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“One of the most compelling books on human behavior I’ve ever read. Testosterone is a scientific mystery story told with insight, intelligence and panache.”


Daniel Gilbert, Edgar Pierce Professor of Psychology, Harvard University, and author of the New York Times bestseller Stumbling on Happiness


“Science-writing at its best: intriguing, personal, bold, persuasive, and most importantly, transparent. Her gripping account will fascinate, whether you’re a teenager in the throes of puberty or are just curious about the nature of sex and gender—one of the most important debates of our time.”


Richard Wrangham, author of The Goodness Paradox


“This is the story of the most famous, most misunderstood, and most maligned chemical in our bodies: testosterone. A fascinating, brave, and brilliant book—the best I’ve read on the topic.”


Steve Stewart-Williams, author of The Ape that Understood the Universe


“A superb and engaging book that delivers the unfiltered truth about testosterone, sex and sex differences, told with clarity and compassion. Testosterone conveys a deep understanding about the hidden power of testosterone in our lives, but also teaches us how scientific knowledge exposes harmful misconceptions and helps us become more humane.”


Daniel E. Lieberman, author of Exercised


“With wit and warmth, Hooven lucidly lays out a formidable scientific case for how and why the sexes are different. Boldly confronting contemporary gender issues, Testosterone speaks directly to why getting human nature right matters for making the world a better place.”


Joe Henrich, professor of Human Evolutionary Biology at Harvard, and author of The Secret of Our Success
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STARTING OUT



CHIMPING


If we were not under their sleeping nests when the chimpanzees woke up, then we would miss out on the pee—the key to the chimps’ testosterone levels. So I prepared, as I did almost every morning during the eight months I spent with the chimps, for a walk through the predawn jungle.


Evolution has fashioned an elegant system that motivates us to start our days with the benefit of the light (and heat) emitted by our star. Like all diurnal animals (those that are active during the day), we sync our sleep-wake cycles with our planet’s twenty-four-hour rotation around its axis. When the morning sun is sensed by the photoreceptor cells in our retinas, the information is transmitted to the pineal gland, a tiny pine cone–shaped organ, deep in the center of our brain. In response, the gland decreases its production of the “sleep hormone” melatonin, which nudges us toward a particular behavior—waking up.


At least, this is how it worked before we humans got used to artificial light. But since chimps are sticking to the old schedule, I had to get my butt out of bed while my melatonin was still high. I attempted to counteract this groggy state of affairs with a dose of caffeine delivered via coffee, which I made with rainwater on the field site’s propane-powered stove.


Armed with my Wellies to protect from such inconveniences as army ants, mud holes, and black mamba snakes, a flashlight, and a foot-long machete (for bushwhacking), I headed out to meet my Ugandan field assistants. This was a usual day of chimping—tagging along with the chimps and taking notes on their lives and activities in the Kibale Forest of Western Uganda.


After a hike of about an hour, I rested on the forest floor near the base of one of the trees in which the chimps slept, high in the treetop nests they’d constructed the night before. I tried to soak up every detail of the dramatic transformation of the night forest. The steady hum of trilling insects was drowned out by the growing cacophony of bird and monkey calls, and slivers of sunlight pierced through the undergrowth, turning dewdrops into glowing gold beads that clung to the green foliage. I was waiting for one sound in particular, that of rustling from above, the first stirrings of chimps waking up. That was my cue to prepare.


Chimps aren’t much different from humans in terms of their first morning needs—they need to go! But while we stumble out of bed and head to the bathroom (or outhouse or pit), chimps just stick their rear ends out, over the side of their nest. I did my best (which was not always good enough) to be far enough away to shield myself from the urine that rained down about thirty feet through the leaves, but close enough that I could catch some. I did that with the help of a long stick with a forked end, over which I had tied a plastic bag.


In this way I was making a small contribution to the data, both behavioral and physiological, that was collected by researchers from the Kibale Chimpanzee Project. This treasure trove of information allows scientists to gain insights into the origins of all kinds of behaviors. But we were particularly interested in sex, aggression, and dominance, which are all affected by the subject of this book: testosterone, or, as insiders call it, “T.” With human subjects, we can just ask them to spit into a tube. But wild chimps are less cooperative, so we measure T in their urine (and feces) instead.


I carefully pipetted what little pee I managed to catch from the plastic bag into test tubes, to be carried back to the field site for later transport back to the endocrinology lab at Harvard. After a few minutes of rustling and relieving, the chimps shimmied down the tree trunks to begin their day, with the field assistants and me in tow.


A BULLY GIVES A BEATING


Chimpanzees live in “communities,” usually comprising about fifty chimps. In some ways, each community is like a group of people living in a small town, with well-defined and defended borders, and hostile relationships with the neighboring towns. Imoso was like the mayor—the alpha—of this town, called Kanyawara. It was just one of several such communities located within the vast forest near the border with the Democratic Republic of the Congo. Imoso was temperamental and despotic—a leader who must have been more feared than liked. Each day, smaller groups of chimps from the community, called “parties,” would congregate and spend the day together, and I’d follow one of the parties. When Imoso was part of a party I followed, I could count on lots of grunting, screaming and hooting, threatening, slapping, stick dragging and throwing, and chest pounding. There was one sure way to make things even more exciting, and that was to add a fertile (estrous) female to the mix. Lots of sex, and even more aggression, as the males competed for the right to mate with her.


Other days were punctuated less with bouts of high drama, and more with the ebb and flow of nurturance and play. Little ones would cling and cuddle, nurse, tumble and chase their siblings and friends, or perch like royalty on mom’s back, as they traveled from one feeding patch to another. Those were the times I followed parties without the adult males.


On one January day, Imoso seemed calmer than usual. And on this day, unusually, he decided he’d like to hang out with only one female and her two small children. Leaning against a tall fig tree, I opened my notebook. Outamba sat behind Imoso on a large downed tree in a clearing. She expertly searched through his thick, dark hair, separating and flattening it, examining the area for dirt or parasites, deftly removing what she found and popping the tasty bits into her mouth. The baby Kilimi and her older sister Tenkere frolicked in a patch of grass in the heat of the equatorial midday sun, amid the din of birds and insects.


Outamba’s ear-piercing screams jolted me out of my tranquil state and sent my heart racing. I bolted upright. Imoso jumped up so that he stood on the fallen tree and began to pound Outamba with his fists while also kicking her. She tumbled to the ground, and tiny Kilimi quickly hopped into the refuge of her arms. Outamba huddled over her daughter in a protective embrace, her back exposed to Imoso’s assault. I tried to accurately record all that was happening—who was doing what to whom, and for exactly how long. (I was lucky to have been with one of the project’s experienced field assistants, John Barwogeza, who gave me a thorough debriefing on all that I had missed.) After a few minutes of this brutality, already the longest and most severe beating I’d ever seen, Imoso picked up a large stick and began hitting Outamba’s head and back with it. Tenkere, just three years old and no more than two feet tall, raced around Imoso and pounded at him with her impotent little fists as the giant beat up her mother. But kicking, hitting with fists and sticks wasn’t enough—Imoso got even more creative and hung from a branch, leaving his feet free to stomp on and kick her with greater force. Nine stunning minutes later, it was over.


The beating left Outamba bleeding from the tender, hairless skin on her bottom, but at least her kids were unharmed and she was able to scamper off with them.


Although I knew other researchers had observed prolonged—even murderous—attacks, this was new for me. The episode was gut-wrenching, but also, as a scientist, it was thrilling and confusing. Sure, the big males would routinely harass and beat the adult females, but from what I’d seen before, these beatings were brief and mild by comparison.


Richard Wrangham, the world-renowned Harvard primatologist who founded and ran the field site, happened to be visiting that week. I raced the two or so miles back through the forest to the field station to describe what I’d seen. I was breathless and bursting with emotion and questions, but his initial response was to simply hold out his hand to shake mine. He told me that I was the first researcher to observe such weapon use by a nonhuman primate in the wild. Time magazine even ran a story, accompanied by a large picture of Richard, me, and the now famous stick (later retrieved from the clearing by the field assistants), under the title “Wife Beaters of Kibale.” That anthropomorphic title made me cringe, but there was no denying the similarities between Imoso’s disturbing behavior and domestic violence among humans. Why did he do it? I didn’t have any answers that day, but research on testosterone and reproduction from the field site would later supply them.


DEMONIC MALES


My journey to Uganda wasn’t exactly a straight line. An interest in human behavior drove me to major in psychology in college. I enjoyed classes like Freud and Jung, Abnormal Psychology, and Personality and Individual Differences. But it wasn’t until my senior year that I had to restrain myself from jumping out of my seat, barely able to contain my excitement about the lecture material. I will never forget that course (Biological Psychology), the professor (Josephine Wilson), and the day she introduced me to neurons and neurotransmitters and how their actions and levels affect all kinds of behavior. I remember her standing tall, raising her outstretched arms above her head, and wiggling her fingers around to bring a neuron and its dendrites—little branches that communicate with other neurons—to life. A new, powerful way to understand the origins of behavior was opening up for me, and it felt tremendously satisfying. I knew I wanted more of that feeling, but graduation loomed and I had no job.


As one does with a BA in psychology, I landed a job in financial software. (Mostly I just wanted a job where I could “work with computers.” This was 1988, after all.) I told myself that I would do this for a couple of years until I figured out a grand life plan. But I still had lots of learning to do, and my job was comfortable. So two years turned into ten. I took classes that I had missed out on in college, like molecular biology and genetics, and discovered that—contrary to the impression I’d gotten throughout my early schooling—I loved biology. I traveled widely, to places like Israel, Tanzania, Costa Rica, and China, and became curious about the origins of the diversity of cultures and ecologies across the globe. And I read popular science books, like The Selfish Gene by Richard Dawkins, that introduced me to how evolutionary theory could help to answer my questions about life on earth.


These experiences intensified my desire to find the deepest, most powerful explanations for human behavior and converged on one question: how has evolution shaped human nature?


Then I read the book that suggested a path I could take to pursue my questions: Demonic Males: Apes and the Origins of Human Violence. It wasn’t violence, specifically, that drew me in; it was the approach that the two authors used to investigate large questions about how we got to be the way we are. I decided that I wanted to do what the lead author did, which was to study chimpanzees to learn more about ourselves and our evolutionary origins. So I quit my job and applied to graduate school.


I do not recommend doing things in that order.


The lead author of that book was Richard Wrangham. Fortunately he happened to teach at Harvard, in my home city of Cambridge, Massachusetts. I eagerly mailed in my application to the program in his department, which at the time was called Biological Anthropology. The rejection note was disappointing, but in hindsight I should have expected it. It’s tough to get into such a program without a shred of research experience “in the field,” as it’s called. But in some cases, naivete can be an asset. I persisted in my efforts, and eventually Richard—we were now on a first-name basis—offered me an opportunity to spend a year in Uganda at the Kibale Chimpanzee Project. He had started the field site in 1987 to study the behavior, physiology, and ecology of wild chimpanzees. My job was to manage the site and learn to conduct some research of my own. I could hardly believe it. Of course I accepted.


SEX AND VIOLENCE IN TWO KINDS OF PRIMATES


And that’s how I found myself in the forest on that January day in 1999, catching chimp urine and watching a big male beat up a smaller female while she tried to protect her kids. Their interaction had dramatically exemplified the contrasting patterns of chimp behavior that had already captivated my interest—relatively peaceful, nurturing females and sex- and hierarchy-obsessed aggressive males.


I watched adult male chimpanzees use aggression in different situations for different purposes, only some of which had a clear explanation. They used it to show who was in charge and to demand what we might think of as respect. A lack of respect meant that one’s dominance rank was not being observed, and a beating might be the way to increase the chances that proper deference be paid to the dominant male in the future. Two males, close in dominance rank, might duke it out over a sexual opportunity—fighting to win a mating with a sexually attractive female (those who are in estrus and who can thus conceive are the focus of much male attention), or to keep other males away from her (known as “mate guarding”). And what about Imoso’s assault on Outamba, at a time when she wasn’t in estrus? As the data would later suggest, such aggression tends to increase a female’s sexual compliance in the future. Males tend to target females who are in the best reproductive condition, and females preferentially mate with and bear offspring fathered by males who have been especially aggressive toward them. (I should emphasize that this doesn’t mean that men’s aggression against women has a similar evolutionary rationale, still less that such behavior is inevitable or excusable. And in any case, other animals—including other primates with different social systems—can also offer clues about the evolutionary origins of our own behavior.)


All this is not to say that every male chimp is a bully or that they are violent 24/7. They have different personalities—some shy, some sweet, some brutish. The big males, even Imoso, could be gentle and patient. They played with the youngsters, lightly wrestling and biting, and allowed their bodies to be used as jungle gyms as they tried to catch some shut-eye; they spent lots of time in their social groups, with the females, kids, and each other, traveling, relaxing, eating, and grooming, with little or no brutality. And although I saw very little aggression from the females, it does occur, sometimes with intensity.


And, of course, the same goes for adult males of the human community, who are capable of extreme acts of heroism, tenderness, and generosity, but also of violence and cruelty. I spent long hours every day as the lone woman in a group of local men, and I trusted them with my life. But during that time other men from the very same region of Africa were carrying out brutal acts against civilians.


The BBC World Service kept me company every night, and the lead story often featured the planet’s alpha male, President Bill Clinton, and his affair with a young White House intern, Monica Lewinsky. As many men had done before him, and continued to do after, Clinton had risked everything for a few fleeting sexual encounters. Although this was a titillating distraction, I listened carefully for mention of the Congolese rebels, trying to glean any information on whether any were headed in the direction of my field site. A civil war was under way next door in the Congo, and the area was a hotbed of political violence. I learned of gruesome attacks, involving men using their machetes to attack villagers including children, cutting off hands, limbs, or heads, and raping the women. There were regular threats against Westerners, specifically of beheadings. I felt like a sitting duck, alone in my small bungalow at night, my own machete, tucked under my pillow, providing little comfort.


One horrific and widely publicized attack in March 1999 triggered the evacuation of most Westerners (including the Peace Corps) out of the region. Rwandan rebels had invaded a Ugandan national park, 250 miles to our south and also on the DRC border. The rebels killed four park employees and kidnapped fifteen tourists, who were marched into the mountains. The rebels slaughtered eight of them, from the UK, New Zealand, and the United States, with machetes and clubs. At least one woman showed evidence of a severe sexual assault.


I stayed on at my field site for another few months, but eventually, because of increased threats to Westerners and rebel movements in our area, the U.S. embassy ushered me out.


My experience in Uganda left me with the ambition of knowing more about how the shared biology of humans and nonhuman animals can help to explain why males and females are often so different. Really, I longed to understand men. Testosterone promised to be a key part of that explanation. So when my second application to Harvard was successful, and I started work on a PhD in biological anthropology, I learned everything I could about it.


INTRODUCING T


Testosterone is present in our blood in minute quantities. Both sexes produce it, but men have ten to twenty times as much as women. Despite its insubstantial physical presence, T has managed to achieve a substantial reputation, dwarfing that of any other corporeal chemical. After all, T is an “androgen,” from the Greek “andro”—man—and “gen”—generating. If the Y chromosome is the essence of maleness, then T is the essence of masculinity, at least in the popular mind. Bill Clinton was assumed to have plenty of it, but with Donald Trump we got actual numbers.


Just before the 2016 presidential election, Trump appeared on Dr. Oz’s national TV show to reveal the results of his latest physical. Oz read off the various numbers—weight, cholesterol, blood pressure, blood sugar. While the doctor seemed quite positive about what he described as “good numbers,” only one number seemed to move the audience: 441 (nanograms per deciliter). Presumably, the audience’s enthusiastic applause indicated that they saw Trump’s T level as scientific proof that he possessed not just the spirit but also the constitution of a strong, masculine leader. And while the precise nature of the molecule itself is not especially enthralling to most people (its chemical formula is C19H28O2), the same cannot be said for its ostensibly masculinizing powers—sometimes titillating, but sometimes toxic.


The writer Andrew Sullivan told readers of New York Magazine that he got “a real sense of what being a man is . . . [with] the rush of energy, strength, clarity, ambition, drive, impatience, and, above all, horniness” from his biweekly testosterone injections. A Psychology Today article suggests that “women are attracted to toxic masculine male phenotypes that correlate with testosterone . . . and who exhibit patterns of behavior that will allow them to ascend the social hierarchy and defend their positions from encroachers.” According to the left-wing Huffington Post, Trump’s presidency is “testosterone-fueled,” making it “an extremely dangerous one” that could lead to war. According to the right-wing American Spectator, the problem is not too much T, but too little, among some prominent conservatives: “There is also a low-testosterone, dilettantish strain of conservatism that has overdeveloped in the ‘mainstream’ media . . . to create such sterile hybrids as Michael Gerson and George Will and David Brooks,” who were, during Trump’s first presidential campaign, “sipping tea” while Trump’s base was “fighting a war.” And in another piece from Psychology Today, the author describes the “testosterone curse” in which high T induces “a biological urge that sooner or later demands expression.” According to him, while we can’t forgive the sexual transgressions of Harvey Weinstein, Bill Cosby, and other male celebrities, we should understand that “men are just animals who, when under T’s influence, have great difficulty perceiving females other than one-dimensionally, as objects for lascivious gratification.”


So not only are powerful men suffering from the curse of hypermasculinity that leads them into war and rape, T is to blame, and we women can’t help but love it! Apparently, too much T is toxic, too little is emasculating, and just the right amount leads to vigor and success.


Is any of this remotely accurate? Or is it just a popular myth—and perhaps one with a suspect sexist history? A proper answer to that question needs a whole book, and you are holding it.


There’s no doubt testosterone is responsible for the human male’s reproductive anatomy and physiology. As we’ll shortly see, whether it’s responsible for much more than that has been hotly disputed. The consensus of experts is that testosterone’s main job is to support the anatomy, physiology, and behavior that increases a male’s reproductive output—at least in nonhuman animals. And men are no exception—T helps them reproduce, and directs energy to be used in ways that support competition for mates. How that works is the subject of the rest of this book.


SEX DIFFERENCES AND SEX HORMONES


Sex differences are simply differences between males and females—in humans, chimps, or other species—and noting a difference says nothing about its cause. Some differences are small, or inconsequential, at least for the purposes of this book: for instance, women are somewhat better than men at performing mathematical calculations like adding up numbers in a column. And women’s names are usually different from men’s names. Others are both large and meaningful. Men are much more likely than women to be sexually attracted to women, and they are far more physically aggressive than women in every pocket of the earth, at every age. For example, they are responsible for around 70 percent of all traffic fatalities and 98 percent of mass shootings in the United States, and worldwide commit over 95 percent of homicides and the overwhelming majority of violent acts of every kind, including sexual assault. One important point about sex differences, illustrated by these examples, is that almost any feature that differs between the sexes isn’t exclusive to males or to females. Some men are called “Shirley”—and indeed the name was a man’s name a few centuries ago. Women murder and sexually assault, they enjoy sex with other women, and many are slower and less accurate than most men when totaling up the household budget.


Let’s look more closely at an obvious and uncontroversial sex difference: height. In the United States, the average height of women is less than the average height of men, by about five and a half inches. Following the pattern of many other sex differences, there is significant overlap: there are women who are taller than most men and men who are shorter than most women. If we picked hundreds of men and women at random and recorded their heights, the distribution of heights would look something like this:
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Sex differences in height: different average, different variation





The vertical axis (or “y-axis”) represents the number of people from the sample who fall into each height category (in inches), which is indicated along the horizontal axis (or “x-axis”). The curves over each set of bars are just a clean way of approximating the (inevitably) messy data. (Only some bars are shown.) The dark bars represent women and the light bars men. Looking at the longest dark bar, it tells us that we found slightly fewer than sixty women who are sixty-five inches tall. We found more than twenty women who are seventy inches tall, and so on. The average height of women (at the top of the dark curve, around sixty-five inches) is clearly less than the average height of men (at the top of the light curve, around seventy inches), but there is a lot of overlap in height across the sexes.


The distribution of male heights is also wider than the distribution of female heights. The women cluster more tightly around their average than the men do around theirs. That is, there is more variation in male heights than female heights. This means that there are more men on the extremes of height, leading to more very short and very tall men, and fewer such women. More of the women are closer to the average female height than men are to the average male height.


A sex difference can be a difference in the average only (as we see in some tests of reading ability, in which females are higher), a difference in the variation only (as we see in IQ, in which there is greater variation in male scores), or a difference in both, as we see with height. The first two cases are illustrated in the graphs here.
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Group differences: different average, same variation
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Group differences: same average, different variation





Sex differences are everywhere. Some are big, some are small, some are uninteresting, and some are striking and in need of explanation. One very large sex difference is the level of testosterone over a lifetime. What role—if any—does that sex difference play in all the others? One uncontroversial role of T is to increase the height of men relative to women. (Although, as we’ll see in the next chapter, cutting off a boy’s testicles before puberty increases his height.) Testosterone’s role in the sex difference in complex behaviors like violence, however, is more controversial. In their 2019 book Testosterone: An Unauthorized Biography, Rebecca Jordan-Young, a professor of women’s, gender, and sexuality studies, and Katrina Karkazis, a cultural anthropologist, express skepticism about the idea that T does much of anything when it comes to sex differences in behavior. According to them, the notion that “T drives human aggression” is a “zombie fact”—a hypothesis that rises from the dead despite being killed again and again. And elsewhere Jordan-Young writes that exposing this myth is crucial for “denaturalizing violence and opening up the remedies we can pursue or even imagine.”


If T is not to blame, the obvious alternative hypothesis is that the greater level of male aggression is largely due to socialization. As the American Psychological Association puts it, “Primary gender role socialization aims to uphold patriarchal codes by requiring men to achieve dominant and aggressive behaviors.” For a less academic way of illustrating the point, see the comic strip, advertising the body builder Charles Atlas’s strength training system. Even though the ad is from the 1940s, its themes are still relevant today, and it provides a nice example of one mechanism through which men could be socialized to be aggressive.
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Patriarchal codes





KEEP CALM AND LOOK AT THE EVIDENCE


In my first year of graduate school, I encountered my first bump in the PhD road in a graduate seminar, The Evolution of Sexual Behavior. One of our weekly meetings was focused on the topic of “forced copulation” in animals. One of the assigned readings was a research paper by the biologist Randy Thornhill, in which he set out a theory of the evolution of rape. Thornhill relied on the example of the male scorpion fly, which forcibly inseminates the female by holding her wings in an “abdominal clamp.” According to the title of the paper, this is “rape”: “Rape in Panorpa Scorpion Flies and a General Rape Hypothesis.” From such behavior in the scorpion fly and other species, Thornhill speculated about the origins of rape in humans:




Males should be most strongly selected to rape in species in which males provide resources important for female reproduction. . . . Rape is the only option for reproduction for a male without resources because he cannot deceive a female about his quality as a mate. . . . My hypothesis is that . . . in human evolutionary history, larger males were favoured because of the increased likelihood of successful rape if they failed to compete successfully for parental resources.





Whoa. He’s saying that men evolved to be bigger than women so they can pin them down and rape them, just like the scorpion fly does, in the event that the men can’t manage to impress the ladies with their ability to be a good provider.


That paper stirred an unpleasant feeling in my belly. When it came to my turn to contribute to the seminar discussion, I did my best to gather my thoughts. With my eyes wet and shining, I summed up my considered opinion to the rest of the group: “This guy is an asshole!” I still vividly remember how small, powerless, and angry I felt. Everyone seemed to be staring at me, waiting for an explanation. One other female student sat at the table with me, and I looked to her for validation—of course the men wouldn’t get it. Nobody comforted me. Instead, the male professor calmly urged me to respond to the data and the argument. I thought, what’s going on here? Is nobody else outraged? But he kept redirecting my attention to the evidence and reasoning in the paper. Eventually, I managed to overcome my revulsion and tried to assess the argument without letting my emotions get in the way.


It wasn’t an easy process. My emotions didn’t evaporate. And I’m still not thrilled with what strikes me as tone-deaf writing about a sensitive topic. But I learned that I could evaluate the evidence for an upsetting hypothesis on its merits; that by itself was empowering. (Incidentally, I briefly met Thornhill during my graduate studies, and he seemed like a perfectly nice guy.)


My students are often in the position that I was in on that day in class, encountering challenging ideas and research. Some react emotionally and reject them out of hand. That kind of response is easy to understand—emotional reactions, whether positive or negative, affect how animals, including humans, evaluate whatever it is they are encountering. If I see a big hairy spider in my bathtub, I can become aroused, and not in a good way—even if I know perfectly well that this particular species is harmless. That “spider stimulus” has caused unpleasant sensations in my body; therefore, the spider is bad. When we have a strong emotional or physical response to a stimulus—whether an arthropod, a person, an inanimate object, or a scientific hypothesis—we often irrationally project our response onto the stimulus itself. This can lead us to make poor decisions based on gut feelings rather than reasonable ones based on the proper evaluation of evidence. We can be driven to avoid accepting unpalatable conclusions.


The more I researched testosterone in humans and other animals, the more convinced I became that socialization is only part of the story. T, I have come to appreciate, plays a central role in human sex differences, and not just in physical traits. But as I was soon to discover, expressing that view carried perils of its own.


SUMMERS AND DAMORE


It was January 2005, and I’d recently finished my PhD in biological anthropology, transitioning from Harvard graduate student to Harvard lecturer. I had plenty of teaching under my belt, but always as a “Teaching Fellow,” which is Harvardese for the assistant who meets weekly with small groups of students to discuss the material taught by the professor in lectures. I was thrilled to have the opportunity to create and teach my very own course and was busily preparing for the first class. The course material was based largely on my dissertation, which ended up being focused not on chimpanzees but on the role of testosterone in explaining sex differences in the way we think and learn, perceive the world, and solve problems. The class was to be a twelve-person seminar called Evolution of Human Sex Differences.


You may have heard of Lawrence Summers, who was then president of Harvard. Maybe you know his name because he was President Clinton’s Treasury secretary, or because he has served as chief economist at the World Bank. But more likely, you might have the impression that he said something outrageous about how women are biologically unsuited for math and science.


That’s not quite what happened. A few weeks before my course was due to start, Summers gave a talk at a small conference centered on how to get more women into STEM fields (science, technology, engineering, and mathematics). He offered several hypotheses that could explain why women are underrepresented in STEM. One invoked “different socialization and patterns of discrimination,” which ruffled few feathers, if any. But another was that male aptitude was more variable (as male height is more variable), leading to more men than women at the very high (and very low) end:




So my best guess, to provoke you, of what’s behind all of this is that the largest phenomenon, by far, is the general clash between people’s legitimate family desires and employers’ current desire for high power and high intensity, that in the special case of science and engineering, there are issues of intrinsic aptitude, and particularly of the variability of aptitude, and that those considerations are reinforced by what are in fact lesser factors involving socialization and continuing discrimination. I would like nothing better than to be proved wrong, because I would like nothing better than for these problems to be addressable simply by everybody understanding what they are, and working very hard to address them.





Summers had hoped to stir discussion and debate with his comments. He at least succeeded in stirring the contents of the stomach of a well-known MIT biologist who was in attendance. She got up and left the room, and later told a reporter that if she had stayed she “would have either blacked out or thrown up.” Accusations of sexism in the press soon followed. Donors stopped donating. Heated debates around campuses and water coolers ensued. After a vote of no confidence from the faculty, who considered his comments the last straw in a controversial presidency, Summers resigned under pressure.


It was no coincidence when over one hundred students showed up for my twelve-person seminar! And the controversy hasn’t died down.


It was during the “Summers scandal” that I realized that I was on the wrong side of the divide. My embrace of evolution, testosterone, and sex differences seemed to make me morally suspect. I had taken for granted that to solve any problem (the underrepresentation of women in STEM, sexual assault, you name it), we must understand its roots, which can only happen in an atmosphere of free and open inquiry. That is, we need to be able to research, debate, and discuss all reasonable, thoughtful hypotheses, without shame or censure. That’s what I had come to understand science and academia were all about. What’s more, I expressed this sentiment to a reporter from the student paper—the Harvard Crimson—in response to his questions about President Summers’s comments. I admit to being naive. I hadn’t appreciated that some of my colleagues disagreed with me not only about the biological basis of sex differences but also about the kinds of questions that were suitable for discussion and investigation. One Harvard physics professor told the New York Times that it was “crazy to think that it’s an innate difference—the difference in standard deviation. It’s socialization. We’ve trained young women to be average. We’ve trained young men to be adventurous.” He wasn’t the only one to express such sentiments. It seemed that hypotheses like Summers’s shouldn’t be given airtime because such “dangerous ideas” might be discouraging to women and interfere with achieving gender equality.


At this time, most of the pushback that I felt came from male professors, who told me how things worked, and that any underrepresentation of women in STEM was due solely to discrimination and sexist socialization. But my research suggested otherwise. I was a new, untenured, female lecturer, and I soon began to harbor a sense of nervousness about how my opinions and abilities would be viewed by those on the top of the totem pole. I eventually gave up research and stuck to teaching, which I love. But in hindsight, I wonder if the environment around that time could have had something to do with my decision.


Fast-forward to 2017, and the annual ritual of updating the syllabus for my lecture course, Hormones and Behavior. I always begin the “Sex, Gender and Difference” unit by focusing on the role of T in fetal development, when it leads male development, in body and brain, to diverge from that in female fetuses. Once the students have the fundamentals under their belts, I use the Summers scandal as a way to introduce sex differences in behavior. What did he say? How was it covered by the press? Does the evidence support any of his claims? And should he have even suggested that biological differences might explain an undesirable situation for women? I thought about retiring my Summers routine because most of my students had never heard of him and in 2005 they had barely hit puberty. Luckily James Damore came to my rescue.


Damore would probably fit your image of a typical software engineer: male, a little nerdy. At the time he wrote his infamous internal memo—“Google’s Ideological Echo Chamber”—in mid-2016, about 80 percent of the software engineers at Google were male. He thought that Google’s efforts to achieve gender parity were misguided, resulting in a kind of reverse discrimination against men. In his three-thousand-word memo he wrote: “I’m simply stating that the distribution of preferences and abilities of men and women differ in part due to biological causes and that these differences may explain why we don’t see equal representation of women in tech and leadership.” And he implicated testosterone as the aspect of biology that mediated these differences.


The memo went viral, and soon Damore was the new Summers. One Google employee was quoted as saying that Damore’s views were “violently offensive” and that she would never work with him again. Some cognitive scientists who reviewed his claims found them to be supported by the evidence, while others were more critical. But the relevant facts about sex differences had little impact on the emotionally charged response, nor did it prevent Google from firing Damore a couple of months later due to “advancing harmful gender stereotypes.”


This was no doubt unfortunate for Damore, who subsequently sued Google, alleging “open hostility for conservative thought . . . paired with invidious discrimination on the basis of race and gender.” But at least I had a more contemporary sex differences controversy for my new syllabus. That syllabus also contained many new articles on sex differences, reflecting the scientific progress that had been made since the Summers controversy. However, while the science has moved forward, our ability to confront uncomfortable ideas suggested by science remains unchanged.


THE FEMINIST BACKLASH


It’s all very well for me to sound these high-minded notes about keeping your emotions in check and dispassionately assessing scientific hypotheses, but the fact is that women have good reason to be suspicious of “biological” explanations of sex differences. Scientists and philosophers—mostly men—have a history of confidently expounding on the alleged biological basis of women’s inferiority. A prime offender, I regret to say, is the greatest biologist of all time, Charles Darwin. In his second book, The Descent of Man, and Selection in Relation to Sex, published in 1871, Darwin provided evidence for men’s greater “mental power”:




The chief distinction in the intellectual powers of the two sexes is shewn by man’s attaining to a higher eminence, in whatever he takes up, than can woman—whether requiring deep thought, reason, or imagination, or merely the use of the senses and hands. If two lists were made of the most eminent men and women in poetry, painting, sculpture, music (inclusive both of composition and performance), history, science, and philosophy, with half-a-dozen names under each subject, the two lists would not bear comparison . . . if men are capable of a decided pre-eminence over women in many subjects, the average of mental power in man must be above that of woman.





Men, he correctly observes, are greatly overrepresented on lists of eminent thinkers and artists. But here it seems Darwin could not shake off the Victorian cultural norms that characterized his time. From our more enlightened perspective, we can create an obvious alternative hypothesis: women are simply being held back by constraints imposed primarily by society rather than by their naturally inferior mental capacity. Although a woman was the head of the British Empire, women in Victorian Britain were generally not expected to get an education. The University of London had first admitted women (a small group of nine) only a few years before The Descent of Man. And even then, they received only a “certificate of proficiency,” not a proper degree. These days women have overtaken men in Darwin’s own discipline and are awarded the majority (by a slim margin) of PhDs in the life sciences. Darwin, for all his greatness, got some important things wrong.


Lawrence Summers, you might have noticed, was arguing in a similar way, although his claim was that men have greater variation in “mental power” than women, not that the average is different. Summers is on firmer ground than Darwin, but since scientists are susceptible to prejudices and cultural biases like anyone else, caution is needed. People dismissed Summers’s claims because his conclusion provoked strong negative emotions. But we should not ignore the possibility that Summers himself, or the scientists he cited, may have been too keen to find explanations that shore up the androcentric status quo. Bias goes both ways.


Bias affects everyone’s thinking and work. The scientific explanation of sex differences can be subtly or not so subtly influenced by cultural norms to favor hypotheses that see sex differences as ordained by nature. For instance, women were kept out of professional sports until the early twentieth century on “scientific” grounds, as in this 1898 article in the German Journal of Physical Education: “Violent movements of the body can cause a shift in the position and a loosening of the uterus as well as prolapse and bleeding, with resulting sterility, thus defeating a woman’s true purpose in life, i.e., the bringing forth of strong children.” This is part of a long and broad history of using and distorting science in the service of dark ends. The eugenics movement in the United States is just one example: In 1931 twenty-nine states had laws that permitted forcible sterilization of those deemed genetically unfit. Former Harvard president Charles William Eliot pronounced eugenics laws essential to protect states from “moral degeneracy.” Before the eugenics laws were abolished, close to seventy thousand people had been sterilized.


On the other hand, feminist critics of the science of sex differences can also be influenced by the fear that biology will be used to condemn women to domestic drudgery or otherwise reinforce the patriarchy. That concern may or may not be reasonable, but it is irrelevant to the truth of scientific hypotheses. And in the case of testosterone, it is hard to avoid the conclusion that these irrelevancies are motivating a lot of the critics.


If the problematic behaviors are socially created, presumably they can be socially destroyed. Alternatively, if the problematic behaviors are rooted in testosterone—and so are “natural”—what can we do? Short of castrating half the human race, we’re screwed, right?


UNCOMFORTABLE IDEAS


Even if you hope that any disturbing conclusions about T’s effects are not true, the point I want to emphasize is that this has nothing to do with whether they are true. In general, if you find a hypothesis distasteful, a red flag should immediately go up: there is a clear and present danger that you will discount the evidence that supports the hypothesis. That might seem obvious, but it is something that it took me a long time to learn and put into practice.


The idea that the gendered structure of human bodies, behavior, and institutions floats almost completely free from biology (and in particular from testosterone) is as popular now as ever. One leader of this movement is Cordelia Fine, a psychologist and the author of the 2017 book Testosterone Rex: Myths of Sex, Science, and Society. Fine thinks that the theory that testosterone plays a central role in masculine behavior is extinct, crushed to death by the weight of the evidence. Resurrecting this dinosaur, Fine says, is both fruitless and dangerous, and such thinking “squashes the hopes for sex equality.” And if you believe that “biological sex is a fundamental, diverging force in human development,” you’re falling for an “overly familiar story” in which “differences between the sexes are shaped by past evolutionary pressures—women are more cautious and parenting focused, while men seek status to attract more mates.”


Testosterone Rex was awarded the prestigious Royal Society Science Book Prize, with one of the judges writing, “This book brilliantly explains how every baby, male or female, is born equipped to grow up into any sort of life.” If we buy into that sexist story about evolution and hormones—the “Testosterone Rex” view—we will set severe limits on what we can accomplish. Removing those limits, Fine and others seem to believe, requires disproving the “ingrained myths” about biological differences between the sexes, especially those about testosterone.


The belief that biological explanations of sex differences inevitably lead to pessimism about progress, and a fatalistic acceptance of gendered social norms, is commonplace. As the neuroscientist Gina Rippon puts it in her 2019 book The Gendered Brain, “A belief in biology brings with it a particular mindset regarding the fixed and unchangeable nature of human activity, and overlooks the possibilities offered by our emerging understanding of the extent to which our flexible brain and its adjustable world are inextricably entangled.”


A carefully curated reading list of books like Testosterone: An Unauthorized Biography, Testosterone Rex, and many popular magazine and newspaper articles would lead someone with little prior knowledge to wonder what all the fuss is about. If the science is so flawed, how did the myth of testosterone as the “male sex hormone” even arise? The journalist Angela Saini answers this question in her popular book Inferior: How Science Got Women Wrong, and the New Research That’s Rewriting the Story. It is the clear and very real sexism in the history of science that has led us astray. In her view, only by exposing the bias and sexism in science can we see the real evidence. At the start of the book she asks: “Does the balance of sex hormones have an effect beyond the sexual organs and deeper into our minds and behavior, leading to pronounced differences between women and men?” And her answer is clear: “There are few psychological differences between the sexes, and the differences seen are heavily shaped by culture, not biology.”


I agree with Saini that sexist assumptions can sometimes affect research. But I disagree on the answer to her question. Science shows that the answer is unequivocally “yes.” In a number of important ways, testosterone pushes the psychology and behavior of the sexes apart.


In the following chapters, you’ll learn how T influences our bodies, brains, and behavior in the service of reproduction. This isn’t bad news, it’s empowering information. Nothing we know about T or sex differences implies that we have to accept current levels of sexual assault, harassment, discrimination, or coercion. On the contrary, social progress depends on scientific progress. Understanding the forces that drive our priorities and behavior, and how genes, hormones, and environment interact, helps to equip us to combat the expression of the darker parts of our nature. There is no need to downplay the role of testosterone in our lives. Learning about how the world works and confronting the truth can sometimes be uncomfortable or disturbing. But I hope that it’s mostly satisfying, empowering, and even fun, as it has been for me.
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INTERNAL SECRETIONS



HANGING OUT OR IN?


Imagine a few different animals, all male: a frog hopping at the edge of a pond, an elephant grazing on the African savanna, a seagull circling overhead. And now imagine a man (naked, like the rest of the animals) walking his dog along the street. On which of the five animals can you see testicles? Since the image of frog and bird balls swinging in the breeze seems out of place, those two animals probably aren’t on your list. What about the elephant? If you visualized dangling elephantine testicles then that’s understandable, but wrong. He’s one animal that would be particularly challenging to castrate. Like the frog and seagull, and most other vertebrates, the elephant’s testicles are tucked away inside his body. The naked man and his dog? For both mammals, they are “descended.” They hang down from the groin in the scrotum. Those precious, delicate organs, those sperm and testosterone factories, seem bizarrely vulnerable, suspended in thin-skinned sacs.


As a woman, I can only look on helplessly when an enjoyable game of touch football suddenly turns agonizing as one of the players throws himself to the ground, curled into the fetal position, writhing and groaning. Getting kicked, hit, or just banged in the balls appears to be excruciatingly painful. Next time that happens, it might provide some comfort to know that evolution put the pain there for a reason: if it hurts like hell, you will try harder to avoid a similar situation in the future. But just as you’d have to come up with a compelling explanation for choosing to keep all your cash in a paper bag on your front porch, evolution also needs to answer for letting that precious cargo hang out so vulnerably in the first place. Why aren’t the testes always stashed away inside the body, like the heart and brain?


In all mammals, during embryonic development the testes start out in the abdomen, near the kidneys. And in most mammals, including humans, the fetal testes descend into the scrotum during the latter part of pregnancy, as a result of testosterone’s actions. But in elephants and a few other mammals, such as the Cape golden mole (which looks like a mix between a small hedgehog and a hamster), seals, whales, and dolphins, the testes stay put in their original location inside the abdomen, just like the more sensible female ovaries. So what’s going on?


Recent genetic discoveries suggest that the earliest mammals let them hang out. But as the mammalian evolutionary tree grew and branched, a few of those branches led to species with the genes for internal testes. Scientists aren’t sure about exactly why those species took a different path, but external testes must do some good or else evolution would have eliminated them across the board.


One thing every guy knows about the scrotum is that it isn’t simply an inert ball bag. When a man wades into cold water, he can feel the muscles in the upper scrotum (the cremaster muscles) contract to pull the testes closer to the warmth of the body—sometimes pulled in so tight that it hurts. And when he smushes them under his hot laptop, the muscles relax and loosen their grip in an attempt to get them to hang low, farther away from the body. We know that the scrotum acts as a climate control system, keeping the testes at a temperature that optimizes sperm production—about four degrees lower than the temperature inside the body. (If you want to ensure maximum sperm health, stay away from tighty whities and too many hours on the bike.) Still, the mammals with internal testes also manage to keep them at the optimal temperature, by using different systems. The mystery of the species diversity in this testicular trait remains to be solved.


For someone who wants to understand hormones and how they relate to masculinity, dangling testicles are a stroke of luck. It’s possible to remove the testes without killing their owner, and resulting changes in the animal can then be easily observed. Because of this relative ease of access, for more than two millennia, people have understood that the testes exert far-reaching influences on the appearance, behavior, and reproductive capacity of male animals. Modern behavioral endocrinology—the study of how hormones influence behavior—has its roots in this ancient knowledge of the power of the testes.


This chapter traces how this testicular knowledge gave rise to some truly bizarre (by present standards) social practices and set the stage for the experiments in the nineteenth and twentieth centuries that led to the discovery of testosterone. Hormones shape our brains and bodies to help us survive and reproduce, and in this chapter we’ll look at the testes to begin exploring how T works its magic.


In the fourth century BC, Aristotle reflected on the changes wrought by castration, the removal of an animal’s testes. In History of Animals he noted that the differences between “intact” and castrated animals were reminiscent of those between human males at different life stages (boyhood, manhood, or old age), and between breeding and nonbreeding animals, like loud and colorful male birds in the spring and their more subdued selves in the fall. Castrated animals provided evidence that the testes were responsible for the development and maintenance of certain masculine physical and behavioral features:




Some animals change their form and character, not only at certain ages and at certain seasons, but in consequence of being castrated. . . . Birds are castrated at the rump at the part where the two sexes unite in copulation. If you burn this twice or thrice with hot irons, then, if the bird be full-grown, his crest grows sallow, he ceases to crow, and forgoes sexual passion; but if you cauterize the bird when young, none of these male attributes or propensities will come to him as he grows up. The case is the same with men: if you mutilate them in boyhood, the later-growing hair never comes, and the voice never changes but remains high-pitched. . . . The congenital growth of hair never falls out, for a eunuch never goes bald.





A “eunuch,” from two Greek words meaning “bed” and “to guard over,” can refer to any man who has been castrated, or more specifically to those who also act as a servant or protector of a harem.


Whether to punish enemies or rapists, prevent the “mentally unfit” from having children, retain the high-pitched voice of a prepubertal boy, embody the identity of a woman, or to create a less lustful servant, castration has been common practice across cultures and ages.


THE CASTRATI


“Sistine Chapel Breaks 500-Year Gender Taboo to Welcome Soprano into the Choir.” This was the headline from a 2017 story about the first woman to sing inside the Sistine Chapel (at least with the permission of the Vatican). The article quoted the famed Italian opera singer Cecilia Bartoli as saying she was in “seventh heaven” when given the opportunity to sing for an evening with fifty men and boys in the Sistine Chapel choir. What was all the fuss about?


The Holy See has never allowed women to sing in church. With Bartoli’s gender-busting performance, a female voice had reverberated around the Sistine Chapel for the first time.


Business as usual resumed afterward: the Sistine Chapel Choir today remains exclusively male. How, then, without female singers to hit the high notes, can the choir fill its soprano parts? It relies on the voices of those males whose testes have not yet begun to produce testosterone (or the sperm it enables)—prepubescent boys. Soon their rising T will cause changes in their vocal tract, leading their voices to “break” and deepen. While there are exceptions, when those boys become men they can say good-bye to their angelic soprano voice. But there is a way to preserve that ability to hit the high notes, even giving it a boost when coupled with the large, strong lungs of grown men.


In the mid-sixteenth century, operas and choirs began to take advantage of the solution and filled their soprano spots with castrati: male singers who had their testes surgically removed before puberty had the chance to give them the sound of a man.


In spite of another Vatican decree prohibiting castration, by the mid-eighteenth century as many as four thousand Italian boys were subjected every year to the gruesome, dangerous, and painful procedure. (Anesthetics were still a hundred years away.) In spite of the risks, castration offered some families the chance to elevate their financial prospects, and they vied for their sons to obtain a coveted position as a castrato. A few castrati did achieve great fame and fortune, performing in opera houses all across Europe. But for the rest, prospects were bleak.


The lack of testicles and testosterone left castrati unable to marry and have a family, and changed their bodies in socially undesirable ways. If a castrato had his testicles removed before puberty got under way, then the changes were even more extreme. You may know that high T is what initiates the male pubertal height spurt, but you may be surprised to learn that it’s also needed to end it. In puberty, rising T (or estrogen in girls) first acts to accelerate growth of the long bones in the arms and legs. But toward the end of puberty, peaking T (or estrogen) causes a cessation of bone growth. (More on how this works in chapter 5.) Without high levels of testosterone in puberty, boys miss out on the fast growth of the long bones that would usually occur during this time. But they more than make up for this with an extended period of “childhood” growth, continuing well past the point when adult height would have normally been reached, usually by age eighteen. They end up quite tall, with relatively long bones in the arms and legs, giving them a gangly appearance.


No matter when castration occurs, adult men without testosterone are fatter and weaker and have smoother skin than other men because normal male levels of T reduce fat and increase muscle, bone strength, and body hair (more on that in chapters 5 and 9). The ironic exception, noted by Aristotle, is that castrated men usually maintain an impressive head of hair into old age, since testosterone is responsible for most baldness. Most castrati were doomed to live their lives as social outcasts and were treated as freaks.


An eighteenth-century Italian boy wasn’t usually consulted about the traumatic loss of his balls. After all, surely no sane man or boy would choose such agony!


THE EUNUCHS


Eunuchs were a feature of both ancient Greece and Rome. But there is probably no other culture with a longer, richer history of eunuchs than Imperial China.


Clear records date back to the Chou dynasty (about 1100 BC), but others suggest eunuchs served in ancient China as far back as the eighth century BC. Eunuchs continued to serve in the Forbidden City—the walled 180-acre opulent home of the emperor, his family, and their households, and the seat of the Chinese government—until the first part of the twentieth century, when the last emperor, Puyi, was driven out. Chinese dynasties relied on eunuchs to run many of the day-to-day operations of the government, to guard the virginity of the women who would bear heirs to the throne—the imperial harems—and to serve the imperial family. Because they had special access to high-ranking politicians and frequently had the ear of the rulers, the eunuchs possessed a great deal of knowledge about the inside workings of government. They were sources of gossip and advice and wielded significant political power.


Why were eunuchs trusted with these duties while men who possessed testicles were not? George Stent, an Englishman who spent many years living in China in the late nineteenth century, gave us the first comprehensive account of Chinese eunuch life. “There can be no other motive in using them,” he wrote, “than the suspicion, distrust and jealousy of eastern potentates and others, of the fidelity of their wives and concubines; and the dread that if men were employed, licentiousness and profligacy would run riot in their harems.”


The only men who would not pose a serious threat to the sexual and reproductive fidelity of the women in the imperial harem were those without testes, the sperm they produce, and a delivery system to transmit those sperm into a woman’s body. And it didn’t hurt that the lack of testosterone calmed or even eliminated sexual desire. The dynastic rulers needed strict assurance that only their true biological descendants would be the royal heirs. The solution was to forbid those outsiders with testes to come into contact with their precious virgins.


Some eunuchs were men who chose to trade their testicles, along with any hope of romantic love and a family, for the chance to escape poverty and be cared for in old age. But more commonly, young boys were coerced into surrendering their testicles and were often sold into servitude. The heyday of Chinese eunuchs coincided with the growing land shortages and famine that characterized the first part of the Qing dynasty (1644–1912), when the country’s population began to surge and resources, including land for raising crops, were scarce. Citizens grew desperate as they struggled to feed their families. Just as it did for young male singers in Italy, castration offered Chinese men hope for a better life for themselves and their families. Serving the imperial family as a eunuch brought food and shelter and, for some, the ability to influence the course of Chinese politics.


The “last eunuch of China,” Sun Yaoting, who died in 1992, described the anguish his parents felt about whether to have their son castrated. His mother was against it: “What does a small child know about it? Does he know it would make him a cripple all his life? Or that everyone would look down on him because he’d die sonless?” But his father was desperate: “Being a cripple is better than starving! Look at us. When will this life of poverty come to an end?”


The surgical procedure for producing a eunuch for employment in the Forbidden City didn’t vary much across the dynasties and centuries. “Knifers,” or tao-tzu-chiang, were trained men who would perform the ritualized surgery. For a fee, the knifers carried out the procedure just outside the gates of the Forbidden City, in a small building called the Chang-tzu—the shed. Inside, three assistants held the eunuch-to-be in a reclining position—one with his arms around the waist and holding down the arms, with two others spreading and pinning down the legs. The penis, testicles, and surrounding areas were bathed in hot-pepper water in preparation, ostensibly for anesthetic and disinfectant purposes. When the knifer was satisfied that all was well prepared, he brought his knife down to lop off both the penis and the testicles, which were preserved by the eunuch. The preserved organs, called the “bao,” were said to be necessary for the return of a eunuch’s masculinity in the afterlife and would be buried with him.


Recovery from such a grisly procedure, as one might imagine, was long and painful, and many new eunuchs died. And if the patient survived, he was likely to suffer serious complications. After castration, the knifer inserted a pewter needle into the urethra, now exposed at what had been the base of the penis, in order to maintain the opening to allow urine to pass out. Things went downhill from there:




The patient is not allowed to drink anything for three days, during which time he often suffers great agony, not only from thirst, but from intense pain, and from the impossibility of relieving nature during that period. At the end of three days the bandage is taken off, the spigot is pulled out, and the sufferer obtains relief in the copious flow of urine which spurts out like a fountain. If this takes place satisfactorily, the patient is considered out of danger and congratulated on it; but if the unfortunate wretch cannot make water he is doomed to a death of agony, for the passages have become swollen and nothing can save him.





Sun Yaoting, the last eunuch, gave up not only his organs but also a conventional manhood to help his family. He had “dreamed of riches and honors.” His life as a eunuch fulfilled some of his dreams, and brought pains and challenges he hadn’t anticipated. “I have spent most of my life in the company of my eunuch friends. I have tasted both joys and sorrows.”


With few exceptions, throughout the long reach of history, the ultimate purpose of removing the testicles of men (and other male animals) has been to deprive them of their some of their most quintessentially masculine features, such as physical strength, a deep voice, strong libido, or aggressive tendencies. Castration and its effects, while painful for the castrated, generated income and empowered animal breeders, politicians, and royalty. The idea that the source of masculinity was somehow located in the testicles has always fascinated philosophers and scientists, but they lacked knowledge of how this actually works until recently.


We now know that the testes are part of the endocrine system, the network of glands that regulates basic processes of animal life, like growth, metabolism, hunger and thirst, reproduction, circadian rhythms, and body temperature, in addition to related behaviors like eating, sleeping, fighting, parenting, and mating. We also know that the testicular masculinizing agent is the hormone testosterone. Mammals have at least nine endocrine glands, but the testicles are the only visible, readily accessible ones. Female animals lack testes, so have much lower levels of testosterone than males. If we want to understand what it means to be a male human, and the ways in which boys and men are different from girls and women, we need to understand T.


Hormone research didn’t begin in earnest until the late nineteenth century, when scientists began to discern that the testes wrought their masculine effects via a blood-borne secretion, the precise nature of which would not be identified until the early twentieth century.


TRANSPLANTING TESTICLES AND THE ORIGINS OF ENDOCRINOLOGY


Humans aren’t the only animals castrated in order to transform their appearance and behavior, and many of the undesirable side effects of castration in humans—fattiness and tenderness of the flesh—were sought after in other species. Cattle, pigs, sheep, and poultry are often subject to castration to limit breeding to the most desirable males and to increase the animals’ agreeableness, in the farmyard and on the plate. Castrated cocks or “capons” have increased bone lengthening during puberty and grow to be significantly larger and fatter than normal chickens of either sex. Connoisseurs consider the meat of these animals a delicacy and describe it as buttery, tender, and juicy.


If you want to find out the mechanism by which the testicles work, chickens offer some advantages: they are cheap and plentiful and, once the procedure was mastered, not too difficult to castrate. The males and females are also spectacularly, unmistakably distinct. The rooster struts around with his shiny, colorful feathers, his head and neck adorned by a bright red comb and wattle, respectively; and his large body comes equipped with built-in weapons—sharp, bony leg spurs that he brings to battle against threats to his territory and the hens it contains. And of course, he amplifies his presence not only by his ornaments and weaponry but also with his powerful, cock-a-doodle-dooing voice. The hen is relatively understated in appearance and demeanor. Her color is duller, her size smaller, and her ornamentation less showy. And while she may get into the occasional skirmish and is capable of outright attack, she is peaceful by comparison.


In the early nineteenth century, the prevailing idea about how the testes conferred masculine traits was that they worked through the “sympathies,” the system of nerves running through the body. The name arose from the observation that this system seemed to promote harmony among the various parts of an animal. (And the name has lasted—today, the “rest and digest” functions fall under the “parasympathetic” branch of the nervous system, and the “fight or flight” functions are part of the “sympathetic” branch.)




[image: image]
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But Arnold Berthold (1803–1861), professor of medicine and curator of the zoological unit of the museum at the University of Göttingen, was unconvinced by the sympathies hypothesis. The logical alternative was that the testes somehow acted through the blood to affect the rest of the body and brain. Berthold set out to discover whether the testes would retain their widespread effects if they were transplanted. If the testicular transplant worked, then masculinization would take place in the absence of connections between the testes and the sympathies, i.e., nerves, and the alternative hypothesis would be vindicated.


Berthold experimented on cockerels—young male chickens. He castrated two of them, in the usual way, by making an incision in the belly, removing the testes, and sewing the birds back up. He knew how these birds would turn out—just like the castrati, their voices would fail to develop and they would look and behave more like hens. But then he castrated another two cockerels, and this time he put the testes back. Not where they belonged, though. He put one testis from each bird into the other castrated bird’s abdomen. These two cockerels had testicles that were not their own and were in the wrong place. What were the chances that the misplaced, foreign testicles would rescue the cockerels from the feminization that occurs in castrated birds and other animals? Would they grow into adults with large and brightly colored feathers, wattles, and combs? Be loud, pugnacious, and lusty? Or would they become duller, smaller, quieter, calmer, and more reserved?
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