: the birds, the bees, the butterflies, the fish, the frogs, the trees, the flowers, the bushes—on this planet, if it breathes, it almost always belongs to one sex or the other. Two sexes are a fact of life. Why even ask why? Why not concentrate instead on how to live with it?

Maybe it’s worth asking only because sex is so fundamental to life on earth, to who we are now. We know men and women are different. We bemoan the differences, sometimes jokingly, sometimes with real dismay. Perhaps our best chance, though, of narrowing the gap is to understand it. The sexes are unlike each other because humanity—as well as the vast majority of species—evolved that way. Earth-based biology likes a two-sex system. Evolution has conserved it, probably for billions of years, because it works. David Crews’s hypothetical example of hermaphroditic chickens—as he freely admits—works beautifully as long as there is no need to worry about lethal genetic mutations or the other vulnerabilities of an inbred system. That’s why the superefficient chickens remain a hypothesis and, biologists think, why self-replication is incredibly rare. It doesn’t offer the survival advantages of genetic variability. If biologists are right, a one-sex system would have doomed us all long ago. Earth would be as silent as its dusty moon.

The reasons for sexuality track the history of life on this planet. The rules of survival begin in the blast-furnace origins of the solar system, in those long-ago days when the sun was settling its satellites into place. Consider the following, then, to be a hyperfast trip from 4.5 billion years ago, when the planets were smoking, to the present.

Scientists suspect that sex was, in the beginning, a primitive means of staying alive. If the Earth seems an unfriendly place now, consider the early planet—a ball of barely cooled rock flung into orbit by a still-sparking star. The primitive atmosphere was hardly the cushy, oxygen-dense one we rely on now. Many scientists believe that the swirling, breath-giving levels of oxygen that we inhale so automatically now are a by-product of plant life.

Plants “breathe” differently than we do—in just the opposite  way, in fact. They take in carbon dioxide and release oxygen. The more plants the earth supported, the more oxygen was pumped into the atmosphere. And oxygen, fortunately for us, is a marvelous element. It combines with hydrogen to make water. Left alone, it bonds with itself, in pairs and in triplets. We breathe the former —the oxygen in our air. But the latter, otherwise known as ozone, forms an atmospheric buffer—the famous ozone layer that protects us against the more lethal aspects of living close to a star. Ozone blocks ultraviolet (UV) radiation, a light invisible to the eye and deadly despite that.

In those first days without much oxygen, there wasn’t much ozone layer. The atmosphere, by best guess, was a flimsy blanket of other gases—a lot of nitrogen and hydrogen. The earth baked in the best and worst of the sun’s glow, heated by infrared radiation, brightened by visible light, blistered by ultraviolet light. That tale of wispy atmosphere and boiling solar wind, believe it or not, is thought to be the beginning of sex. As life tried to emerge—tiny slimy bacteria-type life, but still life—sunlight played a undeniable part. It was not in every respect a healthy relationship.

It turns out that the ultraviolet component of the sun’s rays, whether by coincidence or not, burns at a wavelength that interacts dangerously with Earth-based biology. It fits like a key into the locks of DNA—deoxyribonucleic acid, the carrier of genetic codes. Almost casually, it flicks the tumblers of the genetic material within. In comparatively large and complex creatures like ourselves, the relatively small amounts of UV light that get through can still bring on skin cancer or induce the formation of cataracts in the eyes. On ancient Earth, with its wide-open atmosphere, it could have blown a fledgling bacterium apart.

Bear with me; we’re taking a sudden, breathtaking leap across the evolution of life itself and the still mysterious appearance of water. But the main point is that when primitive organisms began to create squat little pads and clumps in the newly formed seas, they were hammered by light. During this period, from about 3.8 billion to 2.5 billion years ago, life just held on. Survival itself was  a triumph. And biologists think those clumps of one-celled creatures survived only because they somehow developed a system of transferring genes. If one genetic combination was vulnerable to radiation, perhaps another was less so. If two organisms—perhaps bacteria—could mix their genes, each stood a chance of replacing vulnerable ones, finding stronger ones, developing better defenses. The early gene transfer essentially involved bacteria melting into each other, with one sucking up the other. But it was also the union of two different genetic packages: the theoretical beginning of sex.

And since life does tend toward efficiency whenever possible, two “parents” turned out to be adequate—as opposed to a reproduction system involving, say, 21 different partners.

As far as sex goes, biology’s rule, at least for reproduction, is that there must be two. It’s as true for spiders as people, for banana plants as hummingbirds, fish as hyenas. Anyone with the energy can have countless sexual partners, but to reproduce requires only one—and good timing.

That’s not to say that the system hasn’t gotten more complicated. True, there are still bacteria that use the merge-and-suck system, but that’s because nature hates to throw out what works. Moving on up the food chain, most of us—from bugs to birds, fish to humans—have moved past the genetic vacuum cleaner phase. Instead, we bring different genes together through a process of cell fusion—or fertilization. This is the bringing of the pollen to the plant, the sperm to the egg. As those cells meet and fuse—in our case, when tiny tadpolelike sperm enter the rounded blob of the egg cell—we have the start of a new life. Once again, we can ask what started this new system of sexual exchange. Once again, there’s no romance in it whatsoever.

One theory is cannibalism. As you might imagine, the early earth was a barren place. First life was desperately seeking not only genes but food. Say you’re a tiny, simple cellular blob, surrounded by hot rock and murky water. Realistically, what are you going to eat? Gnawing on rock is not an option. Single-celled creatures, so scientists speculate, probably devoured each other. They could have forged a tightly woven food chain in which cells were constantly merging and sharing, blending their components.

Once the system really got moving, of course, it was less like cannibalism. The recombination of genes led to different forms of life. But once there were algae and eventually larger plants pumping out oxygen, why did those diversifying life forms stick with dual sex? After all, ultraviolet radiation was finally being buffered and the food supply was expanding. You might think that once the system was running, it might relax into single-sex simplicity. As if life were ever that simple.

Environment is a lot more than sun, rock, and water, after all. It includes other life—some oblivious, some useful, some downright vicious. Researchers suspect natural conflict kept the sexual pressure on. For every creature that might wish to be genetically lazy, there is another keeping life from getting too comfortable. The chain of life includes predators and prey, parasites and unwilling hosts, viruses and victims. If you look at predatory cellular parasites or viruses, they often resemble professional change artists. Some change their outer proteins—the chemical identity by which a host organism might detect them and defend against them—almost as easily as we change from business suits to sweats.

The retrovirus family, which includes the Human Immunodeficiency Virus (HIV), is forever shrugging off yesterday’s coating. The influenza viruses mutate into new infections every year. All of that puts new demands on the hosts to be equally shifty in their defenses. In other words, both need an ongoing genetic recombination. Mating offers a quick and constant way to reshuffle the genetic deck.

We can use a species of freshwater African snail to illustrate the point. Scientists at Emory University have found that the snails use sex not because they can’t reproduce without it—they do just fine in that respect—but because sexual recombination of genes is their response to parasitic attack. The attacker is a tiny thread of a worm—scientists call it Bulinas truncatas—also known for weaving  its destructive way into human bodies, destroying livers and kidneys.

The shiny little snails prefer to live as self-contained hermaphrodites, and in the dry season in Kenya, when the parasite load is low, each snail stays contentedly in its self-contained shell of a world. But as the rains pick up, and as the parasites spread viciously in the steamy damp, the snail needs more genetic flexibility to protect itself than an asexual approach provides. Remarkably, the snail is able to recognize this. It changes under this pressure: part of the population begins growing penises, engaging in sexual intercourse with the rest, and shuffling genes to find whatever combination will best outlast the parasite this time around. It’s their offspring who really benefit from this, developing a tougher resistance when necessary.

Computer simulations comparing asexual, or hermaphroditic, life, which recycles the same genes over and over, with a sexual system suggest that asexual life usually self-destructs. If a bad genetic mutation occurs, it can’t be shaken off. Barring a miraculous countermutation, the organism can’t substitute a better gene. University of Oregon analysts running such a computer-based experiment said that introducing parasites into such a fragile biology pushed their asexual computer creatures right into extinction.

The biological objective of sex, then, is genetic flexibility. It’s mandatory; if the environment changes, life must adapt to it or be killed by it. Consider the ozone layer—and we probably should, considering our own recent efforts to repair damage we’ve done to it. In general, biologists believe that when the ozone layer formed long ago, and as ultraviolet radiation was better screened, Earth’s first creatures took the opportunity to grow and spread and compete with each other. Life itself became part of the changing and challenging environment. There were new kinds of pressures on genes: those often-deadly dances between predator and prey, virus and victim. The pressure continues. We match it with a remarkably determined two-sex system.

Consider another African species, the cichlid fish, which lives in  the shallow waters of Lake Tanganyika. The cichlid are organized in a strict social system in which ten percent of the males are dominant and boss the others around, controlling the food-rich, sunny waters that attract spawning females. These boss fish are bright-colored and virile. The rest of the males are pale and sexually immature.

But if one of the big guys gets scooped up by a hungry bird, suddenly a new boss appears. Since there’s an ingrained biological insistence on having a certain ratio of virile males to fertile females, one of the shadowy male wallflowers is suddenly transformed. Stanford University scientist Russell Fernald calls it the switch from wimp to macho. The new boss fish develops black stripes and orange spots—gaudy, to be sure, but apparently the right color scheme to bring on the female cichlid. His sex organs mature; over a period of days, he grows to eight times his former size. He’s tailored to mate.

For most species, then, the first requirement for producing offspring is two parents of the opposite sex and, as the cichlid transformations show, some species do extraordinary work to get there. The second requirement, at least for having healthy children, is that the notion of “opposite” be taken very seriously. Obviously, you’d expect parents of different sexes to merge different genes in producing young. But (within reason) the more different the better. The less alike a couple’s genes are, the more variability, the greater the ability to respond to genetic injury, and the less likely that defective genes will be inherited. As we know, the consequences of too much genetic duplication can be tragic. Consider this hypothetical example: A woman marries a second cousin. They find out later that their family line carries the gene for cystic fibrosis. As a rule, two defective genes must be inherited for such a disease to lock in. Their children, obviously, are far more at risk than if the parents had married into other families with different genetic histories.

Biology operates on the guiding principle that different is better. This drive is strong enough that some biologists even argue that  sex itself is a factor in genetic instability, in mutations which—for better and for worse—translate into “different.” Ursula Goodenough, at Washington University in St. Louis, even suggests that we should expand our notion of sexual influence beyond the obvious. Goodenough believes that genes which control the immune system, for example, or that help guide our sense of self or nonself may also be an important part of the two-sex system and may subtly push us toward choosing mates with very different genes from our own. This reinforces the notion that the two-sex system is geared toward genetic diversity.

Goodenough’s primary work has been done with a one-celled green algae, chlamydomas. Most of us would identify this as slime; she sees a family. One distinct group of the algae oozes along the east coast of the United States; another equally mucky branch hangs off Cuba. What she’s found by comparing the American species  (reinhardtii) and the Cuban species (incerta) is that the greatest genetic differences are in genes related to sex and reproduction rather than those that control digestion, say, or motion.

Goodenough began by wondering why there should be two separate groups of algae at all. The North American species dwells right down to the coast of southern Florida, just a narrow ocean current away from Cuba. The environmental niches are hardly different enough to split into separate species. Goodenough’s argument is that it isn’t environment—or that wedge of water—that separates these two. Rather, she believes that genes related to sex are programmed to be more unstable than others to encourage variation and difference. If the sexes indeed evolved to keep the gene pool in motion, they might have also evolved to be prone to mutation.

Her fascination with the sexual drive toward differences led her to consider the importance of immunology in courtship. She’s begun to look at what she calls the “self-incompatibility” genes, which are involved in creating the body’s sentry system, such as cells in the blood that recognize foreign objects. Self and nonself recognition is an essential part of the immune system, allowing the body  to recognize invading bacteria or viruses as alien, or dangerous. But, as Goodenough points out, the system also may be part of healthy reproduction. It may guard against inbreeding, making sure that one organism doesn’t mate with another that is too close genetically. Flowering plants, for instance, have an elaborate self-recognition system that will abort the interaction of a male pollen cell with a female (stigma) cell if the pollen seems too closely related to the “self”—or female cell. It’s a measure of their importance that such rules of avoidance seem deeply grained in genetics. The broccoli plant, Goodenough points out, has 50 different kinds of genes for avoiding “mating” with a too-similar broccoli.

What she suggests is that the immune system guards against both the health problems posed by alien invaders, such as viruses, and those posed by sex with a too-familiar party. The demands of such protection may keep pressure on the genes to keep up. “That is, [these genes] evolved rapidly to generate immunity to inbreeding,” Goodenough says. If she’s right, the immune system is partly sexual, a part of mate choice. Is she right? She doesn’t know. What she and her colleagues are doing is asking questions about how humans choose each other. Are there influential chemical signals and scents? Is information about internal chemistry, about the immune system, conveyed in such subtle ways? Do our genes thus, quietly, try to pick our partners for us? It’s important to emphasize, as Goodenough does, this is a science of interesting theories rather than conclusions. If she’s right, though, our bodies may well be turned, albeit unconsciously, to some very clear rules of sexual attraction. “Not only must you find a mate within your own species, of the opposite sex, but you must determine if the mate is like you or different from you,” she says. The “within a species” constraint is worth emphasizing, of course. A two-sex system doesn’t encourage cross-species sex; we look for variation within our own.

In our own species, there’s strong suggestion of a biological barrier to like-like mating. Most of us feel no sexual pull toward a brother or sister. And even if we do feel such a pull, we are restrained by social mores. Rules against incest stretch across cultures  and time. In early Christianity, marrying a thirty-second cousin was considered incest. The medieval Church of England published a “Table of Affinity and Kindred,” which listed some thirty-odd forbidden marriages, including a warning against a woman moving in with her grandfather or a man developing a relationship with his grandmother. In traditional China, a man was forbidden to marry any woman with the same surname. Human societies have regarded incest as so evil, so likely to call down the wrath of the gods, that it has been blamed for catastrophes ranging from crop failures in Ireland to cattle sterility in Thebes.

Of course, the existence of laws also tells us that even if there is a biological predisposition to avoid incest, humans may choose to ignore it. Fathers do rape their daughters; sisters do sleep with brothers. The laws and the penalties tell us two things: that the majority of people regard this as wrong, and that a minority do it anyway. Incest taboos have been deliberately lifted on occasion: In the ancient Egyptian dynasties, the ruling families deliberately inbred to keep the aristocracy pure. Cleopatra was both her husband’s niece and his sister. The ruling families of Hawaii, the great Inca rulers of long-ago Peru, the past Chinese dynasties—groups with enough power and enough social snobbery—have chosen incest over sexual commingling with the lower classes. It’s worth noting, however, that all the above-mentioned families have vanished.

Is there a biology that underlies the general cultural abhorrence against incest—the almost immediate feeling of revulsion? You could argue that society simply teaches us to regard the idea as horribly wrong. But there’s a growing body of evidence to support Goodenough’s point about self-recognition and sexual choice—that there’s a subtle but protective chemistry beneath it. Incest does, in fact, serve as a reminder: we share a common biology with the rest of life on earth. Even broccoli avoid incest. But we have an apparently unique ability to override biology, ignore predisposition, to choose to hunt down the worst possible genetic partner, often for the worst of reasons.

As Goodenough suggests, research is drawing a tighter link between immunology and sex. Some really fascinating work along this line has been conducted in Switzerland by Claus Wedekind, a zoologist at Bern University. Wedekind began with the obvious functions of self/nonself recognition—basic defense against disease. A body that doesn’t recognize a virus as foreign is a body that is open to infection. Among the genes that control our response to not-us-ness is a group known as the major histocompatibility complex (MHC). These genes code for disease detectors in the immune system—not the killer cells, which destroy invaders, but the sentry cells, which patrol the body, sending out an alert if unknown organisms are detected. Based largely on Wedekind’s pioneering work, the MHC genes are now under intense scrutiny. The first international MHC and behavior conference was held in July 1996.

Wedekind’s early research showed that when a female mouse is offered a choice between two males, she always chooses the one whose MHC genes are least like her own, within the boundaries of the species. She checks the male out by sniffing its urine, in which his immune system is signaling wildly by creating proteins unique to each set of MHC genes. These in turn perfume the urine. The stranger the smell—at least to the mouse in question—the more endearing the male mouse. But Wedekind has also made an unusually neat transition to human behavior, with a logical shift to the way we smell each other. Most of us tend not to sniff each other’s pee, so he studied sweat, which is sometimes hard not to smell.

Wedekind collected a group of 44 college women and 49 college men. He gave each man a clean cotton T-shirt and asked him to sleep in it over a weekend. The men were also told to avoid spicy food, deodorants, cologne, perfumed soap, smoking, drinking, and sex. During the day, their sweaty T-shirts were kept in sealed plastic containers and, after the weekend, they were carefully packed back into their boxes and returned to Wedekind’s laboratory.

Now, here’s the mouse connection. At around the time of each woman’s ovulation—during which studies show that sense of smell becomes more acute—the woman was seated alone in a room and  presented with a stack of plastic boxes containing both the sweaty T-shirts and some immaculately clean ones. She had to sniff each one. The women were asked to rate every shirt for sexiness, pleasantness, and, I suppose, basic reek, although the scientists called it intensity of smell. The women reacted a lot like the female mice: the more different the man’s MHC complex was from the woman’s own, the sexier the shirt—and presumably the man—was rated. Although they haven’t tested it, the researchers suspect the arrow points both ways; logic says men, too, would get turned on by the aroma of “alien” immunology.

As in mice, as in broccoli, as with roses perfuming the air of spring, the point of having two parents is to combine dissimilar sets of genes. Again, how do we recognize a genetically optimum partner? Again, we don’t know all the ways. Wedekind’s work suggests one—that the human immune system signals its individual chemistry, as loudly as possible, through compounds released in sweat. That chemistry derives from the genes that control the system, in this case the MHC complex. And women respond to the “information” in the smell. Wedekind’s study suggests that women are most attracted to the scent of men with different MHC genes from their own, implying at least that biology disposes an individual toward a mate who would provide a healthy mixture of genes.

Is that the only cue we use? Undoubtedly not. Appearance, for instance, can also provide information about a healthy mate and I’ll discuss that more later. But the relationship between MHC genes, smell, and sex is particularly interesting because its power is so subtle—influencing us without our awareness. It emphasizes Goodenough’s point about how potent genes may be in guiding sexual choice. As I said, we can also override predisposition. But there seems to be a genetic cost to that. Researchers, for example, looked at the Hutterite religious community of North Dakota, where people marry within a small, confined society. Anthropologists found that those couples with closely matched MHC complexes tended to achieve fewer pregnancies and suffered more miscarriages. Perhaps the signals in sweat are worth responding to,  even unconsciously. One of the ideas raised at the July 1996 international MHC conference is that the same immune signal may exist in human saliva. That might mean that kissing—a biological mystery if there ever was one—functions as a kind of mutual genetic test. On that note, I acknowledge that all those disgruntled poets have a point—science really can take the romance out of anything.

But the more essential point of all this—from early Earth to sweaty T-shirts—is that genetic variation is essential. Thus, we are not overrun by a proliferation of hermaphroditic egg-producing chickens. A slight fraction of one percent of all species on earth are hermaphroditic. They tend mostly to be slimy little things—blue-green algae, salamanders, frogs, minnows. Almost all, apparently, were once typical two-sex species that, under unclear evolutionary pressures, basically pulled it together.

David Crews has studied a family of lizards, the whiptails, that includes such unusual members. One third of the 45 species in this group are self-reproducing females. Are they weird as well as rare? Crews has found that they engage in what we can call pretend sex, mounting each other and humping away regardless of the futility of it all. His experiments indicate that this pseudosex actually accomplishes something, stimulating ovarian growth just as male courtship stimulates ovarian growth in other whiptails. The self-reproducing females are still haunted by the ghosts of the ancient male-female dance.

There are also fish, such as the Japanese goby, that flick back and forth between male and female, based on social cues. For the goby, size is power; the biggest goby in any given group becomes both seducer and soldier. He’s the first-line defender of the territory. He’s the hunk, drawing the attention of all surrounding females. It helps to be the group’s only male, of course. But this poses a dilemma as well: What happens if a passing bird spikes your only male? It may be lunch to the bird, but, at first glance, it’s catastrophe for the gobies—no male-female mix, no mating, and no future.

The saving grace is that sexual biology is remarkably responsive to environment. Biologists have found that the goby can keep this social system because it can also switch sexes. If the king male is gone, the largest female goby changes into a male. This is so flexible a system that researchers can yank the gobies back and forth. They put a group in a tank and remove the dominant male. A female converts. They drop the old leader back in. Sure enough, the erstwhile boss reverts back to female, with all her original enthusiasm for the male.

There are also species, such as sheephead fish, crocodiles, and lizards, for which the environment factors into whether their offspring will be male or female. How warm the mother’s internal body temperature gets during incubation, for instance, can determine whether the eggs hatch as male or female. Take the leopard gecko, for instance—a gorgeous little species of lizard, with its flashy, jungle-foliage markings. Temperature extremes tend to produce gecko females; medium-range temperatures make males. The result is about what you’d expect from the chance randomness of weather: a 50-50 male-female split, close to ideal in the gecko social system.

Would any of those systems work for us? The gender-on-demand system of the goby? The sex-by-weather responsiveness of the gecko? Probably not. Genetic research provides a clue as to why sex is more rigid in our species—why we couldn’t handle the “Honey, it’s a warm day; let’s have a girl” approach. Larry Shapiro, a specialist in human genetics at the University of California, San Francisco, points out that such a system would be evolutionary whimsy—or perhaps suicide—for humans. We don’t pump out hundreds of well-fertilized eggs a year. Barring twins—and the occasional rise to sextuplets—a human mother can produce one baby a year, tops. If we want the ideal mating ratio—a male for every female—then we need tighter control.

“When animals produce a large number of offspring, they can afford to leave sex determination to external factors,” says Shapiro. “Not so, mammals and (especially) primates. Primates produce  such a relatively small number of offspring that there has to be more control. Otherwise the ratio between males and females would become skewed.” The worldwide sex ratio is fixed at approximately 50-50 for humans. Males tend to outnumber females slightly at birth; females tend to survive at a higher rate. It evens out. The numbers stay balanced.

At a basic level, this system, rooted in time, means males and females can never be biological mirrors. We can debate all kinds of fine variations in behavior; we can find enormous overlap between male and female behavior. But, barring genetic disorders or hormonal malfunctions, we get a clearly male or female body and a strong sense of gender identity. Our genes do not offer the option of sliding between male and female according to the environment. At some stage in evolutionary time, our species opted for a certain rigidity. Not that it wouldn’t be interesting to see one’s husband, say, switch to female because he could survive better at the office that way. Or vice versa. And not that we’re cast in stone either. There’s enough slip in our biology to allow for transsexualism, for variations in sexual orientation, and even leeway in the way our bodies get built. But not enough to make us identical counterparts.

Kim Wallen, a professor of psychology at the Yerkes Regional Primate Research Center, based at Emory University in Atlanta, puts it like this: “The effect of a predisposition is essentially to open up the path of least resistance. [For example,] our visual system is biased to develop in a certain way, based partly on certain environmental inputs.” Many mammals, for instance, have a vision system that matures after birth, doing so normally only if the eyes open onto light. “We know from experiments with cats [raised in the dark as kittens] that we can alter the system,” Wallen says, “but it takes special energy to do so, special environments, special conditions.

“Let’s apply that to gender predispositions,” he continues. “Let’s take an extreme case—you want to make a male who can give birth to a baby. Well, you could do it. But it would mean all kinds of surgeries, developing and sustaining an artificial womb, years and  years of development. In other words, a massive input of energy. The path of least resistance in our species is that males don’t give birth and females do. A lot of our behaviors follow from that—and to change them, you have to be very determined.”

It’s the issue behind Wallen’s statement that leads me to the subject of genes. I’m interested in how they shape us less as a biology lesson and more as a concept. How might genes make a man different from a woman? What might that imply for a range of behaviors?

The understanding of DNA—the discovery of its now-famous double-helix structure, the knowledge of its chemical composition—has revolutionized science. The massive Human Genome Project is built on the ability to pick apart that structure
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