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Authors’ Note

Although this work is a journalistic collaboration between two
authors, we chose for stylistic reasons to write the book from Dr.
Natterson-Horowitz’s point of view. We felt her journey from
focusing solely on human medicine to a broader, species-spanning
approach demanded a �rst-person narrative structure. Most
interviews in the book were conducted by both authors, although in
a few cases only one author did the questioning. The �nal book is
the result of a true partnership not just between Dr. Natterson-
Horowitz and Ms. Bowers but among the many physicians,
veterinarians, biologists, researchers, other dedicated professionals,
and patients (whose names we’ve changed where necessary) who so
generously shared their time, scholarship, and experiences with us.
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ONE 

 
Dr. House, Meet Doctor Dolittle

Rede�ning the Boundaries of Medicine

In the spring of 2005, the chief veterinarian of the Los Angeles Zoo
called me, an urgent edge to his voice.

“Uh, listen, Barbara? We’ve got an emperor tamarin in heart
failure. Any chance you could come out today?”

I reached for my car keys. For thirteen years I’d been a
cardiologist treating members of my own species at the UCLA
Medical Center. From time to time, however, the zoo veterinarians
asked me to weigh in on some of their more di�cult animal cases.
Because UCLA is a leading heart-transplant hospital, I’d had a front-
row view of every type of human heart failure. But heart failure in a
tamarin—a tiny, nonhuman primate? That I’d never seen. I threw
my bag in the car and headed for the lush, 113-acre zoo nestled
along the eastern edge of Gri�th Park.

Into the tiled exam room the veterinary assistant carried a small
bundle wrapped in a pink blanket.

“This is Spitzbuben,” she said, lowering the animal gently into a
Plexiglas-fronted examination box. My own heart did a little �ip.
Emperor tamarins are, in a word, adorable. About the size of kittens,
these monkeys evolved in the treetops of the Central and South
American rain forests. Their wispy, white Fu Manchu–style



mustaches droop below enormous brown eyes. Swaddled in the pink
blanket, staring up at me with that liquid gaze, Spitzbuben was
pushing every maternal button I had.

When I’m with a human patient who seems anxious, especially a
child, I crouch close and open my eyes wide. Over the years I’ve
seen how this can establish a trust bond and put a nervous patient at
ease. I did this with Spitzbuben. I wanted this defenseless little
animal to understand how much I felt her vulnerability, how hard I
would work to help her. I moved my face up to the box and stared
deep in her eyes—animal to animal. It was working. She sat very
still, her eyes locked on mine through the scratched plastic. I pursed
my lips and cooed.

“Sooo brave, little Spitzbuben …”
Suddenly I felt a strong hand on my shoulder.
“Please stop making eye contact with her.” I turned. The

veterinarian smiled sti�y at me. “You’ll give her capture
myopathy.”

A little surprised, I did as instructed and got out of the way.
Human-animal bonding would have to wait, apparently. But I was
puzzled. Capture myopathy? I’d been practicing medicine for almost
twenty years and had never heard of that diagnosis. Myopathy, sure
—that simply means a disease that a�ects a muscle. In my specialty,
I see it most often as “cardiomyopathy,” a degradation of the heart
muscle. But what did that have to do with capture?

Just then, Spitzbuben’s anesthesia took e�ect. “Time to intubate,”
the attending veterinarian instructed, focusing every person in the
room on this critical and sometimes di�cult procedure. I pushed
capture myopathy out of my mind to be fully attentive to our
animal patient.

But as soon as we were �nished and Spitzbuben was safely back
in her enclosure with the other tamarins, I looked up “capture
myopathy.” And there it was—in veterinary textbooks and journals
going back decades. There was even an article about it in Nature,
from 1974. Animals caught by predators may experience a
catastrophic surge of adrenaline in their bloodstreams, which can
“poison” their muscles. In the case of the heart, the over�ow of



stress hormones can injure the pumping chambers, making them
weak and ine�cient. It can kill, especially in the case of cautious
and high-strung prey animals like deer, rodents, birds, and small
primates. And there was more: locking eyes can contribute to
capture myopathy. To Spitzbuben, my compassionate gaze wasn’t
communicating, “You’re so cute; don’t be afraid; I’m here to help
you.” It said: “I’m starving; you look delicious; I’m going to eat
you.”

Though this was my �rst encounter with the diagnosis, parts of it
were startlingly familiar. Cardiology in the early 2000s was abuzz
with a newly described syndrome called takotsubo cardiomyopathy.
This distinctive condition presents with severe, crushing chest pain
and a markedly abnormal EKG, much like a classic heart attack. We
rush these patients to an operating suite for an angiogram,
expecting to �nd a dangerous blood clot. But in takotsubo cases, the
treating cardiologist �nds perfectly healthy, “clean” coronary
arteries. No clot. No blockage. No heart attack.

On closer inspection, doctors notice a strange, lightbulb-shaped
bulge in the left ventricle. As the pumping engines for the
circulatory system, ventricles must have a particular ovoid,
lemonlike shape for strong, swift ejection of blood. If the end of the
left ventricle balloons out, as it does in takotsubo hearts, the �rm,
healthy contractions are reduced to ine�cient spasms—�oppy and
unpredictable.

But what’s remarkable about takotsubo is what causes the bulge.
Seeing a loved one die. Being left at the altar or losing your life
savings with a bad roll of the dice. Intense, painful emotions in the
brain can set o� alarming, life-threatening physical changes in the
heart. This new diagnosis was proof of the powerful connection
between heart and mind. Takotsubo cardiomyopathy con�rmed a
relationship many doctors had considered more metaphoric than
diagnostic.

As a clinical cardiologist, I needed to know how to recognize and
treat takotsubo cardiomyopathy. But years before pursuing
cardiology, I had completed a residency in psychiatry at the UCLA
Neuropsychiatric Institute. Having also trained as a psychiatrist, I



was captivated by this syndrome, which lay at the intersection of
my two professional passions.

That background put me in a unique position that day at the zoo.
I re�exively placed the human phenomenon side by side with the
animal one. Emotional trigger  …  surge of stress hormones  …  failing
heart muscle  …  possible death. An unexpected “aha!” suddenly hit
me. Takotsubo in humans and the heart e�ects of capture myopathy
in animals were almost certainly related—perhaps even the same
syndrome with di�erent names.

But a second, even stronger insight quickly followed this “aha.”
The key point wasn’t the overlap of the two conditions. It was the
gulf between them. For nearly four decades (and probably longer)
veterinarians had known this could happen to animals—that
extreme fear could damage muscles in general and heart muscles in
particular. In fact, even the most basic veterinary training includes
speci�c protocols for making sure animals being netted and
examined don’t die in the process. Yet here were the human doctors
in early 2000 trumpeting the �nding, savoring the fancy foreign
name, and making academic careers out of a “discovery” that every
vet student learned in the �rst year of school. These animal doctors
knew something we human doctors had no clue existed. And if that
was true … what else did the vets know that we didn’t? What other
“human” diseases were found in animals?

So I designed a challenge for myself. As an attending physician at
UCLA I see a wide variety of maladies. By day on my rounds, I
began making careful notes of the conditions I came across. At
night, I combed veterinary databases and journals for their
correlates, asking myself a simple question: “Do Animals Get [�ll in
the disease]?”

I started with the big killers. Do animals get breast cancer? Stress-
induced heart attacks? Leukemia? How about melanoma? Fainting
spells? Chlamydia? And night after night, condition after condition,
the answer kept coming back “yes.” The similarities clicked into
place.

Jaguars get breast cancer and may carry the BRCA1 genetic
mutation that predisposes many Jews of Ashkenazi descent and



others to the disease. Rhinos in zoos get leukemia. Melanoma has
been diagnosed in the bodies of animals from penguins to bu�aloes.
Western lowland gorillas die from a terrifying condition in which
the body’s biggest and most critical artery, the aorta, ruptures. Torn
aortas also killed Lucille Ball, Albert Einstein, and the actor John
Ritter, and strike thousands of less famous human beings every year.

I learned that koalas in Australia are in the middle of a rampant
epidemic of chlamydia. Yes, that kind—sexually transmitted.
Veterinarians there are racing to produce a koala chlamydia
vaccine. That gave me an idea: doctors around the United States are
seeing human chlamydia infection rates spike. Could the koala
research inform human public health strategies? Since unprotected
sex is the only kind koalas have (my searches for condom use by
animals came up short), what might those koala experts know about
the spread of sexually transmitted diseases in a population that
practices nothing but “unsafe” sex?

I wondered about obesity and diabetes—two of the most pressing
health concerns of our time. I burned midnight pixels investigating
questions like: Do wild animals get medically obese? Do animals
overeat or binge-eat? Do they hoard food and eat in secret at night?
I learned that yes, they do. Comparing animal grazers, gorgers, and
regurgitators to human snackers, diners, and dieters transformed my
views on conventional human nutritional advice—and on the
obesity epidemic itself.

Very quickly, I found myself in a world of surprising and
unfamiliar new ideas, the kinds I’d never been encouraged to
entertain in all my years of medical training and practice. It was,
frankly, humbling, and I started to see my role as a physician in a
whole new way. I wondered: Shouldn’t human and veterinary
doctors be partnering, along with wildlife biologists, in the �eld, the
lab, and the clinic? Maybe such collaborations would inspire a
version of my takotsubo moment, but for breast cancer, obesity,
infectious disease, or other health concerns. Perhaps they would
even lead to cures.



The more I learned, the more a tantalizing question started creeping
into my thoughts: Why don’t we human doctors routinely cooperate
with animal experts?

And as I searched for that answer, I learned something surprising.
We used to. In fact, a century or two ago, in many communities,
animals and humans were cared for by the same practitioner—the
town doctor, as he set broken bones and delivered babies, was not
deterred by the species barrier. A leading physician of that era
named Rudolf Virchow, still renowned today as the father of
modern pathology, put it this way: “Between animal and human
medicine there is no dividing line—nor should there be. The object
is di�erent but the experience obtained constitutes the basis of all
medicine.”*

However, animal and human medicine began a decisive split
around the turn of the twentieth century. Increasing urbanization
meant fewer people relied on animals to make a living. Motorized
vehicles began pushing work animals out of daily life. With them
went a primary revenue stream for many veterinarians. And in the
United States, federal legislation called the Morrill Land-Grant Acts
of the late 1800s relegated veterinary schools to rural communities
while academic medical centers rapidly rose to prominence in
wealthier cities.

As the golden age of modern medicine dawned, there was simply
more money, prestige, and academic reward to be had in pursuing
human patients. For physicians, this era all but erased their
tarnished image as the leech purveyors and potion makers of times
past. But veterinarians enjoyed little to none of this skyrocketing
social status and its accompanying wealth. The two �elds moved
through the twentieth century for the most part on divided, yet
parallel, paths.

Until 2007. That’s when a veterinarian named Roger Mahr and a
physician, Ron Davis, arranged a meeting in East Lansing, Michigan.
They compared notes on similar problems they encountered in their
animal and human patients: cancer, diabetes, the adverse e�ects of
secondhand smoke, and the explosion of “zoonoses” (diseases that
spread from animals to humans, like West Nile virus and avian �u).



They called for physicians and veterinarians to stop segregating
themselves based on the species of their patients and start learning
from one another.

Because Davis was president of the American Medical Association
(AMA) and Mahr headed the American Veterinary Medical
Association (AVMA), their meeting carried more weight than the
handful of previous attempts to reunify the �elds.†

But the Davis-Mahr announcement received little notice in the
popular media, or even among medical professionals, especially
physicians. True, One Health (the favored term for this movement)
has gotten notice from the World Health Organization, the United
Nations, and the Centers for Disease Control and Prevention ‡  The
Institute of Medicine, which is the health arm of the National
Academy of Sciences, hosted a One Health summit in Washington,
D.C., in 2009. And veterinary schools, including those at the
University of Pennsylvania, Cornell, Tufts, UC Davis, Colorado State,
and the University of Florida, have embarked on One Health
collaborations in education, research, and clinical care.

Yet, the truth is that most physicians will go through their entire
careers never interacting with veterinarians, at least not
professionally. Until I started consulting at the zoo, the only time I
even thought about animal doctors was when I brought my own
dogs in for an exam or vaccination. My veterinary colleagues tell me
they regularly read human medical journals to keep up on the latest
research and techniques. But most physicians I know—including
myself, until recently—would never dream of consulting an animal-
focused monthly, even one as highly respected as the Journal of
Veterinary Internal Medicine.

I think I know why. Most physicians see animals and their
illnesses as somehow “di�erent.” We humans have our diseases.
Animals have theirs. And I suspect there’s another reason. The
human medical establishment has an undeniable, though unspoken,
bias against veterinary medicine. While most physicians have many
laudable attributes—tireless work ethics, the desire to help others, a
sense of duty to the community, scienti�c rigor—we have some
dirty laundry I must reluctantly air. Doctors, it may or may not



surprise you to learn, can be snobs. Ask your (non-M.D.) podiatrist,
optometrist, or orthodontist if he’s ever felt condescension from
someone with those two hallowed initials after her name, and you’ll
likely hear some juicy tidbits about physician arrogance or that
special brand of M.D. noblesse oblige.

By the way, we do it even to each other. You won’t �nd a group
of cocky neurosurgical residents sharing co�ee and mu�ns with the
cheerful family practice team or the empathetic psych interns. There
is an unwritten hierarchy. The more competitive, lucrative,
procedure-driven, and “elite” specialties sit at the top of the
physician self-importance pyramid. Given how readily physicians
rank themselves based on which body part they minister to, just
imagine the disdain they might work up for mere “animal docs.” I’m
sure it would shock some of my colleagues to learn that vet school is
now harder to get into than med school.

When some vets tell me about this historical antipathy between
our �elds, many bristle about not being taken seriously as “real”
doctors. But while it rankles when M.D.’s condescend, most vets
simply take a resigned approach to their glitzier counterparts on the
human side. Several have even con�ded to me a veterinarians’
inside joke: What do you call a physician? A veterinarian who can treat
only one species.

Still, among physicians, welcoming animal doctors as peers just
“isn’t done.” As Darwin shrewdly observed, “we do not like to
consider [animals] our equals.” And yet, all of biology, the
foundation of medicine itself, relies on the fact that we are animals.
Indeed, we share the vast majority of our genetic code with other
creatures.

And, of course, on some level we accept this vast biological
overlap: almost every medicine we take—and prescribe—has been
tested on animals. Indeed, if you asked most physicians what
animals can teach us about human health, there is one place they
would automatically point: the lab. But that is precisely not what I
am talking about.

This book isn’t about animal testing. Nor is it about the complex
and important ethical issues of lab animal investigation. Instead, it



introduces a new approach that could improve the health of both
human and animal patients. This approach is based on a simple
reality: animals in jungles, oceans, forests, and our homes
sometimes get sick—just as we do. Veterinarians see and treat these
illnesses among a wide variety of species. And yet physicians largely
ignore this. That’s a major blind spot, because we could improve the
health of all species by learning how animals live, die, get sick, and
heal in their natural settings.

As I started to focus on sameness, instead of being distracted by
di�erence, it changed how I viewed my patients, their diseases, and
even what it means to be a doctor. The line between “human” and
“animal” started to blur. It was unsettling at �rst. Every
echocardiogram I performed—on humans at UCLA and animals at
the L.A. Zoo—suddenly exploded with familiarity and new meaning.
Every mitral valve, every left ventricular apex, carried the echoes of
our shared evolution and health challenges.

The cardiologist in me was thrilled with this new perspective, the
myriad overlaps. But as a psychiatrist, I wasn’t so sure. Physical
similarities were one thing. Blood, bones, and beating hearts
animate not just primates and other mammals but also birds,
reptiles, and even �sh. Still, I assumed, our uniquely developed
human brains meant the similarities ended with our bodies.
Certainly the overlap couldn’t extend to our minds and emotions. So
I came at the question from a psychiatric perspective.

Do animals get … obsessive-compulsive disorder (OCD)? Clinical
depression? Substance addiction and abuse? Anxiety disorders? Do
animals ever take their own lives? And again I sat back, a little
astounded, while my research yielded a series of fascinating and
surprising answers.

Octopuses and stallions sometimes self-mutilate, in ways that echo
the self-injuring patients we call “cutters.” Chimpanzees in the wild
experience depression and sometimes die of it. The compulsions
psychiatrists treat in their patients with OCD resemble behaviors
veterinarians see in animal patients and call “stereotypies.”



Suddenly, the bene�ts for human mental health seemed enormous.
Perhaps a human patient compulsively burning himself with
cigarettes could improve if his therapist talked shop with a bird
specialist who had treated dozens of parrots with feather-picking
disorder. Maybe Princess Diana or Angelina Jolie (who both
publicly admitted cutting themselves with blades) could have found
solace in discussing their urges with an equestrian expert who treats
horses that compulsively bite themselves.

Signi�cantly for addicts and their therapists, species from birds to
elephants are known to seek out psychotropic berries and plants for
the presumed purpose of changing their sensory states—a.k.a.
getting high. Bighorn sheep, water bu�aloes, jaguars, and primates
of many kinds consume—and then show the e�ects of—narcotics,
hallucinogens, and other intoxicants. Naturalists have been noting
these behaviors in the �eld for decades. Is a treatment—or at least a
new perspective—for alcoholism or addiction lying dormant in all
that animal research?

I also searched for veterinary examples of depression and suicide.
It seemed unlikely that animals would experience the same
psychiatric urges to kill themselves that humans do. While the
similar nature of their emotions has been persuasively described by
behaviorists and veterinarians, I doubted that other animals share
our foresight of death or knowledge of its power. Still I asked, “Do
animals commit suicide?”

Well, they don’t tie nooses around their necks or shoot themselves
with revolvers, and they don’t leave notes explaining why they did
it. But examples of what appears to be grief-related and life-
threatening “self-neglect” (refusing food and water) crop up
throughout the scienti�c literature and in accounts that
veterinarians and pet owners tell. And insect suicide, driven by
parasitic infection, has been well documented by entomologists.

Which raises an interesting issue. Our physical body structures
evolved over hundreds of millions of years. Perhaps modern human
emotions too have evolved over millennia. Has natural selection
played a role in what we feel, from anxiety, grief, and shame to
pride, joy, and even schadenfreude?



Although Darwin himself studied and wrote extensively about
natural selection’s in�uence on human and animal emotions, none
of my psychiatric training even touched on the possibility that
human feelings could have evolutionary roots. In fact, it was almost
the opposite. My education included stern warnings against the
tantalizing pull to anthropomorphize. In those days, noticing pain or
sadness on the face of an animal was criticized as projection,
fantasy, or sloppy sentimentality. But scienti�c advancements of the
past two decades suggest that we should adopt an updated
perspective. Seeing too much of ourselves in other animals might
not be the problem we think it is. Underappreciating our own
animal natures may be the greater limitation.

As a psychiatrist, I was o�cially convinced. Remaining ignorant
of the mental and physical disorders of animals, I began to feel, was
as narrow-minded as refusing to seek out important human research
simply because it was reported in a foreign language.

Still, the skeptic in me looked for any reason to explain away the
similarities. Perhaps it was simply our shared environment. And
after all, we humans have commandeered the food chain, imposing
our dominant diets, weapons, and diseases on everything below us.

So I began to look anew at conditions I’d long assumed to be
uniquely human and modern. And with that I came across some
remarkable �ndings: dinosaurs with gout, arthritis, stress
fractures … even cancer. Not so long ago, paleontologists uncovered
a mass in the fossilized skull of a Gorgosaurus, a close relative of
Tyrannosaurus rex. A brain tumor, they said, had brought down one
of the Earth’s most notorious carnivores, connecting a late-Mesozoic
cancer patient to human brain cancer victims, including the
composer George Gershwin, reggae artist Bob Marley, and U.S.
Senator Ted Kennedy.

Having spent a career taking care of human patients in the here
and now, I was suddenly confronted by a shifted boundary. Cancer
has struck and killed its victims for at least seventy million years. I
wondered how this knowledge might rede�ne how patients and
physicians view the disease … or even how oncologists might search
for ways to cure it.



Around this time I started working with Kathryn Bowers, a science
journalist. A nondoctor with a background in social science and
literature, she saw wider implications in these medical similarities.
She urged me to view my overlapping experiences at the zoo and
the hospital in a broader context. Together we began to research
and write this book, bringing together medicine, evolution,
anthropology, and zoology.

We started with a survey of how philosophers and scientists
through the centuries have positioned our species among our fellow
creatures. Clearly, for as long as humans have been able to ponder
it, we’ve been of two minds about the apparent fact that we are
animals. Judging by the written record going back at least as far as
Plato, our ancestors acknowledged the obvious similarities between
us and the so-called lesser creatures. Plato mused, “Man is the
plumeless genus of bipeds; birds are the plumed.” At the same time,
people have long wanted to preserve a de�nition of humanity that
kept us on a higher plane.

With The Origin of Species, Charles Darwin gave us a new (and, to
many, unnerving) way to conceive of ourselves in relation to
animals—positing that man and beast exist as di�erent branches of
the same tree rather than on di�erent sides of a schism. Scholars of
all stripes weighed in on whether and how humans were related to
apes and other species.

In the mid-twentieth century, this debate was reignited by The
Naked Ape. With studied objectivity, Desmond Morris, a zoologist
and former curator of mammals at the London Zoo, described
human feeding, sleeping, �ghting, and parenting the way a biologist
would document animal behavior in the �eld.

At about the time Morris was pointing out how similar we are to
apes, two pioneering primatologists were documenting the many
ways apes act like us. Jane Goodall was among the �rst to observe
wild chimpanzees using tools and engaging in a type of organized
warfare. For nearly twenty years, Dian Fossey lived near a group of
gorillas in Rwanda, studying their vocalizations and social
organization. Fossey’s and Goodall’s authoritative writings and
memorable media appearances about the apes’ distinct personalities



and extended family relationships fed a growing public interest in
human-ape crossover even as the two women advanced serious
scienti�c knowledge.

Subsequently, many scholars attempted to demystify
contemporary human life by studying animals and evolutionary
biology. Two clashing powerhouses were the Harvard-based
polymaths Edward O. Wilson and the late Stephen Jay Gould.

Wilson rocked academia and the wider public discourse in 1975
with the publication of Sociobiology. Inspired by his extensive
research on ants, Wilson connected social behavior in animals to
evolutionary forces, including natural selection. When extended to
human societies, this suggested that our genes outline many aspects
of our nature and behavior. But Wilson’s theories were introduced
in a particularly inhospitable climate. A mere three decades after
eugenic theories were used to justify genocide, the world was not
ready to hear that any aspects of human nature might be genetically
predetermined. And as the civil rights and feminist movements were
gearing up to dismantle centuries of racial, gender, and economic
discrimination, public opinion would simply not tolerate theories
with even a faint suggestion that “biology is destiny.” Furthermore,
with the scienti�c revolutions of molecular biology and genome
mapping a decade and a half in the future, Wilson didn’t yet have
access to the high-tech tools that would ultimately back up many of
his theories.

Wilson was harshly branded by some of his academic colleagues
as a racist, sexist “determinist.” One of his main detractors was
Gould, a prominent paleontologist, geologist, and historian of
science (who also happened to be one of my advisers on the
undergraduate thesis I wrote about Darwin’s in�uence on public
perceptions of physical deformity). In books such as The Panda’s
Thumb, Gould argued that the subtleties of the human condition
cannot be understood solely through natural selection. He cautioned
readers that an overly genetic explanation of human behavior could
reinforce regressive social agendas. His views matched the academic
climate of the 1970s and ’80s—the same era in which New



Historicists were reinterpreting literature and deconstructionists
dismantling Western civilization courses.

It was during this fertile period that Richard Dawkins published
such provocative books as The Sel�sh Gene and The Blind
Watchmaker. Dawkins characterized evolution as an unsentimental
process, a self-interested and unceasing race among rival genes.
Criticized, like Wilson, for having overstated the dominance of
genetics over culture, Dawkins, an Oxford professor, nonetheless
continues to probe the biological basis of human behavior, including
its role in religion and belief in God. In a later work, The Ancestor’s
Tale, Dawkins explored the concept of a uni�ed biology, identifying
the shared ancestry across species—among them hippos, jelly�sh,
and single-celled organisms.

In 2005, Nature published a study that rede�ned the conversation:
the human genome is 98.6 percent similar to that of chimpanzees.
That single statistic inspired many people, and not only scientists, to
reconsider what de�nes us as humans. Now, instead of trying to
prove the existence of a connection between animals and humans,
the race is on to explore the depth and breadth of this enormous
overlap.

The challenge has led scientists to explore far beyond great apes.
Biologists are rapidly uncovering ancient genetic similarities that
link diverse species—mammals, reptiles, birds, and even insects. The
discovery is astonishing: nearly identical clusters of genes have been
passed down for billions of years, from cell to cell and organism to
organism. These remarkably unchanged gene groups code for
similar structures and even similar re�exes across species. In other
words, a common genetic “blueprint” instructed the embryos of
Shamu, Secretariat, and Kate Middleton to grow di�erent, yet
homologous, limbs: steering �ippers, thundering hooves, and regal,
waving arms. Deep homology is the term coined by biologists Sean B.
Carroll, Neil Shubin, and Cli� Tabin to describe these genetic
kernels we share with nearly all creatures. Deep homology explains
how genes taken from a sighted mouse and placed into a blind fruit
�y cause the insect to grow structurally accurate �y eyes. And it is a
deep homology that genetically connects keen, light-responsive



vision in a hawk to photosensitivity in green algae. Deep homology
traces our molecular lineage to our most ancient common ancestors.
It proves that all living organisms, including plants, are long-lost
relatives.

Today, the speci�c nature/nurture controversy that so dominated
the academic scene in the 1980s is something of a historical
footnote. Advances in molecular biology, genetics, and neuroscience
have shifted the debate away from whether there’s a genetic basis for
behavior and toward a more nuanced conversation about how
genes, culture, and environment interact. This has given rise to a
burgeoning new �eld called “epigenetics.” Among other things,
epigenetics considers how infection, toxins, food, other organisms,
and even cultural practices can turn genes on and o� to alter an
animal’s development.

Think about what that means. Evolution doesn’t just happen over
huge numbers of generations or millions of years. It can happen to
you or me, or any animal, within our own lifetimes. Amazingly,
epigenetic changes to our DNA mean that the genes we pass on to
our children can di�er from the ones we inherited. Epigenetics and
deep homology are two sides of the evolutionary coin. Epigenetics
helps explain rapid evolutionary changes and highlights the role
environments can play in genetic health. Deep homology reminds us
of our ancient origins and the glacial pace at which much
evolutionary change occurs.

This stunning new perspective has started to change many �elds,
including biology, medicine, and psychology. When it was published
in 2008, Your Inner Fish—Neil Shubin’s illuminating journey through
our shared anatomy with ancient life forms—ignited excitement
about the power of comparative biology to inspire new ideas in
modern medicine. Shubin, a paleontologist and biologist at the
University of Chicago, joins Randolph Nesse, George Williams, Peter
Gluckman, and Stephen Stearns in advancing a new �eld of
evolutionary medicine in their books Why We Get Sick, The Principles
of Evolutionary Medicine, and Evolution in Health and Disease. Other
in�uential scientists who’ve blazed trails through the shared terrain
of human and animal biology include Sean B. Carroll (Endless Forms



Most Beautiful), Jared Diamond (The Third Chimpanzee), Steven
Pinker (The Blank Slate), Frans de Waal (Our Inner Ape), Robert
Sapolsky (A Primate’s Memoir), and Jerry Coyne (Why Evolution Is
True), to name just a few.

Interest in the mental life of animals, dismissed for many years as
too speculative and an exercise in anthropomorphizing, has gained
greater acceptance, too. Books by Temple Grandin (Animals Make Us
Human and Animals in Translation), Je�rey Moussaie� Masson
(When Elephants Weep), Marc Beko� (The Emotional Lives of Animals),
and Alexandra Horowitz (Inside of a Dog) have demonstrated animal
cognition and behavior that resemble what we might call foresight,
regret, shame, guilt, revenge, and love.

Yet, while inspiring and illuminating, their books left me wanting
a concrete way I could use their insights to improve my work as a
physician. I wanted to break down the wall between physicians,
veterinarians, and evolutionary biologists because together we are
uniquely situated to explore the animal-human overlap where it
matters most urgently—in the e�ort to heal our patients.

What had captivated me as a physician, what launched me on a
journey that reshaped my entire approach to medicine, was a simple
idea: to distill these decades of evolutionary research together with
the collective wisdom of animal caregivers into a form both my
patients and I could use within the four walls of my examining
room.

Kathryn and I had found, practically without exception, an animal
correlate to every human disease we could think of—from “Jurassic
cancer” to “diseases of civilization.” What we lacked was a name for
this new fusion of veterinary, human, and evolutionary medicine.

Finding nothing in the literature, we decided to come up with our
own: “zoobiquity.” From the Greek for “animal,” zo, and the Latin
for “everywhere,” ubique, “zoobiquity” joins two cultures (Greek and
Latin), just as we are joining the “cultures” of human and animal
medicine.

Zoobiquity looks to animals, and the doctors who care for them,
for answers to humankind’s pressing concerns. It peers back into our
deep past—pausing but not stopping at great apes or even primates



on the evolutionary timeline. It opens our minds to the common
illnesses and shared vulnerabilities of the mammals, reptiles, birds,
�sh, insects, and even the bacteria with whom we evolved and share
Earth.

Engineers already seek inspiration from the natural world, a �eld
called biomimetics. Wings and �ns inspire designers to create
vehicles that �oat and �y more e�ciently. Cockroaches helped solve
the pressing problem of how to keep a robot stable as it climbs over
uneven terrain, after researchers copied the insect’s double-tripod
legs and produced a machine that rarely tips over and can right
itself when it does. Termites, mosquitoes, toucans, glowworms, and
moths are just a few of the animals with superpower-like
adaptations that scientists are trying to bring to a human market.

Now it’s medicine’s turn. I was in the right place at the right time
to put takotsubo together with capture myopathy. (You’ll �nd more
on this �nding in Chapter 6, “Scared to Death.”) Zoobiquity
encourages similar interdisciplinary experiences for other
physicians. And this �eld-merging approach could have other
important bene�ts. If studies funded by the National Institutes of
Health expanded the boundaries of their inquiry by adding the
simple question “Do animals get ______?” the bene�ts of scienti�c
investigation could be vastly ampli�ed.

A comparative approach could extend far beyond the walls of a
human or veterinary hospital. It could help aspiring businessmen or
middle school girls navigate complex hierarchies—by exposing
similar challenges within a school of salmon or a herd of bighorn
sheep. It points out the overlaps in the ways animals protect and
defend their territories—and how and why we humans create
borders, castes, kingdoms, and prisons. It dangles the possibility that
human parenting could be informed by a greater knowledge of how
our animal cousins solve issues of child care, sibling rivalry, and
infertility.

Of course, human beings are unique as a species. Contained in our
mere 1.4 percent genetic di�erence from chimpanzees are the
physical, cognitive, and emotional features responsible for Mozart,
the Mars rover, and the study of molecular biology itself. But the



magni�cent glare of this crucial but tiny percentage blinds us to our
98.6 percent sameness. Zoobiquity encourages us to look away, for a
moment, from the obvious yet narrow range of di�erences and
embrace the many enormous similarities.

Sadly, Spitzbuben the tamarin later died—not, I hasten to add,
because of my attempt to befriend her. After her necropsy (the term
for an animal autopsy), I took a slide of some of her heart cells to
one of the most respected cardiac pathologists in the country, a
colleague of mine at UCLA, Michael Fishbein.

As we peered through Fishbein’s microscope, I noted how the
damaged heart muscle cells seemed ensnared and strangled by the
surrounding tissue. I felt a jolt of dreadful recognition as I spotted
familiar-looking pink and purple shapes illuminated in the glaring
white circle of the microscope’s frame. Although the abnormal
cardiac cells belonged to a furry, tailed tree dweller, they were
essentially identical to human heart cells with the disease.

But this was more than a cellular display of our common ancestry
with animals. The patterns illustrated a simple fact well known to
veterinarians but unknown or ignored by modern physicians.
Animals and humans share a vulnerability to the same infections,
illnesses, and injuries.

As he had done so many times before with human heart
specimens, Fishbein studied the slide carefully before he spoke.
“Cardiomyopathy,” I recall him observing. “Could be viral—looks
just like a human’s.”

His phrase contained the essence of zoobiquity. Undistracted by
fur and a tail, we saw, under that microscope, not “heart disease in
a tamarin” but, rather, “heart disease in a primate”—gorilla, gibbon,
chimpanzee, tamarin … or human.

As I heard Fishbein’s words, my single-species focus o�cially
died. Emerging in its place was zoobiquity, a connecting, species-
spanning approach to the diagnostic challenges and therapeutic
puzzles of clinical medicine. I would never look at another heart,
human or animal, the same way again.



*One of Virchow’s most illustrious students was the Canadian doctor William Osler,
revered by American medical students as a father of modern medicine. What’s less well
known to physicians is that veterinarians also consider Osler a father of their profession.
He was a key advocate for the comparative method and in�uential in shaping what became
McGill University’s School of Veterinary Medicine in Montreal.

† One of the �rst modern e�orts at uni�cation came in the 1960s from the eminent
veterinary-epidemiologist Calvin Schwabe, who is regarded as a pioneer of this �eld.

‡The movement has gone by several di�erent names over the years, including comparative
medicine and One Medicine.
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TWO 

 
The Feint of Heart

Why We Pass Out

An urban hospital’s emergency room only occasionally resembles its
television doppelgängers on shows like Grey’s Anatomy and House,
M.D. Yes, we do see those whirlwinds of frantic activity around
gunshot wounds, heart attacks, and drug overdoses. But in between
come the calmer, less grim interludes. They arrive in the form of
familiar characters: the hypochondriac, the overly vigilant parent,
and, of course, the fainter.

As trivial as it might seem, fainting—what doctors call syncope—
is so prevalent that it accounts for 3 percent of ER visits and 6
percent of hospitalizations in the United States. In UCLA’s
emergency department, we care for plenty of TV drama–worthy
cases, including the victims of earthquakes, multicar crashes, and
gang wars. But we also have fainters coming in almost every night—
in fact, emergency rooms handle more fainting episodes than they
do �rearms injuries, suicide attempts, and third-degree burns
combined.

About a third of all adults have fully fainted at least once in their
lives. Nearly all of us have experienced that woozy, prefaint feeling,
where all you can do is grope for a nearby chair and hang your head
over your knees. And it’s nothing to laugh at: syncope can be a



symptom of serious heart ailments and can also cause severe injury
—for instance, if you crack your head on your trip to the �oor.

A cardiologist routinely cares for fainting patients. Although it
may seem like an ailment of the brain, syncope is actually a
complex interplay between the brain and the heart. At UCLA’s
medical school, where I lecture on fainting, I explain that a loss of
consciousness often occurs when the brain is abruptly deprived of
blood and oxygen. The speci�c causes vary, but more often than
not, the heart is a prime suspect.

We all know that we can get dizzy when we stand up too fast.
That kind of fainting comes from the basic physics challenge of
moving liquid blood around the body against gravity. And fainting
caused by a serious heart condition—where the heart is unable to
pump a steady supply of blood to the brain—is relatively easy to
diagnose.

But for the more storied form of syncope—the emotionally
triggered faint that’s been employed as a plot point by writers from
Shakespeare and Austen to J. K. Rowling and Stephen King—its
basic cause remains a mystery.

Yet this kind of fainting, called vasovagal syncope (VVS), is so
common that casualty assistance o�cers delivering the news of a
soldier’s death to family members are trained to treat it. Nurses deal
with fainting so often during blood draws that they keep ammonia
inhalants (modern-day smelling salts) within arm’s reach. And every
obstetrician knows that some of the biggest fainters around are the
husbands of women in labor. At the point of highest emotion (the
baby’s head crowning or popping out of the uterus during a C-
section) the thunk of the father’s head hitting the �oor occasionally
precedes the cry of the newborn.

Yet all my intellectual knowledge and hands-on experience with
fainting didn’t prepare me for what I would encounter when I took
my twelve-year-old daughter to get her ears pierced. Instead of
entrusting her pure, unsullied lobes to the high school kid at the
mall jewelry store, I had, in my maternal wisdom, chosen the
cleanest, safest venue I could think of: the starched and sterilized
medical o�ce of a family friend who’s a plastic surgeon. On the



happy day, my excited daughter settled into a comfortable,
overstu�ed chair designed for recipients of Botox injections. She
gave me a brave smile. The doctor marked her ears with a green
pen. He held up a hand mirror so my daughter could approve the
placement. Then he drew out the silver piercing gun … I watched
my daughter’s smile fade … The gun moved closer and closer to her
head … and had almost reached her left ear when—crash! Before I
could even say, “You’re doing great, honey,” she had keeled over.

Believe me, my daughter wasn’t in that o�ce under duress. For
years she had been begging me for pierced ears; she wanted to be
there. And we could not have chosen a less threatening
environment. Yet some instinct in her body or mind had insisted
that she’d be better o� unconscious than “present” in that moment.
And clearly her brain and heart had followed orders and triggered a
fainting response.

Later, as I mulled it over, I found myself focusing on the
convoluted logic of fainting. If that piercing gun had been a real
weapon, wouldn’t she have been better o� making an escape or
putting up a �ght, rather than falling helpless at the feet of the
attacker? How has this odd response remained in the gene pool?
Why didn’t evolution take out the fainters long ago, in favor of
�ghters and �iers?*

For clues to puzzles about human bodies and behaviors, we can
look to creatures whose daily realities are less detached from their
evolutionary roots than are the lives of modern Western urbanites.
Vasovagal syncope is the perfect starting point for a zoobiquitous
expedition. I realized that I had never, despite years of treating
human fainters, thought to ask one basic question: Do animals faint?

A survey of any veterinarian’s patients quickly con�rms that yes,
they sometimes do. In dog breeds from rottweilers to Chihuahuas,
syncope can follow everyday activities like barking and jumping,
frolicking, grooming, and bathing. Some canines faint when they’re
roused to sudden activity after being at rest. Some vasovagal
fainting in dogs and cats happens when they’re physically restrained
against their will, an especially terrifying situation for many pets.
Remarkably, as is the case with many humans, some pet patients



have been reported to faint in response to needles: a Yorkie after a
blood draw  …  a kitten after having urine drawn from its bladder
with a syringe … a Cavalier King Charles after a vaccination.

What about wild animals? This is a harder question to get at, but
zoo veterinarians have seen chimpanzees faint, especially when the
animals are stressed or dehydrated. Wildlife veterinarians have seen
screech owls and juncos fall into a torporlike state when they’re
handled during blood draws. And Charles Darwin reported catching
a robin that “fainted so completely that for a time I thought it
dead.” He also saw a terri�ed canary “not only tremble and turn
white about the base of the bill, but faint.”

Fainting episodes often begin in the same way and in the same
situations as the well-known �ght-or-�ight response. When animals,
including human animals, sense a possibly mortal threat, adrenaline
and other hormones (called catecholamines) �ood into our
bloodstreams. Our hearts race. Our blood pressures soar. We breathe
faster. Crucially, we get a burst of energy, allowing us to either
escape from the threat or battle it o�.

But as you’ll soon see, the old duality of “�ght or �ight” needs an
update. Many animals have at their disposal an additional trick to
boost their odds of living through a dangerous encounter. It’s not
just �ght or �ight. It’s �ght, �ight, or faint.

Remarkably, fainting begins the same way as the other two fear
responses—with a high-emotion stressor and a surge of adrenaline.
But from there fainting follows a di�erent route. Instead of the heart
beating faster (tachycardia), it plummets (bradycardia). Instead of
blood pressure surging, it plunges. Detecting low-pressure, slow-
moving blood, sensors throughout the body signal to the brain that
something is terribly wrong: a failing heart or a catastrophic loss of
blood. In a protective response, the brain shuts the system down by
fainting.

For anyone who’s had a racing pulse after being scared, this
slowing of the heart seems counterintuitive. But you’ve felt it.
Imagine that wave of intense nausea you had when you lost your
passport in Beijing or discovered a partner was cheating on you.
Re�ect on that “I think I’m going to vomit” feeling that washed over



you following a career-jeopardizing mistake or a near miss between
your carful of kids and a sixteen-wheeler. It’s also the woozy feeling
you may get before stepping in front of an audience, as you
anticipate hundreds or thousands of eyes being trained on you. (For
more on the heart’s sometimes deadly response to eye gaze, see
Chapter 6, “Scared to Death.”)

That extreme, sick feeling is the vagal response. It’s caused by the
part of the nervous system responsible for “digesting and resting”:
the parasympathetic system. For a few crucial seconds the sympathetic
system (which controls “�ght or �ight”) withdraws and the
parasympathetic system takes over. A pulse check during those
awful moments of vagal nausea would reveal a slowed heart rate. In
some cases, but not all, it slows enough to cause a loss of
consciousness, what most of us call a faint.

Although losing a passport won’t induce dread in a chipmunk,
other stressful situations will. Alarm-triggered slowing of the heart
has been documented across the animal kingdom. Woodchucks,
rabbits, fawns, and monkeys have all shown marked slowing of the
heart (and a decrease in blood pressure) in response to fear. Willow
grouse, caimans, cats, squirrels, mice, alligators, many species of
�sh, and, yes, even chipmunks display this cardiac trick as well. And
while it isn’t always followed by a faint (it isn’t always in people,
either), this switch to a vagal state and the slowing of the heart in
response to stress is as commonplace as it is curious. It’s exactly
what happened to my daughter in the ear-piercing chair. For years,
I’ve known this by the human medical term “fear-induced, vagally
mediated bradycardia.” Once I started looking into it, I came across
a di�erent term, one used by veterinarians: “alarm bradycardia.” It
sounded enticingly similar to our term—not to mention more
succinct. And sure enough, the two terms describe exactly the same
condition.

One noticeable di�erence between animal and human fainting is
that, while animals frequently get alarm bradycardia, they seem to
fully faint less often than humans. Then again, for every actual faint
we see in the ER, we know there are many more cases where people
feel the swoon, the nausea, the light-headedness of bradycardia



while never completely blacking out. It isn’t unreasonable to call
this syndrome, both in humans and animals, “near-fainting while
conscious.” And since so many species do it, it brings us back to a
fundamental question: Do animals whose hearts go into super slo-
mo at times of high stress have a survival advantage?

There are a few possible answers, the �rst of which you’ve
probably already guessed. Alarm bradycardia can help an animal
feign death and thus possibly fool a predator into passing it by.

One study demonstrated that inexperienced foxes could be fooled
by ducks whose slowed nervous responses made them seem dead.
Older foxes, though, having been tricked out of a meal or two in the
past, had wised up. These savvy hunters knew to kill the duck on
the spot or possibly bite its legs o�, to ensure that it didn’t
miraculously “rise from the dead.”

This trick of the heart and mind has saved people from imminent,
actual harm. In 1941, twenty-one-year-old Nina Morecki was �eeing
a concentration camp and her Nazi pursuers in the Polish woods
when she fainted. After regaining consciousness, she found herself
surrounded by the dead bodies of her less fortunate comrades. Other
grim analogues might include those survivors of mass killings who
play dead until they can escape. This strategy has been described in
survivors’ accounts from the Babi Yar massacre during World War II,
the Rwandan genocide in 1994, and shooting rampages like the one
at Virginia Tech in 2007.

Another common side e�ect of near fainting while conscious is
both disgusting and tactically brilliant. A vagal state can make an
animal lose control of its bodily functions. Some animals urinate or
defecate under extreme emotion or fear. Many predators �nd urine
or feces repugnant and will leave. Dogs are known to retreat at the
smell of skunk; frightened shrews produce such foul odors from
their anal pockets that even ravenous badgers keep their distance.
Vomiting by the would-be prey can have the same conveniently
repellant e�ect on the predator.

This potentially embarrassing loss of bodily control in response to
fear is one vestige we humans probably wish we’d evolved out of.
But in fact it may occasionally serve a protective function for us as



well. Rape-prevention educators sometimes instruct women to
urinate or vomit if rape is imminent. In some cases, the attacker will
be repulsed and withdraw. A more common phenomenon is seen in
women who successfully avoid sexual assault by fainting or by
entering a “near fainting while conscious” state. Psychologists have
studied cases of this and compared them to immobility reactions in
animals. They suggest that when �ghting back isn’t an option, not
struggling may defuse the situation and reduce the likelihood of
rape. †  While far from foolproof, fainting succeeds enough of the
time to warrant a serious consideration of its evolutionary roots.

It’s a grim irony that the one group of people who may best
understand the vital role fainting plays in giving the body a needed
respite is a group dedicated to in�icting pain: torturers. Many
narratives taken from torture victims contain a nauseatingly familiar
refrain. Under the terror and physical violation, many victims pass
out. But, horri�cally, when they come to, the torturer is cued to
resume his assault. You could say that by overriding the body’s
protective response—the faint—the torturer adds yet another level
of a�iction, the way sleep deprivation keeps a body from having a
restorative break.‡

A slowed heart o�ers another key survival advantage. It helps a
vulnerable animal keep still. Canadian scientists studying white-
tailed deer tracked what happened when they played recorded wolf
howls to fawns. The baby deer responded with “very predictable”
alarm bradycardia, slowing their hearts and quieting their bodies.
Think of the survival edge this physiological trick gives to fawns,
who often get left alone for long periods while their mothers go o�
to forage. A slowed heart rate keeps them from rustling around
when danger is nearby. In other words, it helps them hide. Is this
physiology present in young humans?

This is the kind of experiment we would never do on infants;
terrifying them on purpose to test their heart rates would certainly
get the researcher excoriated, if not arrested. And yet, remarkably,
an accident of geopolitical fate has given us a small window into
how the very youngest members of our own species respond to
primal terrors.



On the night of January 18, 1991, during the Gulf War, Scud
missiles launched by Iraqi troops began exploding in Israeli
communities. Citizens were alerted by howling air-raid sirens that
blared from outdoor speakers and on the radio and TV. Since there
was a terrifying possibility that the bombs were carrying chemical
payloads in addition to their explosive power, the frightened
populations had been instructed to don gas masks and seek shelter
when they heard the wail of a siren.

In the maternity ward of a Tel Aviv-area hospital that night, three
women were in labor. As is standard practice, they had been �tted
with fetal heart monitors that strapped around their bellies to keep
track of their babies’ heartbeats. At three a.m., a sudden, terrifying
shriek of a Scud alert siren penetrated the walls of the maternity
ward—and, apparently, the wombs of the expectant mothers. As
hospital sta� scrambled to put gas masks on themselves and their
patients, the nurses noticed something highly unusual on the fetal
monitors. The heart rates of all three of the about-to-be-born infants
suddenly and unexpectedly.… plummeted. From a healthy and brisk
100 to 120 beats per minute they slowed by half, to a frightening 40
to 60. The tiny hearts “lay low” like this for two minutes and then
returned to normal.

All three babies, who hadn’t yet even heard their parents’ voices
outside the womb, responded physiologically, with bradycardia, to
the sound of danger. Some of the slowing may have resulted from
the sounds of the siren itself and some from maternal stress
hormones entering the fetus’s body in response to the siren. Either
way, these obstetrical observations strongly suggest that even prior
to birth itself, we’re equipped with unconscious anti-predator
defenses, including a potent alarm bradycardia response. All three
babies were ultimately born healthy, as well as apparently armed
with the full complement of survival instincts we all possess but
rarely think about.

Hiding in the face of danger—what scientists call crypsis—is one
of nature’s most common and e�ective strategies for staying out of a
predator’s stomach. Some animals depend on body shapes and
camou�age to help them hide. And some conceal themselves by



performing instinctive or learned behaviors like freezing, hiding, or
crouching. Many animals do all of these. The stillness of a slowed
heartbeat is just one of many tools prey animals employ to help
them “disappear,” at least as far as a predator is concerned.

Freezing, hiding, and crouching—with the help of slowed hearts—
connect our nervous systems to the vast range of species with whom
we share common ancestry. Examining fainting through the lens of
veterinary medicine allowed me to reframe this common but
puzzling cardiac event as a possible anti-predation strategy. And this
hypothesis, in turn, helped me understand the powerful feedback
loop between heart and brain that results, for some of us, in lost
consciousness or passing out. Exploring why took me into the
watery habitat of our ancient ancestors.

Astronotus ocellatus, commonly known as an oscar, is a freshwater
�sh related to tilapia. Energetic and a�ectionate, oscars’ reputation
as “puppies of the aquarium” comes from the enthusiastic greetings
they give their owners, complete with tail wagging, acrobatic �ips,
and �nger nibbling. But when oscars get stressed out—for example,
when you’re cleaning their tank—they can seemingly go lifeless.
Lying on their sides, completely still, they lose color and breathe
more slowly. Their �ns stop moving. They sometimes stay this way
even when nudged.

If I were able to place an aquatic version of my stethoscope over
the heart of that very still—yet alive—�sh at the bottom of the tank,
I would hear another clue as to why fainting may have survived so
many grueling rounds of natural selection. Or, rather, the clue
would be in what I wouldn’t hear: a robustly beating heart. Instead,
I’d notice the familiar, super-slow rhythm of a bradycardic heart,
dominated by lengthy pauses between beats.§

To understand the signi�cance of this decelerated, less noticeable
heart rhythm, consider the physiology of a master predator: the
shark. Along with certain other underwater predators, like rays and
cat�sh, sharks come equipped with heartbeat detectors. Called
ampullary organs, these specialized sensory cells pick up the weak



electrical pulses put out by the beating hearts of other �sh. The
hunters’ internal ears may also scan for �sh heartbeats, picking out
the lub-dubs like doctors do through stethoscopes. Predators can lock
onto the telling signals and home in on them with lethal accuracy,
even when their target is some distance away or hiding under sand.
Which means: underwater, a beating heart can be a deadly
giveaway.‖

Every one of us has this “tell.” Whether you’re a human being, a
salamander, or a canary, your telltale heart starts beating in the
early days after conception and keeps going until the day you die.

But if a �sh underwater could silence its beacon, it would become
acoustically invisible. It might even be able to evade a predator.
Anyone who’s seen a submarine movie will recognize this principle.
The commander of a submarine being tracked by enemy sonar will
invariably order his crew to “run silent”—which involves everything
from shutting o� radios to cutting the engine to suppress the
heartbeat of the submarine. Once the threat has passed, they �re up
the engines again and the sub speeds away to safety.

Knowing this, we can see why natural selection might have
favored �sh that had the good fortune to faint their way out of
becoming dinner. Having a heart that radically slows in response to
real or perceived threats might have been a major advantage,
o�ering protection before an attack even got under way. Fainting
and “near fainting while conscious” may have evolved as a
lifesaving “third option,” o�ering a protective alternative to the
more storied “�ght or �ight.”

As we know, the heart-slowing re�ex triggered by states of high
arousal, such as fear, pain, or distress, is a core feature of vasovagal
fainting in human beings. Alarm bradycardia has protected animals
across all classes of vertebrates, and persists in us today precisely
because its protective power is so deeply embedded into the
autonomic nervous system, which has been passed down from our
ancient water-dwelling ancestors. This hypothesis connects the
acutely slowing heart of a hunted �sh in the water to a human
fainter in the ER.



In some ways, it’s hard to think of ourselves as prey. Human
beings today are so dominant on our planet that we can (and do)
wipe out whole species, sometimes without even knowing it. Most
of us in developed countries will make it through our entire lives
without ever facing a realistic threat from a nonhuman animal
predator. An evolutionary vestige like fainting seems as ill-�tted to
our modern times as a chariot repair shop. But a zoobiquitous
approach lets us understand re�exes and behaviors in ourselves that
mirror anti-predation strategies in other animals.

Picture the myriad defenses nature has bestowed on many adult
animals: quills, antlers, talons, noxious smells, and deadly poisons.
While all can be useful during an attack, they also serve as “don’t
mess with me” warnings that can prevent an attack in the �rst
place. The same goes for a peculiar jumping maneuver among deer
and gazelles called “stotting.” The stotting animal springs up, lands
sti�y on all four legs, then springs up again and again, moving
away from a predator as if on a pogo stick. Scientists argue about
how this behavior helps an animal escape. It seems like a colossal
waste of energy—energy that could be spent on running away. But
the whole point seems to be to show o� superb stamina. Stotting
tells a predator that the animal has energy to spare and even
thinking about giving chase is a waste of time.

Wildlife biologists call these physical traits and behaviors “signals
of unpro�tability.” They send a clear message to a predator: Move
along, �nd an easier target.

We humans use signals of unpro�tability for protection, too.
Picture a bodyguard �exing his bulging biceps. Think about how
you might instinctively pull yourself up to your full height and walk
with an exaggerated swagger on an unnervingly quiet street at
night. Imagine the sign on your lawn advertising that you have a
burglar alarm inside, or the teams of lawyers employed by big
companies to �ght lawsuits. The message in each case is the same:
Find another victim. This one’s too much trouble.

Indeed, maintaining and advertising a strong defense is a
fundamental drive across species. In a conversation I had with the
late Harvard evolutionary biologist Karel Liem, he explained that



nearly every animal behavior has elements of self-protection, or
anti-predation, at its core.

And the physiology of fainting is no di�erent. Simply being still
can confer survival advantages. Of course, it doesn’t always work,
but it does enough of the time to make it a respectable option of last
resort.

Yet respect is rarely the reaction that greets fainters. Alarm
bradycardia, vagal nausea, freezing in place, feigning death, and
full-on fainting are almost always taken as signs of weakness or
cowardice, portrayed in literatura and �lm as shorthand for the lily-
livered. Franklin Pierce’s episode of battle�eld fainting, for example,
landed him the moniker “the Fainting General,” which dogged him
even after he became president of the United States in 1853. Few
would characterize George H. W. Bush, Margaret Thatcher, David
Petraeus, Fidel Castro, or Janet Reno as weak-willed, yet all su�ered
fainting spells while in o�ce. To an observer, passing out might
seem helpless, a physiologic act of surrender, even defeat. But, given
fainting’s protective power, perhaps it’s time to revise this
derogatory and uninformed view of syncope.

Fight, �ight, or faint. Fainting is the body’s way of �ipping a
circuit breaker. It halts the action and perhaps even a pursuer. It can
defuse con�ict. It can enable escape. Fainting and its related
spectrum of “slowing down” behaviors remain with us because over
hundreds of millions of years they have helped animals evade death.
Embedded in fainting’s ancient physiology is an important lesson for
how we respond to the things that scare us. Fighting or �eeing your
enemy may work some of the time. But when �ghting is futile and
�eeing not an option, just being still may o�er an even more
powerful form of protection.

Teens at the ear-piercing salon, fawns hidden in leaves, blood
donors, and �sh escaping predators have all inherited fainting’s
death-evading neurocircuitry. Their conversing hearts and minds
have bestowed upon them a respite—a momentary, deceitful
reprieve that for eons has sometimes meant a way out.



*There are some theories. One, the “clot-production” hypothesis, posits that a slow
heartbeat or full-on faint helps animals avoid bleeding to death after an attack, since slow-
moving blood under low pressure clots better. The less plausible “human violent con�ict”
hypothesis suggests a Paleolithic-era origin, speculating that fainting evolved in women
and children as a way of taking them (but not men) out of harm’s way during tribal
warfare.

† Female robber�ies sometimes employ a similar tactic to thwart unwanted sexual
advances. Writes entomologist Göran Arnqvist, “If grasped by a male, they exhibit
thanatosis (playing dead). Once the female ceases to move the male apparently no longer
recognizes the lifeless female as a potential partner, loses interest and so releases the
female.” Whether or how this insect rape-prevention strategy has implication for human
beings is unclear, but Arnqvist posits that since feigning death is so widespread in the
insect world, females may have adapted this strategy to protect themselves from unwanted
copulations.

‡Some experts believe that cruci�xion is death by recurrent vasovagal syncope. During this
horrible form of torture (from which the word excruciating is derived), you’re restrained
from collapsing into a restorative horizontal position. You faint and recover without
respite, and eventually succumb to low blood pressure and oxygen deprivation.

§The �sh heart has two cardiac chambers separated by a rudimentary valve; the
mammalian heart has four chambers and four cardiac valves. When the heart’s valves
close, they create clicks we call heart sounds. In humans, the shutting of the heart’s valves
generates the iconic lub-dub sound.

‖The Volvo car company once o�ered a heartbeat detector as an option on some of its
models. Volvo claimed the machine could alert you to the presence of an intruder in the
backseat of your car before you got behind the wheel.
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Jews, Jaguars, and Jurassic Cancer

New Hope for an Ancient Diagnosis

As veterans streamed home from Asia and Europe after World War
II, doctors in the United States were battling a deadly threat on the
home front. Five times the number of Americans who died at Iwo
Jima and Omaha Beach were dying every year of heart disease. In
response, the National Heart Institute launched what became the
gold standard in long-term medical investigations: the Framingham
Heart Study. Every two years, starting in 1948 and continuing
today, thousands of men and women from that Massachusetts city
go to special doctors. They give blood and other lab samples, have
comprehensive physicals, and answer question after question about
their eating, exercise, work, and leisure habits.

As the data piled up over decades, researchers began to discern
patterns. High blood pressure and smoking led to heart disease. Age
and gender in�uenced risk. It’s hard to believe that this information
we now accept as routine was ever unknown. Even today,
Framingham’s half century (and counting) of statistics is paying
dividends as researchers mine the data for long-term trends in
stroke and dementia, osteoporosis and arthritis. The iconic study is
now in its third generation, having enrolled many of the children
and grandchildren of the original participants.



Longitudinal medical studies—those with large populations and
elongated time frames—are hard to pull o�. What makes them so
valuable is exactly what can make them so frustrating. Even when
lots of people sign up, many drop out. Participants lose interest.
They forget to go to their physicals. They move away and don’t
leave a forwarding address. They blow o� the third or thirteenth or
thirty-third questionnaire.

But the challenge hasn’t daunted Dr. Michael Guy. In 2012 he
began enrolling three thousand participants in what is perhaps the
most ambitious new longitudinal study in more than a decade. Its
focus is cancer in a population that has a staggering 60 percent risk
of dying from the disease.

And his research team knows for sure that their test subjects
aren’t likely to cheat or �b or �ee. They won’t fudge answers on
their surveys or tell a researcher only what she wants to hear.
They’ll be loyal and enthusiastic and obedient. The researchers
know this because they chose their participants deliberately and
wisely. They are all golden retrievers.

Before you start picturing a �oppy-eared puppy in a sterile wire
lab cage, let me explain. The dogs enrolled in the Canine Lifetime
Health Project—a long-term cancer study Guy sometimes calls
“Framingham for Dogs”—are beloved pets. Recruited from normal
homes all over the United States, they live in yards and bedrooms,
romp with children and other dogs, eat the food their owners
carefully select and prepare for them. They walk neighborhood
sidewalks and play fetch in local parks.

Like the human participants in the Framingham study, each dog
in the Canine Lifetime Health Project will be followed for the rest of
its life. As the data roll in, epidemiologists, oncologists, and
statisticians will scrutinize the dogs’ diets to see if nutrients or
portion sizes contribute to developing cancer. They will pore over
environmental exposures—from secondhand smoke to household
cleansers. They will measure how far the dogs live from power lines
and freeways to determine whether any cancers cluster in signi�cant
ways. The researchers will analyze the genetic code of each dog,



comparing it to the others and to the complete canine genome
(completed in 2005 on the DNA of a female boxer named Tasha).

This unprecedented study, undertaken by the nonpro�t Morris
Animal Foundation, could radically shift our approach to cancer in
dogs. And the e�ort may yield knowledge that will bene�t not only
future generations of pets but also the animals at the other end of
the leash. Dog cancer has many stories to tell about human cancer:
where it comes from, why it migrates, and, possibly, how to stop it
in its tracks. A multispecies take on cancer research means our
special relationship with man’s best friend is about to get even
closer.

Except for some grizzling on her muzzle, Tessa’s fur was glossy
black—a striking contrast with her streetlight-yellow vest. The
bright garment, as snug as a Partridge Family costume, was covered
with embroidered patches. A few advertised dog food companies.
One identi�ed Tessa as a “Dock Dog,” an elite animal athlete whose
jumping and fetching prowess makes the average pet look like a
Little Leaguer going up against Derek Jeter. But the most noticeable
feature of Tessa’s vest were the two words stitched in black thread
across her midri�: “Cancer Survivor.”

Tessa is a black Labrador retriever I met in the spring of 2010 at a
gathering of pet patients who had battled illnesses and won.
Although a brown lesion on the gum behind her lower left fang was
still visible, her mouth cancer had been in remission for two years.
As I patted Tessa’s furry, wedge-shaped head, her owner, Linda
Hettich, explained how she had discovered her dog had the disease.
They were playing fetch and Tessa brought back a bloody tennis
ball. A trip to the vet con�rmed a cancer diagnosis, and Tessa went
into treatment. Although Hettich’s distinct alto voice (she’s the noon
anchor for a Los Angeles news radio station) conveyed gratitude
that Tessa’s cancer had not returned, her face betrayed a certain
grim anxiety. Tessa was not her �rst dog to have cancer. A few years
earlier, her beloved mutt, Kadin, had died of it. Hettich admitted in



a whisper that she sometimes wonders why two of her dogs have
fought the disease.

“With Kadin, there was a tremendous amount of guilt,” she told
me. Now that Tessa has had cancer, she said, there are moments
when she wonders, “I’m two for two—what did I do?”

That didn’t surprise me a bit. I’d heard “What did I do?” before;
that question frequently plagues many human cancer patients, too.

One of my roles at UCLA involves caring for people who’ve
developed heart problems as a side e�ect of their cancer treatments.
Sometimes they share with me their personal theories for why they
drew the cancer card. Often, it’s something they did: My cell phone.
My deodorant. My char-grilled salmon. My microwave. My lipstick. My
plastic Evian bottle. My years as a �ight attendant. Or something they
didn’t do: Missing church. Not exercising. Skipping mammograms.
Something that was done to them: My father’s nicotine addiction. The
�uoride in my water. The new carpet at my o�ce. Or general stress: A
lingering lawsuit. A mountainous credit card balance. Caring for an
aging parent.

I understand that these narratives allow patients to feel a
modicum of control in the face of a terrifying diagnosis. Because
that in itself can be healing, I usually just listen quietly as I measure
their blood pressure, check their pulses, and place my stethoscope
over their heart. But some seem to be seeking medical absolution, so
I gently remind them of something they’ve surely heard before:
cancer has many causes. Within the DNA we inherited from our
parents, from our great-great-great-grandparents, and from ancient
animal ancestors lie the blueprints and machinery that instruct cells
to create and maintain our body parts. But when this machinery
contains errors and then malfunctions, the out-of-control growth we
call cancer can develop.

Here’s what I mean. Living, growing organisms must constantly
replace old and dying cells with fresh, new ones. Making a new cell
requires copying every single one of the almost three billion
building blocks (called nucleotides) in the cell’s DNA. This provides
the daughter cell with the exact same information as its parent.
When all goes well (and, astonishingly, it usually does), the DNA is



copied exactly. But occasionally, about once every ten thousand
nucleotides, a mistake is made. Chemical codes can be left out,
duplicated, or put in the wrong place.

Much of the time, these slipups—called mutations—are caught by
the cell’s chemical “proofreaders” and �xed before they wind up in
a new cell. Often, a “typo” sneaks through but it’s not signi�cant
and the cell can continue along normally, even with the misprint.
Sometimes these mistakes occur in critical regions of the DNA and
actually enhance cell function. These minor changes, over time, can
produce new traits, new behaviors, and even new species. For
example, alterations or mutations are responsible for size di�erences
in dog breeds. Slight variations in the genes that direct skeletal
growth create the most obvious di�erence between a Chihuahua
and a Great Dane.

However, some mutations harm the cell’s function. For example,
normal cells carry “suicide codes” in their DNA. When a cell gets old
or is damaged beyond repair, these codes spring into action and
cause the cell to self-destruct in a process called apoptosis. But cells
can develop mutations in the very genes that direct the destruction.
When the destruction instructions go awry or malfunction, the
damaged cells will stay alive. They then can replicate—mistakes and
all. When that happens, the new defective cell, like its parent, lacks
normal cell death instructions. Now there are two cells, each with
DNA mistakes and missing the appropriate controls. When these
faulty cells replicate, they become four, then eight, then sixteen.
Soon an entire population of immortal cells has grown without
restraint. This is cancer: initially normal cells, grown out of control,
now with di�erent DNA instructions.

When the out-of-control, mutation-containing cells cluster
together, they form a tumor. Sometimes the mutated cells �nd their
way into the bloodstream or lymph system, which are essentially
superhighways with mass access to the rest of the body. When the
cells travel far from their origins and then replicate in the new
location, that’s metastasis. Some cancers, like melanoma,
metastasize readily. Others, like chordomas found on the base of the
skull, are less ambitious and grow primarily in one region. (By the



way, this is the most basic di�erence between the cancers we call
“benign” and those we say are “malignant.” Any mass of abnormal
cells is a tumor, but benign growths tend to remain in the same
location and refrain from invading nearby tissues.)

But whether a cancer is sluggish or �eet, a homebody or an
adventurer, tumor-forming or what we call “liquid,” what underlies
its enormous burden of su�ering and death is nothing but errors in
the genetic code. Many behaviors and factors in the environment
promote these errors and lead to cancer. Smoking, sun exposure,
excess alcohol consumption, and obesity have all been linked to
DNA damage and to various cancers.

There’s also a catalog of known, toxic substances that, given
adequate exposure, can almost certainly trigger cancer: naturally
occurring radon (and other radioactive substances), asbestos,
chromium-6, formaldehyde, benzene, and others. The National
Institutes of Health (NIH) �ags �fty-four documented carcinogens
implicated in human cancers. More research will surely add to this
list.

With so many toxins in our environment and so many cancer
diagnoses in our communities, it’s easy to point to our polluted
surroundings and connect the cancer-causing dots to our neighbors’
su�ering. Cancer, many people believe, is unnatural—a disease of
our own making. In fact, cancer prevention has become a marketing
tool. The simple act of choosing milk or deodorant or tuna �sh can
feel like a high-stakes exercise in cancer avoidance. Sorting out
what’s Madison Avenue from what’s medically accurate has become
a challenge for patients and a responsibility for their doctors.

But cancer can also develop in people who didn’t smoke, drink, or
tan and who avoided microwaving food in plastic and cooking on
Te�on. It strikes yoga practitioners, breast-feeders, and organic
gardeners; infants, �ve-year-olds, �fteen-year-olds, �fty-�ve-year-
olds, and eighty-�ve-year-olds. And, pointedly, it’s not uncommon
to see elderly patients who have done everything “wrong”  …  but
show no trace of the disease.

The impulse to blame ourselves or our cultures for our diseases is
not unique to modern society or to cancer. As the medical historian



Charles Rosenberg has pointed out, “The desire to explain sickness
and death in terms of volition—of acts done or left undone—is
ancient and powerful.”

What insights can a species-spanning approach bring? Even the
briefest survey of cancer in other animals sheds light on a critical
but overlooked truth: where cells divide, where DNA replicates, and
where growth occurs, there will be cancer. Cancer is as natural a
part of the animal kingdom as birth, reproduction, and death. And,
as we’ll see, it’s as old as the dinosaurs. Literally.

Tessa was just one of the million or so dogs who get diagnosed with
cancer each year. Intriguingly, many canine cancers behave very
similarly to human cancers. Lethal prostate cancer runs a similar
clinical course in men and male dogs. Breast cancer may seek bone
tissue in female dogs, just as it can preferentially metastasize to the
skeleton in women. Osteosarcoma, which tends to hit human
teenagers during their growth spurts, strikes with similar ferocity in
many large and giant-breed dogs.

Sadly, many outcomes are similar, too. As in people, many
cancers in dogs become resistant to therapy. And in both species
they can recur, even after a patient has been given the all clear.

Dogs aren’t the only animals in our lives who get cancer. When a
cat presents with fever and jaundice, the vet must consider leukemia
or lymphoma, leading feline killers in the United States. And when a
cat’s owner discovers a lump in her pet’s breast, it may turn out to
be a highly aggressive form of breast cancer also diagnosed in many
women. For some cats with breast cancer, lumpectomy may su�ce.
For others, radical mastectomy of the entire chain of all eight
mammary glands must be performed.

Rabbit hysterectomies are commonly recommended due to the
high risk of uterine cancer as these pets age. Parakeets are prone to
developing tumors on their kidneys, ovaries, or testes. And cancer
patients can also be reptiles. Zoo veterinarians have reported on
leukemia in pythons and boa constrictors, lymphoma in death
adders and hognose snakes, and mesothelioma in rattlesnakes.



Pediatricians of fair-skinned children aren’t the only doctors who
worry about skin cancer in their patients. Equine sunburn is thought
to cause skin cancer in light-colored horses, although this “gray
horse melanoma” may connect more to a genetic issue in the breed
than to too many hours spent basking in the sun. Still, because as
many as 80 percent of gray horses will get skin cancer of some kind,
their concerned owners, along with those of horses with white
“socks” on their legs or blazes on their noses, sometimes apply zinc
oxide sunscreen to exposed skin areas. Others, like the parents of
towheaded toddlers, insist that their horses wear a hood when out
of the stable.

If your dermatologist reminds you to remove your nail polish
before coming in for your yearly mole scan, that’s because she wants
to check not only for melanoma but also for squamous cell
carcinoma, a common form of skin cancer and the same kind Tessa
had. Tessa’s was in her mouth, but it can also start under a toenail.
That’s similar to what happened to a zoo rhinoceros I once
examined. Her cancer grew under her horn—which is made from
keratin, exactly the same protein that makes up our �nger- and
toenails. Cattle also develop squamous cell carcinomas in the pale
skin encircling their eyes. Some Herefords have been intentionally
bred for darker pigmentation around the eyes, which gives them a
little more protection from the sun and seems to reduce the
incidence of cancer.

Strike-branding livestock with sheet-metal strips heated to 300° to
600°F can cause tumors to grow around these permanent markings.
Like branded cattle, humans who modify their bodies with branding
are at increased risk of cancer at the sites of these injuries. Even
tattooing may be associated with a rare form of skin cancer.

Cancer strikes across ecosystems and throughout the animal
kingdom. Osteosarcoma, the cancer that forced Ted Kennedy’s son,
Ted Junior, to undergo an amputation in the early 1970s, attacks
the bones of wolves, grizzly bears, camels, and polar bears. Paul
Allen, the cofounder of Microsoft, successfully battled Hodgkin’s
lymphoma. Sadly, a killer whale from Iceland succumbed to this
cancer of the immune system after months of fever, vomiting, and



weight loss. And the neuroendocrine cancer that claimed the life of
Apple cofounder Steve Jobs, while rare in humans, is a fairly
common tumor of the domestic ferret and has been diagnosed in
German shepherds, Cocker spaniels, Irish setters, and other dog
breeds.

Wild sea turtles around the world are dying in large numbers
from cancerous tumors possibly triggered by a herpes virus. Genital
cancers have become rampant in marine mammals, from North
American sea lions to South American dolphins to open-ocean sperm
whales. Many of these cancers are brought on by rampaging strains
of the papilloma virus, which in humans can cause cervical cancers
and genital warts.

So severely is the disease assailing some animal groups that three
wild species are facing extinction because of cancer. Tasmanian
devils, found only on their namesake island o� mainland Australia,
are in the midst of an epidemic of devil facial tumor disease, a
cancer that spreads when they �ght. Deaths from cancer are
hindering conservation of endangered Attwater’s prairie chickens,
which used to thrive across Texas, and Western barred bandicoots,
an Australian marsupial.

Cancer can grow in insects, including fruit �ies and cockroaches.
The disease can even be destructive in the plant world, although
plant tumors, sometimes called “galls,” cannot metastasize and so,
for plants, cancer is a chronic condition, not a leading killer.
Although cancer rarely kills the plant, it does decrease its vigor.

One thing is clear: cancer is not unique to humans. And neither is
it a product of our modern times. More than 3,500 years ago, before
soup cans were lined with bisphenol A–laced plastic, before
hormones were pumped into meat, and before methylparabens were
added to shampoos, Egyptian physicians described human breasts
with “bulging tumors.” Ancient Greek doctors, including
Hippocrates, explicated cancer in their medical texts (and coined the
term karcinos, which means “crab”). The disease appears in ancient
Indian Ayurvedic and Persian medical books and in Chinese
folklore. Galen, the renowned second-century Greek physician who
practiced in Rome, said breast cancer was the most common of the



many cancers he saw. In fact, as James S. Olson writes in
Bathsheba’s Breast, “Among ancients, breast cancer was cancer,”
primarily because it was the one they could easily see.

In the last few decades, paleopathologists have used X-rays and
other methods to survey Egyptian mummies. They’ve examined
Bronze Age skeletons from Britain and preserved corpses from
Papua New Guinea and the Andes. While their data is admittedly
limited—no soft tissue, DNA degradation—the researchers widely
agree that cancer did indeed exist in human antiquity. But it’s even
older than that.

In 1997, amateur fossil hunters happened upon the fossilized
remains of a female meat eater known as Gorgosaurus, a lanky
cousin of T. rex. The paleontologists from the Black Hills Institute of
Geological Research who examined her became intrigued by a
puzzling �nding. In spite of her fearsome, �ve-inch-long serrated
dagger teeth and impressive twenty-�ve-foot height, this
Gorgosaurus was riddled with injuries: a lower-leg fracture, fused
vertebrae in her tail, a shattered shoulder, broken ribs, and a raging,
pus-�lled jaw infection. Examining the fossils with electron
microscopes and plain radiographs revealed a possible explanation
for these multiple injuries. The scans showed evidence of a mass in
the dinosaur’s skull. While paleontologists have argued over the
nature of this mass, some experts believe it to be the fossilized
remains of a brain tumor.

A tumor positioned in the ancient animal’s skull would have
pressed on her cerebellum and brainstem. These areas are critical
regulators of motor activity, balance, memory, and autonomic
functions like heart rate. What this meant for the dinosaur is written
into her injured skeleton. Researchers suggest that the burgeoning
tumor likely a�ected her daily life.

“As the tumor grew, the dinosaur—a female perhaps three years
old—would have forgotten where she left her last kill, and then she
would have forgotten to go to the bathroom,” said one. A tumor in
that position meant she wouldn’t have been able to move quickly or
make rapid predatory decisions. Like many humans with brain
tumors, this ancient creature might have had pain—excruciating



headaches upon waking and when bearing down for a bowel
movement or any time she bent her head lower than her heart,
perhaps to drink or feed or mate.

Other paleo-oncologists have found tumors in hadrosaurs, the
duckbilled prey favored by T. Rex. At the University of Pittsburgh,
medical students learn about cancer by studying a 150-million-year-
old diseased dinosaur bone on loan from the Carnegie Museum of
Natural History. And evidence of probable metastatic cancer has
been found in the bone of a Jurassic dinosaur that lived some 200
million years ago.

Because dinosaur DNA would have been subject to transcription
errors similar to those humans face, it’s not surprising that tumors
formed in prehistoric creatures. On the other hand, environmental
factors may have played a role as well. For most of us,
“carcinogens” is synonymous with “man-made toxins.” In fact,
however, many mutation triggers are as natural as �owers, plants,
and sunshine.

At times, even the most pristine, “natural” corners of our planet
can become as polluted as a Superfund site. A couple of million
years ago, for example, you wouldn’t have wanted to be living in
what is now Yellowstone National Park’s unspoiled Hayden Valley.
That’s when the region’s supervolcano spewed ash over an area that
would now cover sixteen states. About sixty-�ve million years ago,
in an area of west-central India called the Deccan Traps, a monster
volcano belched more than a quarter of a million cubic miles of lava
over the landscape and �lled the air with toxic gases like sulfur
dioxide. Ionizing radiation, toxic volcanic spew, or even Mesozoic
food sources may have wreaked havoc with the DNA of the living
creatures inhabiting the Earth in these areas and during these
periods. In fact, cycads and conifers, the oldest living seed-bearing
plants, and staples of dinosaurs’ diets, contain potent carcinogens.
This means that we are not the �rst (or only) species on Earth
whose diet or environment has been in�ltrated with carcinogenic
substances.

“Jurassic cancer” demonstrates that while we humans may have
coined the term “cancer,” we certainly didn’t create the condition.



In fact, the sheer ubiquity of cancer makes it an intrinsic part of life.
Yes, toxic exposures created by humans have ampli�ed the risk, in
some cases greatly. Several examples of cancer in animals I named
earlier have been linked to environmental poisons (more on that in
a moment). But the potential to get cancer is simply part of being a
living creature on Earth, an organism with cells containing
replicating DNA.

The vulnerability of DNA to mutation means that cancer
“becomes a statistical inevitability in nature—a matter of chance
and necessity,” as Mel Greaves wrote in Cancer: The Evolutionary
Legacy.

While nothing is likely to dull the devastation a patient feels upon
hearing the dreaded words “You have cancer,” perhaps there’s a
small measure of solace to be found in the knowledge that the
disease is at least as old as the dinosaurs and as universal among
today’s animals as hearts and blood and bones. But a zoobiquitous
approach to cancer research could promise more than psychological
balm. It could lead to breakthroughs in treatments, therapies, and
our understanding of the risks. In fact, it’s already starting to do just
that.

Imagine two animals: a tiny bumblebee bat (weight: .07 of an
ounce, the size of a penny) and an enormous blue whale (weight:
420,000 pounds, the size of twenty-�ve elephants). The huge whale
has vastly more cells in its body than the tiny bat and trillions more
cell divisions over its longer life. Which animal would you predict
would be more likely to get cancer? Because we know that cancer
stems from a single cell’s faulty replication, you might think that
animals with more cells, more replications, and more mutations
would have more cancer.

Genomics researchers at the University of Pennsylvania tested this
hypothesis by calculating the number of cells in the human colon
and comparing it to the number of cells in the colon of a giant blue
whale. They concluded that if cell division and “proofreading” were



identical across species, all whales ought to have colorectal cancer
by the time they hit their eightieth birthday.

But as far as we know, they don’t. In fact, larger species, overall,
seem to get cancer less often than smaller species. This fascinating
observation is called Peto’s paradox, after the British cancer
epidemiologist Sir Richard Peto, who recognized and �rst described
this biologically surprising reality.

To be clear, Peto wasn’t talking about the size di�erences between
large and small members of the same species—say, seven-foot, six-
inch basketball player Yao Ming and four-foot, eight-inch gymnast
Kerri Strug. Rather, the paradox describes cancer rates between
species—like bats and whales. In fact, within species, larger
individuals may actually have a greater susceptibility to some
tumors. Osteosarcoma, for example, a malignant bone cancer seen
in adolescence, occurs more commonly in tall teens. Similarly,
osteosarcoma in dogs is seen most frequently in larger, long-limbed
breeds like Great Danes, Dobermans, and Saint Bernards.

The implication of Peto’s paradox is that there’s something special
about DNA replication in large animals—something that may
protect them from cancer. Large-animal DNA might be more
e�ective at repairing itself. Perhaps the cells of megafauna divide
with greater �delity to the original and so are less susceptible to
cancer-causing mutations. Or maybe they contain better DNA
proofreaders and lower mutation rates. Larger animals might have
better tumor-suppression genes. More e�cient immune systems. Or
maybe their cells are just better at programmed cell suicide—
apoptosis.

If nothing else, Peto’s paradox shows that unexpected hypotheses
can emerge from a comparative approach. But human cancer
specialists don’t read the Journal of Cetacean Research and
Management. And marine biologists don’t regularly attend the
American Society of Clinical Oncology’s annual meeting. Important
clues about the nature and behavior of cancer across species remain
unconnected.

Making matters more di�cult, obtaining truly accurate statistical
information about cancer rates in wild species is challenging at best.



Doing a necropsy on every dead animal in the wild is a practical
impossibility. And human-style cancer screening for wild animals is
equally implausible. If regular colonoscopies were possible in wild
whales, we might �nd clues to their cancer-protection mechanisms.

Bringing together experts in wildlife biology, human oncology,
and veterinary medicine could expand our understanding of cancer
itself. Academics are increasingly recognizing the bene�ts of an
interdisciplinary approach. The National Cancer Institute’s
Comparative Oncology Program and enterprises like the Center for
Evolution and Cancer at the University of California, San Francisco,
are expanding research on cancer. The next major cancer
breakthrough might not come from a basic scientist working on a
genetically engineered mouse in a sterile lab, but from a veterinary
oncologist thinking about bumblebee bats, blue whales, and Saint
Bernards.

Perhaps one of the most promising places to look for cancer clues
among our fellow species is the disease that ranks among the top
killers of female humans: breast cancer. Breast cancer strikes
mammals from cougars, kangaroos, and llamas to sea lions, beluga
whales, and black-footed ferrets. Some breast cancer in women (and
the occasional man) is connected to a mutation of a gene called
BRCA1. All humans have a BRCA1 gene. It’s on our seventeenth
chromosome. But some of us (about 1 in 800) are born with a
mutated version. For Jewish women of Ashkenazi descent, it’s as
high as 1 in 50.

BRCA1 appears to be an especially skilled molecular copy editor.
When it’s working right, it catches mistakes in the DNA every time a
cell divides. It corrects typos and restores deletions. Like a great
editor, BRCA1 keeps the DNA elegant, supple, concise, and true to
its original intentions. But when BRCA1 is or becomes mutated, the
DNA codes can get garbled and confused. Over generations of
division this can lead to cancerous cell replication.

Many organisms have vulnerable BRCA1 genes. And in some
animals, its malfunction seems to result in breast cancer, just as it
does in humans. In one Swedish study, the presence of a BRCA1
mutation made English springer spaniels four times more likely to



develop breast cancer. Jaguars in zoos in the United States that were
on progestin-based birth control showed patterns of breast cancer
that were very similar to those of women with BRCA1 mutations.*
Zoo veterinarians report high incidence in other big cats, too,
including tigers, lions, and leopards.

And yet, having a BRCA1 mutation doesn’t automatically lead to
breast cancer. BRCA1-related breast cancer results when genetic
predisposition meets something that activates it—including
hormonal and environmental exposures. Researchers call these
triggers “second hits.” And studying a variety of animals could help
pinpoint which combination of genes and triggers leads to cancer.

This leads to the counterintuitive possibility that when it comes to
breast cancer, a jaguar originating in South America and an English
springer spaniel living in Sweden might be medically more relevant
to an Ashkenazi Jewish woman than her next-door neighbor is. In
medical jargon, we call these spontaneously occurring cancers
“natural animal models,” and they’re prized by scientists for their
power to expose the true biology of disease.

Unlike the jaguars and spaniels who carry an increased risk of
breast cancer, some groups of mammals, intriguingly, may be
protected from it.† The latte you sipped this morning contained milk
from an animal sorority that very rarely gets breast cancer.
Professional lactators—the dairy cows and goats that make milk for
a living—have rates of mammary cancer that are so low as to be
statistically insigni�cant. That animals who lactate early and long
seem to have some protection against breast cancer is not only
fascinating; it parallels human epidemiologic data that tie breast-
feeding to reduced mammary cancer risk.

The species-spanning protective power of breast-feeding—or the
hormonal states associated with it—could hint at a new form of
prevention. For example, if induction of lactation, a few times a
year, could be shown to dramatically reduce a woman’s lifetime risk
of developing the leading lethal cancer among females, it could
transform preventive medicine. This may sound odd, but it’s just
one step stranger than many other health-maintenance routines we
take for granted. Women have their cervixes swabbed and their



breasts X-rayed. For many, taking hormone-altering daily birth
control pills has become standard, quelling endometriosis,
suppressing acne, or even guaranteeing a period-free honeymoon.
We have our colons scoped, our skin scanned for moles. You might
not wrinkle your nose at the idea of scheduling a preventative,
induced lactation if you knew that your risk of breast cancer might
plummet to the level enjoyed by professional animal lactators.

It may also be that lactation is protective because it decreases the
exposure to estrogen a breast receives with every menstrual cycle.
An approach suggested to me by Chris Bonar, the chief veterinarian
of the Dallas World Aquarium, could help clarify exactly what it is
about breast-feeding that seems to be protective. He noted that
female mammals have di�erent numbers of reproductive cycles per
year. Some wild bats, for example, have vaginal menstrual bleeding
every thirty-three days, a monthly cycle similar to that of some
primates, including humans. In contrast, sheep and pigs are
polyestrus and ovulate only several times a year. Female ring-tailed
lemurs, bears, foxes, and wolves usually cycle just once a year. But
breast-feeding disrupts reproductive cycles in mothers. So by
comparing breast cancer rates in female animals with di�erent cycle
frequency—and di�erent hormone exposures—comparative
oncologists could home in on an important distinction: how much
breast-feeding’s power to protect comes from lactation itself and
how much from disrupting the hormones that accompany
reproductive cycles.

Another thing we can learn from animal cancer is the extent to
which it’s caused by outside invaders: viruses. Veterinary
oncologists see this all the time. Lymphomas and leukemias among
cattle and cats are quite frequently viral. Many of the cancers
sweeping sea creatures from turtles to dolphins are rooted in
papilloma and herpes viruses.

As we know, cancer starts as a cell with mutated DNA. Few things
in nature rival viruses for their skill at tinkering with DNA. But
human physicians tasked with fending o� and treating so-called
lifestyle cancers, such as those caused by smoking, drinking, or
overeating, tend to think “infectious trigger” only when it comes to



a narrow range of malignancies. Every oncologist and many
patients, for example, know that viruses are responsible for Kaposi’s
sarcoma, some leukemias and lymphomas, and some liver cancers.
“Cancer à deux” (cervical and penile cancers shared by sexual
partners) is spread by the human papilloma virus.

In fact, worldwide, about 20 percent of human cancers are viral.
In Asia, the leading cause of liver cancers is viruses: hepatitis B and
C. Across Africa’s “lymphoma belt,” ‡  the Epstein-Barr virus is a
known driver of Burkitt’s lymphoma. Human papilloma virus and
hepatitis B and C are on the NIH’s list of known carcinogens. The
idea that cancers spread virally has led some epidemiologists to call
for treating cancer as an infectious disease. This is something
veterinarians already do.

Peto’s paradox, Jews and jaguars, professional lactators, viral
triggers—in these cases, a zoobiquitous approach can help us
generate new hypotheses about the causes of cancer. But animals
may be able to help us in a more urgent or timely way. They may be
able to warn us of impending disease—before it actually strikes us.

In 1982, dead beluga whales began drifting ashore along the St.
Lawrence Estuary in northeastern Canada. The leading cause of
death was a grim list of cancers. Intestinal. Skin. Stomach. Breast.
Uterine. Ovarian. Neuroendocrine. Bladder.

The St. Lawrence belugas, it turned out, were saturated with
heavy metals, as well as other industrial and agricultural
contaminants, including dichlorodiphenyltrichloroethane (DDT),
polychlorinated biphenyls (PCBs), and polycyclic aromatic
hydrocarbons (PAHs). Researchers from the University of Montreal
didn’t have to look far for the source of these arti�cial intruders.
Lining the coast were aluminum smelters. Every year for decades,
these factories pumped tons of PAHs into the water and released
other contaminants into the air. Day after day, these compounds
had drifted through the water and accumulated on the ocean �oor.
Mussels and other sea-dwelling organisms absorbed them. When the



belugas scooped into the sediment to feed, they received a double
dose of toxins—in the sand and silt as well as in their food.

The contaminants were linked to the whale cancers and the die-
o�. Signi�cantly, another group of animals living around the St.
Lawrence Estuary at the same time shared the whales’ unusual
cancer patterns: humans.

When animals die in clusters, we’re wise to pay attention.
Emerging infectious diseases like SARS and avian in�uenza often
show up �rst in animals. Endocrine-disrupting chemicals may
manifest in animals before they a�ect human fertility. Animals even
forewarn us of biological attacks or chemical leaks; when anthrax
escaped from a Soviet military facility in 1979, for example, the �rst
to die were nearby livestock.

Sometimes the animal warnings point to cancer. Although PCB
production and DDT use have been banned in the United States for
more than thirty years, researchers now suspect that the toxins may
be contributing to a signi�cant increase in the outbreak of sea lion
cancers o� California. For thirty years, starting in the 1940s,
manufacturing companies used this part of the Paci�c to dump
millions of pounds of those chemicals. Although the Environmental
Protection Agency instituted a clean-up in 2000, there’s one
reservoir that’s hard to get at: the animals’ own bodies. Through
gestation and lactation, up to 90 percent of a mother’s contaminant
load can be “dumped” into her �rst-born pup. Veterinary
oncologists believe that either repeated “hits” of the toxins are
causing the animals’ cells to mutate or they’re suppressing the
animals’ immune systems so much that the herpes virus that causes
the cancer has a better chance to replicate. If that’s true, these
animal cancers could be warnings to humans living in areas polluted
by similar chemicals that the dangers of toxins might go beyond
direct exposure. They may be passed down through generations
(meaning their presence can be felt long after a toxic site is cleaned
up) and/or have secondary e�ects on the immune system.

Industrial pollutants are causing animals to su�er and die.
Responsibility for these animal illnesses lies squarely with our
species. Indeed, if animals could lawyer up, we humans would



probably �nd ourselves as the defendants in any number of class-
action lawsuits. Beluga whales shouldn’t have to die terrible deaths
from cancer because we allow our industries to foul the waters
where they eat and breed.

So with the proviso that in an ideal world we wouldn’t give
animals cancer for the convenience and greed of certain industries
(many of which we all partake in, whether petroleum or plastic or
pesticides), the sad fact that animals get cancer can be helpful to
humans if we think of them as sentinels. And one way to honor their
sacri�ce is to do something about it. Not pretend it doesn’t a�ect us.
As governments, as societies, as a species, we need to act when we
see disease emerging in clusters of animals—to save them and to
save ourselves.

As humans, we don’t live in the waters of the St. Lawrence Estuary
or the Paci�c kelp beds o� California. We live in condo complexes
and single-family homes, studio apartments, farmhouses, and
trailers. And in all of those places, who lives with us? Dogs.

Hundreds of millions of dogs around the world coexist with us as
pets. At the simplest, most expedient level, this means they can
serve as in-house sentinels to warn about or con�rm cancer risks.
One study of nose and sinus cancers in dogs, for example, found a
strong correlation with the use of indoor coal or kerosene heaters.
The longer the dog’s nose, the greater its chance of getting this
cancer, possibly because of a greater exposed nasal surface area.
Bladder cancer and lymphoma, both linked to pesticides, have been
reported in pet dogs, with a higher risk for bladder cancer found in
female dogs that were obese. And military dogs who served in
Vietnam had higher-than-usual rates of testicular cancer, possibly
because of their exposure to a variety of chemicals, infections, and
medications during their tours of duty.§

Where we don’t overlap might be telling, too. Dogs rarely get
colon cancer. Lung cancer is also atypical, although short- and
medium-nosed dogs living in homes with smokers are susceptible.
Canine breast cancer is rare in countries that promote spaying but



quite common where most female dogs remain reproductively
intact. In humans, too, oophorectomy (removal of the ovaries) and
premature ovarian failure dramatically reduce breast cancer risk.

But beyond their possible use as canine canaries in our domestic
coal mines, dogs may be ideal proxies for studying the actual
biology of how cancer works in our own bodies. Currently, the vast
majority of cancer studies are done on mice. So-called humanized
mice have been specially bred to mimic our gene patterns. Often
their immune systems have been altered to allow the cancer to
grow. Most lab mice are “given” cancer; usually it doesn’t arise
spontaneously in their bodies. For decades, this “arti�cial” cancer
has yielded useful insights into tumor biology—how cells divide,
how tumors form, how they metastasize and spread to other parts of
the body. But the genesis of the disease, its complexity, how it
becomes resistant to therapy, and how it recurs are really not
answerable in mouse models. Even side by side, under a microscope,
mouse tumors are very di�erent from human tumors.

Our human tumors, it turns out, are remarkably similar to those
of the animals with whom we live: our pet dogs. Dog cancer cells
and human cancer cells are nearly indistinguishable. Dogs live
longer than mice, so researchers can observe the cancer—and the
treatments—over the long term. And, unlike most lab mice, pet
dogs’ immune systems are intact, allowing oncologists to study how
a cancer acts when challenged by natural defenses. Dogs are also
simply much bigger than mice. This has implications, both practical
—the tumors are physically easier to see—and philosophical (think
of Peto’s paradox).

Here I must pause to make absolutely clear that I’m not talking
about experimenting on dogs in labs. I’m talking about the opposite.
Observing cancer while caring for companion animals—pets—who
develop cancer spontaneously and receive treatment from
veterinarians.

This novel approach is known as comparative oncology.
Recognizing that studying naturally occurring cancers in the animals
that share our homes might unlock some of cancer’s mysteries, the
National Cancer Institute launched the Comparative Oncology



Program (COP) in 2004. One of the COP’s early innovations was to
pool the brain trusts of twenty top-tier veterinary teaching hospitals
in the United States and Canada. This network, called the
Comparative Oncology Trials Consortium, conducts clinical trials in
pet dogs, searching for new anticancer drugs and treatments for
human patients. (The trials are sponsored by pharmaceutical
companies hoping to bring new human therapies to market.) But
while pet health may not be the intended goal of the program, some
of the advances that bene�t humans will come back full circle to
enhance the health of animals, too.

Comparative oncology has already improved the health of many
animals, including us. It’s not a stretch to say that new cures have
come out of cross-species cancer comparisons (although physicians
and veterinarians alike tend to manage expectations with more
clinical terms like “novel therapeutic strategies” and “positive
survival rates”). For example, the limb-sparing technique that
human doctors use today to save teenagers with osteosarcoma from
amputations was pioneered in dogs by a veterinary oncologist,
Stephen Withrow, and his team at Colorado State University,
working jointly with physicians. And a potential cure for malignant
lymphoma using transplanted stem cells was �rst successful in
twelve pet dogs under treatment at Fred Hutchinson Cancer
Research Center in Seattle, paving the way for this technique to be
used in human beings.

Veterinary gene chasers are currently looking at DNA for
molecular clues to canine lymphoma, bladder cancer, and brain
cancer. And here’s why genes are relevant: picture a Great Dane
looming over a Chihuahua or a Saint Bernard sni�ng a pug.
Members of Canis lupus familiaris, although belonging to the same
species, can look and act extremely di�erent from one another. But
those desirable di�erences—traits honed over centuries of selective
breeding and codi�ed in the American Kennel Club Blue Book—
carry an ironic and sometimes tragic Trojan horse. As Kerstin
Lindblad-Toh, the MIT molecular biologist who led the canine
genome-mapping project, explained to me, breeding for desirable



traits inadvertently selects for and transmits other mutations, some
of which can cause cancer.

The way German families from the Black Forest region are
susceptible to kidney and retinal cancers, or Ashkenazi Jews to
breast, ovarian, and colon cancers, certain dog breeds are prone to
certain cancers. German shepherds, for example, can develop a kind
of heritable kidney tumor. As the veterinary oncologists Melissa
Paoloni and Chand Khanna explain in a review published in Nature
Reviews Cancer, the genetic mutation that causes the dog cancer is
similar to the one that leads to Birt-Hogg-Dubé syndrome in people
—which makes them vulnerable to kidney cancer, too. Salukis,
descended from the royal dogs of ancient Egypt, are among the
oldest breeds. Their chromosomal legacy codes for their lean, regal
elegance but also for a one-in-three chance of developing
hemangiosarcoma, a highly aggressive tumor of the heart, liver, and
spleen occasionally seen by human cardiologists, hepatologists, and
oncologists.‖

Paoloni and Khanna note that chow chows have higher-than-usual
rates of gastric carcinoma and melanoma. Boxers lead the list for
developing mast-cell cancer as well as brain tumors. Bladder cancer
disproportionately strikes Scottish terriers. Histiocytic sarcoma (an
extremely complicated cancer that hides out in locations like the
spleen) favors �at-coated retrievers and Bernese mountain dogs.

But noticing where cancer isn’t can be as instructive as noticing
where it is. As Paoloni and Khanna point out, remarkably (although
so far still inexplicably), two breeds of dogs seem to get cancer less
often than the others: beagles and dachsunds. Like the professional
lactators who rarely get breast cancer, these extra-healthy dog
breeds may point to behaviors or physiology that o�er cancer
protection.

Despite all the possibilities that lie in comparative oncology, only
a fraction of human doctors ever think beyond the mouse. As a
UCLA oncologist colleague con�rmed to me, even the smartest
human cancer researchers never talk about naturally occurring
animal cancers.



And while initiatives like the COP are slowly changing that,
zoobiquitous collaborations between physicians and veterinarians
are, at present, all too rare. If we could change this, the world of
cancer care and cancer research might look quite di�erent. I learned
this for myself when I heard the story of a fortuitous meeting of two
oncologists, one a physician, the other a veterinarian, that resulted
in a radical new treatment for melanoma.

In many ways, the dinner crowd at New York’s Princeton Club that
autumn evening in 1999 was like any other. Blue blazers and
regimental ties. Silvering temples. Smart skirts and pearls and
pumps. Conversation probably tumbled around the Y2K bug, an
exciting new HBO series called The Sopranos, and gas prices that
were climbing to a steep $1.40 per gallon after hovering below the
dollar mark for most of the preceding summer. Silently surveying it
all, as it had for decades, was the cold metal eye of a bronze tiger on
the wall.

But at one table, the banter was anything but ordinary. Around
the starched white tablecloth, ice clinking in the water glasses, sat a
dozen or so scientists intently strategizing about lymphoma. With
one exception, they were all human cancer experts.

Listening quietly at �rst was the sole outlier, Philip Bergman.
Bergman, who is tall, with thick, wavy dark hair and a groomed Van
Dyke beard, is a veterinarian. He has the calm, measured voice and
lack of extraneous movement that mark nearly every animal doc
I’ve met. That night, though, he was feeling a little out of his
element. As he told me a few years later, he kept thinking: “This is
the Princeton Club. I’m a veterinarian. I don’t really belong here.”
(Never mind that he spent years training at the M. D. Anderson
Cancer Center and holds multiple degrees, including a Ph.D. in
human cancer biology.)

Near Bergman sat Jedd Wolchok, an M.D. and Ph.D. with board
certi�cations in human internal medicine and oncology. Wolchok
was a rising star at Memorial Sloan-Kettering, one of the leading



cancer research hospitals in the world. Suddenly Wolchok turned to
Bergman. And out of his mouth came a most zoobiquitous question.

“Do dogs,” he asked, “get melanoma?”
It was the right question, the right person, the right moment.

Bergman happened to be one of the world’s few experts in how this
di�cult, aggressive form of cancer attacks dogs. And he was looking
for his next big project.

Bergman and Wolchok started comparing human and canine
melanoma. They quickly learned, as Bergman put it, that “the
diseases are essentially one and the same.” In humans as in dogs,
malignant melanomas often show up in the mouth, on foot pads,
and under �nger- and toenails. In both species, it metastasizes to the
same “weird spots,” favoring the adrenal glands, heart, liver, brain
membranes, and lungs. In humans, melanoma resists chemotherapy.
Surgery and radiation often don’t keep it from spreading. It has a
nasty trait of recurring, even after treatment. Same thing in dogs.
Sadly, both humans and dogs have a very low survival rate with this
cancer. Once diagnosed with advanced canine malignant melanoma,
dogs can have as little as four and a half months to live. Human
patients with metastatic melanoma often live less than one year.
Wolchok and Bergman both knew that, for the sake of patients of
both species, new approaches to malignant melanoma were
“desperately needed.”

Wolchok con�ded to Bergman that he was on the trail of a novel
therapy, one that would trick a patient’s immune system into
attacking its own cancer.a His team at Sloan-Kettering had had some
early success with mice. But they needed to know how the remedy
might fare in animals with spontaneously occurring tumors, intact
immune systems, and longer life spans. Bergman realized instantly
that dogs could be that animal.

In three short months, Bergman had a trial up and running. He
recruited nine pet dogs: a Siberian husky, a Lhasa apso, a bichon
frise, and a German shepherd, as well as two cocker spaniels and
three mixed breeds. All had been diagnosed with various stages of
melanoma. For most of these pets, the experimental treatment was



their last chance—and it was eagerly embraced by their grateful
owners.

The therapy—which involved injecting human DNA into the dogs’
thigh musclesb—worked even better than Bergman and Wolchok
expected. Overall, the dogs’ tumors shrank. Their survival rates
soared. When the news of the success got out, Bergman started
getting calls and e-mails from desperate dog owners all over the
world. One client �ew to New York from Napa Valley every two
weeks so his dog could receive the injections. Another moved from
Hong Kong with her pet and took up residence near Bergman’s New
York o�ce. Before long, Bergman had more volunteers for the new
therapy than he could handle. With �nancial support from the drug
company Merial and help from Sloan-Kettering to produce the drug,
Bergman launched another round of trials. And even when the spots
were �lled, the owners of canine cancer patients kept calling.

The treatment was ultimately tested in more than 350 pet dogs—
and prolonged life so well that more than half the animals who got
the injections exceeded their cancer-shortened life expectancies. In
2009, Merial released the vaccine to veterinary oncologists, under
the name Oncept, making the treatment available to thousands of
family pets stricken with cancer.

Wolchok’s four zoobiquitous words—“Do dogs get melanoma?”—
sparked an intense collaboration, one that may have permanently
changed the way veterinarians treat the disease in canine patients.
And the translational potential is enormous. Bergman and Wolchok’s
success is inspiring work on a similar vaccine for melanoma in
humans.c

Yet Bergman knows that, even with the success of Oncept, human
medicine may still take a while to wake up to the possibilities of
interspecies collaboration.

“Almost without fail, when I tell this story to groups of human
doctors,” he said to me—adding politely yet pointedly, “no o�ense
to your colleagues”—“someone will come up to me afterward and
ask, ‘How did you convince those dog owners to let you give their
pets cancer?’ ” Bergman chuckled. “I have to explain. These are not
lab dogs. We didn’t ‘give’ them cancer.”



What he actually gave them was another shot at life.

*Sadly, Linda Munson, the U.C. Davis veterinary pathologist leading the research, died
before the jaguar genome was fully sequenced and scanned for clues to BRCA1 relevance,
although her early research pointed to a connection.

†Here I should pause to dispel the myth—often repeated—that sharks “don’t get cancer.”
Tumors of many kinds, some metastatic, have been found in numerous species of sharks.
Rumors to the contrary are likely promulgated by those hawking alternative remedies at
the expense of wild species.

‡According to the WHO, “a region that extends from West to East Africa between the 10th
degree north and 10th degree south of the equator and continues south down the Eastern
coast of Africa.”

§Cats have served as sentinels, too: one study linked oral cancer in cats to environmental
tobacco smoke.

‖When certain populations show the same mutation, it’s usually a result of the “founder
e�ect.” That’s when a long line of descendants arises from a very few progenitors and for
some reason—geographic, cultural—remains isolated. The founder e�ect has been noticed
in populations from microbes and plants to animals, including humans. The mutation that
causes cystic �brosis, for example, can be traced to one person. The founding individual
who �rst carried the BRCA1 mutation in Ashkenazi Jewish families is thought to have lived
more than two thousand years ago. 
       Geneticists frequently see founder e�ects in bottleneck populations. These are groups
where certain factors mean that many descendants come from few ancestors. Cheetahs are
a natural bottleneck population. As their numbers dwindle, they rely on the genes of fewer
and fewer breeding members to keep their species alive. This is an issue for many
endangered species. With domesticated dogs, we humans create bottleneck populations on
purpose: by breeding all future descendants from a set number of progenitors, we limit the
genes in that pool, including the mutated ones.

aIt’s called xenogeneic plasmid DNA vaccination. Essentially, it “hides” proteins from a
foreign species within the cells of a patient with cancer. When these foreign proteins
circulate through the blood and lymph, the immune system senses the alien proteins. It
thinks there’s an invader afoot, and mounts an attack on its own cells. Getting the immune
system to attack itself is called “breaking tolerance”—and it’s so hard, said Bergman, that
it’s the “holy grail of cancer immunotherapy.”



bFrom a human melanoma cell donated by an anonymous patient, the gene jocks at Sloan-
Kettering extracted human tyrosinase cDNA. They shaped each strand into a ring and
cloned it millions of times. Then Bergman injected these tiny doughnuts of DNA, called
plasmids, into the dogs’ thigh muscles, using a high-pressure, needle-free delivery system
sort of like a high-tech air gun. 
    Deep inside the dogs’ muscle and white blood cells, the plasmids started making human
tyrosinase. Then the cells released the human proteins into the dogs’ blood and
lymph  …  which is where they encountered the immune system’s �ghter cells, called T
cells. Not recognizing the human tyrosinase, the dogs’ T cells attacked it. This immune
response sparked the T cells to go after canine tyrosinase in the dogs’ tumor cells as well.

cFor the time being mice, not dogs, are providing the foreign tyrosinase.
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FOUR 

 
Roar-gasm

An Animal Guide to Human Sexuality

Lancelot* was having a rough morning. He kicked pu�s of dirt up
from the barn �oor and snorted. A handful of students hovered
around him warily, gauging his movements. He froze for a moment,
standing tall on his dark brown legs and shifting his muscular
haunches.

“Urine!” shouted Joel Viloria, the barn supervisor. In an instant, a
student appeared with a plastic pouch of “liquid gold,” urine that
had been collected from a mare in heat and then frozen. Joel wafted
the urinary ice cube under Lancelot’s velvety nose. Clearly
stimulated by the aroma, the stallion �ared his nostrils, and his head
reared back.

“Give him another look at the mare,” Viloria commanded tensely.
The thousand-pound stallion was led past a stall at the side of the
barn. There, bathed in streaks of February sunlight, stood a pale
young horse, her tail raised obligingly and receptively in a classic
equine come-hither stance. Lancelot beelined for her.

“Okay, go!” urged Viloria, his voice �rm but calm. Quickly, the
stallion was steered away from the mare. But one of Lancelot’s big
eyes remained on her, rolling sideways in the socket, as he was led
away. “That’s right, good,” encouraged Viloria when Lancelot



mounted one end of the padded metal breeding apparatus horsemen
call a phantom mare.

The stallion struggled, his sleek forelegs gripping the sides of the
metallic mare as though he were copulating with a real horse. But
he slipped o�. A student gently guided him to remount. Distracted,
he tried. But again he slid back. This time, when the student tried to
return his attention to the phantom, Lancelot pulled away and
refused to get back on.

“All right, that’s three—he’s not in the mood. Take him back,”
said Viloria. The stallion was led away to his corral, his dark
chocolate tail swishing across his �anks.

As Viloria later explained to me, the University of California,
Davis, horse barn he oversees abides by a strict three-mount rule.
When producing semen for breeding, each stallion is given three
chances to accomplish what in nature seems like a very
straightforward task. But this is not nature. First, the horse must
become aroused and erect. He must next mount the metal-and-vinyl
phantom. Then he must insert his penis into a lubricated, warmed
metal tube underneath the phantom, thrust a few times, and
ejaculate into the one-gallon plastic condom lining the tube. If on
the third attempt he still hasn’t produced a specimen, he’s declared
done for the day and led back to his corral for a restful (though
possibly frustrating) afternoon and night.

Experienced horse breeders like Viloria know that even very
practiced stallions sometimes can’t perform sexually. As one website
counsels, “Most people think of stallions as being big and tough, but
they actually are quite sensitive. Circumstances have to be to their
liking for them to feel comfortable with breeding.”

Even when copulating with a live mare instead of producing a
semen sample for arti�cial insemination, stallions can su�er from
stage fright, intimidation, distraction, and inexperience. Male horses
who are punished for sexual behaviors by rough handlers or mean
mares in their youth may develop inhibitions around mounting and
copulation as adults.† Some stallions show sexual interest in mares
but will not mount. Some will mount but will not penetrate. Others
get through the �rst two stages but cannot ejaculate. And there are



stallions who will mount mares only when another particular horse
is present or watching. Among some social animals, including
horses, the highest-ranking males dominate mating. The runners-up
are deprived of most sexual opportunities. Their lower status and
forced celibacy put them at risk for what veterinarians call
“psychological castration,” the eventual inability to have sex at all.

As Jessica Jahiel, an author and expert in the �elds of horses and
horsemanship, writes, “Pain, fear, and confusion can all lead to
vastly decreased libido and sometimes an inability to breed.”

Like veterinarians, human physicians also encounter patients in
whom fear, pain, and confusion (and many other factors) interfere
with the ability to have erections. As medical students we’re taught
to ask every patient about their sexual function and satisfaction, and
we know we should because sexual performance is a useful measure
of cardiovascular �tness. But the truth is that many doctors �nd it
easier to ask Mr. Green whether he can walk up two �ights of stairs
without symptoms than whether he has chest pain during
intercourse. Unless a patient brings up a speci�c sexual problem
during a visit, physicians aren’t likely to inquire about the quality
and frequency of a patient’s erections, ejaculations, and orgasms.

Cultural barriers, time constraints, and even prudishness get in
the way of in-depth discussions about sex between physicians and
patients. So, while a patient’s sex life contains key information
about his or her overall health, most physicians will address only
those sexual problems that a patient feels need �xing.

Veterinarians, on the other hand, see and deal with sex much
more as a normal part of their patients’ lives. The �rst time I
attended morning rounds at the Los Angeles Zoo, I was surprised by
the careful attention the vets and keepers paid to the sexual activity
of the animals in their care. How much, how often, and with whom
—it was all valuable information relating to the physical and mental
well-being of their patients. And the discussions proceeded without
the uncomfortable silences and �ushed faces I’ve seen in human
exam rooms.

Spend any time around animals and you’ll notice that sex comes
in many forms. Some species commit to monogamous lifelong



partnerships. Others are outrageously promiscuous and spread
sexually transmitted diseases (STDs). There are species that engage
in heterosexual behavior at one phase of their life and
homosexuality during another. There are animals who rape, animals
who trick partners into sex, animals who force themselves on their
young. There are also animals who engage in what appears to be
lengthy foreplay. Animals who fellate their partners. Animals who
secure a form of consent before engaging in intercourse.

Careful scienti�c scrutiny of the shared biology and behavior of
animal sex sheds light on the evolutionary background of human
sexuality. A zoobiquitous survey of animal erections, copulations,
ejaculations, and even orgasms could advance the treatment of
human sexual dysfunction. And it might even uncover ways to
enhance our sexual pleasures.

In this chapter we’ll journey through a world of insect foreplay,
comparative clitorology, and the shared pleasure of orgasm. But
there’s no better place to start this tour of the sex lives of animals,
both human and nonhuman, than with the extraordinary feat of
biomechanical engineering called the male penile erection.

Not surprisingly, when physicians study penises, we tend to focus on
the human variety. But our world is abristle with phalluses and has
been for at least half a billion years. Today and every day since at
least the early Paleozoic era, in meadows, oceans, streams, and the
air, many trillions of erections preceded trillions of copulations,
which preceded trillions of ejaculations. Some erections sprouted
readily and penetrated easily. Others �ickered to life and abruptly
terminated. Some were measurable in yards. Others were
microscopic. Some were sti�ened by blood; others by a similar �uid
called hemolymph; others by skeletal supports made of cartilage or
bone. Some erections culminated in mere seconds; others lasted
hours.

It wasn’t always this way. The earliest single-celled organisms on
Earth simply cloned themselves. Some of their descendants still do.
But as complex multicelled organisms evolved and eventually



“discovered” the ability to mix their gametes, they gained a giant
genetic advantage. (For more on this, see Chapter 10, “The Koala
and the Clap.”) Since these ancient creatures lived in the sea, the
earliest sex was a straightforward process of spraying sperm and
eggs into the water. The lucky few connected.

In that massive free-for-all, the �ttest sperm reached the eggs and
were rewarded with the prize of bringing their DNA into natural
selection’s next round. Sometimes the �ttest sperm were the
strongest swimmers. Sometimes they were the ones deposited
nearest the eggs. Others developed ways to follow molecular scent
pathways to �nd the eggs. Or they bundled together in teams to
improve their timing and accuracy. As sperm perfected ingenious
rudders, tails, chemical markers, and swimming strategies, the
genital hardware that ejected them was evolving, too.

One innovation was internal fertilization, which allowed males to
place their sperm not only near females but right inside them, next
to the eggs. This allowed both males and females a measure of
control over their o�spring’s DNA. Females could audition males
before allowing them to mate. Sperm was less likely to be spilled on
barren ground. And one invention that e�ectively accomplished this
combination of choice and precision was the penis.‡

The oldest penis on record goes back 425 million years. It
belonged to a crustacean found preserved under ancient volcanic
ash at the bottom of a sea that used to cover Herefordshire, in
England. The paleontologists who found the shrimplike creature
named it Colymbosathon ecplecticos, from the Greek for “astounding
swimmer with a large penis.” Before it was found, the oldest known
phallus was 400 million years old. It belonged to a fossilized daddy
longlegs from Scotland.

When dinosaurs roamed the ur-continent of Pangaea about 200
million years later, their penises roamed with them. Paleontologists
have speculated about dinosaurs’ mating apparatuses and behaviors,
using what they know of crocodilians and birds, today’s relatives of
those prehistoric creatures. The erect penis of a male titanosaur, for
example, may have been twelve feet in length. Experts speculate
that the male sauropod, with a body the length of a school bus,



approached the massive, receptive female from behind. Like his
crocodilian and avian descendants, he likely inserted his penis from
this dorsal position and, at climax, ejaculated sperm through a
vessel running along the outside of his organ.

Nowadays, Earth’s penises exist in multivaried splendor. Spiny
anteaters sport four-headed varieties that rotate between
copulations. Although most birds don’t have penises,§ the phalluses
of Argentine lake ducks are nearly eight inches long (almost as long
as an ostrich’s), corkscrew-shaped, and festooned with dense, brushy
spines that sharpen to hard spikes at the base. Despite a thirty-three-
inch member and a penis-to-body ratio of seven to one, Limax redii,
a Swiss slug, doesn’t have the most impressive proportions in
nature. That title goes to Balanus glandula, which wows the tide pool
with its prodigious barnacle penis.‖ Permanently cemented to a tidal
rock, the barnacle sports a penis forty times the size of its body.
Barnacle penises, as long as they are, vary in their girth. Barnacles
living in rougher waters sport thicker, stronger, and sturdier
members. But those in calmer surroundings extend their longer
�lamentous penises in search of distant barnacle “vaginas.”

Fleas and some worms also have hugely proportioned penises.
And some animals have more than one. Several species of marine
�atworms have dozens of penises. Some snakes and lizards are
doubly endowed; switching between their two hemipenes during
multiple copulations increases their sperm count by a factor of �ve.
As for insects, so exuberantly inventive are their male genitalia that
entomologists scrutinize them to classify entire species.

If you haven’t thought much about the procreative thrustings of
other animals, especially those you can’t see, you’re not alone. Many
animals are nocturnal, extremely small, shy, or just very careful to
mate where other animals (including curious biologists) can’t see
them. Inaccessibility to these covert proceedings has been a barrier
to the comparative study of sexuality.a But the challenges of
achieving up-close analyses of these animals in �agrante delicto
have meant gaps in knowledge and frank misinformation.

The sexcapades of krill, for example, have been seriously
underestimated. These tiny shrimplike creatures make up the bulk



of the diets of important aquatic megafauna, including whales. It
had long been assumed that krill reproduce by mixing their eggs
and sperm near the surface of the water. In 2011, however, the
journal Plankton Research reported the surprising discovery that
Atlantic krill—all 500 million tons of them—mate at depth. In these
deep, dark, underwater orgies, krill use internal fertilization
techniques that involve penetrative sex.

Since arising more than 200 million years ago, all male mammals
have had penises, each achieving erection in one of three ways. An
actual penis bone, called a baculum, o�ers a sti�ening assist to
many male bats, rodents, carnivores, and most nonhuman primates.
A rope of thick tissue running down the center of the shaft partially
sti�ens the �bro-elastic penises of pigs, cattle, and whales. (The
popular chew toy sold in pet stores called a bully stick is made by
drying out this bull penis structure.)

But humans, along with armadillos and horses (not to mention
several nonmammals like turtles, snakes, lizards, and some birds),
have what’s called an in�atable penis. These organs thicken and
harden using only hydraulics and internal compartments of spongy
tissue that �ll up with blood or other body �uids.

From a biomechanical perspective, these in�atable kinds of
penises are really quite extraordinary. As Diane A. Kelly, a biologist
and penis expert at the University of Massachusetts, Amherst,
explained to me, creating a structure adequately sti� for penetration
that is also strong enough to withstand intravaginal thrusting is a
tricky mechanical challenge. The steps that go into building a hard
penis have an elegant �ow that would please any professor of
engineering.

It starts with the deceptively inert, �accid penis. A penis in
repose, although it seems �oppy and relaxed, is actually in a state of
constant, moderate contraction. The tube of smooth muscle that
runs down its center is mildly tensed. So are the linings of the
thousands of tiny blood vessels that crisscross the organ. Further
contraction of this muscle and the arteries is what accounts for
shrinkage in cold weather or water. So although a penis in the
process of erecting can seem like it’s springing into action, it’s



actually submitting to a crucial, and opposite, process. First it must
relax.

The command to relax comes from the pudendal nerves. When the
smooth muscle lets go, arteries deep in the penis dilate. The
channels suddenly open up. Blood rushes in, straightening the
vessels and �lling millions of tiny pockets in the two tubes of
spongy tissue (called corpus cavernosum) that run the length of the
penis shaft.

Next comes a key chemical reaction. When arteries dilate
anywhere in your body—whether in your cheeks when you blush,
your gut when you eat, or your genitals when aroused—they release
nitric oxide.b In the penis, this very special molecule (not to be
confused with nitrous oxide, your dentist’s laughing gas, or nitrogen
dioxide, the air pollutant) signals the smooth muscles to relax even
further. More blood rushes in. By this point, the penis is crowded
with liquid, and the increased volume compresses nearby veins,
blocking their blood from �owing back out again. The chamber
becomes tenser and tenser with trapped liquid, assisted by other
structures that tighten and constrict. Pressure soars inside the �eshy
tube. Most erections reach an internal pressure of one hundred
millimeters of mercury—comparable to that which a boa constrictor
might use to su�ocate its prey.

To protect the organ from rupturing under this intense force, a
complex net of collagen �bers surrounds the outside of the penis,
under the skin. As Kelly describes, the collagen strands are arranged
in deeply folded, alternating perpendicular layers along the length
of the penis. This allows them to pleat open e�ciently when the
erection is under way. Not only does this collagen “skeleton”
strengthen the erection, it gives the structure a resistance to bending
that engineers call “�exural sti�ness.” (Kelly says it’s a trick shared
by pu�er�sh, whose expandable skin also contains highly crimped,
alternating strands of collagen.) When the penis is not being used
for copulating or mating displays, the erective construction has the
added bene�t of folding away for neat storage. Being able to stow
your penis provides more than simple convenience. A study on
certain �sh that cannot retract their reproductive organs—because



they’re modi�ed, permanently sti�ened anal �ns—showed that
males with longer ones su�ered higher rates of predation than those
with organs that were less obviously on display.

When the erection is complete, and stimulation has reached what
doctors poetically if vaguely describe as the “point of no return,” a
spinal cord re�ex causes a sudden burst of muscle contractions
throughout the genital area, starting with the neck of the bladder. In
rippling chains of contractions fueled by massive out�ow from the
sympathetic nervous system, the muscles around the testes and
scrotum tense, followed by those of the epididymis, vas deferens,
seminal vesicles, prostate gland, urethra, penis, and anal sphincter.
The rapid clamping and unclamping of these muscles, at intervals
less than a second apart, spurts semen out of the urethra. A few
slower spasms may follow that initial explosion of muscle activity.
This sequence has been preserved across a wide spectrum of
mammalian species.

The comparative study of ejaculation has focused mostly on
primates and rodents. But all male mammals descend from shared
ancestral ejaculators. The penises of mammals from narwhals to
marmosets to kangaroos propel semen in nearly identical ways. And
the ejaculation of a male human today even shares basic physiology
with reptiles, amphibians, and sharks and rays. Ejaculation isn’t
new. In fact, the human seminal propulsion system has ancient
origins. This makes it not only intriguing but plausible that the
human male’s experience of ejaculation may be shared by other
animals. With the mechanics being so similar, the question is, do
other animals experience the intense pleasure that drives so many
men to such good and bad behavior?

The experience of orgasm is not only legendary but also
measurable. Electroencephalograms show brain-wave shifts,
including an increase in slow-frequency theta waves, which are
associated with deep relaxation. Many men describe a feeling of
euphoria intriguingly similar to what heroin users describe
experiencing when they plunge a needle into a blood vessel and
discharge the drug into their system. The brains of ejaculating male
rats are known to release powerful chemicals, including heroin-



related opioids, oxytocin, and vasopressin. Taken together, the
muscle contractions, brain changes, chemical rewards, and relaxed
feelings add up to create the male orgasm.

After ejaculation and orgasm, a process called detumescence, or
de�ating, begins. Neurohormonally, this sequence is essentially
simply the reverse of erection. The smooth muscle of the penis shaft
contracts. So do the penile arteries. Blood �ow to the penis
decreases. With less pressure pushing them shut, the veins open up
and normal drainage resumes. Chemicals associated with the
sympathetic nervous system begin to take over. And before you
know it, the penis is back in its resting state of slight contraction.

Clearly, a lot has to happen for this amazing structure to build on
cue. But with that many dependent steps, a lot can go wrong. To
complicate matters, human erections can be achieved in essentially
two ways: through thought or through touch.

As most men can attest, the penis is perfectly capable of achieving
an erection purely from direct stimulation. It’s called a re�exogenic
erection and is regulated by nerves in the lower spine. Re�exogenic
erections are well known to prepubescent boys, men in deep states
of REM sleep, and men with spinal cord injuries (in whom the
nerves connecting brain to penis have been severed). Re�exogenic
erections are as unconsciously controlled as digesting and breathing;
they can spring up when a man least suspects or wants them.c

Re�exogenic, early-model proto-erections, in species such as
barnacles and mollusks, evolved long before reptilian or mammalian
penile sti�ening. While e�ective at penetration and sperm delivery,
these erection 1.0s lacked what more evolved erections o�er:
opportunistic engorgement and strategic de�ation.

An important advancement in the evolution of erection was the
addition of input from the brain. This allowed the brain to send
signals to the penis through the spinal cord. From an evolutionary
perspective, these psychogenic or “cerebrally elicited” erections are
a savvy improvement on the re�exogenic type. Involving the brain
in a process as intricate and crucial as an erection expands the
animal’s reproductive opportunities and physical safety. It allows
him to judge and respond to his environment before �ring up or



shutting down an erection. It enables sensory inputs like seeing,
smelling, touching, or even thinking (fantasizing) about someone or
something sexy to trigger the erection cascade. And it facilitates
nearly instantaneous shutdown when a predator—or, more likely, a
competitor—reveals himself.

And this is true whether the male is a moose, a mole, or a man.

My tour of the U.C. Davis horse barn included a visit to a small
white room about the size of a galley kitchen in a New York City
apartment. Where a Viking range might have been, a high-tech,
semen-spinning machine stood instead. Nearby was a refrigerator-
freezer, for storing ejaculate and frozen urine. The urine, as I’d seen
in the breeding shed, plays an essential role in the sensory
stimulation leading to psychogenic erection.

When a randy stallion walks past a mare who’s in heat, she will
often instantly, re�exively let loose a steaming stream of urine. This
serves a strategic purpose. Urine contains telltale molecules that
indicate a female’s ovulatory status. When women buy a box of
plastic ovulation-predictor sticks, they are purchasing fertility-
detection technology that a stallion’s nostrils can provide for free.

Male horses (along with many other animals, including camel,
deer, rodents, cats, and even elephants) can detect these compounds
by sni�ng and tasting urine. Their sense of smell is enhanced by a
characteristic grimace they make called a “�ehmen.” This one-sided
lift of the upper lip resembles an animal version of Elvis Presley’s
famous sexy sneer. As the animal raises his lip, he inhales, wafting
the odor molecules into contact with his vomeronasal organ, a
sensitive scent detector located near the roof of the mouth. Humans
perform a similar chemoreception when they slurp and swirl wine
around the roof of the mouth to bring the aromatic molecules in
closer contact with the sensitive receptors in their gums and nostrils.
Whether or not we once had a vomeronasal organ is up for debate.
Some biologists believe humans have lost it; others question
whether we ever had one.



What we do continue to share with animals that possess a
vomeronasal organ—and perform the �ehmen grimace—is the
seventh cranial nerve. Also called the facial nerve, this brain-body
communication line runs between the face and the emotional
centers of the brain. This same nerve, originating in essentially the
same place in the brainstems of many animals and all humans,
transforms anger into a dog’s snarl, surprise into a macaque’s
widened eyes, and joy into a child’s smile.d

If you picture a human doing a �ehmen, you’ll notice something
unmistakable. The single-sided, upturned lip is also an instantly
recognizable expression of disgust. If you try it yourself, you might
even feel a little ripple of repulsion. Yet a pantheon of sexy male
rock stars—from a strutting Mick Jagger to a sneering Billy Idol—
has exploited this ancient multitasking neural circuit to �ash-
�ehmen their female audiences, with swoon-inducing e�ects. Elvis’s
ancient lip curl, perhaps more so than his swinging pelvis, sent
adolescent girls into shuddering seizures of excitement and ecstasy.
Having seen what a stallion’s �ehmen indicates to a receptive mare,
I can understand why Elvis’s blatant sexuality may have threatened
a whole generation of fathers in the 1950s.

That the �ehmen signals both lust and disgust is thanks to the
intertwining anatomic connections with the brainstem. And it may
help explain why so much about our genital and urinary functions
both fascinates and repels us. Male urine can communicate
chemically to females as well as the other way around. Male
porcupines court females by showering them with urine during
precopulatory courtship. Male goats spray urine on their faces and
trademark billy-goat beards as an olfactory indication of their sexual
readiness. Elk bucks similarly wallow in urine during rutting
seasons.

Nonmammals communicate using urine, too. Courting female
cray�sh release a stream that attracts interested males. The urine of
male swordtail �sh is full of pheromones. Males swim upstream and
then urinate, so that the sex-communicating liquid �ows
downstream, where it can be “read” by available females.e



When Lancelot was led past the fertile mare, he was allowed to
look at her but not touch. Surely part of her e�ect was olfactory. In
addition, the sight of her raised tail would have been a visual
invitation. Sight cues are another very powerful stimulant of
psychogenic erection. Visual cues—we might call them nature’s
pornography—excite many animals.

For example, the reddening and swelling of the female genital
area (called perineal “elaboration”) shown by many monkeys and
apes signal that they are ready to mate. Males of these various
species respond to the size of the swellings and are most visually
excited by the largest ones.

Blindfolded bulls in a test situation were much less likely to mate
with an unfamiliar cow than bulls that could see. Restricted vision
impaired the bulls’ performance.

Visual stimulation has an interesting e�ect on females, too. Male
courtship displays are the iconic stock images of nature
documentaries, from mighty rams butting heads to gentle
bowerbirds presenting their paramours with nests intricately inlaid
with �owers, shells, stones, and berries. The reason for all this
visual excitement is to entice a female into copulation—by
communicating not just sexual readiness but superior genetic �tness.
However, these displays might also have an invisible e�ect that
extends beyond the act of copulation and actually improves survival
of any o�spring.

Researchers in Morocco were desperately trying to improve the
reproduction rates of an endangered bird called the houbara
bustard. These natives of northern Africa have been hunted into
near oblivion for their supposedly aphrodisiac meat. After the
arti�cial breeding program had produced disappointing hatch rates,
investigators realized that some of the females they were
inseminating by hand had never actually seen a mature male
bustard. So they decided to try an experiment. Instead of simply
placing a sample of sperm into the females, they �rst gave them a
look at a sexy male bustard—one who was strutting around in the
characteristic houbara pre-mating ritual, with his white head and
neck feathers pu�ed out like a rock star wearing a boa. Females who



had been primed with this sight—no matter whose sperm they were
eventually fertilized with—were more likely to lay viable eggs.
Their chicks were more likely to hatch and were stronger when they
did. The reason: primed with the sexy sight, the females added more
testosterone to their eggs. This made them grow faster and stronger.
It spurred the chicks to create more testosterone on their own,
giving them a hormonal head start in life. Of course, this was not a
conscious choice the mother birds made; rather, it was a
physiological response to a visual cue. Similarly, pig breeders have
found that sows who were “courted” by boars before arti�cial
insemination—or even just exposed to boar odor—had higher
conception rates.

In the animal world, females are not just passive vessels receiving
sperm but active participants who can in�uence the outcome of
their breedings through sperm selection and egg enhancement. This
is a new area of study that could have important implications for
improving animal breeding programs around the world. And it
could also help women struggling with infertility. Assisted
reproduction has come a long way in the past decade, but although
the male specimen-collection rooms of fertility clinics are well
stocked with racy magazines, women are not regularly advised to be
“visually motivated” during monthly egg development. Maybe
sur�ng YouTube for clips of a drenched and brooding Colin Firth,
riding crop in hand, would have an enhancing e�ect on egg
recruitment and growth, whether a woman is going through in vitro
fertilization (IVF) or trying naturally for conception.

Yet another brain-based erection enhancer enters male brains
through the ears. Canoodling horses nicker and whinny; in-the-
mood boars “chant.” The biologist Bruce Bagemihl notes that
“female Kob antelope whistle, male Gorillas pant, female Roufous
Rat Kangaroos growl, male Blackbuck antelopes bark, female Koalas
bellow, male Ocellated Antbirds carol, female Squirrel Monkeys purr
and male Lions moan and hum.” Any one of those sounds, produced
for a willing recipient, could trigger a neural cascade that would
result in or enhance an erection. One fascinating study revealed that
female Barbary macaques timed their “loud and distinctive”



copulatory utterances to coincide with—or perhaps in�uence the
likelihood of—their mate’s ejaculation. Bulls have been found to get
erections when played a recording of the sounds of a cow in estrus.

But the brain’s ability to translate sensory inputs into an erection
has a de�ating �ip side. Sometimes, instead of encouraging an
erection, the brain squelches it.

A mating animal is vulnerable. It’s necessarily distracted from its
environment. It’s momentarily disconnected from other important
survival activities, like food gathering and territory defense. A
psychogenic component to erection means that if a male’s brain
detects danger, threat, competition, or diminishing returns, it can
terminate the erection.

But this physiology sets the stage for the number one reason
human males visit doctors with sexual complaints: erectile
dysfunction, or ED.f That’s when erections consistently don’t achieve
the hardness required for penetration or last as long as they once
did. Although not life-threatening, as medical problems go, ED can
profoundly a�ect quality of life and the social well-being of men
and their partners. Worldwide, one in ten men su�ers from ED,
thirty million of them in the United States alone. Preoccupation
with penile sti�ness sustains a multibillion-dollar industry that
peddles drugs, devices, dietary aids … and not a small amount of
snake oil.

According to Arthur L. Burnett, an expert in neurourology at
Johns Hopkins University, our understanding of erectile dysfunction
has done “an about-face” in the past four decades. Doctors used to
think ED developed out of inevitable yet vague factors like aging
and hormonal imbalances—or that it was entirely psychological. In
the heyday of psychoanalysis, a man’s inability to achieve a �rm
erection was presumed to be a consequence of his unresolved
internal con�icts.

Today, Burnett told me, ED is seen as a “truly physical problem.”
Because human erections are utterly dependent on blood �ow,
conditions like diabetes, hypertension, clogged arteries, vein
disorders, and weak pulses—anything that impedes the proper



surging of blood around the body—can induce or exacerbate ED. So
can having one’s nerves severed during prostate surgery.

Men are no longer told that ED is all in their heads or that they’ve
got an emotional problem. On the other hand, although most ED is
physical in origin, psychogenic ED—when a man feels willing but
his medically capable penis won’t cooperate—does indeed exist.
And it can trigger confusion and distress for patients and couples.

As we’ve seen, animal penises also sti�en and soften in response
to environmental and other triggers. It may be that what we call
psychogenic ED in humans has roots in protective physiology that is
shared by aroused males of many species.

Ring-tailed lemurs, the wide-eyed primates immortalized by the
voice of comedian Sacha Baron Cohen in the animated �lm
Madagascar, typically mate just once a year. During that discrete
window every autumn, the females are fertile for a single, �eeting
eight- to twenty-four-hour stretch, and the males’ testosterone levels
rise. This “wild Halloween party,” in the words of Andrea Katz,
curator of the Duke Lemur Center, creates a high-stakes frenzy of
competition among the males and provocative teasing from the
females. As Lisa Gould, an anthropologist at the University of
Victoria and an expert on ring-tailed lemur behavior, told me, male-
male competition is so frenetic during breeding season that she has
seen males jump on other mating males and push them o� females.
Sometimes males become seriously injured during male-male
combat over the chance to mount a female. One encounter she
witnessed was especially interesting. A lower-ranked male was
desperately trying to complete a copulation amid the fray of mating
animals.

“He was incredibly nervous and kept looking around. He kept
jumping on and o� and looking around behind him. I don’t think he
ever completed his mating,” she said. Gould explained that, in
lemurs at least, these so-called failed copulations are probably the
result of social stress and competition. The neurological input of
vigilance or fear could a�ect copulation success. Gould also pointed
out that each male is di�erent. The lemur she observed nervously
looking around while he tried to copulate was clearly very



concerned about his surroundings and social challengers. Another
male might thrive on that kind of competition. No two animals are
exactly alike, and individual animals will show ranges of tolerance
to various types of stressors.

What biologists call failed copulations physicians might call a lost
erection or erectile dysfunction. And physiologically, they’re similar.
Fear and anxiety interfere with an erection’s critical �rst step:
relaxation. Remember, to build an erection the penis must �rst
relax. If the brain senses danger, the surge of adrenaline and other
hormones will terminate the relaxation sequence and squelch the
nascent erection.g Any animal capable of having an erection can,
and will, sometimes lose it.

And that’s a good thing, because coitus interruptus can be a
lifesaver. Imagine the fate of an animal who continued to mate
despite looming danger. Sometimes the greatest threats come not
from outside predators but from school-, �ock-, and herdmates. And
in male animals, we see that social intimidation can inhibit
erections. The mere presence of a dominant ram shuts down sexual
activity in subordinate male sheep, for example. Among deer and
other ungulates living in hierarchical groups, often only the top-
ranking males can mate. The control of mating by dominant males
has been seen in birds, reptiles, and mammals. The celibate
subordinate males, deprived of sex, may lose the ability to get an
erection. This form of animal erectile dysfunction, or “psychological
castration,” may be temporary and reversible, but it also may last a
lifetime.

But modern human sexual encounters are not typically
interrupted by predators leaping from the bushes or sexual
competitors grabbing mates away. So I asked the UCLA urologist
and impotence expert Jacob Rajfer whether psychological stress
could interfere with male erections. “Yes,” he told me simply. “Some
men under stress have di�culty with their erections.” When I asked
him to specify what kinds of stress, he just laughed. Getting older,
problems on the job, or relationship troubles can strain the modern
male. Wary dread can come in the form of a looming deadline, a
lawsuit, or crushing credit card debt. Stress extinguishes erections—



whether human or animal—through activation of the sympathetic
nervous system. Failed copulations across species are connected
through ancient neural feedback loops that protect mating males.
This illustrates the remarkable power of the brain over the penis.
While losing an erection in this way can be frustrating and perhaps
embarrassing for a patient, the connection itself isn’t pathological.
And it’s certainly not unique to individual men. To keep animals
from getting eaten or beaten up in the act, threats should trip the
circuit breaker of sexual activity.

During millions of years of matings in a dangerous world, some
males have evolved the ability to ejaculate as quickly as possible.
Males that could speedily transfer sperm before a jealous competitor
or hungry predator pounced would live to mate another day, and
their sperm would stand a better chance of fertilizing. Moreover,
speedy ejaculation might also have given a reproductive advantage
to males attempting to inseminate many females in a short time
frame.

But, like the coitus interruptus of erectile dysfunction, coitus
accelerando has been pathologized. We human doctors call it
premature ejaculation (PE). According to Arthur Burnett, the Johns
Hopkins urologist, ejaculation problems are actually more common
than erection issues, although fewer men seek medical attention for
them. For other animals, however, it’s not necessarily a problem. In
fact, it may be an advantage.

In a 1984 paper, Lawrence Hong, a sociologist at California State
University, Los Angeles, suggested that “an expeditious partner who
mounts quickly, ejaculates immediately, and dismounts forthwith
might be best for the female.”

Indeed, many animals do transfer sperm promptly.h Human males
take, on average, three to six minutes to go from vaginal penetration
to ejaculation. Our closest genetic relatives, chimps and bonobos, do
it in about thirty seconds. Stallions typically ejaculate after only six
to eight thrusts. Some birds that lack penises transfer sperm in just a
fraction of a second, by touching their genital openings to the
females’, a process that has been described as a “cloacal kiss.” Small
marine iguanas native to the Galápagos Islands have developed the



ultimate in early seminal emissions: they can ejaculate prior to
copulation. Ordinarily, marine iguanas need almost three minutes to
ejaculate inside a female. This bene�ts larger, higher-ranking
iguanas with the right and brawn to push a smaller male o� a
female. So smaller iguanas masturbate and cleverly store their
semen in a special pouch. In the �rst few seconds after penetration,
the sneaky little iguana slips the semen into his partner’s genital
opening, called a cloaca. By the time the larger iguana pushes him
o�, his swimmers may well be on their way to fertilizing the
female’s eggs.

There may be another bene�t to speedy mating. Time-limited
contact, particularly between moist mucus membranes, reduces the
risk of transmitting pathological microorganisms. For many animals,
parasitic infection poses a deadly threat. In these populations, fast
copulation might be advantageous. (For more on animals’ STDs, see
Chapter 10, “The Koala and the Clap.”)

Jacob Rajfer, the UCLA urologist, pointed out to me that PE
a�ects a remarkably consistent 30 to 33 percent of men of all ages—
from their early twenties through eighties. The incidence of ED, on
the other hand, tends to increase with age. To Rajfer, this means PE
is what doctors call a “normal variant”—and likely highly heritable.
He summed PE up in a sentence: “I don’t consider it pathological.”

Whether the thrusting that precedes ejaculation lasts three hours
or three seconds, the delivery of the payload to the female ful�lls
the reproductive function. PE as pathology is a new wrinkle in the
long evolutionary success story called premature ejaculation. And
this knowledge should console early climaxers. Because while it’s
sometimes embarrassing or perhaps unsatisfying today, instant
ejaculation—and the neurocircuitry underlying it—has given
hundreds of millions of ancestral ejaculators a head start in what
biologists call the “sperm competition.”

In my �rst year of med school, the highlight of the spring semester
was Movie Night. Carrying tubs of popcorn, sodas, and giant bags of
candy—some of us wearing pajamas and slippers—my classmates



and I packed into the university auditorium and settled in. The
lights dimmed, we sat back, and for the next four hours, we watched
tape after tape after tape after tape  …  of the hardest-core
pornography our professors had been able to procure.

The thinking was that, as future doctors, we needed to be familiar
with the tremendous range of behaviors the human body, mind, and
libido can get up to. We had to be able to conceal our shock (or
arousal?) when a patient confessed some kinky predilection. We
required background knowledge to be able to reassure concerned
patients when they were normal. We needed to know what was
normal and what even the sex industry considered out-of-the-box.
And frankly, for many of us book-smart science nerds, we just
needed to have our eyes opened.

Veterinarians require no such seminar. As hilariously—and
exhaustively—cataloged by writers like Mary Roach, Marlene Zuk,
Tim Birkhead, Olivia Judson, and Sarah Bla�er Hrdy, the sex lives
of animals make for reading that is almost comically pornographic.

These writers are documenting a massive shift in what biologists
know—or are willing to admit they’ve observed—about the sex lives
of other animals. If you’ve ever watched, morti�ed, as your dog
mounted a dinner guest’s leg, you may have given some thought to
animal masturbation. But until recently—even with much evidence
to the contrary—genteel biologists held that animals don’t
masturbate. Their �g leaf was the argument that masturbation is not
procreative; ergo, animals would have no evolutionary urge to
pursue it. In fact, however, both sexes of many species are inventive
self-pleasurers in the wild. Orangutans self-stimulate using dildos
they make out of wood and bark. Deer �nd their antlers autoerotic.
Birds masturbate by mounting and rubbing against clumps of mud
and grass. Daddy longlegs spin two threads of silk upon which to
rub and stimulate their genitals. Male elephants and horses rub their
erections against their bellies. Lions, vampire bats, walruses, and
baboons use paws, feet, �ippers, and tails to stimulate their own
genitals. Livestock farmers and large-animal veterinarians have long
noticed masturbation in bulls, rams, boars, and billy goats, and have



even calculated what time of day it is most likely to occur (5 a.m.
appears to be a favorite hour for many bulls).

Mutual masturbation has been documented in many species. Bats
and hedgehogs include oral sex as a common component of their
sexual encounters. Blowhole sex in dolphins has been observed by
marine biologists. Bighorn sheep and bison have frequent
(homosexual) anal sex. Spinner dolphins, herons, and swallows
engage in group sex. And bonobos  …  well, those well-publicized
lascivious close human relatives seem to do it all.

Male-male and female-female mounting has long been observed in
livestock (in fact, watching for females to mount each other is an
old rancher’s trick for discerning when cows are in estrus and ready
to breed). But until the last decade, animal homosexual behavior
was explained away, pathologized, or entirely ignored by academia
and even by popular naturalists. That changed around the end of the
1990s, with the publication of several books, including Bruce
Bagemihl’s Biological Exuberance, Marlene Zuk’s Sexual Selections,
and Joan Roughgarden’s Evolution’s Rainbow, which brim with
examples of the hundreds of species that show homosexual,
bisexual, and transgendered tendencies and behaviors. Bagemihl
includes a many-hundred-page “Wondrous Bestiary” that catalogs
sightings and descriptions of these behaviors in wild primates,
marine mammals, hoofed mammals, carnivores, marsupials, rodents,
and bats, as well as a huge range of birds and even butter�ies,
beetles, and frogs. Roughgarden details genital licking and anal sex
in bighorn sheep; penis fencing in bonobos; lesbian mounting in
Japanese macaques; and the all-male orgies of gira�es, orcas,
manatees, and gray whales  …  among many other combinations,
species, and activities. Marlene Zuk and Nathan W. Bailey have
studied female same-sex parenting behavior in Laysan albatrosses
and reported on the genetics of fruit �y homosexual behavior.

Clearly it’s time to put to rest the idea that homosexuality is
somehow unnatural, particularly if your de�nition of “unnatural” is
something not found in nature. Indeed, as Bagemihl notes, “The
capacity for behavioral plasticity—including homosexuality—may



strengthen the ability of a species to respond ‘creatively’ to a highly
changeable and ‘unpredictable’ world.”

It should be noted that same-sex sexual behavior is not necessarily
the same as same-sex preference or orientation, both of which are
harder to prove and less well documented in the wild than
individual same-sex activities. Nevertheless, many human and
nonhuman animals alike regularly engage in same-sex behaviors
including oral sex, anal sex, group sex, and mutual masturbation.

Even the patterns of heterosexual animal couplings have been
radically updated in just a few short years. Females that were long
thought to be monogamous have been unmasked as cheaters and
home wreckers. Until recently, the conventional wisdom held that
males of most species were the rovers, the spreaders of seed; females
remained faithful to one male, if not for life, then at least for a
whole mating season. But research using DNA to con�rm the
paternity of o�spring suggests that female promiscuity is not only
common, it’s practically the norm. As the behavioral ecologist Tim
Birkhead puts it in Promiscuity, his engaging book about sperm
competition, animal paternity studies have spelled the “near
elimination of the idea of male and female sexual monogamy.” In
“organisms as di�erent as snails, honeybees, mites, spiders, �sh,
frogs, lizards, snakes, birds and mammals  …  multiple paternity is
widespread.” The reasons, according to Birkhead? Female
“in�delity” can improve the genetic quality of o�spring and
sometimes results in females’ securing �tness-enhancing resources
for themselves and their children.

We’ve inherited a complex sexual heritage from our animal
ancestors. The broad range of human sexual interests and practices
attests to this. But we humans are also able to project the
consequences of our actions. For better or worse, we live in cultures
that have rules and taboos. Our sexual behavior cannot be divorced
from that, and it’s a mistake to look to “nature” for moral guidance.
In the words of Marlene Zuk: “Using information about animal
behavior to justify social or political ideology is wrong.… People
need to be able to make decisions about their lives without worrying
about keeping up with the bonobos.”



Some sexual practices so repel us as human beings that we
consider them immoral and have made them illegal: rape,
pedophilia, incest, necrophilia, bestiality. But millions of times a
day, millions of animals engage in them. Normal reproduction for
species of insects, scorpions, ducks, and apes requires an act of rape
(often called “coercive copulation” by biologists). New York City’s
bedbug epidemic has made it common knowledge that bedbugs (and
their relatives) mate through a technique called “traumatic” or
“hypodermic” insemination, in which the male mounts a female,
stabs her with his scimitar-sharp male organ, and ejaculates directly
into her bloodstream. An animal form of necrophilia can be found in
creatures from frogs to mallard ducks, which have been observed
copulating with dead members of their own species. Sex with
relatives and immature members of the group occurs in primates
and many other vertebrate and invertebrate species; some
evolutionary biologists think that the parent-child clashes we
associate with adolescence may have emerged to protect newly
sexualized animals from early mating attempts by their own
relatives.

And interspecies sex—known as bestiality when humans engage
in it—has been occurring for an extremely long time, possibly as
long as sex itself has been going on. Respectable scienti�c studies
theorize that sex between di�erent species actually serves the
evolutionary purpose of creating new variations. Birkhead notes,
“Breeding males are usually highly motivated and often
indiscriminate. Ejaculation carries little cost and there has therefore
probably been little selection against males copulating with the
wrong species. Indeed, selection may have favoured a lack of
discrimination among males, since he who hesitates is lost.”

But while there are lines between what humans can and should
do sexually, there is an important human takeaway from the study
of manatee oral sex, or bighorn sheep anal intercourse, or bat
cunnilingus. What every one of these sexual behaviors—from
stallion masturbation to monkey fellatio to frog necrophilia—
reminds us is that sex is not always linked to reproduction. In fact, it



could be argued that the vast majority of sexual activity in animals
does not have procreation as its goal.

Marlene Zuk agrees: “Even in nonhumans, sex can be about more
than reproduction … Even sex is not always about sex, at least in
the short term,” she writes. Anders Ågmo, a behavioral
neuroscientist, takes it a step further. He has called the production
of o�spring “an accidental physiological side e�ect of sex behavior.”

For animals, sex provides bene�ts besides reproduction. And the
same is true for us. In social mammals, sex promotes bonding
between individuals and strengthens relationships. And the
repetitive touching, stroking, or hugging that may accompany sex
provides some of grooming’s well-known soothing bene�ts.

Social bonding. Relationship building. Soothing. Are we missing
anything? What about pleasure? The pursuit of pleasure may
underlie many animals’ interest in sex. But if pleasure is an
important driver of sexual activity, then pity the 25 percent of
women who claim to derive no enjoyment from it at all. The search
for ways to help them brings us to another crossroads of human and
veterinary medicine.

While Lancelot, the horse at U.C. Davis, was in the barn struggling
with the phantom, about a dozen female horses were outside in a
special corral called the mare hotel. This equine inn was less like the
Four Seasons and more like Nevada’s infamous Mustang Ranch.
Here the mares were getting teased. If you’re like me, a city girl who
had little more than a gold�sh growing up, mare teasing is a jaw-
dropping sight.

A handler led a stallion toward the corral of mares. One by one,
he paused the male horse in front of a female. Some mares
responded instantly. Their tails shot up, revealing glistening,
engorged labia. They released a hot gush of urine. They shoved their
hindquarters toward the stallion. Some swayed their backs in a
slightly crouched position, as though inviting the male to mount
them. Others displayed what Cornell veterinarian and animal



behavior expert Katherine Houpt calls “the mating face”—“in which
the [mare’s] ears are swiveled back and her lips hang loose.”

Other females, however, glanced up at the stallion and went right
back to munching their hay. Some took one look and lunged toward
the male with �attened ears, showing their teeth and whinnying
threateningly.

The di�erent behaviors depended on whether the mares were
about to ovulate. Those who responded to the sexually available
stallion with pre-copulatory behaviors were either ovulating or just
about to. They were, the handler told me, “receptive.” Those who
ignored or pushed the male away were “nonreceptive.”

Human women don’t, thank goodness, raise our tails and urinate
when a man glances our way on or around day fourteen of our
cycles. We’re said to have what’s called “concealed” ovulation,
meaning we lack the obvious “advertisements” of ovulatory status.
But evolutionary scholars, like UCLA’s Martie Haselton, are starting
to take a closer look at clues we do give o�—some of which are less
subtle than we might think. Women have been found to dress more
provocatively and roam farther from home when they’re ovulating.
Men perceive ovulating women to be more attractive; strippers get
higher tips during the most fertile parts of their cycles. College-aged
women phoned their fathers signi�cantly less often during ovulation
than at other times of their cycles—a behavior hypothesized to be
some ancient defense mechanism against intrafamily attraction. But
even when human females aren’t ovulating, they may seek the
pleasures of sex and orgasm.

Physically, female orgasm is very similar to male orgasm.
Parasympathetic buildup abruptly shifts into a sympathetic burst of
muscle contractions that end with a �ood of rewarding
neurochemicals and brain-wave changes. The sensory and physical
similarity of orgasm across genders arises from nearly identical
networks of nerves and hormones. In developing fetuses, male and
female genitals spring from the same primordial cells. Indeed, the
embryos of many species—whether human or canine or crocodilian
—begin with no speci�c gender. In�uences such as hormones,
temperature, and environmental e�ects lead to the development of a



penis in males but suppress its growth in females. In other words, a
wife’s labia and her husband’s scrotum were once embryonically
identical, as were her clitoris and the glans and upper shaft of his
penis.

A quick comparative survey of animal sexuality reveals that the
clitoris is not a uniquely human organ. This “tender button” has
been found in a huge variety of female creatures, including horses,
small rodents, a wide variety of primates, raccoons, walruses, seals,
bears, and pigs. Bonobo clitorises and labia can swell to the size of
soccer balls. Thanks to high circulating testosterone, the African
spotted hyena sports a clitoris so large it’s called a pseudopenis.
Clitoris licking in these �ercely matriarchal societies is a sign of
submission. Oversized clitorises are shared by European moles,
some lemurs, monkeys, and a Southeast Asian carnivore called a
binturong.

Signi�cantly, all these animal clitorises—just like animal penises
—are densely packed with nerve endings. This means the suite of
sensations that makes up an orgasm may be shared as well across
genders and species.

And yet, even with the physical ability to feel orgasms, many
women don’t. An estimated 40 percent of all women worldwide
have sexual complaints. These include dyspareunia (generalized
pain during sexual activity) and vaginismus (a rare a�iction in
which the muscles of the vagina clamp painfully and uncontrollably
shut, prohibiting penile entry).

But by far the most common female sexual dysfunctions are low
desire, impaired arousal, sexual aversion, inhibition, and
inorgasmia. These conditions—sometimes collectively called
hypoactive sexual desire disorder (HSDD)—can be persistent and
distressing. They a�ect as many as one-fourth of all women
worldwide. In the United States, although estimates vary, some 20
percent of women are thought to have HSDD. This suggests that
every year more women su�er from low desire and failure to
orgasm than are diagnosed with breast cancer, heart attacks,
osteoporosis, and kidney stones combined. Like male erectile and
ejaculatory dysfunction, female hyposexuality is not, on its own, life



threatening. But it can create severe quality-of-life challenges that,
in turn, can carry serious health risks, such as depression.

Low desire and HSDD can be situational (directed toward one
partner) or general (a lack of interest in all sex). The patient may
complain of other symptoms, including depression, anxiety, con�ict,
fatigue, and stress. Her detachment can range from dull, “close your
eyes and think of England” resignation to actively �nding sex
distasteful or repulsive. Phobic and panic responses can occur at this
extreme end of the disorder. Some women feel a physical urge to
push away their partner. Some may feel like kicking, biting, hitting,
or verbally lashing out.

Doctors treat HSDD with psychotherapy and by prescribing
testosterone supplements, which can boost sex drive not just in men
but in women as well. These interventions are, however, usually
only moderately successful. Testosterone lacks FDA approval for
treating HSDD (it must be prescribed “o�-label”), and studies
suggest that the time a woman spends on her therapist’s couch does
little to improve the quality of the time she spends with her mate on
a mattress. Patients may be instructed to stop taking certain
medications, particularly the selective serotonin reuptake inhibitor
(SSRI) antidepressants, such as Prozac, Paxil, and Zoloft, because
they can dull the libido. Beyond these basic �xes, however, HSDD’s
treatment outlook is somewhat gloomy. One online medical
encyclopedia warns, “Cases of dissatisfaction by both partners often
do not respond to such therapy, and frequently culminate in
separation, �nding a new sexual partner, and divorce.”

I asked Dr. Janet Roser what she would prescribe if she noticed a
female avoiding male sexual attention, ignoring solicitations, even
lashing out at an unwanted advance. She said, “Nothing—if the
patient is not in heat.” Roser is a neuroendocrinologist who treats
the horses at the U.C. Davis barn. For her, hearing about waning
sexual interest leads immediately to this assumption: the female is
not in estrus. She is nonreceptive. And being nonreceptive is a
perfectly normal—indeed, expected—state for a female animal when
she is not nearing ovulation.



As I’d seen at the horse barn when the handlers teased the mares,
nonreceptive female horses may whinny, bite, and lunge or kick at
approaching stallions. Many other female animals have equally
obvious ways of making it clear to advancing males that they are
not interested in sex. Female rats scratch, bite, and vocalize. Female
cats hiss or strike out with their claws. Female macaques gang up on
approaching males. Female llamas spit at their pursuers and run
away from them, while female vampire bats lunge threateningly
with their infamous canine teeth exposed. Nonreceptive female
butter�ies twist their abdomens upward and away from incoming
males. Female fruit �ies display the same behavior; some may even
kick a pursuing male. Some beetles have sliding plates made of
chitin they can position across their vaginal openings to de�ect
unwanted penetration.

There are several scenarios in which nonhuman females have sex
when they’re not fertile or receptive. Entomologists Randy Thornhill
and John Alcock have described a phenomenon they call
“convenience polyandry” in which a female will accept (or endure)
the advances of a particularly aggressive or persistent male just to
get him to leave her alone. And it’s interesting to observe
di�erences in receptive behavior between natural settings and
captivity. James Pfaus, a Concordia University psychologist who
studies the neurobiology of sexual behavior, told me that a female
macaque housed with one male will copulate daily with him. When
she’s in estrus, she accepts more frequent liaisons, sometimes two or
three per day. However, when she’s returned to a more natural
macaque social group—in which breeding females band together
and solicit sex from males only on the days they’re fertile—she
copulates only around ovulation. Coercive copulation or rape is
another scenario in which females have sex during their
nonreceptive phases, although it must be said that males of many
species do respect females’ nonreceptive signals. If a female tells
him to back o�, some males will seek sex elsewhere—usually from
another willing female but, in some species at certain times of the
year, from another male.



Unenthusiastic acceptance of sex. Avoidance of it if possible.
Occasional outright hostility or violence toward the interested male
partner. When we put animal nonreceptivity side by side with
female hypoactive sexual desire disorder, it’s possible to see some
intriguing crossovers. I suspect that low desire as a diagnosis is so
high simply because women expect to be receptive to sex 24/7,
regardless of where we are in our cycles. Although sexual response
can occur during days outside of our windows of ovulation, in fact,
women are fertile for only three to �ve days during each month.
This may make women less receptive at other times.

Receptivity in animals is guided by surges in female sex
hormones. These hormones, working through complex neural
pathways in the spinal cord and brain, can cause certain predictable
mating behaviors and even body postures. One stance in particular
is a dead giveaway that a female is receptive. Ranchers, biologists,
breeders, and veterinarians will recognize it. It’s called lordosis.
Lordosis is a very speci�c, hormonally driven posture in which the
female arches her lower spine into a swayback, with her buttocks
tipped rearward. Her pelvis softens and stretches. If she has a tail,
during lordosis she might raise it or hold it to one side, exposing her
genitals. Horses, cats, and rats have an exaggerated lordotic
response, but it’s also seen in sows, guinea pigs, and some primates.
According to Donald Pfa�, an expert on lordosis based at
Rockefeller University, it’s a widespread neurochemical response
seen in all quadruped females. Basically, he writes, a nerve signal
triggered by the touch of a mounting male “ascend[s] the spinal
cord of the female to reach her hindbrain and then her midbrain.
There nerve cells receive a sex-hormone-in�uenced signal from the
ventromedial hypothalamus. If the female has received adequate
doses of estrogens and progesterone, that signal from the
hypothalamus says ‘Go, Mate, Do Lordosis Behavior.’ If not, the
signal is ‘Resist, Kick, Flee the Male.’ ”

Like some erections, lordosis is considered to be re�exogenic—a
spontaneous, hormone-driven response stimulated by touch.
Receptive female elephant seals, for example, have been seen
spreading their �ippers and raising their tail ends when their



“harem master” places a fore�ipper on their back before mating.
However, intriguingly, fear and anxiety can interfere with lordosis,
so it may be that, like psychogenic erection, the brain can play a
role in enhancing or shutting down the response.

While some sex researchers insist that human females don’t
display a lordosis re�ex, Pfa� has pointed out that a “large number
of mechanisms for hormone action in the central nervous system
[are] known to be conserved as we move from animal brain to
human brain tissue.” He thinks it’s possible to apply “basic,
reductionistic principles  …  to all mammals, human patients
included.” Indeed, as he colorfully puts it in Man and Woman: An
Inside Story, “The most elementary functions of the hypothalamus,
such as the female’s ovulation or the male’s erection and ejaculation
work quite similarly … proved true from ‘�sh to philosopher,’ from
‘mouse to Madonna.’ ”

The swaying back and vaginal presentation of a lordotic animal
occur in association with a cascade of hormones, neurotransmitters,
and muscular contractions. And the components of this cascade are
shared by human women. We may not be wired for the overt and
re�exive lordosis displayed by rats or cats. But the lordosis posture
is certainly something human men �nd alluring and women feel
sexy engaging in.i Once you start looking for them, media images of
human lordosis are all around us. One of the most famous pinups—
Betty Grable’s iconic World War II–era bathing suit shot—shows her
from behind, her back �exed in a slight lordosis as she solicits the
viewer over her shoulder. Marilyn Monroe’s unforgettable Seven
Year Itch publicity pose over the subway grate shows her in a similar
lordosis, her buttocks swayed backward while her arms hold down
her billowing dress. Slightly less demure lordotic poses include Irina
Shayk’s cover for the 2011 Sports Illustrated swimsuit issue, where
she kneels in the sand, her lower back arched as her buttocks tip up
and back toward her feet. (Granted, her breasts sort of steal the
show, but her back is unmistakably lordotic.) Pop star Katy Perry
took feline lordosis to a literal extreme by donning a purple catsuit
and mask and getting down on all fours in a classic lordosis posture
to advertise her perfume brand, Purrs.



The “sexiness” of lordosis is hardly mysterious. For hundreds of
millions of years, animals from big cats to mares to rats have
become lordotic to signal receptivity. At an early age, males learn
that approaching nonreceptive females can mean getting bitten,
scratched, wrestled, or boxed. For human males it can be
challenging, too. Far better to pass by the nonreceptive females in
favor of the ones who are soliciting and signaling, with, among
other behaviors, lordosis.

Knowing about lordosis isn’t going to make a woman with HSDD
suddenly start having orgasms. But understanding cycles of
receptivity and nonreceptivity in animals could provide valuable
human insights. At least it could reassure some women that it’s okay
not to want sex all the time and present a simpler reason for why
and when a �attened desire might be normal.

The partners of HSDD su�erers might also consider a survey of
comparative foreplay. Stroking, neck biting, vulva licking, and ear
tonguing are seen across many species of animals. Cornell professor
Katherine Houpt notes that for horses, “an adequate period of sexual
foreplay is essential.” Stallions will nip and nuzzle a mare, starting
at her head and ears and moving backward and down to her
perineum. Dogs, too, engage in oral grooming precoital activities.
Parasitic wasps and fruit �ies stroke each other’s antennas. Beetle
birds engage in cloacal pecking. Of course, what occurs between
humans has distinctive appeal to our species, but studying the
foreplay of crustaceans, gulls, bats, and geckos could yield the
ultimate suite of erotic moves retained by millions of rounds of
natural selection for their ability to facilitate copulation and
conception.

Perhaps help for HSDD can be found through study of the true
nymphomania seen in some cows and mares. Hypersexual behavior
occurs as a consequence of disturbances in ovarian function leading
to increased testosterone and other male hormones. In horses and
cows, ovarian cysts are the cause. Nymphomaniacal cows (most
often dairy, as opposed to beef, breeds) paw aggressively at and try
to mount other cows. And they bellow “like a bull,” with distinctive
masculinization of their voices. Similarly a�ected mares exhibit



stallion-like behavior. They �ehmen, compulsively urinate, and
mount other mares. Experts suggest removal of the a�ected ovary in
this highly disruptive situation.

Until I learned about nymphomania on the farm, I believed the
concept to be less a proper medical diagnosis and more a
pornography plot driver. But veterinarians not only make this
diagnosis—they worry about it, because a nymphomaniac in a barn
can wreak havoc and in�ict injuries. Learning that the cause in
animals is often cyst growth on the ovaries, I wondered whether the
millions of women in the United States with polycystic ovary
syndrome (PCOS) also experience increases in sex drive and activity.
Intriguingly, some women dealing with this virilizing disorder (the
medical term for “masculinizing”) do describe increased sexual
drive. However, the excessive body and facial hair growth that are
also features of the disorder may adversely a�ect a woman’s self-
image and discourage her from engaging in sex.

The day after Lancelot struck out because of the three-mount rule, I
was watching his stallion colleague Biggie go through the same
precopulatory paces. Biggie was led into the barn. He received a
whi� of frozen mare urine. He was given a look at a receptive mare.
He was led to the phantom. Then, with a practiced �air, Biggie
straddled the phantom, pumped four or �ve times, and climaxed. I
was looking for behavioral evidence of an orgasm. What I saw was
an unmistakable clenching, shuddering, and gripping, followed by a
brief motionless moment before Biggie slid o� the phantom. Like
many stallions who have just ejaculated, Biggie appeared sleepy and
“depressed.”j The handlers retrieved the giant tube and took it away
to be processed. Biggie was led to his stable, and the barn was
prepared for Lancelot, who, on this new day, had no trouble getting
back in the game.

Obviously we can’t know how a horse experiences pleasure with
his own ejaculation. But a Japanese research team has reported on
behaviors that suggest shared sensations in other animals. In
monkeys, they wrote, “copulation culminates at the moment of male



ejaculation with body tenseness and rigidity, possibly accompanied
by orgasm.” Male rats “show jerky stretching at ejaculation
following repetitive intromission, �rmly holding the female body.”
Even salmon, the researchers pointed out, “show convulsive
stretching with their mouths open wide at sperm emission and egg
spawning.” And insects show a standardized sequence of movements
during sex. Pressed against a female, a male cricket, for example,
“assumes a stretching posture,” transfers his sperm packet, and
suddenly “falls into a complete motionless state.” Their conclusion:
“There may be a similar mechanism in the �nal acts of copulation
across species.”

After examining the similar function and physiology of erections,
ejaculations, and orgasms in many species, it’s impossible not to
postulate that the feelings are also shared. Sensations of orgasm may
reward a marine �atworm’s multiple penises as profoundly as they
pulse through a human male’s single member. The “shudder” that a
primatologist observed “cours[ing] through” a female siamang’s
“entire body” after her genitals were licked by a male may have
feelings in common with the “violet �annel, then the sharpness” of
the poet Molly Peacock’s description of an orgasm. The open-
mouthed grimace of a lion climaxing could indicate a roar-gasm; the
squeals of a mating tortoise, an expression of pleasure.

This could help explain the lengths to which creatures go to have
sex. An animal version of the opioid-oxytocin rush of melting
expansiveness that accompanies the muscular �uttering of human
orgasm may serve as a crucial incentive that impels animals to try
that behavior again and again. Sexual desire in mollusks, fruit �ies,
trout, worms, gorillas, tigers, and human beings may be driven by a
craving for another hit of the chemical cascade that accompanies
ejaculation and orgasm.

A Homo sapiens–centric view of sexuality can make orgasms seem
one of a kind, special, perhaps even uniquely human. But the push
of biological reward forms a stronger argument for shared pleasure
across the animal kingdom. If this is the case, then orgasm is not the
by-product of sex. It is the promise, the erotic ancestry, the bait.



*Not his real name.

†At the other end of the spectrum, stallion experts know that “too much serious sexual
experience too early” is detrimental to normal libido. Stallions “overused” as youngsters
often develop low libido or even impotence as adults.

‡Not all internal fertilization requires a penis. As the behavioral ecologist Tim Birkhead has
noted, male cockroaches, scorpions, and newts produce a sperm packet called a
spermatophore that they attach or place near the female’s reproductive opening. Most
squid, octopuses, and cuttle�sh use a specially modi�ed limb to transfer spermatophores
into the female. Many birds simply touch their genital regions together when they have
sex.

§Birkhead notes, “It is generally assumed that most birds lost their penises over
evolutionary time—probably as a weight-saving adaptation to �ight, for their reptilian
ancestors possess one (or, in some cases, two).”

‖Although barnacles are generally hermaphrodites (they possess both male and female
genitalia), they prefer to have sex with other barnacles as opposed to with themselves.

aNonetheless, interest in comparative aspects of male genitalia has had a long history,
starting with Paleolithic cave paintings and continuing to the Icelandic Phallological
Museum. Devoted exclusively to phallology—the study and collection of penises—it houses
embalmed or dried penises from most of the mammalian species in Iceland. On display at
the museum, for visitors’ scrutiny, are the embalmed members of a narwhal, polar bear,
Arctic fox, reindeer, and many species of whale. Most of the specimens are housed in jars
of formaldahyde, but an impressive (though �accid) elephant penis hangs from a wall.

bIn the 1990s, scientists �gured out that nitric oxide could be delivered in pill form and
thus was born Viagra and other erection-enhancing drugs. This discovery restored sexual
function to millions of men and garnered the 1998 Nobel Prize in Medicine for my UCLA
colleague Lou Ignarro, as well as Robert Furchgott, and Ferid Murad.

cIf you are an ER doc in São Paulo, you are most likely aware that erections can arise from
another surprising source: the venomous bite of the Brazilian spider Phoneutria nigriventer.
While potentially toxic and possibly fatal, the venom can also induce an erection lasting
many hours. Not surprisingly the venom has been marketed to males for whom more
conventional pharmaceuticals have not provided success.

dCompared to other animals, humans have evolved facial muscles that are complex and
numerous. The reason a dog’s or cat’s face may not seem as expressive as a human’s is not



that they lack an interior experience and even emotional input to the facial nerve. Rather,
they have fewer facial muscles and fewer branches o� the facial nerve to control them.

ePsychiatrists have historically considered sexual interest in urine to be pathological. They
have viewed “water sports,” “golden showers,” and bathing in or consuming urine enjoyed
by urophiliacs as abnormal acts by disturbed patients. It’s interesting to note the broad
range of species for whom urine plays an important role in attraction and arousal.

fSome �ve hundred years ago, Leonardo da Vinci remarked, “The penis does not obey the
order of its master, who tries to erect or shrink it at will … the penis must be said to have
its own mind.” A few centuries later, Leo Tolstoy grimly noted, “Man survives earthquakes,
experiences the horrors of illness, and all of the tortures of the soul. But the most
tormenting tragedy of all time is, and will be, the tragedy of the bedroom.”

gFear can in some cases enhance arousal. “Mile-High Club” members and others who are
stimulated by having sex in dangerously public places will attest to this. The neurocircuitry
of desire and fear converge in the brain’s amygdala.

hTrue, some animals take much longer. Rats may ejaculate rather quickly, but only after a
long chase-and-mount pattern, which �rst involves eight to ten penile penetrations into the
female’s vagina. Some animals, including some cats and some insects, “lock” together after
intercourse, using genital barbs and spines, in�atable body parts, and physical force.
Sometimes the delay is used for inserting a copulatory plug made of mucus or gel. But for
many couplings, it’s an advantage to make it as speedy as possible.

iTo create instant lordosis (the posture, if not the hormonal re�ex), you can go to your
closet and put on a pair of high heels. Whether stilettos or wedges, high heels exaggerate
the lower back’s normal lordosis. If we didn’t compensate by tipping out our buttocks and
arching that lower spine, we would topple over. Maybe the forced, if arti�cial, lordosis is
what’s enduringly attractive about high heels—and why wearing them both looks and feels
sexy.

jKatherine Houpt describes a depressed facial expression following ejaculation in breeding
stallions.
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Zoophoria

Getting High and Getting Clean

Against the wall of the lab where I perform heart-imaging
procedures stands a beige metal box about the size of an o�ce
photocopier. It’s got a computer screen on the front and, below that,
a keyboard. To the right is a little trapdoor that can spit out
receipts, like an ATM. Near the keyboard is a dime-sized, glowing
red oval—a �ngerprint reader. Once you’ve pressed your thumb and
con�rmed your identity, you must enter a series of numerical codes
before the box will open. And even then only a small sector will be
exposed; you can never gain access to all its contents at once.

This mute machine guards the entrance to a kingdom of euphoria.
Locked inside are stacked drawers, each containing an array of
highly addictive drugs. There are carousels of morphine vials.
Pockets of Vicodin pills. Mini-bins stocked with Percoset and
Oxycontin. Clear ampoules of fentanyl. All sit waiting but out of
reach in the dark cabinet, unlit and unsparkling, like diamonds on
black velvet trays deep in a Cartier safe.

The narcotics contained in this Pyxis MedStation 3500 drug-
dispensing apparatus are essential for relaxing patients during
medical procedures and for relieving their pain afterward. But the
box is there to deter a clever group of highly intelligent and crafty



dope �ends: drug-seeking doctors and nurses. Hospitals have
learned the hard way that easy on-the-job access can lead to
addiction in their personnel. Brilliant colleagues, inventors of life-
saving medical devices who rarely fail at anything, would �nd
themselves red-faced, empty-handed, and referred into a career-
salvaging “diversion program” if they tried to breach the machine to
retrieve an unauthorized Vicodin. The lockbox—and the hospital
has dozens of them—protects them from themselves.

That’s �ne for a white-walled clinical suite where Vicodin tablets
don’t grow on trees and fentanyl vials don’t dangle from vines. But
the painkillers and sedatives in that machine are derived from
natural opiates that do grow wild—in the Papaver somniferum
poppy. Imagine the security system you’d need to protect several
thousand square miles of poppy �elds.

For opium-growing regions, this is a real issue. In Tasmania, a
leading producer of medical opium, users sometimes sneak into the
�elds. Ignoring security cameras, they hop fences and gorge on
poppy straw and sap. Dosed on the drug, they �ail around in circles,
damaging crops. Sometimes they pass out in the �elds and have to
be carried away in the morning. And there’s no way to prosecute
these trespassing sco�aws, no rehab to send them to. Because these
freeloading opium eaters are wallabies.

I have to admit that the thought of stoned wallabies made me
smile. Even the mug shot that accompanied the article in which I
read about it was so “wrong”: a sweet-faced, gray-brown mini-
kangaroo squints before an exotic backdrop of emerald-green poppy
stalks. The tableau would be as lovable and cheeky as Peter Rabbit
sneaking into Mr. McGregor’s garden … were it not for the animal’s
zoned-out eyes and the fact that repeat o�enders apparently have a
serious drug problem.

Often, what’s endearing in animals is detestable in humans. So
while we may chuckle at the intoxicated Tasmanian wallabies, we’d
be justly horri�ed if they were Tasmanian children with a heroin
habit. And if they were human adults, compulsively eating opium
day after day, putting not just their own well-being but that of their
families at risk, our horror might turn to disgust.



Indeed, this reaction points to one of the most frustrating, painful,
and puzzling aspects of drug addiction. Genetics, vulnerable brain
chemistry, and environmental triggers play dominant roles in this
illness. But ultimately, on the receiving end of the syringe, joint, or
martini glass is a person making the choice, at least in the initial
stages of substance use, to shoot up, smoke, or swallow.

To nonaddicts, that choice can be utterly perplexing. Users
hemorrhage money, destroy careers, lose homes, and demolish
relationships—all in pursuit of a high. Confoundingly, addicts who
are parents sometimes make decisions that orphan their children.
I’ve even seen patients stricken o� the heart-transplant list—a literal
death sentence for them—because they continued to use.

Despite advances in imaging and genetics that clearly characterize
addiction as a brain illness, it remains uniquely bewildering. Why is
it so hard for addicts to “just say no”? Is “can’t stop” really just an
excuse for “won’t stop”? Whether we like it or not, confusion about
how we should think about and classify addiction pervades our legal
systems, schools, governments—and, frankly, even the �eld of
medicine.* Addicts belong to a set of patients that society, even
doctors, judges harshly. So well do addicts know this medical
prejudice that they may hide their substance-use histories when they
go to a doctor’s o�ce or the ER, lest the level of care and
compassion decline or disappear entirely. As one doctor I
interviewed con�ded to me, “No one likes an addict.”

But nearly everyone likes a cute animal. And so it can be
surprising to learn that animals, too—even if they must risk losing
their children or, sometimes, their lives—plunder nature’s
pharmacopoeia. With its vicious war between mind and body,
addiction can seem distinctly human. But it turns out that our Homo
sapiens bodies are not unique in the ways they react to intoxicating
substances.

Understanding what drives animals to ingest drugs might help us
separate what is inevitable from what is optional about this
perplexing disease. The brain chemicals and structures that lead
many millions of the world’s population to snort, shoot up, or chug
are pervasive and powerful. As we’ll see, the urge to use has stayed



in the gene pool for millions of years and for a paradoxical reason.
Although addiction can destroy, its existence may have promoted
survival.

No one issued Flying While Intoxicated citations to the eighty cedar
waxwing birds in Southern California who crashed into a re�ective
glass wall one February day. Drunk on fermented Brazilian pepper
tree berries, they all died of spinal fractures and internal bleeding,
some of them still clutching the mind-altering fruit in their beaks.
The Bohemian waxwings in Scandinavia that sometimes gorge on
naturally alcoholic rowan berries and then fall into the snow and
freeze to death have no irreverent nickname—unlike Russia’s
podsnezhniki, or “snowdrops,” the human drunks who are
discovered, dead, in thawing snowbanks every spring. When a horse
named Fat Boy nearly drowned in a neighbor’s swimming pool after
getting sauced on ethanolized apples in a small English village, he
made the evening news but didn’t have to apologize to the local �re
brigade that pulled him out.

These animal encounters with intoxicants, however surprising and
even amusing, were probably accidental. But others are not. Some
animals show what seems to be more deliberate and chronic drug-
seeking behaviors. Bighorn sheep in the Canadian Rockies are
reported to scale cli�s to get their �x of a psychoactive lichen and
grind their teeth down to the gums scraping it o� rocks. In opium-
producing regions of Asia, water bu�alo (like Tasmania’s wallabies)
are known to sample a daily dose of the bitter poppies and then
show signs of withdrawal at the end of the �ower-growing season.
The pen-tailed tree shrew that lives deep in the Segari Melintang
rain forest in West Malaysia prefers the fermented nectar of the
Bertram palm to all other food. The yeasty brew has an alcohol
concentration comparable to that of beer (3.8 percent).

When cattle and horses that graze in the chaparral of the western
United States lose their sense of direction, go weak in the legs,
withdraw from other animals, or suddenly become violent, ranchers
immediately suspect locoweed. Several varieties of this legume grow



freely throughout the West; the numerous types can be identi�ed by
their blue, yellow, purple, or white blossoms that resemble small
sweet peas. If the intoxicated livestock don’t die from walking o� a
cli� or blundering up to a predator, “locoed” animals can eventually
starve or su�er severe, irreversible brain damage. Despite these dire
consequences, some animals actually prefer the plant over their
regular foraging options—and, tellingly, one taste of it makes them
more likely to try it again. In addition to misadventure and death,
locoweed produces another nasty problem that annoys ranchers.
Like the cool-kid druggie in homeroom, one locoweed-eating animal
can in�uence others to start. Handlers must be assiduous about
removing locoed animals from the herd so the weed-seeking
behavior doesn’t spread. And locoweed a�ects wild animals, too.
Elk, deer, and antelope have been seen staring dully and pacing
nervously after a few nibbles.

A friendly cocker spaniel in Texas once sent her owners’ lives into
a tailspin when she turned her attention to toad licking. Lady had
been the perfect pet, until one day she got a taste of the
hallucinogenic toxin on the skin of a cane toad. Soon she was
obsessed with the back door, always begging to get out. She’d
beeline to the pond in the backyard and sni� out the toads. Once
she found them, she mouthed them so vigorously she sucked the
pigment right out of their skin. According to her owners, after these
amphibian benders Lady would be “disoriented and withdrawn,
sopori�c and glassy-eyed.” Soon the neighbors’ dogs weren’t
allowed to come over to play, for fear that they’d pick up Lady’s bad
habit. Lady’s family dreaded the raised eyebrows when they hosted
parties and PTA meetings and so started withdrawing from their
social obligations because of the dog’s new inclination. As
amusingly recounted in a story on National Public Radio, one night
the dog’s human mistress found herself in the backyard at four in
the morning, desperately searching for a toad to give to Lady—
literally enabling the addiction so the dog would �nally come inside
and the family could get some sleep.†

Giving alcohol to animals—or watching them imbibe on their own
—has entertained humans for centuries. In colonial New England,



hogs that got tipsy after eating pomace (the pulpy by-product of
cider production) may have provided the sounds that gave rise to a
term popular in the day: “hog-whimpering drunk.”

Aristotle described Greek pigs becoming intoxicated when “they
were �lled with the husks of pressed grapes.” According to the
author and alcohol historian Iain Gately, Aristotle also recorded a
way to trap wild monkeys by enticing them with alcohol. The
technique involved strategically laying out jugs of palm wine for the
simians to sample and then simply plucking them up after they got
drunk and passed out. Apparently the trick worked just as well in
the nineteenth century: Darwin described the same procedure in The
Descent of Man.‡

You can see modern-day drunken monkeys in a BBC video shot on
the Caribbean island of St. Kitts. The Curious George look-alikes,
with their bright, rounded faces, dart among bikini-clad hotel
guests. Like teens at a wedding, they wait until no one’s looking,
then run o� with half-drunk daiquiris and mai tais. What comes
next is enhanced by the video’s quick-cut editing but mirrors what
happens to other animals, too, from squirrels drunk on fermented
pumpkins to goats sauced on spoiled plums. The monkeys weave.
They stagger. They list. They tip over. They try to stand up. They
pass out.§

Of course, comparing drug use in animals and in humans has
limitations. The superpotent, rapidly addicting, Ph.D.-designed
forms of opioids, marijuana, and cocaine peddled to and used by
today’s human addicts di�er signi�cantly from naturally found plant
sources of these psychoactive agents. The alcohol available to
human consumers is much more re�ned and intense than what
Mother Nature can make on her own. Furthermore, for scientists it’s
frustrating that most examples of wild animal substance use and its
e�ects are based on observation and anecdote. Indeed, the few
papers that do examine wild animal models of intoxication bemoan
this fact and call for more stringent �eld studies. But controlled
conditions do occur more frequently in the lab, and animal drug use
and abuse have been widely studied in that setting.



Rats, the most examined animal in substance abuse research, have
revealed many crossover aspects of intoxication. Like us, in order to
start using a substance, they �rst must overcome an initial aversion.
They lose neuromuscular control when under the in�uence of
certain drugs. They seek out and self-administer doses—sometimes
to the point of death—of various drugs, from nicotine and ca�eine
to cocaine and heroin. Once addicted (researchers sometimes say
“habituated”), they may forgo sex, food, and even water to get their
drug of choice. Like us, they also use more when they’re stressed by
pain, overcrowding, or subordinate social position. Some ignore
their o�spring. (Conversely, drug seeking can decrease in lactating
female rats.) But rats, although they’ve become the most popular
models for addiction in mammals, are not the only lab animals to be
tempted by inebriating substances.

Bees “dance” more vigorously when they’re dosed with cocaine.
Immature zebra�sh hang out on the side of the tank where they
were once given morphine. Methamphetamine juices snail memory
and performance the way Ritalin might boost a sophomore’s PSAT
scores. Spiders on a range of drugs from marijuana to Benzedrine
spin webs that are overly intricate or nonfunctional, depending on
the drug.

Alcohol can make male fruit �ies hypersexual and pursue more
same-sex matings, perhaps because the ethanol interferes with their
reproductive signaling mechanisms. Even humble Caenorhabditis
elegans, a tiny worm, moves more slowly when exposed to levels of
alcohol similar to the ones that make mammals intoxicated. And the
females lay fewer eggs when drunk.

Drug seeking. Raised tolerance. Attempts to get stronger and more
frequent doses. Begging or jonesing for a drug. If human beings
were the only creatures who showed these classic addiction
behaviors, then we could say the disease is uniquely human. But
clearly we aren’t alone. Across the animal kingdom—not just in
mammals with highly developed brains—animals react to drugs in
comparable, although of course not totally identical, ways.

That we can see parallel e�ects from intoxicants, whether the
organism is a rodent, a reptile, a �re�y, or a �re�ghter, strongly



suggests two things. First, animal and human bodies and brains
have evolved designated doorways for some of nature’s most potent
drugs. Called receptors, these doorways are specialized channels on
the outsides of cells that allow chemical molecules to enter.
Receptors for opiates, for example, have been found in some of
Earth’s oldest types of �sh as well as in humans, and even in
amphibians and insects. Receptors for cannabinoids (the intoxicant
found in marijuana) have been identi�ed in birds, amphibians, �sh,
and mammals as well as mussels, leeches, and sea urchins. This
introduces the biological likelihood that opiates and cannabinoids—
plus many more psychoactive substances—play key roles in
maintaining the health and safety of animals. Indeed, these drug-
response systems may have evolved and endured because they
actually increase an animal’s survival chances, or “�tness.” More on
that in a moment.

These animal examples also challenge anyone who would
stigmatize addicts or moralize about the disease. What you might
see as a personal failing in your no-account uncle who ruins every
Thanksgiving with his drunken antics is not a uniquely human
impulse. Uncle Bill is not alone in the animal kingdom in seeking
and responding to chemical rewards. Maybe knowing that won’t
make the annual get-together any more pleasant—or his life any
easier. But the fact remains that driving his addiction is a chemical
reward system shared by other animals, from worms to primates,
which has been in existence for millions of years. True, Uncle Bill
can choose between a trip to the liquor store and a trip to his AA
meeting. But if a fruit �y had the same option, it, too, might
sometimes take a rain check on sour co�ee in a Styrofoam cup in
favor of a warm, soothing hit of ethanol.

Jaak Panksepp never expected to make his name by tickling rats.
He’d planned to be an architect or an electrical engineer or, at one
point, inspired by his University of Pittsburgh freshman classmate
John Irving, a writer. But an internship at a mental hospital when
he was an undergraduate set him on a di�erent path. Seeing how



the patients there required a wide range of treatments, from short-
term stays to padded cells, made him want to understand, he says,
“how the human mind, especially emotions, could become so
imbalanced as to wreak seemingly endless havoc upon one’s ability
to live a happy life.” And so he became a psychologist and, later, a
neuroscientist. He now holds a position that gives him a unique
vantage point on how the brains of many species work. As the Baily
Endowed Chair of Animal Well-Being Science in Washington State
University’s College of Veterinary Medicine, Panksepp brings his
expertise in human emotional systems to a department devoted to
the health of nonhuman animals.

Panksepp specializes in what goes on chemically and electrically
in the brains of mammals when they play, mate, and �ght, or
separate and reconnect. And he is convinced that human addictive
behaviors stem from ancient parts of our brains that are shared
across species.

Rat tickling came in the mid-1990s, after Panksepp had spent
several decades studying play urges in rodents. Using an audio
device that measured the ultrasonic vocalizations of bats, Panksepp
had discovered that rats make two very di�erent sounds when
they’re playing. Happily engaged rats emit abundant high-pitched
chirps at about �fty kilohertz—much higher than we can hear with
the naked ear. To Panksepp it sounded happy, a bit like childhood
giggling and laughter. He wondered if the animals would make this
sound under other circumstances. One morning, he took a rat
accustomed to being held by humans, gently rolled it onto its back,
and tickled its belly and armpits. Instantly he heard it: �fty kilohertz
vocalizing. He tried another rat. Same thing. Rat after rat,
eventually over many years and in many di�erent labs, vocalized at
�fty kilohertz when they were tickled in this way.

Panksepp and others found that rats make this “happy” sound in
several other speci�c situations. When they’re copulating. When
they’re about to get food. When a lactating mother is reunited with
her o�spring. But most especially when two friendly rats are playing
with each other.



Their other major vocalization registers at a much lower—but still
inaudible to human ears—twenty-two kilohertz. Rats make this very
di�erent sound when they’re alarmed, anticipating a scary situation,
when they’re �ghting, and especially when they’ve been defeated in
a skirmish. Although not a measure of physical pain, it apparently
does re�ect psychological distress or psychic pain. Baby rats make a
version of it when they’re abandoned by or isolated from the
warmth of their mothers.

Panksepp says that when you run these sounds through a machine
that translates them to a frequency we can hear, the high-pitched
notes are roughly analogous to human laughter. The low-pitched
calls sound like human moaning. He’s found rats make the higher,
chirping sound when they’re anticipating receiving drugs they
desire. They utter the lower, moaning sound when deprived of the
drugs and experiencing withdrawal.

Panksepp thinks it’s no accident that rats emit the same sound
when they’re in psychic pain and when they’re denied a drug they
crave. “Pain” is a word that came up again and again in my
interviews with human addicts and the doctors who treat them.
Overwhelmingly, addicts report that they need their substances to
“dull the pain,” “make the pain go away,” or “make the su�ering
disappear.”

Rarely do they mean literal, physical pain (although many
addictions, especially to opioids, begin with a prescription for relief
of bodily pain). The pain that addicts describe is more of an
ine�able internal ache—an emotional throbbing or social
tenderness.

Panksepp is not the �rst to wonder whether other animals
experience life in a way that could be called “emotionally” painful.
This fundamental question has puzzled thinkers for generations: Do
animals feel things the way we do?

Charles Darwin tackled the issue in his 1872 book The Expression
of the Emotions in Man and Animals. Trying to extend his principles
of evolution beyond anatomy, he argued that natural selection could
be applied to emotion and behavior. The idea didn’t catch on.
Darwin was up against two centuries of René Descartes’s insistence



on a dichotomy between body and soul. For Cartesians, only
humans—speci�cally, men—possessed a soul, which was also the
seat of intelligence. Having neither soul nor emotions, animals
existed in a purely physical realm. Instead of “I think, therefore I
am,” Cartesians believed that for animals it was more like “I can’t
think, therefore I can’t feel.”

Without the tools to track—or even de�ne—emotions in
nonhuman species, the behaviorists of the early twentieth century,
like J. B. Watson and B. F. Skinner, were obliged to infer what an
animal might be experiencing solely by observing its behavior. Here
the di�erences between animals and humans really did get in the
way. The facial muscles of most animals don’t react in ways that
clearly communicate pain to a human observer. Most animals don’t
vocalize when they’re hurt (at least not at frequencies we can hear)
—possibly as a self-protective strategy against attracting predators.
Many withdraw instead of seeking help. So di�erent are these
responses that they supported the behaviorists’ idea that animals
don’t, or can’t, perceive physical pain.

Because they couldn’t see what was going on inside the cranium,
the behaviorists concluded that animal conduct occurred without
awareness. If a creature didn’t “know” it was in pain, then it
couldn’t possibly feel pain. Only human brains (and perhaps some
other highly developed simian brains), they believed, functioned at
a level of cognition high enough to process the unpleasant
sensations of pain. Although the behaviorists were trying to
reconcile body and mind, they succeeded only in further splitting
them. Animals went from being soulless physical entities to boring
biological machines. Remarkably, the notion that human
consciousness was a prerequisite for feeling pain persisted into the
last part of the twentieth century.‖

And in some cases tragically, this belief was applied to another
group of beings who can’t use words to describe their experiences:
human infants. The conventional medical wisdom until the mid-
1980s held that newborns’ neurological networks were immature
and thus subfunctional. The prevailing doctrine was that babies
“couldn’t feel” pain the way older humans do.a



Although this view persisted for an uncomfortably long time, pain
management is now a priority in both veterinary medicine and
human medicine—including, thank goodness, pediatrics.

Advanced brain imaging and other technologies are emerging that
allow us to directly study the brain’s emotional systems. The
techniques are providing evidence for Darwin’s view that emotions,
like physical structures, have evolved. They are subject to natural
selection based on their �tness bene�t to individuals. And the
reason is pretty simple. What we call “feelings” or “emotions” are
not airy, intangible thought-vapors that emanate, auralike, from our
brains. Emotions have a biological basis. They arise from the
interplay of nerves and chemicals in the brain. And like other
biological traits, they can be retained or rejected by natural
selection.

Of course, how an animal experiences the world cannot be fully
known to a human being. Some scientists, including Joseph LeDoux,
an author and neuroscientist at New York University, object to using
the word “emotion” when describing the interior world of animals.
LeDoux coined the term “survival circuits” to describe the
hardwired brain systems that drive animals to defend themselves
and promote their well-being.

Randolph Nesse, a University of Michigan psychiatrist and a
leader of the growing �eld of evolutionary medicine, put it this way
in a paper in Science: “Emotions  …  shaped by natural
selection  …  adjust physiological and behavioral responses to take
advantage of opportunities and to cope with threats that have
recurred over the course of evolution.… Emotions in�uence
behavior and, ultimately, �tness.” Nesse’s view echoes that of E. O.
Wilson, who wrote, controversially at the time, “Love joins hate;
aggression, fear; expansiveness, withdrawal  …  in blends designed
not to promote the happiness of the individual but to favor the
maximum transmission of the controlling genes.”

Whether or not we use the word “emotion” to describe it, animals
seem to be rewarded with pleasurable, positive sensations for
important life-sustaining undertakings. These are activities such as
�nding food, approaching mates, escaping to a hideout, outrunning



a predator, and interacting with its kin and peers. The joyful
pleasure a young human or animal feels upon reuniting with a
caretaking parent encourages bonding, for example. Pleasure
rewards behaviors that help us survive.

Conversely, depression, fear, grief, and isolation, among other
negative sensations, indicate to an animal that it’s in a survival-
threatening situation. Anxiety makes us careful. Fear keeps us out of
harm’s way. Imagine the trouble you’d be in if you didn’t feel
anxious and fearful when encountering a rattlesnake on a hiking
trail or a masked gunman at an ATM.

And there is one thing that creates, controls, and shapes these
extremely important feelings: tiny hits of addictive chemicals
stashed in microscopic pouches (called vesicles) in our brains.

It’s as though we’re all born with an internal Pyxis 3500 machine
that opens speci�c drawers in response to our unique genetic
“thumbprints” and behavioral “codes.” Our personal chemical-
dispensing apparatus is stocked with tiny capsules of natural
narcotics: time-melting opioids, reality-revving dopamine,
boundary-softening oxytocin, appetite-enhancing cannabinoids, and
many more—some of which haven’t even yet been identi�ed.

Gaining access to one’s personal, intracranial lockbox may be one
of the most potent motivators in animals, including us. But instead
of entering a number, an animal must perform a behavior to release
the substances. Behaviors are the codes. Do something that
evolution has favored, and you get a hit. Don’t do it, and you don’t
get your �x.

Foraging. Stalking prey. Hoarding food. Searching for and �nding
a desirable mate. Nest building. These are all examples of activities
that greatly enhance an animal’s chances of survival, or what
biologists call �tness. Pleasant sensations of anticipation and
excitement—born in the brain’s neural circuitry and chemistry—
encourage initiative, risk, curiosity, and discovery in animals.

We humans have a similar suite of life-sustaining activities. We
just call them by di�erent names: Shopping. Accumulating wealth.
Dating. House hunting. Interior decorating. Cooking.



Indeed, when these activities have been studied in humans and
other animals, they are associated with rises in the release of certain
chemicals, mostly dopamine and other similar stimulating
compounds. Nesse notes that “from slugs to primates,” dopamine
mediates the search for and consumption of food. Ancient
dopaminergic systems have been found in fruit �ies and honeybees,
suggesting that similar reward experiences may be at play in their
behavior. Bees have increased levels of octopamine (their version of
dopamine) when they are foraging. Tellingly, their drive to �nd
food appears to come not from personal hunger but rather from a
desire for the reward.

Finding safety can also trigger these chemical rewards. Imagine
the tremendous relief you felt when the biopsy came back benign, or
when the creepy person behind you on the sidewalk turned down
another street. That �ood of relief is actually a chemical dump
within your brain.

Opioid receptors and pathways (the same pathways used by
heroin, morphine, and other narcotics) have been found in jawed
vertebrates that lived 450 million years ago—well before mammals
came on the scene. That means that, from barracudas to wallabies,
Seeing Eye dogs to homeless heroin addicts, animals have an ancient
and intimate response to opiates.

Researchers working with Panksepp have found that opiates
regulate separation and distress calls in dogs, guinea pigs, and
domestic chicks. His colleagues have also found that when dogs wag
their tails and lick each other’s or their owners’ faces, that behavior,
too, is modulated by opioids. Opioids play a role in early suckling
behavior in rats. And the proximity of o�spring has been shown to
trigger a hit of pleasurable chemical reward in the brains of rat
mothers.

Besides opiates and dopamine, many other chemicals work
constantly in our bodies and brains. Cannabinoids, oxytocin, and
glutamate, among others, create a complex system of simultaneous
positive and negative sensations. This cacophonous chemical
conversation (what Panksepp calls the “neurochemical jungle of the



human brain”) is the basis of emotion—emotion that creates
motivation and drives behavior.

Human feelings powerful enough to launch a thousand ships,
build the Taj Mahal, or ignite pleasurable melancholy at Mimì and
Rodolfo’s parting in act IV of La Bohème have emerged from
“survival circuits” (to use LeDoux’s term) that we share with other
animals. In other words, our emotions exist as they do today
because their building blocks helped our animal ancestors survive
and reproduce.

And this is precisely why drugs can so brutally derail lives.
Ingesting, inhaling, or injecting intoxicants—in doses and
concentrations far higher than our bodies were designed to reward
us with—overwhelms a system carefully calibrated over millions of
years. These substances hijack or ignore altogether our internal
Pyxis 3500 mechanisms, removing the need for the animal to input
a code, in this case, a behavior, before receiving a chemical dose.
Nesse writes, “Drugs of abuse create a signal in the brain that
indicates, falsely, the arrival of a huge �tness bene�t.” In other
words, pharmaceuticals and street drugs o�er a faux fast track to
reward—a shortcut to the sensation that we’re doing something
bene�cial.

This is a critical nuance for understanding addiction. With access
to external substances, the animal isn’t required to “work” �rst—to
forage, �ee, socialize, or protect. Instead, he goes straight to reward.
The chemicals provide a false signal to the animal’s brain that his
�tness has improved, although it has not actually changed at all.

Why spend an afternoon in the dangerous and time-consuming
task of foraging for a hundred acorns (or bringing in a hundred new
clients) when you could achieve a far more intense reward state
with one snort of cocaine? Or, to be less extreme, why go through a
half hour of awkward small talk at an o�ce party when a martini or
two can trick your brain into thinking you’ve already done some
social bonding?

The excessive, seemingly inexplicable behavior of those addicts
who forgo the important, life-preserving chores of daily life becomes
clearer when viewed this way. Drugs tell users’ brains that they’ve



just done an important, �tness-enhancing task—even though they
haven’t. Their brain receptors don’t know whether that opioid
molecule came from a hash pipe or from having a conversation with
a trusted friend. They don’t know whether the dopamine molecule
came from a crack spoon or from the rush of getting �ve phone
numbers at a bar or �nishing a tough assignment on deadline. The
rewarding feelings signal that they have gained resources, found
mates, and elevated their social status. The awful irony is that these
substances so potently imitate these feelings that their users may
cease doing the real work of life. Their brains are telling them they
already did.

We can condemn addicts and their poor self-control as much as
we wish. Ultimately, however, the powerful urge to use and reuse is
provided courtesy of honed and inherited brain biology that evolved
to maximize an individual’s shot at survival. Seen this way, we’re all
born addicts. That’s what “motivates” creatures to do important
things.

And that’s why Pyxis 3500 machines stand sentry throughout my
hospital. They restrict access. As David Sack, the CEO of the drug-
rehab program Promises, told me, “You can’t become addicted to a
drug you don’t have access to.”

Putting synthetic and plant-derived drugs into our bodies
circumvents the personal lockboxes in our brains. But the stashes of
natural drugs are still in there. And, as we’ve seen, the codes to
releasing them are elemental behaviors. This reveals an interesting
possibility. Even if an animal doesn’t have access to external sources
of drugs, there may be another way to hack into the internal stores:
by punching in code after code  …  of unnecessary but reward-
producing behaviors. Maybe addiction can be activated by things we
do, almost as e�ectively as the substances we take.

• • •

As a cardiologist, I mostly encounter substance addictions as they
relate to a patient’s heart health. But in the late 1980s, I was
training to become a psychiatrist and began treating a patient for



depression and anxiety. He was handsome and a meticulous dresser.
At our weekly sessions he was unfailingly polite and charming,
which I interpreted as an openness to the therapeutic process.

At our �rst meeting I learned the main reason for his anxiety: he
was cheating on his wife. Soon I learned that he was cheating on the
mistress, too—with her best friend. While maintaining regular
relationships with all three women, he was also having frequent
one-night stands. As he described the stress and anxiety of juggling
each week’s sexual appointments, he explained his utter inability to
stop doing it. I could sense his excitement about what he was doing
—the danger of sleeping around, of hiding it from his family, the
thrill of getting away with it. As his psychiatrist, I thought it all just
sounded dangerous. He was risking his marriage, his relationship
with his child, and his career (the mistress was a subordinate at
work). After several months, he quit coming to therapy; he
continued his risky behavior and eventually lost his job and his
wife.

At that time, psychiatry had a primary approach to treatment:
psychodynamic psychotherapy. The basic premise of this method is
that our adult selves are formed in large part by our childhood
experiences. The entire time I was treating this patient, my
professional assumption was that his inability to have a stable
sexual relationship with his wife stemmed primarily and perhaps
exclusively from attachment issues connected to early childhood
traumas. My supervisors con�rmed the diagnosis and supported my
treatment plan, so I spent many sessions probing his early years,
looking for reasons to explain his promiscuous and risky behavior.

Thinking about it twenty-�ve years later, I realize that my
understanding of his reckless sexual behavior was incomplete. The
�eld has now advanced to recognize that early experiences do
actively shape genes and the brain, laying the groundwork for
susceptibility to addiction later in life. But what I had missed then
was the fact that my patient was addicted to the neurochemicals
provided to him through his sexual pattern: the spike of thrill-
danger-novelty dopamine and perhaps also the feel-good payo� of
sex itself. Nowadays he would probably be referred to a sex-



addiction program. But that never occurred to me then. The brain-
disease theory of alcoholism was only just emerging at the time.
That behaviors like sex or shopping or overeating could be put in
the same category as a substance addiction wasn’t part of the
medical vocabulary. Even today, addictions to the things a person
does, instead of the substances he takes, are not completely
understood. The debate over whether or not they’re “real”
addictions divides doctors within and outside the addiction �eld.

I have to confess that, until recently, I, too, was extremely
skeptical. You’re “addicted” to buying shoes. Really? Can’t stop
eating candy corn? Feel physical withdrawal pains when separated
from your pornography or video game? Uh-huh. The model of
substance addiction as a brain disease made sense to me, but until
recently, applying the term “addiction” to behaviors seemed sloppy
—a “no-fault,” feel-good copout, a lazy, twentieth-century inability
to break bad habits. It’s not me, Your Honor. It’s my disease.

However, spending the past several years trying to understand my
human patients through a veterinary perspective has led me to a
di�erent view and a surprising hypothesis: substance addiction and
behavioral addiction are linked. And their common language is in
the shared neurocircuitry that rewards �tness-promoting behaviors.

When you look at the most-often-treated behavioral addictions
from an evolutionary perspective, they are exceedingly �tness
enhancing. Sex. Binge eating. Exercise. Working. It’s hard to
imagine that “in nature” or when tested by natural selection, those
behaviors would produce many downsides, even when taken to
extremes.

Gambling and compulsive shopping—although they’re human
variants—work on the same neural pathways as two extremely
bene�cial animal activities: foraging and hunting. These involve
focused and concerted e�ort and expenditure of energy with a
speci�c goal of gaining resources, typically food but sometimes
shelter or nesting materials. Neurochemical rewards reinforce this
positive behavior in animals. As Panksepp puts it, “Every mammal
has a system in the brain to look for resources.”



By following the neurobiology, we can see that gambling is
foraging taken to an extreme, where food has been replaced by a
�nancial payo�. Although food and money are certainly rewards in
themselves, the true payo�—the addictive part—is the
neurochemical mix associated with seeking and risk-taking.
Behavior produces a reward that creates dependence, just as
external chemicals do.

Connecting brain-rewarding behaviors to increased survival also
allowed me to rethink technological “addictions” like video gaming,
e-mail, and social networking. The executive who jokes that she’s
addicted to her BlackBerry probably doesn’t think she needs a
twelve-step program to quell her itchy thumbs. But many of us �nd
the urge to check that little screen irresistible—even during an
important meeting or when we’re behind the wheel. Our
smartphones, Facebook pages, and Twitter feeds profoundly
combine the things that matter most to animals competing to
survive: a social network, access to mates, and information about
predatory threats. But like drugs, these devices provide the hit
without the work. We get a dopamine squirt without seeking a
tangible resource. We may get a lovely opiate �ood of feeling part
of a herd, without the inconvenience of actual herd mates.

Veterinarians I interviewed were reluctant to apply the word
“addiction” to animals. As they pointed out, pets generally do not,
on their own accord, get hooked on drugs or alcohol.

But there is one thing they seem to crave: reward. It can be as
simple as a pat on the head and a murmured “Good boy.” A morsel
of frozen liver or mouthful of oats. A tummy rub.

Do a behavior, get a reward. Rewards in the form of food or
praise have long been used by animal trainers to produce certain
predictable behaviors. As Gary Wilson, a professor and trainer at the
Exotic Animal Training and Management Program at Moorpark
College in California, told me, external treats in the form of food
and congratulatory sounds are in e�ect bridges to the animal’s
brain. They pair the feel-good neurochemicals produced by
anticipation of nutrients with desired behaviors.b



Seen this way, the unrecognized goal of some animal training may
be to create a kind of behavioral addiction, as animals learn to
associate the pleasure of reward with new behaviors. David J.
Linden, a professor of neuroscience at Johns Hopkins University and
author of The Compass of Pleasure, connects this pleasure of learning
and training in humans to the neurobiology of other addictions.

He notes that learning, along with behaviors such as gambling,
shopping, and sex, “evoke neural signals that converge on a small
group of interconnected brain areas called the medial forebrain
pleasure circuit.” Successful dog training creates what we could call
a learning addiction, driven by pleasure circuits. Linden notes that
these circuits “can also be co-opted by arti�cial activators like
cocaine or nicotine or heroin or alcohol.”

Human medicine has only recently started to regard chemical
dependency as a physical and chronic illness requiring ongoing
(perhaps lifelong) care, rather than a condition (like an infection)
that we can treat, cure, and quickly put behind us. Understanding
the evolutionary origins of addiction can improve how we care for
this disease. It may help us be more compassionate to users and
addicts and can help us understand that substance use in animals of
all kinds is an attempt to get a little more of what we spend our
lives seeking.

If you exposed a hundred people to a carcinogen, they wouldn’t all
get cancer. It’s the same thing with drugs. Expose a hundred animals
to a chemical molecule, and they’re not all going to get addicted to
it. Not all cocker spaniels become toad lickers. Not every monkey
steals cocktails or wants to drink one every day. Only some
wallabies jump the fence to eat opium poppy sap.

The biological term for these di�erences within populations is
“heterogeneity.” What heterogeneity means in terms of addiction is
that each person, each animal, has a slightly di�erent response to
each chemical. An abundance of research backs this up: there’s a
strong genetic basis for susceptibility to addiction. Recently, families
with histories of substance abuse have started educating their



children about their particular inborn vulnerabilities. But
environmental factors, from the climate in our mother’s uterus to
the food we eat and the pathogens we encounter, also play key roles
in who becomes an addict. It’s becoming clearer to scientists that
what you eat, where you live, the work you do, and even how you
were parented can change how your genes are expressed. The
emerging �eld of epigenetics considers what happens to our
personal genetic code when it meets the real world. It explains why
nature/nurture is not a divide but, rather, an endless feedback loop.

Genes give an individual high school sophomore a predetermined
potential to become addicted to alcohol or drugs. But when and how
he encounters those chemical molecules will create the epigenetic
e�ect. For one teen, a Friday night, postgame �rst exposure to, say,
marijuana can activate neural responses that will make cannabis a
gateway drug for future use. For that teen’s best friend, that �rst
toke might be just another moment in an ordinary get-together at a
friend’s house, a teenage dalliance that he’ll laugh about in a self-
deprecating way later in life. Same party; same drug; two di�erent
life outcomes. If either teen had encountered that substance as an
older adult or as a younger child, again, the outcome might be
di�erent.

Like many humans, some nonhuman animals can enjoy the
pleasures of substances without apparent adverse e�ects. The
Malaysian pen-tailed tree shrew imbibes copious volumes of
fermented palm nectar without observably diminished re�exes or
impaired coordination. Zenyatta, a multilaureled and now retired
racehorse, traditionally guzzled a Guinness after every race and
went on to win the next one.

Heterogeneity stocks every animal’s lockbox with di�erent
supplies of drugs. Epigenetics calibrates the codes. Those codes are
set and changed throughout our lives. But an important period of
code setting occurs in childhood—infancy through adolescence.
Human and animal data both suggest that the younger the animal is
at �rst exposure to an external drug, the more likely it is to become
addicted and responsive to that drug in the future.



This is a very important point. Our behavioral relationship with
potentially addictive neurochemicals begins from the minute we
enter the world (and quite possibly before). Suckling has been found
to produce an internal opioid hit, a chemical reward for this basic,
life-sustaining task. Indeed, Panksepp and others believe the suite of
“attachment” neurochemicals are many and powerful, and that
some of the codes for releasing them are set in earliest infancy.
Various elements of a child’s young life—including physical health,
“wiring,” but also, signi�cantly, parenting—in�uence how their
personal lockbox will respond to increasingly challenging
environments.

Like younger children, adolescents, too, have highly malleable
brains. Pouring external sources of powerful reward chemicals into
the brain at precisely the point it’s trying to calibrate the system can
have lifelong e�ects. It can in�uence tolerance levels and response
sensitivity. Across species, a zoobiquitous look at addiction suggests
that delaying the age of �rst use could have powerful protective
e�ects. Extensive study of the e�ect of alcohol exposure on
adolescent rodents and nonhuman primates has shown alcohol’s
long-term e�ects on the adult brains of these young mammalian
imbibers. Along with impaired cognitive function, early use in these
animals may increase their risk of alcohol addiction later in life.

In the United States, we’ve tried prohibition and “just say no”
campaigns. We’ve set the drinking age at twenty-one and the illegal
drug use age at never. None of these interventions has completely
stopped teenagers from going after what they want.

But the evidence suggests it’s wise for parents to try harder to
delay their children’s �rst exposures and, perhaps, to teach them
natural ways of achieving those chemical rewards: through exercise,
physical and mental competition, or “safe” risk-taking, such as
performing.

In some individuals, whether cedar waxwings or late-night
partiers, intoxication can lead to tragedy. In humans it’s linked to
higher rates of motor vehicle accidents, suicides, homicides, and
accidental injury. In the wild, intoxicated animals, too, are at



greater risk. They can more easily be picked o� by predators, miss
out on opportunities to mate, or �y into walls.

But nature provides its own abstinence program. Access to plants,
berries, and other food sources in the wild vary with seasonality,
weather, competition, and many other factors, including predation.
And these variations automatically reduce access to substances that
might otherwise lead to addiction. It’s like a wild version of having
one’s coke dealer leave New York for Miami between November and
March. This lack of ongoing access to substances, coupled with the
increased risk of death to an intoxicated animal in the jungle,
desert, or savannah, makes the possibility of humanlike addiction in
the wild unlikely.

Recovery from addiction may involve restoring the integrity of
the lockbox we’re born with. Substance abusers can learn healthy
behaviors that provide the same (albeit less potent) good feelings
they used to seek from a bottle, a pill, or a needle. In fact, that may
be what makes some rehab programs so e�ective for certain addicts.
If you look at the behaviors these programs encourage—socializing,
companionship, anticipation, planning, and purpose—they’re all
part of an ancient, calibrated system that doles out internal
neurochemical rewards.

Ironically, one way to �ght addiction may be with addiction,
replacing a dependence on heavily re�ned drugs with the hard work
that makes life worth living. The endorphin release of physical work
and exercise. The adrenaline rush of healthy competition and risk in
games or business. The exquisite anticipation of planning, serving,
and at last eating a great meal. The opioid rush of being part of an
actual �esh-and-blood social network. Or the warming satisfaction
of helping others. The term “natural high” may sound as dated as a
John Denver song, but it’s not a metaphor. It’s the ancient reward
that motivates and sustains all animals, including us.

*The U.S. medical community’s negative attitude toward addiction can be traced back to
the 1914 Harrison Narcotics Act, which criminalized opium use and the doctors who



prescribed it. This early legislation de�ned addiction as a crime, as opposed to an illness,
and initiated nearly a century of derision and punishment for the addicted.

†In Australia’s Northern Territory, vets have also treated dogs who lick cane toads. After
getting “a smile on their face and look[ing] like they’re going to wander o� into the
sunset,” many dogs go back “to have a second go.… They go on to do it again and again,”
said one vet.

‡Darwin also detailed a simian hangover: “On the following morning they were very cross
and dismal; they held their aching heads with both hands and wore a most pitiable
expression: when beer or wine was o�ered them, they turned away with disgust, but
relished the juice of lemons.”

§You could argue that the St. Kitts monkeys “choose” to steal drinks. But the Internet
abounds with examples of animals being given intoxicants on purpose, for human
amusement, a practice that is ethically questionable and in some cases frankly abusive.

‖See the work of Marc Beko�, Je�rey Masson, Temple Grandin, and others in the �eld of
animal welfare research for the scienti�c and compassionate arguments that moved this
debate into the twenty-�rst century.

aIn the early 1900s, exploration of whether infants could feel pain led to horrifying
experiments in some of the most prominent hospitals in the country. Repetitive pricking of
needles into newborns’ skin or running their limbs under very cold or hot water to record
responses are a few examples. So certain were experts that neonates felt no pain that
through the mid-1980s major surgeries on newborn babies were sometimes performed
without anesthesia. These included major cardiovascular procedures requiring prying open
rib cages, puncturing lungs, and tying o� major arteries. Though provided with no
pharmacologic agents to blunt the pain that cracking ribs or cutting through the sternum
might have induced, babies were given powerful agents to induce paralysis—ensuring an
immobile (and undoubtedly terri�ed) patient on whom to operate. Jill Lawson’s
remarkable story of her premature son, Je�rey, and his unanesthetized heart surgery
provides a heartbreaking account of such a procedure. After Je�rey’s death in 1985,
Lawson’s campaign to educate the medical profession about the need to treat pain in the
young literally changed the �eld. And likely led to improved awareness of pain in animals,
too.

bA technique called clicker training pairs a metallic tick-tock! with a food treat every time
the animal performs a desired behavior. Eventually the animal comes to associate the
sound of the clicker with the feel-good neurochemical rewards of the food. When the treat



is discontinued, the animal will continue doing the behavior, because its brain has been
conditioned to anticipate reward and actually releases dopamine to the sound alone. A
human version of clicker training is increasingly being used to train gymnasts and other
precision-sport athletes and to reinforce positive behaviors in classrooms and special
education groups. Called TAG teaching (teaching with acoustical guidance), to avoid the
animal overtones of clicker training, it works on the same principles of associating
behavior and reward. “Neurologically, clicker training activates the dopamine centers in
the amygdala,” Wilson said. The clicker “becomes a marker, the internal reinforcement of
the dopamine system.”
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Scared to Death

Heart Attacks in the Wild

The magnitude 6.7 earthquake struck at 4:31 a.m. on January 17,
1994. I was jolted out of bed, my heart pounding as I waited along
with millions of others around Los Angeles for the ground to stop
shaking. When it �nally did, I drove to the hospital, adrenaline and
ca�eine blasting away my haze of fatigue. Not knowing whether
we’d soon be receiving a few cuts and bruises or facing a large-scale
catastrophe, I entered the UCLA emergency room. In that moment, I
couldn’t have predicted how completely the morning’s geological
shift would shake my perspective on medicine over a decade later.

At the time I was a “�ea,” to use the macho, old-school surgeons’
derogatory term for overly analytic internal medicine nerds. I
embraced the nickname, enthusiastically hopping up and down
while spouting medical minutiae and arcane diagnoses whenever
my superiors hove into earshot. On cue, I could explicate the cryptic
presentation of Behçet’s disease. With dorky rectitude, I competed
with other �eas to recall the �fth and sixth diagnostic criteria for
relapsing polychondritis. Never in the history of medicine, we told
ourselves, was anyone as passionate about Churg-Strauss vasculitis
or Rasmussen’s encephalitis.



As the newly appointed chief resident in internal medicine, I was
also treating real patients with more familiar-sounding maladies.
But during this year, with the grunt work of internal medicine
residency behind me and the rigors of subspecialty still ahead, I
threw myself into the exciting and decidedly cerebral pursuit of
medical oddities. At a teaching hospital like UCLA, this isn’t just
tolerated; it’s encouraged.

But all that changed when the earthquake shot up from �fteen
miles beneath Earth’s crust with the fastest ground acceleration ever
recorded in urban North America. Apartment buildings slumped.
Freeways snapped. The scoreboard at Anaheim stadium toppled
onto several hundred (thankfully empty) seats. Thousands of people
all over Southern California were injured.

Instantly I was propelled out of the arcane, into the here and now.
Throughout the day we treated serious wounds and minor scrapes.
Amid the blur and drama of the days right after what became
known as the Northridge quake, a curious trend emerged. Although
I didn’t notice it then, it held a special signi�cance for me as a
budding cardiologist.

On the day of the earthquake, and for twenty-four hours right
afterward, the heart attack rate around Los Angeles spiked. L.A.’s
coroner noted a fourfold increase in cardiac deaths. As later
reported in the New England Journal of Medicine, nearly �ve times as
many Angelenos su�ered what we call a cardiac event that day,
compared to the same day in January in the years before and after.
The conclusion: at least some Southern Californians had been scared
to death when the earthquake struck.

This research, although fascinating, had little day-to-day e�ect on
my practice of medicine. Most of the time I was treating patients
who were not extremely fearful. So it sat on my mental shelf of
medical curiosities for several years, until the day a wildlife
veterinarian showed me a telling video.

The scene opened on a quiet, curved stretch of beach. Waves
glinted in the morning sunshine. Suddenly, an explosion cracked the
stillness. A �ock of shorebirds burst o� the water. They �apped
madly toward the center of the lake, chased by a giant unfurling



rectangle of net detonating from the cannon. Most of the birds
escaped and resettled on the mild waves. But two dozen or so didn’t
make it. Before they could get airborne, the mesh had grabbed them
and trapped them in place.

There the video ended, but my vet colleague �lled me in on what
happened next. A capture team sprinted to the ensnared birds.
Working quickly, the biologists plucked the struggling animals one
by one from the net, carefully detangling wings, beaks, and claws.
Calmly but hurriedly, they placed the animals into plastic crates
with perforated lids.

The caught birds would be tagged, recorded, and released, to
provide vital information on the species’ health and migration
routes. But some individuals would never �y again. Startled by the
cannon shot, panicked by the con�ning net, terri�ed by the grasping
human hands, they had died on the spot.

What I realized as I watched the video was that, although
separated by place, time, and species, those shore birds connected to
the humans who’d died from heart attacks during the Northridge
earthquake. And more than that, the bird deaths connected
physiologically with a type of cardiac arrest that kills tens of
thousands of people every year, called sudden cardiac death.
Exploring the overlap between fear-triggered “heart attacks” in
animals and humans could expand the scienti�c understanding of
sudden cardiac death. And it could help safeguard patients from an
unseen threat within each of their bodies.

Like Angelenos after the Northridge quake, people all around the
world take the shock and drama of earthquakes, tornadoes, and
tsunamis literally to heart. Admissions to hospitals for chest pain,
arrhythmias, and even death are as predictable after natural
disasters as power outages, Red Cross tents, and Anderson Cooper’s
tight T-shirts.

Man-made calamities, too, jerk hearts out of their normal
rhythms. In the early days of the Gulf War, in 1991, Iraqi forces
began sending Scud missiles into suburban Tel Aviv and other areas



of Israel. During that week of bombing, civilians faced the terrifying
possibility of being blown up at any moment. Air-raid sirens
suddenly and shrilly discharged around the clock. Statisticians
combing through the numbers later uncovered a potent piece of
data: rates of cardiac events during that frightening week exceeded
expected numbers. More Israelis may have died from the physiology
of panic and dread than from actual Scud impacts. As a military
strategy, the Scud explosions themselves were nearly useless. The
much more e�ective wartime weapon may have been terror.

After the al Qaeda attacks of 9/11, frightened people across the
United States hunkered down in their homes, wondering when the
next hit might come. According to data collected from heart-disease
patients with recording devices implanted in their hearts,* the
anxiety of those terrifying days carried grave cardiac risks. The
number of life-threatening heart rhythms detected and shocked
surged to 200 percent of normal. And this trend was not only seen
at the plane crash sites in New York City, Washington, D.C., and
Pennsylvania, but in other parts of the country, too. The physical
impact of fear touched Americans whose only connection to the
disaster came through their eyes and ears—�xed on horrifying TV
images and descriptions of planes crashing, buildings collapsing,
and human beings leaping from smoke and �ames.

As you’ve probably felt yourself, our hearts react when something
startles us, whether it’s an unexpected balloon pop or the ground
rumbling to life beneath our feet. Our bodies sometimes respond
before our brains can sort out the lethal threats from the harmless
jolts. And armchair athletes, take note: you don’t need to be actually
playing a game for your ventricles to act out the agony of defeat.

Take the 1998 soccer World Cup. England and Argentina had
clawed their way up the ladder and were facing o� for the chance to
compete against the Netherlands in the quarter�nals. While
international soccer rivalries are always �erce, this pairing had
special resonance for the fans. Sixteen years earlier, the two
countries had gone to war over the Falkland Islands. Although
Britain o�cially won the skirmish, many Argentines refused to
acknowledge defeat. Every time the two teams subsequently met on



the soccer pitch, it turned into a grudge match. This game (which
featured a young David Beckham, fouling out after kicking another
player in full view of the ref) ended in a tie. The winner would be
decided by a penalty kick shoot-out.

One by one, the players lined up in front of the goalie to take
their shots. The score had reached Argentina 4, England 3 when the
English player David Batty jogged onto the �eld. He took a few
short sharp strides toward the ball … made contact … and sent it
soaring. But between Batty’s Puma cleats and the expanse of the
goalposts, the ball met the gloved �ngers of goalkeeper Carlos Roa
—and the winner was Argentina.

The Argentine fans erupted in relieved, joyful mayhem. But
English fans watching on TVs in pubs back home gaped in stunned
horror. And that day heart attacks across the United Kingdom
increased by more than 25 percent.

Multiple European studies have corroborated this unusual link
between spectator stress and heart health. Interestingly, soccer
matches that end in penalty kicks—and, worse, portentously named
“sudden-death” shoot-outs—are the deadliest. Richard Williams, a
sportswriter for the Guardian newspaper in London, has called them
sadistic, “the modern equivalent of a �ogging in the market square.”
In fact, penalty kick shoot-outs are so reliably anxiety-producing
that soccer groups from the Fédération Internationale de Football
Association (FIFA) to the American Youth Soccer Organization
(AYSO) have considered banning this form of tie breaking.

Having stood tensely, hands clenched to my chest, blood pressure
rising, at my own children’s championship bouts (fencing is their
game), I appreciate how this proposed change might diminish
dangerous heart rhythms in the nervous parents and grandparents
squirming in nylon spectator chairs on the sidelines.

Until as recently as the mid-1990s, the relationship between the
heart and the mind was only murkily understood. Among many
physicians, the idea that emotions could cause actual physical
e�ects within the architecture of the heart was viewed with nearly



the same sideways glance as an interest in healing crystals or
homeopathy. Real cardiologists concentrated on real problems you
could see: arterial plaque, embolizing blood clots, and rupturing
aortas. Sensitivity was for psychiatrists.

A shift came in the 1990s. A team of Japanese cardiologists
noticed that the hearts of some patients who came to the emergency
room with severe, crushing chest pain after moments of extreme
emotional stress were not normal. Their EKGs indicated that they
were having a heart attack. But when the doctors injected dye into
the heart vessels, they found perfectly healthy, “clean” coronary
arteries—no signs of blockage. The only unusual �nding was a
strange lightbulb-shaped bulge at the bottom of the heart. The shape
reminded these doctors of the rounded takotsubo pots Japanese
�shermen use to catch octopuses. So that’s what they named it.
Takotsubo cardiomyopathy was a new description—direct, physical
evidence that severe stress (fear, grief, agony) alone could alter the
heart’s chemistry, shape, and even the way it pumps blood.†

The condition quickly acquired a nickname, “broken-heart
syndrome.” When it was newly named and freshly in vogue,
takotsubo cases cropped up in ERs all over the country. One young
woman had watched her beloved dog run into tra�c and she
arrived at an ER covered in blood, clutching her limp pet and her
chest. (Like most takotsubo patients, she was treated and survived,
although some do die.) Another patient was thirty minutes into an
intense 3-D blockbuster when extreme palpitations, shortness of
breath, and repeated vomiting forced her to �ee the theater. Her
doctors diagnosed takotsubo.

To understand how any intense emotion can physically harm your
heart, it helps to know some cardiology basics. Under normal
circumstances, your heart is probably the most important thing you
never pay attention to. Like the perfect valet, it’s toiling away in
your chest right now, meticulous yet unseen, as it has since the
twenty-third day after your father’s sperm met your mother’s
receptive egg. Every year your heart beats 37 million times,
pumping 2.5 million liters of blood.



Like a house, the heart contains both plumbing and electricity.
Plumbing moves blood around your body’s pipes—its arteries and
veins. Like the main lines carrying water into a house and the sewer
lines carrying it out, these arteries and veins can get blocked, with
devastating results. Sudden myocardial infarction, for example, the
classic heart “attack,” is caused by a clog in the blood supply to the
heart itself. Ruptures and bursts in the plumbing can be devastating,
too. When large arteries tear or rip open, the result is often fatal.

But a whole other category of cardiac woe comes from inborn or
acquired damage to the electrical system. Its health can be discerned
from an electrocardiogram (EKG)—the jagged, steep slopes that
shoot up and down across graph paper or scroll along a computer
monitor. You’ve seen these representations of the heart’s steady
current countless times on medical dramas and in pharmaceutical
ads. And you’ve heard audio translations of that electricity, too.
When wired to an alarm signal, the clockwork electrical current
creates that stable beep  …  beep  …  beep that indicates all is well.
Nothing calms a nervous on-call doctor better than news that her
patient’s heart is beating in that pattern. We call it normal sinus
rhythm.

Tragically, however, this steadfast, pulsing electrical system
fatally short-circuits in seven hundred human hearts every day in
the United States ‡  and in many thousands more worldwide. The
dependable throb suddenly races out of control or becomes �oppy
and unpredictable. When you listen with a stethoscope, the lub-dubs
take on an anxious, irregular, and mu�ed quality. When the beat
speeds up—a condition we call ventricular tachycardia, or VT—it’s
unmistakable on the EKG. The assembly-line predictable peaks and
valleys of normal sinus rhythm loosen into rolling, closely spaced
“hills.” The lopsided, irregular rhythm, on the other hand, is called
ventricular �brillation (VF). It’s equally easy to recognize. The
jagged visual static lurches across the monitor or graph paper with a
sickening randomness.

To those in the know, the sounds and sights of VT and VF
instantly convey one thing: the urgent need for someone to place
shock paddles on the su�erer’s naked chest; call “All clear!”; and



send a few hundred joules coursing toward the malfunctioning
heart. If this specialized electrical therapy doesn’t arrive
immediately, the EKG landscape will devolve from the hilly and
craggy warning shapes to the infamous horizontal con�guration we
refer to—with dreaded respect—as a �atline. The shift in rhythm
from “life-sustaining” to “malignant” causes the heart’s pumping to
decrease or stop. With more precision than poetry, doctors call this
electrical cardiac catastrophe sudden cardiac death (SCD or sudden
death for short).§

Cardiac death can come rather predictably after years of plaque
buildup in the brittle arteries of an overweight smoker. Or it can
strike with a shock as happens when a high school athlete drops
dead from a congenital defect he didn’t know he had. The “�nal
common pathway” is the same. It’s an electrical malfunction, the
shift from a life-sustaining, normal rhythm to the death-heralding
arrhythmia of VF or VT.

But certain victims of sudden cardiac death have no previously
identi�ed heart problems. In these otherwise healthy patients, a
massive emotional jolt alone converts the cardiac rhythm from safe
and steady to malignant and deadly. Startled, terri�ed, horri�ed, or
aggrieved, these patients spew stress hormones, including
adrenaline, from their highly activated central nervous systems.
These catecholamines gush into the bloodstream. Like a chemical
cavalry they appear on the scene, ready to boost strength and
stamina to aid an escape. But instead of rescuing the patient, this
neuroendocrine burst may rupture plaque deposits, lodge a blocking
clot in an artery, and cause a fatal heart attack. It might trigger an
extra beat at just the wrong moment and send the heart into VT.
And in huge amounts and all at once, the chemicals themselves can
be enough to poison muscles, including some of the two billion
heart muscle cells in a human ventricle. In these patients, the
weapon is essentially the reactive nervous system itself, fully loaded
with dangerous catecholamines, waiting for terror to pull the
trigger.

That’s what happens with takotsubo. Whether activated by lost
love or war, geological heaving or a ball game, the catecholamine



torrent damages heart muscles, creates the octopus pot–shaped
bulges, and sometimes causing dangerous arrhythmias.

But takotsubo is only a small part of the story, as I �gured out
when I started comparing notes with veterinarians.

• • •

Dan Mulcahy is the kind of guy you’d want along if you ever found
yourself stranded in a Category 5 blizzard with the gas gauge on
your Arctic Cat F1000 Sno Pro on empty. Part MacGyver, part Davy
Crockett, with a full mustache, wire-rimmed glasses, and a basso
profundo rumble, Mulcahy occupies that rare and desirable zone on
the Venn diagram where superhero and supernerd overlap. At forty-
one, after two decades as a microbiologist studying �sh diseases, he
switched careers and became a wildlife veterinarian. When I met
him, he was working in Alaska, tracking and treating walruses,
tundra swans, caribou, and other endangered northern creatures.
His job requirements ran from the delicate surgery of installing
satellite transmitters in spectacled eider ducks to the bravura
choreography involved in collaring a half-ton polar bear as part of a
worldwide team monitoring and trying to preserve these animals’
disappearing hunting grounds.

When we met, we quickly discovered that we shared a
professional and personal fascination—with the ways death lurks in
the interplay of the heart and the mind. We bonded, as only two
doctors can, by trading ghoulish yet exciting tales of fear-based
sudden death we’d seen and treated.

Mulcahy’s interest had a poignant and frustrating root: every once
in a while, an animal—especially, for some reason, certain birds—
would silently die in his hands after being chased, captured, and
handled. Sometimes they seemed to get through the medical
procedure just �ne, only to weaken and die the minute they were
reintroduced to a new habitat. Mulcahy knew it wasn’t anything he
was doing wrong. In fact, his supervision made these important
surveys carried out by �eld biologists much safer for the animals.‖



Veterinary textbooks describe a heartbreaking yet eerily
predictable reality: animals consistently die from the stress of chase
and handling. Veterinarians call it capture myopathy. The term
describes a syndrome of illness and death seen in animals who are
terri�ed, captured, or running for their lives from predators,
hunters, or well-intentioned but underinformed wildlife biologists.
Sometimes the a�ected animals expire on the spot, crumpling to the
ground like a maiden in a gothic novel. Sometimes they endure for a
few hours after the stressful incident before expiring. Other times
they linger for days or weeks, listless and depressed, unable to walk
or even stand, refusing food and water, until they die. In any case,
postcapture death rates are disturbingly consistent.a It’s usually
about 1 to 10 percent of a population, sometimes as high as 50
percent, depending on the species.

Capture myopathy was �rst noticed by human hunters a hundred
or so years ago. It was initially thought to be an exclusive syndrome
of big prey, like zebra, bu�aloes, moose, and deer. These animals
often died mysteriously after a hearty chase, even when the hunters’
weapons had left no mark on their bodies.

But then ornithologists started noticing capture myopathy’s
�ngerprint on the muscles of birds from tiny parakeets to lanky
whooping cranes to brawny, ostrichlike rhea. Marine biologists
described cases in dolphins and whales. Fishermen trawling for wild
Norway lobsters o� the coast of Scotland saw it pinch their bottom
line. The meat of chased lobsters was discolored and had an
unappealing, watery texture. It looked spoiled—in a way, it was
deader than dead. It rotted faster. At the market, it was rejected on
sight.b

Soon wildlife veterinarians realized that pursuit—chasing without
rest—was killing animals from every corner of the food web. In
South Africa, where animals frequently need to be moved around to
accommodate national park boundaries and human encroachment,
capture myopathy is a serious health threat and a major cause of
death. Special care is taken when capturing sensitive gira�e, which
aren’t as a rule accustomed to running long distances and are also
known for their anxiety. Deer, elk, and reindeer in North America



have capture myopathy mortality rates from relocation and hunting
as high as 20 percent. The Bureau of Land Management’s yearly
helicopter roundups of wild mustangs in Nevada result in the deaths
of a certain number of horses every year from capture myopathy.

Fueling an animal’s escape from threat is a powerful
neurochemical response: a catecholamine dump. Pushed beyond a
safe limit, though, catecholamines can overwhelm the skeletal and
cardiac muscles and cause them to break down. When signi�cant
chunks of skeletal muscle are degraded, massive amounts of their
proteins are released into the bloodstream. These proteins can
overpower and eventually shut down the kidneys. The medical
name for this muscle damage is rhabdomyolysis. “Rhabdo”—as it’s
widely known in clinical shorthand—can be fatal, but if it is caught
early, it can be e�ectively treated with hydration and supportive
care. In people, it’s most often seen in extreme cases of trauma and
immobility: an earthquake victim pinned under steel beams and
rubble, for example, or a motorcyclist thrown from his bike with
multiple skeletal fractures and overwhelming soft-tissue injuries.
Veterinarians and physicians alike know that a telltale sign of
rhabdo is rust-colored urine—tinged that shade by the over�ow of
toxic muscle enzymes that the kidneys couldn’t �lter out.

Military physicians from the U.S. Navy and Marine Corps noted as
early as the 1960s that during the intense repetitive calisthenics of
basic training, recruits sometimes developed the exhaustion, muscle
breakdown, and cola-colored urine seen with rhabdomyolysis.
Extreme athletes like cyclists, runners, weight lifters, and even high
school football players occasionally report similar symptoms after
grueling workouts. Animal athletes are also vulnerable to rhabdo,
racehorses in particular. Extreme athletes—whether animal or
human—push themselves to perform, often through pain, which
sometimes results in rhabdo. “Mind over myocardium” can trigger
quiet but deadly e�ects in both humans and animals.

But sometimes wildlife veterinarians �nger capture myopathy as
the killer even in cases in which there has been no prolonged chase,
no skeletal muscle breakdown, no rhabdomyolysis.



A form of capture myopathy can appear when an animal is simply
handled, noosed, netted, corralled, crated, penned, or transported.
“Running for your life” is terrifying, but at least you have a �ghting
chance. Being caught, on the other hand, is the step right before the
worst-case scenario: “game over.”

As Dan Mulcahy put it, for an animal, “the only time they’re
caught is when something’s going to eat them.” Restraint usually
means one thing: another animal wants you not to move. Capture
and restraint, from an evolutionary perspective, spell a single state
of a�airs: imminent predation or death. Understandably, brains
have evolved an all-systems-go response, a massive, last-ditch
catecholamine tsunami.

Examples of animals dying when they’ve been captured or
restrained abound. In species as varied as Irish hares, white-tailed
deer, cotton-top tamarins, and antelopes, this combination can equal
death. Experts on pikas, the rabbitlike “tundra bunnies” of South
America, have learned the hard way that holding a captured pika
�rmly around its middle can scare it to death. A safer approach is to
allow it to stand, unrestrained, in your open hands. And the risk
exists not just for �ighty prey animals. Top carnivores like brown
bears, lynxes, wolverines, and gray wolves have died after being
trapped.

Loud noises and heat can intensify the hazard of entrapment.
Bighorn sheep in California’s Mojave Desert that were rounded up
for a relocation program fared especially poorly when a thundering
helicopter hovered nearby. Pet rabbits have been known to expire in
the presence of blaring rock music and even loud arguments
between their owners. Fireworks blasts have reportedly startled and
killed pets and livestock from parrots to sheep.

In Copenhagen in the mid-1990s, the Royal Danish Orchestra was
performing Wagner’s Tannhäuser in a public park. Abutting the park
was the Copenhagen Zoo. As the chorus keened and the soloists
belted out their highest pitches, a six-year-old okapi anxiously
circled her enclosure and tried to escape. After struggling for several
stressful minutes, she keeled over and died. The vets diagnosed
capture myopathy.



Loud, frightening noises—not only those passing through a
soprano’s warbling epiglottis—have recently been shown to be risk
factors for adverse cardiac e�ects in a variety of populations. One
study published in the journal Occupational and Environmental
Medicine found that people laboring in workplaces so persistently
noisy they had to shout to have a normal conversation had twice the
risk of serious cardiac events as people whose workplaces were
quieter. And in some inherited cardiac conditions, startling loud
noises can trigger a disturbance in the heart rhythm that leads to
death.c

Interestingly, there’s a breed of dog that seems to have evolved a
defense against noise’s jolting e�ects. Dalmatians born with long QT
syndrome, and therefore susceptible to noise-induced sudden death,
fortuitously sometimes also carry a genetic mutation that causes
deafness. The auditory disability becomes a cardiac blessing in
disguise as their mu�ed experience of sound may protect their
vulnerable hearts from fatal cardiac arrhythmias.

Startling sounds and the feeling of con�nement signal danger to
animals and humans. Like the okapi trapped at the opera, noise and
the perception of entrapment can be enough to ignite a fatal brain-
heart reaction. Animal and human sensory systems provide
information about the outside world that their brains convert to
evasive action. But it’s not just noise or restraint that can create
terror.

In some cases, the mere thought of restraint can induce
comparable physiology. Like the anxious and scared humans
watching the events of 9/11 on TV, other animals, too, can
experience an intense brain-heart reaction simply by seeing a threat.

Four captive zebras at a zoo in Vancouver once died from what
was diagnosed as capture myopathy. They hadn’t been chased. The
stressor was the simple presence of two intimidating Cape bu�alo
that had been placed in the zebras’ enclosure, an enclosure whose
fences and moat would prevent their escape.

A sudden and unexpected appearance of predatory threat can also
endanger animals. Some bird-watchers described observing a �ock
of cinnamon-bellied shorebirds called red knots calmly wading



along the water of an Australian beach. Suddenly, a raptor swooped
down and grabbed one of the unsuspecting waders with its lethal
talons. As the raptor �ew o�, the observers noticed something
interesting. Although untouched by the predator, several nearby
birds suddenly became unsteady and weak. Some fell over when
they tried to walk.

Ornithologists call this kind of stress-induced muscle disease
“cramp.” The adrenaline spew would have a�ected the birds’ heart
muscles, too. The red knots, like the zebras, succumbed after merely
witnessing a terrifying sight.

Circumstances that are not directly life-threatening can induce
potent physiologic responses in humans, too. If, while traveling at
ten thousand feet, your airplane hits an air pocket and plunges, your
adrenal glands and brain release catecholamines. Your heart rate
accelerates and your blood pressure rises. You may feel as though
you’re going to die. And, worse, as with a restrained animal facing
predation, your inability to escape heightens your body’s
physiologic response.

Your brain processes the threat, but your body generates the
response. That sickening, activated state you feel is fear. And fear,
say veterinarians, is a key factor in capture myopathy. Some say it’s
the single most important factor. This leads us to an internal but
dangerous contributing element to capture myopathy: the captured
animal’s activated emotional state.

We’ve seen that animal brains, human and nonhuman, respond
and in some cases overrespond to entrapment. It’s possible that our
imaginative human minds take it a step further, triggering heart
responses to traps that are not actually physical: an abusive
relationship, crushing debt, an impending prison sentence.

Consider disgraced Enron chief Kenneth Lay’s cardiac arrest
weeks before being sentenced for an embezzlement conviction.
Douglas P. Zipes, an expert in sudden cardiac death (SCD) and the
editor in chief of the journal Heart Rhythm, told a Florida journalist,
“We know that stress about which you can do nothing—the death of
a spouse, the loss of a job, or facing life imprisonment—can be
associated with sudden cardiac death. I can’t crawl into [Lay’s]



head, but there is no question that the head talks to the heart and
can have an impact on heart function.”

Overwhelming fear responses to entrapment and threat may not
be all that di�erent whether you’re a zebra facing a glowering Cape
bu�alo or a white-collar criminal facing life in prison. Indeed,
studies have demonstrated that abusive, unfair bosses; negative,
con�ict-ready spouses; and su�ocating debt substantially up the risk
of heart-related death.

Given the power of fear and restraint to cause harm in humans
and animals, it’s surprising there’s not a diagnostic term for these
types of deaths. Because capture myopathy in animals and fear-
induced cardiac e�ects in humans are related but complex, it might
be helpful to �nd a way to identify cases in which fear and restraint
were at fault. More than a decade ago the Harvard neurologist
Martin A. Samuels called for “a unifying hypothesis … to explain all
the forms of sudden death based on the anatomic connection
between the nervous system and the heart and lungs.”

The takotsubo moment that started my zoobiquitous journey
began with placing the features of stress-induced heart failure in
humans side by side with capture myopathy in animals and seeing
the many similarities. When doctors notice a pattern of symptoms or
physical �ndings, we create syndromes, which we then name.
Veterinarians and physicians might consider adopting a new,
common term to describe the role of fear in capture myopathy in
animals and sudden cardiac death in humans. I propose the acronym
FRADE: fear/restraint–associated death events. FRADE is broad
enough to describe emotionally triggered fatalities in both animals
and humans but narrow enough to �lter out nonemotional causes. It
would centralize the clinical anecdotes emerging from both human
ERs and wild animal �eld sites. It could link, say, a takotsubo death
in a terri�ed elderly woman to a capture myopathy death in a
trapped okapi. In medicine, as in other �elds, commonalities go
unnoticed until they’re named. Eventually, the neuroanatomical and
neuroendocrine systems underlying fear- and restraint-related
deaths will be fully characterized and better understood. But until
then, using a common term to classify this particular kind of death



will help veterinarians and physicians compare these sudden fatal
events in ways that may lead to prevention strategies.

Many physicians are only now acknowledging the link between fear
and cardiovascular events. But across cultures and throughout
history, this dangerous connection has been noted. Voodoo curses
and overly ominous thoughts, for example, have created deadly
outcomes that are hard to explain from a purely physical point of
view.

Many surgeons would sooner hang up their scrubs than operate
on patients who are certain they will die on the operating table.
“Surgeons are wary of people who are convinced that they will die,”
Herbert Benson, a founder of the Benson-Henry Institute for Mind
Body Medicine at Massachusetts General Hospital told the
Washington Post. Arthur Barsky, a psychiatrist at Brigham and
Women’s Hospital in Boston, concurs that these patients create a
“self-ful�lling prophecy.”

It’s called the nocebo (Latin for “I will harm”) e�ect, the opposite
of the placebo (Latin for “I will please”). Unlike the well-known
e�ects of the placebo, a nocebo is a harmless agent that, when
perceived by the patient to have malignant qualities, produces
negative e�ects. If you’ve ever wondered whether voodoo death is
real, the nocebo e�ect o�ers a reason why the answer may be yes.
When the person delivering the hex is convincing enough—and the
victim open-minded enough—the heart-mind connection may
initiate that deadly cascade seen in stress-induced cardiac death.
Some call this “homicide by heart attack.” Genetics probably plays a
role, since voodoo deaths tend to cluster in speci�c ethnicities and
regions.d

FRADE may connect to these deaths, too. The link between
folklore-laced voodoo deaths and straightforward animal capture
myopathy lies in the shared biology of animal and human nervous
systems.

Over millennia, animals have developed variations—and some
improvements—in the ways they can convert sensations of external



danger into safety-seeking behavioral responses. Some release toxins
or odors or sting with electricity or poison. Sea anemones retract
when prodded and release a squirt of seawater. Flies zoom away
from the swatter. But the link between threat and catecholamine
release is especially pervasive and ancient. Its origins date back two
billion years—before the separation of plants and animals. Potato
leaves and tubers, for example, respond to stressors like cold,
drought, and chemical burns by releasing catecholamines. This
seems to increase the plant’s resistance to infection and other
threats.

For plants, �eeing is not an option. For vertebrates, however, a
responsive heart that can accelerate in a “�eeing escape” or slow
profoundly for a “hiding escape” has often meant the di�erence
between life and death. But this elegant and e�ective system has a
fatal �aw. Because underestimating danger even just once in a wild
animal’s life can spell death, the warning system may be calibrated
toward overreaction. The evolutionary medicine expert Randolph
Nesse explains these overresponses through the analogy of a smoke
detector. Although the alarm can sound at the wrong time, many
false alarms are better than one missed true one. As the behavioral
ecologists Steven Lima and Lawrence Dill wryly note, “Being killed
greatly decreases future �tness.”e

Overresponse can be found throughout biological systems. Our
immune systems may “overreact” in the course of trying to protect
us, causing autoimmune disorders such as rheumatoid arthritis and
lupus. Eczema and keloid scar tissue are other examples of the
body’s exuberant response to injury. Fevers that are possibly meant
to battle microorganisms can get too high and cause seizures and
brain damage. Coughing that is meant to clear vital airways can
devolve into bronchospasm or cracked ribs. And in psychiatry,
anxiety disorders, panic attacks, and phobias can be conceived of as
pathologic overreactions to danger that stem from protective
instincts.

FRADE describes another overcalibration. Adaptively, a surge of
catecholamines allows a zebra to gallop away full throttle or madly
wrestle free from a lion. Maladaptively, that torrent of stress



hormones may break down the animal’s muscles, destroy its
kidneys, or even stop its heart. It’s counterintuitive that your brain
and heart can sometimes work in concert to kill you. But FRADE is a
reminder that safety systems must be powerful and can be
calibrated to overrespond—especially in dangerous settings with no
“do-overs.”

Unless you’re a veterinarian, work in a pet store, or just got elected
dog catcher, it’s a safe bet you don’t need to capture an animal very
often. And here in the enlightened twenty-�rst century, we certainly
don’t capture and pin down human beings all that much. Or do we?

Once when I was on call in the ICU, a young woman was �ghting
for her life. A staphylococcal infection had attacked many of her
organs, including her heart, which was just barely contracting and
relaxing. Her kidneys had shut down and her liver was failing. The
critical balance of potassium, calcium, magnesium, and sodium was
dangerously disturbed. She hadn’t slept for days. A month earlier,
she had been a vivacious and popular teacher at an area elementary
school. But on this night, her life-threatening condition had made
her disoriented … and agitated. This happens in critically ill patients
so often that we have a name for it: ICU psychosis.

Thrashing in her bed, she clawed at the nasogastric tube coming
out of her left nostril. Her other hand tugged at the arterial line
stuck in the soft skin of her thin left wrist. She had a Cordis line in
her jugular vein, a Foley catheter in her urethra, and a hemodialysis
catheter in her groin. If she pulled any of them out, blood would be
everywhere. If she dislodged the intra-aortic balloon pump
supporting what little blood pressure she had, she could easily rip
the large, high-pressure artery and bleed to death.

To protect her body from her volatile mind, I called for soft
physical restraints. The nurses quickly and gently fastened the
�eece-lined, nylon-and-cotton, six-inch-wide straps around her
wrists.

For a few seconds, all was calm. The heart monitor emitted the
regular and comforting beep beep beep signifying a safe, normal



rhythm.
But then she sensed the straps on her arms. She began pulling

against them. I ordered some intravenous sedation as a form of what
we call “chemical restraint.” But the sick patient kept thrashing,
clearly confused and quite likely terri�ed. And then the beeping
coming from the monitor above the bed changed. It sped up and
turned slightly less regular. She’d gone into VT. With her already
low blood pressure, this rhythm required immediate action.

ICU teams rehearse the lifesaving choreography these moments
call for. When they happen, little needs to be said. On the left side
of the patient’s chest, a nurse placed a large sticky pad the size of a
paperback book connected to a wire, rolled the patient to her side,
and placed another pad between her shoulder blades. My cardiology
fellow dialed the knob of the de�brillator to 150 joules and calmly
asked everyone to step away from the bed. The nurses and other
sta� members backed away, holding their hands up, palms facing
out. If they touched any part of the patient or her bed, the
electricity that was about to be administered would conduct into
their bodies, too. The fellow pushed the raised red button marked
SHOCK.

The teacher’s body sti�ened for a split second as the load of
electricity coursed through her 120-pound body, which “jumped”
slightly from the bed. All eyes turned to the monitor. Our ears
searched for the steady beep, beep, beep. After another split second,
we got it. Her cardiac rhythm snapped back to a version of normal.

Whether she went into VT at that exact moment because of the
addition of wrist restraints is impossible to say. Her acute infection
had provided her with several risk factors: myocarditis, electrolyte
disturbances, anemia, hypoxia. But recognizing how restraint
introduces risk for cardiac arrest in animals, I now have a di�erent
perspective on how it a�ects human patients.

I had always viewed physical restraint as a necessary safety
intervention for my patients who required it. It’s a �xture of other
professions as well—used more often than you might think. It’s
common in mental health and geriatric care facilities, where



modern-day straitjackets and restraints are sometimes used for
patients who might be a danger to themselves or others. Law
enforcement, military, and prison o�cers all rely on restraint
devices like handcu�s to control unruly behavior.

Admittedly, there are scenarios in which restraint is the best
approach for the safety of all involved. I know it can be for the good
of the “detainee” as well as for the cops, soldiers, prison guards,
orderlies, and nurses involved, not to mention any bystanders.

But before I learned that veterinarians view restraint as a major
player in capture myopathy, I’d never even considered whether it
might have a physical downside. In human medical circles, the
potential risks of restraint are rarely discussed.

Yet FRADE exists all over the animal kingdom. It’s only the
separation of human and animal medicine that has allowed us to
think that it doesn’t exist in human beings as well. Physicians ought
to be aware of what veterinarians know: that fear, whether
produced accidentally by a well-meaning doctor or purposely by a
terrorist threat, can be deadly.

As veterinarians have become more enlightened about the
dangers of chase, terror, and capture, they’ve become more adamant
about their responsibility to prevent capture myopathy in animals.
Whether it’s a grizzly bear caught by the foot in a Canadian forest or
a pet bunny on a table in a private practice, most vets agree that
they can protect animals by following a few simple stress-reducing
guidelines: Keep noise and motion to a minimum. Have a small,
well-trained crew that can notice early signs of stress-related
distress. Develop an approach that emphasizes calmness.

Thinking about the dangers of fear and restraint has changed how
I practice medicine. I still sometimes must order patients to be put
in restraints, but I am cautious of the dangers and often have the
vets’ guidelines in mind as I do so.

Unraveling the threads of sudden cardiac death and capture
myopathy, noticing how they twine across species, and reknitting
them as FRADE led me to consider another potential danger in a
quite unexpected setting. It couldn’t be farther from the watery
home of an Alaskan shorebird, the back of a police car, or the



hospital room of an out-of-control ICU patient. It’s the snuggly,
warm cocoon of a newborn’s nursery.

Sudden infant death syndrome (SIDS)—also known as crib death or
cot death—is the leading cause of infant mortality between one
month and one year of age. More than 2,500 babies die of it every
year in the United States. International statistics vary, but SIDS is a
leading cause of infant death in all countries in which data are
available. Strictly de�ned, it’s “the sudden death of an infant under
one year of age that remains unexplained after a thorough case
investigation, including performance of a complete autopsy,
examination of the death scene, and review of the clinical history.”
The “unexplained” part is what’s so frustrating to doctors. How and
why these infants silently slide from life into death in many cases
goes unanswered.

Theories abound: environmental pollution, secondhand smoke,
bottle feeding, prematurity, low serotonin levels. However, so far,
one factor has been overwhelmingly correlated with increased risk
of SIDS: putting a baby to bed on its stomach. The reason may at
�rst seem obvious. Too small and weak to turn itself over, an infant
snuggling facedown into a soft mattress or bedding can su�ocate
itself. But it isn’t that simple. Babies who die of SIDS often show no
postmortem evidence of asphyxiation. So examiners have asked, if
these deaths weren’t respiratory, might they be cardiac?f

When one is lying prone (facedown), the upper chambers of the
heart (the atria) become full as blood rushes in from the major
veins. But pressure-sensitive nerves (baroreceptors) within the atria
sense the increasing volume and activate a suite of autonomic
counterresponses. They decrease the urge to breathe. They also
decelerate the heart. These re�exes likely share an evolutionary
heritage with the ancient diving re�ex, an adaptation to underwater
oxygen metabolism seen in many species. And this means that
putting a baby to bed on its tummy can trigger a re�exive slowing
of its heart and breathing.



The heart rates of animals as distantly related as �sh and rodents
also decrease, sometimes suddenly, when frightened. Loud, startling
noises have been demonstrated to induce extremely slow heart rates
in fawns and alligators as well as not-yet-born human infants. This
heart slowing, called “fear” or “alarm” bradycardia, is a protective
re�ex that may keep the animal still and silent, making it less
detectable to predators. And it can persist for a surprisingly long
time—a minute or more. It’s especially powerful in juvenile animals
and wears o� somewhat as the animal matures. (For more on this,
see Chapter 2, “The Feint of Heart.”)

In the 1980s, a pathbreaking Norwegian physician with a strong
knowledge of animal behavior and physiology had an early
zoobiquitous moment. Birger Kaada connected the heart-slowing
responses in hiding baby animals to the heart-stopping risk in
sleeping baby humans. Although there was general recognition that
her theory had validity, few in the medical community recognized,
as she did, that some cases of SIDS could be explained by a complex
overlay of two heart-slowing e�ects: facedown posture and fear.

This is what might be happening in some cases. A baby is placed
in the crib on its stomach, which causes a mild slowing of the heart.
Then, a sudden, startling noise—a slammed door, car alarm, heated
argument, telephone ring—startles and frightens the child. As with
juveniles of many species, the human infant’s heart rate plummets
in response to sudden jolting noises. Researchers have suggested
that some infants’ immature hearts simply slow to the point of no
return. Or, in other cases, the loud noise could trigger a fatal cardiac
rhythm in a baby with an already slowed heart rate. In either case,
this would mean that some SIDS deaths connect to the physiology of
fear.

But SIDS has another important connection to animal capture
myopathy, one that suggests it’s part of FRADE. Restraint may play
a lethal role in SIDS, too. But for human babies, restraint doesn’t
come as a net, leg trap, or enclosure. And it doesn’t involve wrist
restraints, as it does for adult psychiatric or ICU patients. Infant
restraint takes the form of a centuries-old and newly revived
practice: swaddling.



Swaddling human babies is, and has been, a mainstay of
parenting practices around the world. It’s said to pacify fussy
infants, promote sleep, and keep babies from harming themselves—
and to make it easier for caregivers to tote them around. Ideally,
swaddling mimics the protective shelter of loving arms or even
evokes a reassuring sense memory of a snug uterus.

And, interestingly, swaddling o�ers a slight protective e�ect
against SIDS—but only if the infant is sleeping on its back,
according to a study by doctors at the Children’s University Hospital
in Brussels, Belgium.

These scientists say there’s a chilling �ip side to swaddling. Put a
swaddled baby to sleep on its stomach, play a sudden loud noise,
and its risk for SIDS increases threefold.

To test this, the Belgian doctors evaluated a group of infants in
both swaddled and unswaddled states, their bodies positioned both
prone and supine (on their backs). The babies were bound in
bedsheets held in place by sandbags. (Be assured: the babies in this
2004 study were monitored constantly; the parents had given their
signed consent; and a pediatrician was present the whole time.) The
doctors then added a sudden “audio challenge”: three seconds of
ninety-decibel white noise from a tiny speaker held about an inch
from their little ears. (Ninety decibels is about as loud as a blow
dryer on “high” or a motorcycle roaring by.)

It turned out that, no matter whether sleeping on their stomachs
or their backs, when “restrained” by swaddling, the babies showed
earlier and more dramatic heart slowing in response to noise than
the unrestrained babies. This suggests that for babies already in the
dangerous facedown position, the addition of restraint in the form of
swaddling might create a fatal third layer of cardiac slowing,
especially with the addition of a loud, unexpected sound.

Swaddling, it must be said, is for the most part safe, playing a role
in infant care and physical and emotional security. But if swaddling
joins facedown posture and startling sounds, it may be
misinterpreted as predatory restraint and further slow the already
decelerating heart. Pointing out the ability of noise and restraint to
trigger alarm bradycardia in the young of many species adds a



zoobiquitous piece to the SIDS puzzle. This calls for direct dialogue
among animal physiologists, wildlife biologists, and the primary
care pediatricians who can use this information to care for their
vulnerable patients.

Like the rhythmic beating of cardiac muscle, the conversation
between the heart and the brain starts in the womb and continues
until the moment we die. And thank goodness. Because sometimes
being surprised, even terri�ed, can protect us from harm. It fuels a
shorebird’s escape. It pushes a Californian to seek cover during an
earthquake. Powerful yet vulnerable, the heart-brain alliance
usually saves lives. But every once in a while, it can also end one.

*Implantable cardioverter de�brillators (ICDs) are surgically placed in hearts that are at
risk for arrhythmias that can lead to death. These tiny electronic devices read the heart’s
rhythm 24/7. If it dangerously decelerates or accelerates, the ICD delivers twenty-�ve to
thirty joules of electricity to “jump-start” or “pace” the heart. Patients’ descriptions of these
jolts range from “heavy hiccups” to “having a donkey kick you on the chest.” Previous
studies have noted increased ICD activity after emotionally charged events, including
arguments.

†Before the takotsubo designation came along, we would diagnose this syndrome as “spasm
of the coronary arteries.” Certain types of people seemed prone: middle-aged women;
people with histories of migraine headaches; and patients with Raynaud’s syndrome, a
circulation anomaly characterized by white, blood-drained �ngertips. The ill-de�ned heart
“spasm” was also linked to cocaine use, so any patient who came into the ER with chest
pain combined with suspiciously plaque-free arteries was questioned about drug habits.

‡Imagine one and a half packed 747s crashing every day and you’ll appreciate the public
health signi�cance of the problem.

§Many things can cause VF and VT and sudden cardiac death. Some dangerous heart
rhythms are inborn, such as long QT syndrome. Others are acquired: electrolyte
disturbances, viral infections, antibiotics and other drugs, and aortic ruptures can all result
in fatal arrhythmias. Even acts of God, like being struck by lightning, a high-velocity karate
chop, or a Little League line drive to the chest that falls at precisely the wrong moment,
can cause the heart’s valvular structures to vibrate violently and then stop moving (doctors
call this commotio cordis).



‖Like the on-set veterinarians who allow �lm studios to declare, “No animals were harmed
in the making of this movie,” Mulcahy is an on-site veterinarian in the �eld, monitoring
animal safety for �eld biologists observing and tracking wildlife. Working for the United
States Geological Survey, Mulcahy has pioneered and enforces protocols to make these
studies safer for the animal subjects.

aVeterinarians divide capture myopathy into four classic presentations: “capture shock
syndrome,” “ruptured-muscle syndrome,” “ataxic myoglobinuric syndrome,” and “delayed
peracute syndrome.” These terms describe various physical manifestations of the syndrome,
ranging from weak muscles and unsteady gait to kidney failure and sudden death. A
captured wild animal may exhibit one or more of these syndromes during chase and/or
capture.

bThese are all examples of animals in the wild, but stress before being slaughtered in
broiler hens, sows, steers, and lambs damages their muscles, too. The same muscles, when
wrapped in plastic on a Styrofoam tray, are sold as meat. Some farmers recognize this and
(perhaps for the wrong reasons) strive toward less-stressful slaughter techniques.

cIn long QT syndrome, abnormalities in ion-channel function cause the period between
waves of heart activity to lengthen dangerously. This condition predisposes the patient to a
potentially fatal cardiac arrhythmia. Long QT can be inherited (many of the genes have
now been identi�ed) or acquired. Many common medications, including some antibiotics,
antidepressants, and antihistamines, can bring on long QT episodes. So can some
electrolyte disturbances like severe vomiting and diarrhea. 
    Tellingly, startling patients who have a long QT can actually kill them. The emotional
jolt can trigger an extra beat, which leads to a deadly arrhythmia. And that type of jolt can
be caused by sudden loud noises, anger, arguing.… or fear.

dSudden unexpected noctural death syndrome (SUNDS), for example, largely a�icts young
men from the Hmong ethnic group of Laos who die in their sleep. Hmong are wary of a
very speci�c nightmare (dab tsog) in which a terrifying evil spirit appears and actually
“kills” the dreamer. This e�ect probably involves an underlying (possibly genetic) electrical
problem with the heart. But it needs the cataclysmic (catecholamine-inducing) stress of the
nightmare—which takes its imagery from �rmly established folklore traditions—to kill.
Young Filipino men have also been reported to die from something similar, called
bangungut (Tagalog for “to rise and moan during sleep”). There is a reason this may sound
familiar to current or former horror movie fans. It is the premise of the Nightmare on Elm
Street movie franchise, in which teenagers who are pursued and killed in their dreams by
the movie’s villain, Freddy Krueger, die in real life.



eSometimes the thing that’s supposed to protect you accidentally kills you. An example of
this phenomenon is demonstrated in some human-engineered systems. Take air bags. To be
e�ective lifesavers in the split seconds after impact, these scorchproof polyester pillows
must deploy at velocities exceeding two hundred miles per hour. Not surprisingly, although
tens of thousands of lives have been saved by air bags since their 1997 introduction,
thousands of people have died when the force of rapidly opening air bags ruptured hearts,
tore pulmonary arteries, and cracked neck vertebrae. This happened mostly to babies and
young children riding in the front seat, before legislation made that illegal.

fSome cases of SIDS may stem from overlapping neurological, respiratory, and
cardiovascular syndromes. One emerging theory connects SIDS to abnormal brain function
leading to improper sensing of rising carbon dioxide levels, called hypercapnia.
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SEVEN 

 
Fat Planet

Why Animals Get Fat and How They Get Thin

I never, in all my years of counting calories, expected to receive
dieting advice from a grizzly bear. But there I was, in a dark
conference room with about a hundred zoo veterinarians, raptly
listening to a presentation on how Jim and Axhi, two obese Alaskan
grizzlies at Chicago’s Brook�eld Zoo, had dropped hundreds of
pounds.

Delivering the secret was Jennifer Watts, Brook�eld’s easygoing,
bespectacled nutritionist, a Ph.D. who oversees the diets of the
animals at the zoo. Projected on a screen next to her was a “before”
photo. It was just like my favorite moment on every TV makeover
show—seconds before the “reveal.” The “before” bears’ shimmying
bellies barely cleared the ground. Rolling billows of �esh rippled
along their �anks. Years of overfeeding had ballooned their faces
and erased all memory of their necks.

Then Watts �ashed the “after” picture. A few chuckles escaped
from the animal doctors around me. The di�erence was huge. Svelte
and glossy, the bears simply looked healthier. If they’d been my
patients, I’d be breathing easier, too, knowing that, along with their
weight, their risk of obesity-related health problems had just
plummeted.



Although I’m a cardiologist, some days I feel more like a
nutritionist. Patients, family, and friends all frequently ask me,
“What should I be eating?” We all know by now that choosing the
wrong foods and carrying extra weight on our bodies can make us
sick. Obesity, weight gain, “eating right”: these concerns are at the
very core of modern preventative medicine.

And yet, listening to Watts talk about the grizzly bears, I realized
something that was at once astounding and obvious: humans aren’t
the only animals on our planet who get fat. And it turns out that it’s
not just iconic fatties like hippos and walruses who pack on the
pounds. Animals as varied as birds, reptiles, �sh, and even insects
regularly gain—and then take o�—weight. And they do it without
ordering dressing on the side or going on slimming crusades
involving shots, pills, psychotherapy, and even surgery. Fattening in
the animal world has enormous potential lessons for humans—
including dieters looking to shed a few pounds and doctors
grappling with obesity, one of the most serious and devastating
health challenges of our time.

But until that moment it had simply never occurred to me to
wonder, Do animals get fat?

As you’ve probably heard many times, we are in the midst of an
“obesity epidemic.” Millions must cope with this life-threatening
disorder. Doctors everywhere are urgently searching for a cure.

What may surprise you about this obesity epidemic, however, is
that I’m not talking about overweight humans (not yet, anyway).
There’s another obesity epidemic going on around us. It a�icts our
dogs and cats, horses, birds, and �sh. Domestic animals around the
world are fatter than ever before, and steadily gaining more weight.

Exact numbers are hard to pin down—in part because pet owners
and veterinarians don’t always recognize when a beloved Lab or
tabby has crossed the line from well fed to positively plump. But
studies in both the United States and Australia put the number of
overweight and obese dogs and cats somewhere between 25 and 40
percent. (For the time being, animals are still doing better than we



are—the proportion of U.S. human adults who are now either
overweight or obese is close to a jaw-dropping 70 percent.)

With our pets’ excess pounds have come a familiar suite of
obesity-related ailments: diabetes, cardiovascular problems,
musculoskeletal disorders, glucose intolerance, some cancers, and,
possibly, high blood pressure. They’re familiar because we see
nearly identical problems in obese human patients. And just as in
our population, these weight-related diseases among dogs and cats
often lead to premature death.

The e�orts to combat excess animal girth will also sound familiar.
Some dogs are put on diet drugs to curb their appetites. Liposuction
has been the treatment of choice for some severely obese canines
when the extra �ab threatened to snap their spines or splay their
hips. Companion felines have been placed on the “Catkins” diet—a
veterinary version of the popular high-protein, ultra-low-carb Atkins
diet for humans. Veterinarians increasingly treat “portly ponies.”
They instruct owners not to overfeed chubby �sh. They suggest
giving husky lizards more exercise to work o� their surplus weight.
They describe tortoises so fat they can no longer pop in and out of
their shells. They’ve seen so many overweight birds they have a new
nickname for them: perch potatoes.

Exotic animals in nonwild settings are getting rounder, too.
Concerned about the health e�ects of extra �ab, zoo veterinarians in
North America and Europe have placed overweight animals from
�amingos to baboons on slimming diets. Many of these regimens
borrow strategies from human weight-loss programs. If you’ve ever
tallied daily Weight Watchers points, you understand the routine of
the gorillas and cockatoos at Brook�eld Zoo, where Jennifer Watts
has put the animals on a similar system. In Indianapolis, zookeepers
have encouraged rotund polar bears to move around their
enclosures by tempting them with calorie-free, arti�cially sweetened
gelatin treats in place of the sugary marshmallows and molasses of
yore. In Toledo, plump gira�es have been o�ered biscuits that are
specially formulated with lower salt and higher �ber, in place of the
junk crackers they had been getting.



What all these corpulent animals share, what sets them apart from
their wild cousins and ancestors, is one thing. We feed them. They
are mostly or completely dependent on humans for every meal, and
we regulate both the quality and the quantity of everything that
passes their lips and beaks. Consequently, we can’t really blame
them for their weight problems. Of course, a dog will eat pretty
much whatever you put in front of her, and still sni� around for
more. The very idea of a cat exercising willpower to resist a
fattening treat seems ridiculous. And so we’re left with one
conclusion: we, the species that both manipulates food to make it
more unhealthful and has the intelligence to understand that we
shouldn’t eat so much of it, are to blame. We’re responsible not only
for our own expanding waistlines but for those of our animal
charges as well.

And even just living around us humans can make animals balloon.
City rats crawling the alleys in urban Baltimore, for example, grew
about 6 percent fatter, per decade, between 1948 and 2006,
presumably because their food came almost entirely from human
garbage cans and pantries. These rats also showed about a 20
percent increase in the chance of becoming obese. But our fattening
leftovers might not have been the sole cause of the rodents’ increase
in body weight. The researchers who studied these urban rodents
found an intriguing parallel weight gain in another group of
animals. The city rats’ country cousins also became fatter—at nearly
the same rates—during some of that same time period. And even
though their food supplies were more “natural,” rats in the
parklands and agricultural areas around Baltimore also showed an
increase in the odds they would become obese.

It’s pleasing to assume that when animals are in their native
environments, eating what they “should” (the unprocessed foods
they evolved with), they will stay e�ortlessly lean and healthy. But
that’s not necessarily true. I’d long imagined that, in the wild,
animals will eat until they are full and then stop. In fact, given the
chance, many wild �sh, reptiles, birds, and mammals will
overindulge. Sometimes spectacularly so—even on wholesome,



natural foods. Abundance plus access—the twin downfalls of many a
human dieter—can challenge wild animals, too.

Although we may think of food in the wild as hard to come by, at
certain times of the year and under certain conditions, the supply
may be unlimited. Seeds spill across �elds. Larvae cover sand and
vegetation. Eggs lie easily available under every leaf. Bushes �ll
with berries. Flowers ooze with nectar. And when animals’
environments are this abundant, they will gorge. Many stop only
when their digestive tracts literally cannot take any more. Tamarin
monkeys have been seen to eat so many berries in one sitting that
their intestines get overwhelmed and they soon excrete the same
whole fruits they recently gobbled down. After gorging on abundant
prey, carnivorous �sh sometimes start excreting undigested �esh.
Big felines, like lions, as a matter of course stu� themselves after a
hunt until they can barely move. Mark Edwards is an animal
nutrition expert at Cal Poly, San Luis Obispo, and was the �rst
nutritionist at the San Diego Zoo and Wild Animal Park. As he told
me, “We’re all hardwired to consume resources in excess of daily
requirements. I can’t think of a species that doesn’t.” In fact, when
presented with unlimited food, domestic species, including dogs,
cats, sheep, horses, pigs, and cattle, eat nine to twelve meals per
day.

With ready access to superabundance, some wild animals have
become impressively fat. A seal with the catchy nickname of C-265
was recently euthanized by the Oregon Department of Fish and
Wildlife. His crime: bingeing on more than his share of endangered
chinook salmon during the annual run. So enthusiastically did C-265
feast on the lox smorgasbord that he nearly doubled his weight in
just two and a half months (going from 556 to 1,043 pounds). His
appetite was undeterred by the �recrackers and rubber bullets
deployed by rangers to protect the precious salmon stocks. And C-
265 was not alone in his gluttony. Dozens of seals have been
euthanized since a federal judge’s controversial 2008 ruling
allowing eighty-�ve of them to be killed each year to protect salmon
reserves.



The weight of blue whales o� the California coast �uctuates from
year to year, depending on the population of krill, their favorite
food. Some years, they’re so skinny the individual vertebrae
protrude noticeably from their backs. Other years, as a whale-
watching boat captain described it to me, they’re “fat, happy, and
relaxed.” And who can forget the undulating, pendulous, black-and-
white bellies in the movie March of the Penguins, belonging to birds
that could barely waddle after gorging for weeks in the ocean?

In the Colorado Rockies, warmer temperatures since the 1960s
have correlated with a body change for yellow-bellied marmots. As
Daniel Blumstein, chair of the UCLA Department of Ecology and
Evolutionary Biology, explained to me, “As the snow has melted
earlier over the past forty years, marmots have emerged from
hibernation sooner, had a longer growing season, and entered
hibernation in better condition, which increases both survival and
reproductive success.” In other words, marmots have gotten fatter. A
study Blumstein copublished in Nature with biologists from Imperial
College London and the University of Kansas showed that across
generations of marmots, average weights have swelled by more than
10 percent over the nearly �ve decades of the research period. If
this doesn’t seem like a lot, consider that CDC data show that over
the same �ve decades, average adult male weights in the United
States have also increased by about 10 percent (from about 166
pounds in 1960 to about 186 pounds in 2002). This trend tracks
with the human obesity epidemic, although the implications may be
di�erent. Says Blumstein: “The marmot population has tripled in the
past decade. Chubby marmots are happy marmots.”

Slovakians living at the base of the Carpathian Mountains once
believed that their local lake contained a unique species of wild carp
—bigger and meatier than the �sh found in nearby waterways. But
upon closer inspection, it turned out that the impressive specimens
were Esox lucius—exactly the same species as the smaller �sh. A
�ood had swept nutrients o� nearby farms into the lake, providing
the piscine gluttons with so much extra food that their bodies had
swelled beyond recognition. This ability to get hugely fat when
there’s extra food around is shared by �sh in many other regions.



So wild animals can get fat the same way humans do: in
environments with unfettered access to abundant food. Of course,
animals also fatten normally—and healthily—in response to
seasonal and life cycles (and more on that in a moment). But what’s
key is that an animal’s weight can �uctuate depending on the
landscape around it.

A zoobiquitous approach gave me a more nuanced appreciation of
why and how animals get fat. It reminded me that weight is not just
a static number on a chart. Rather, it’s a dynamic, ever-changing
reaction to a huge variety of external and internal processes ranging
from the cosmic to the microscopic.

This echoes something I heard a wise colleague say: “Obesity is a
disease of the environment.” Richard Jackson is the chair of
Environmental Health Sciences at UCLA and a former head of the
National Center for Environmental Health at the CDC. In an
impassioned Internet video recorded in 2010, he explained what he
meant:

One of the problems with the obesity epidemic is we too
often blame the victim. And yes, every one of us ought to
have more self-control and ought to exert more willpower.
But when everyone begins to develop the same set of
symptoms, it’s not something in their mind, it’s
something in our environment that is changing our
health. And what’s changing in our environment is that
we have made dangerous food, sugar-laden food, high-fat
food, high-salt food … and we’ve made it absolutely the
easiest thing to buy, the cheapest thing to buy, and yes,
it tastes good, but it’s not what we should be eating.

This point is similar to one made by David Kessler, the former
head of the U.S. Food and Drug Administration, who pointed the
�nger at processed foods in his 2009 book, The End of Overeating.
Excess sugar, fat, and salt, Kessler argued, “hijack” brains and
bodies and drive cycles of appetite and desire that make it nearly
impossible to resist certain fattening foods. Essentially, even if we



can resist one package of chips or plate of cookies, our
“environment” now comprises endless mountains of these foods
everywhere we look.

And these fattening landscapes present themselves to animals,
who then overconsume. Even some animals you’d think would know
better.

Early one morning I walked in on this tableau: French fries wilted in
their own grease on paper plates holding burger scraps and ketchup
smears. A yellow bag of M&Ms gaped open beside a gutted sack of
Doritos. Half-empty soda cans stood near a pizza box glistening with
rainbow streaks of congealing oil.

This wasn’t a frat house on Sunday morning or a bulimic’s
bedroom. No, this was the on-call room used by the overnight team
of a cardiac care unit (CCU). The young doctors who had created
this mess were on their cardiovascular medicine rotation; some were
deep into their training to become cardiologists. These physicians,
handpicked from the best med schools, had spent the past twenty-
four straight hours treating some of the deadliest conditions known
to modern humans: heart attacks, artery ruptures, strokes, and
aneurysms. Their night had been a whirlwind of chest pain,
abnormal EKGs, angiograms, de�brillations. And most of this
trauma had been caused by their patients’ underlying coronary
artery disease, the leading killer in the United States, which is
strongly linked to diets high in sugar, re�ned carbohydrates, salt,
and certain fats.

Throughout my training, in teaching hospitals around the
country, catering departments would lay out what used to be called
“midnight meals”—sumptuous spreads of pasta, sandwiches, thick
cookies, granola bars, hamburgers, greasy fries, and candy. These
spreads were reward and encouragement for our extreme working
hours. They were good opportunities to bond with our colleagues.
But for many of us, the unfettered access to all that tasty temptation
in the middle of the night, with the overlay of constant stress, was



precisely the “obesogenic” environment we now routinely tell our
patients to avoid.

You don’t have to be a cardiologist to know what you should eat,
or at least that a diet of candy and pizza is problematic. But this is
precisely why that CCU on-call room is so illuminating.
Cardiologists see with their own eyes and hold in their very hands
the diseased body parts that come from eating poorly. Putting aside
the CCU interns’ and residents’ youthful sense of invulnerability, a
junk-food–eating cardiologist seems like a medical oxymoron. Along
with other subspecialty death wishers, including chain-smoking
oncologists and alcoholic hepatologists, they are the living (for now)
embodiment of the cognitive disconnect between intention and
consumption. We consume the dietary weapons of mass destruction
even when all our training and experience tell us not to. A survey of
almost 300,000 U.S. physicians conducted in 2012 revealed that 34
percent of cardiologists report being overweight, with 4 percent
actually obese. Forces beyond knowledge and free will are clearly at
play when we eat.

The evolutionary biologist Peter Gluckman calls contemporary
obesity an example of “mismatch,” the widening gulf between our
genetic inheritance and our environment. (From animal ancestors
we’ve inherited eating behaviors that evolved to keep us alive
through feast and famine. But thanks to human culture, we’ve
created a mismatched, fat-promoting environment of Frosted Mini-
Wheats and electric skateboards.)

Mismatch explains why that scene in the CCU on-call room,
instead of being the embodiment of what’s worst about the way we
eat, may represent the legacy of millions of years of inherited eating
strategies that have worked. And the young on-call doctors are not
alone in preferring cookies and other treats when given the
opportunity.

In the dry western United States, red harvester ants have adapted
over millions of years to eat seeds. For them, it’s an ideal food



source. Seeds store well. They provide nutrients—protein, fat,
carbohydrates—in good ratios.

Seed eating essentially makes these animals vegetarians. But put a
slice of tuna in front of the ants, or a sugar cookie, and watch what
happens. Forget the carefully calibrated generations of evolution.
Forget millions of years of natural selection favoring prudent food-
storage behaviors. Those ants devour the meat and the cookie.

Something similar happens with marmots. These sandy-blond
rodents live in alpine areas around the world, including California’s
Sierra Nevada and Colorado’s Rocky Mountains. They’re mostly
herbivorous, feeding on grasses, although they will eat the
occasional spider or insect. Yet biologists who’ve spent careers
studying them say that these preferential vegetarians will wolf down
raw meat given the slightest opportunity. So will chipmunks and
squirrels, who are vegetarian except when they are lactating; then
they become not only carnivores but cannibals, eagerly scar�ng
down road-killed kin.

The reason, says the UCLA evolutionary biologist Peter Nonacs, is
pretty simple. Ounce for ounce, meat and processed sugar o�er the
most nutrients for the least amount of e�ort. They provide more
calories, and they’re more digestible. As he puts it, “You don’t have
to eat a lot of meat to survive.” Harvesting a pile of seeds requires a
lot of work. Munching on bales of grass requires energy. If an ant or
a marmot can skip all that and get straight to the nutrients, that’s
what it will do.

Evolutionary biologists think the desire for protein—which
includes the taste for fat and salt—is an ancient, long-preserved
mechanism. A drive for sugar is probably slightly younger, most
likely arising about a hundred million years ago, when plants began
�owering and concentrating sugars in their seeds and fruits. As
humans, we share ancestors—and we also may share urges—with
protein- and sugar-seeking animals.

This suggests that the scene in the on-call room, with its fatty
pizza, sugary candy, and salty fries isn’t necessarily an example of
depraved human eating. It may be more a demonstration of
preserved food-class preferences. If, for hundreds of millions of



years, animals have shared the urge to snatch protein, fat, salt, and
sugar, it’s almost naively optimistic to think that hearty advice to
“just resist junk food” and “eat a healthy diet” could compete with
it.

Modern-day food manufacturers, perhaps cynically, have hitched
a ride on these evolutionary urges by amping up those elements in
their products. There’s a reason you can’t eat “just one.” In an
analogous situation, a marmot can’t either.

And sometimes that’s okay. Animal weight goes up and down—in
some cases dramatically and several times throughout the year.
Throughout the animal kingdom, this is a sign of health. Indeed, zoo
nutritionists do not set single weight goals for the animals in their
care. They establish weight ranges, and they worry if animals from
gira�es to snakes don’t move from one end of their range to the
other, depending on the season and life stage. In the wild, males of
many species fatten in the weeks prior to mating season. Female
animals store body fat to nourish eggs and support milk production
or other food provisioning for their young. Seals, snakes, and other
animals whose bodies require a calorie-draining molt are obliged to
store energy as fat in the days and weeks leading up to it.
Hibernation, iconically, requires a tremendous shift in body mass to
support a months-long fast. Migration, too, triggers key fattening
and thinning cycles. And among the most metabolically taxing
moments in any animal’s life are its �rst few hours or weeks after
being born. Infancy is a time of peak fatness for many creatures,
from nestling birds to newborn humans.

Even insects’ body fat goes up and down during critical phases of
their lives. Some fatten before metamorphosis or laying eggs. With
adequate nutrition, bees produce fat in bulk: honeycomb wax is a
form of apian fat. And fat exists in plants, too—as waxy, waterproof
coatings on leaves and fuel packs in seeds.

But nature imposes its own “weight-maintenance plan” on wild
animals. Cyclical periods of food scarcity are typical. Threats from
predators limit access to food. Weight goes up, but it also comes
down. If you want to lose weight the wild animal way, decrease the
abundance of food around yourself and interrupt your access to it.



And expend lots of energy in the daily hunt for food. In other words:
change your environment.

This is something many zoos are already doing.

If you happen to �nd yourself at the Copenhagen Zoo at just the
right time, you’ll witness something one won’t see at many other
zoos around the world.

A dead impala lies in the middle of an enclosure. Crawling over it,
like �ies on a discarded slice of salami, are a dozen or so lions. The
full-grown male with his distinctive mane sits high on the beast,
tearing at its throat and face. A couple of favored females crouch
near him, methodically munching. Two or three others work on the
carcass’s abdomen, loosening the entrails inside. Young cubs—as
supple-limbed and clumsy as puppies—dart in and out between
their elders, snagging jawfuls of �esh, their muzzles dripping with
blood. There’s an eerie hum of contented growly purrs, punctuated
by the unique snap of teeth going through bone. The big cats stu�
themselves until they can barely move, their eyelids drooping in a
satis�ed daze.

This human-staged simulation of a feast on the African veldt is
known as carcass feeding. Nutritionists at the Copenhagen Zoo and
others who carcass-feed their lions, tigers, cheetahs, wolves, jackals,
and hyenas choose the prey carefully. They make sure the carrion is
free of disease and that it’s appropriately nutritious. Often the
animal to be eaten is from another part of the zoo, euthanized and
“recycled” as a meal for the carnivores. Proponents say this whole-
food approach (hooves, fur, eyeballs, and all) gives the meat eaters
a �gurative and literal taste of how they would consume meals in
the wild, the way nature intended.

However, detractors (mostly in North America and some parts of
the United Kingdom) say the practice is cruel, not to mention o�-
putting for visiting families unaccustomed to such natural carnage.
So although many of them are privately in favor of carcass-feeding,
British and American zoo nutritionists bow to public opinion. They
serve meat that’s already dismembered or entirely ground up. On



the occasions when they do feed an animal, say, a big bloody beef
leg or haunch, they do it behind the scenes (“o�-exhibit”) or after
hours.

When I asked Mads Bertelsen, a veterinarian at the Copenhagen
Zoo, about carcass-feeding, he was unapologetic.

“It’s what the animal is meant to do,” he told me. Zoos that avoid
it for fear of a public outcry are, he said, “bending to a minority of
loud voices.” He pointed out that if you feed a tiger a patty of
minced horse meat, it’s still eating a horse but receiving none of the
nutritional bene�ts of crunching though bone, gnawing on gristle,
and digesting fur and hair. Indeed, zoos that allow their carnivores
to feed on the whole prey animals they would naturally hunt
(Tasmanian devils on kangaroos, lions on elands, cheetahs on
gazelles) notice cleaner, stronger teeth, healthier gums, and even
positive behavioral changes, like a more relaxed demeanor. Like
most vets, who abhor anthropomorphizing the animals in their care,
Bertelsen stopped short of saying the lions in Copenhagen
experience pleasure while they’re eating in this more natural way.
But he did grin and say that the felines “seem to be having a good
time.”*

Reconciling how an animal eats in captivity with how that same
animal might eat in the wild is a challenge for the veterinarians who
treat them and the nutritionists who formulate the menus. In the
wild, an animal ideally has free access to choose and eat the
healthiest and best-balanced meal it can get its fangs and claws on.
But more important, its food is intricately connected with the many
activities—both physical and cognitive—it must undertake to get it.
Stomach and spirit are rarely separated in wild meals, whether in
the thrilling adrenaline rush before a chase, the reward of a morsel
of clam meat after wrestling the shell open, or the relaxing sensation
of a full belly after a period of hunger.

For a zoo animal, however, feeding decisions for the most part are
made for him. What he eats. When he eats. How much and even
where he’ll eat. Yet while a zoo environment limits the whole �eet
of inherited, wild instincts to hunt, forage, and be alert to danger, it
doesn’t entirely erase them. Carcass-feeding is one way to put



feeding decisions back in the paws and snouts of zoo animals.
Creatively spreading forage items like string beans around an
enclosure is another. It gives an animal more control and more
challenge than does simply slurping chow out of a bowl. Modifying
an animal’s surroundings in order to improve its health or well-
being is called “environmental enrichment.”

Environmental enrichment as an animal husbandry standard came
into its own in the 1980s, largely as a way for zoos to reduce
undesirable behaviors, like pacing, in the animals in their care.
Settings that allowed for more “natural” or “wild” expressions of
behaviors could in some cases make the animals healthier.

At the Smithsonian National Zoo, in Washington, D.C., for
example, environmental enrichment for octopuses includes adding
shelves, archways, tunnels, and doorways to their tanks for them to
explore. As they do in the jungle, orangutans can swing hand over
hand along the Orangutan Transport System, a 490-foot-long aerial
cable network strung along eight �fty-foot-high towers. Naked mole
rats sometimes �nd their tunnels blocked by pieces of beet or carrot,
left there by keepers who want to encourage the animals to gnaw or
burrow their way around the obstruction, as they would a root in
the wild.

Besides the animal’s physical environment, feeding is the main
area where veterinarians, nutritionists, and keepers concentrate
enrichment. Nutritionists provide smaller and more frequent meals.
They scatter and hide food. They o�er live prey. Changing these
aspects of the animals’ environment makes eating a process.

No animals evolved to have food placed on a plate in front of
them. They ran. They dug. They schemed. They starved. Eating was
the reward for all that “work.” Even when human agriculture began
to improve the predictability of food supplies, those humans still
had to catch or raise the meat they ate. Farming crops is essentially
just organized foraging.

Nowadays, like many pets and zoo animals, most of us no longer
worry about where our next meal is coming from (although sadly
one in seven still does). Yet as we increasingly outsource where and
what we eat to agribusinesses, supermarkets, and restaurant chains,



we hand over not just the inconvenience of food gathering and
preparation but also the challenge, the puzzle, and even the
excitement of eating. Like that of captive animals, modern human
eating has become more and more detached from the complex
physiological and behavior-based impulses and decisions around
food that natural selection forced us to develop.

When Richard Jackson calls obesity a “disease of the
environment,” the setting he’s taking issue with is the one we’ve
built with human ingenuity. The food we’ve tinkered with. The
marketing that encourages us to consume it. The activity-lessening
conveniences that have allowed us to become more sedentary than
ever before. Living with abundant food and ready access to it will
cause obesity no matter what species you belong to.

But a zoobiquitous perspective reveals other environmental
factors, ones we can’t even see and rarely think about that may be
playing an unacknowledged role in obesity. It turns out that there
are cosmic and microscopic drivers of appetite and metabolism—
forces more complicated and unexpected than portion size, calorie
count, and exercise levels. And they make the story of animals’
weight gain much, much more interesting.

Every autumn, around the second week of October, the two male
alligators at Brook�eld Zoo abruptly stop eating. For nearly six
months, Gaston and Tiboy refuse all food. Come early April, when
they start bellowing and trying to charge their keepers, their
nutritionist, Jennifer Watts, knows they’re ready to resume their
diet of rats and rabbits, until October, when they’ll go o� their feed
again.

There’s a reason the alligators’ feeding schedule is like clockwork:
clockwork.

As we all know, yearly life on our planet goes predictably from
season to season. The amount of sunlight every day increases and
decreases with perfect regularity, depending on the time of year and
latitude.



Daily life, too, follows a regular schedule that is simultaneously
grand and utterly familiar. Every day, as it has for billions of days,
light follows dark in our planet’s steady circadian rhythm. For more
than three billion years, Earth’s living creatures, starting with
earliest single-celled organisms, have evolved in concert with this
simple fact. Circadian rhythms, together with the diurnal rhythms of
Earth’s yearly trek around the sun, in�uence hunger, appetite,
ingestion, and even digestion.

When I started medical school thirty years ago, I’d have been
laughed out of seminar for suggesting that diurnal and circadian
rhythms had anything to do with food choice and nutrition, much
less obesity. These forces were like tidbits in the Old Farmer’s
Almanac—intriguingly consistent and predictable, observed in both
plants and animals, but folksy and inscrutable enough to make them
uncomfortably hard to use in any standard scienti�c sense.

During the past decade, that has changed. Molecular biologists
have identi�ed the underlying basis of circadian rhythms: the actual
“clocks” that track time throughout our bodies. We’d been sensing
their inaudible “ticking,” but suddenly we could see how many and
varied and yet how consistent they are.

The cells of all human beings, from those on our scalps to those
deep in our hearts, contain oscillators built by what are called clock
genes. Oscillators in�uence everything from how fast you burn your
calories to when you want to eat them. Oscillators aren’t just found
in animals’ cells. Primitive and species-spanning, they vibrate away
in the cells of plants, bacteria, fungi, and yeast as well. Even
cyanobacteria, some of the oldest single-celled organisms on Earth,
display circadian rhythms organized by their oscillators.

So-called higher creatures—those with brains—have evolved a
“mission control” apparatus that coordinates the messages from all
these countless oscillator “droids” in the far-o� cells. It’s called the
suprachiasmatic nucleus, or SCN. In humans, it’s a pinecone-shaped
collection of cells about the size of a sesame seed that sits at the
point where the optic nerves intersect in the hypothalamus. The
external signals the body takes in, called zeitgebers, exert a
powerful e�ect on all of our physical functions. Temperature,



eating, sleep, and even socializing in�uence our bodies’ clocks. But
by far the most in�uential of the zeitgebers is light. When light
comes through the eyes, it hits the SCN, which then syncs up the
external time signals with the internal oscillators throughout the
body.

New research suggests that when, and how much, light beams
through your eyes and hits your SCN may play a quiet and
unrecognized role in determining your dress or pants size. Several
studies have linked shift work to obesity in humans. One assumption
has been that the weight gain can be attributed to a lack of sleep.
But studies coming out of the animal world suggest that the culprit
may not be the hours of missed sleep but the breaking up of light-
dark cycles. A rodent study published in the Proceedings of the
National Academy of Sciences showed that mice housed with constant
light—whether bright or dim—had higher body mass indexes (BMIs)
and blood sugar levels than mice housed with standard cycles of
dark and light.

Farmers fattening chickens for meat have experimented with
manipulating their weight through light exposure. In a study
reported by the World Poultry newsletter, broiler hens “subjected to
dim lighting were around 70g heavier than those in bright light.”

And think about the Brook�eld alligators. What changes for them
in October and April isn’t their job. They aren’t suddenly being
forced to stay awake or work a double shift. And it’s not
temperature. The alligators are in a temperature-controlled
enclosure. It’s light that makes them start and stop eating.

Studies have shown that disrupting circadian rhythms by even
one hour during the switch to daylight saving time may increase
depression, tra�c accidents, and heart attacks. These rhythms a�ect
consumption and metabolism in animals—it is hard to imagine that
they aren’t also playing a role in human appetites as well.
Controlling environmental light with lamps, TVs, and computers
gives us incredible �exibility and productivity. But it interrupts
daily and yearly cycles that were billions of years in the making and
are shared by countless creatures on our planet.†



Global factors like circadian rhythms can in�uence an animal’s
internal clock and govern when and how much it eats. But another
set of even more intriguing and powerful processes are going on, out
of sight, deep inside animals’ bodies. While silent and unseen, these
internal drivers illuminate a mystery of variable weight gain: why
the very same piece of food can be processed di�erently by two
neighbors, two relatives, or even by the same animal at various
times of the year.

Some animal intestines perform an amazing trick. They expand and
contract like accordions. This may not sound all that impressive, but
its e�ect on weight can be profound. It allows the body to absorb
varying quantities of calories from the same food, depending on the
task at hand.

The mechanism is simple: a ribbon of muscle running the length
of the intestine allows it to contract and expand. When guts are
clenched, they’re shorter, tighter, and smaller. When relaxed,
they’re elongated.

When intestines are in the longer, stretched-out mode, they
expose more surface area to the food passing over them. This allows
the cells to extract more nutrients and, therefore, energy. When the
intestines shrink back to their shortened state, some of the food
passes by essentially unused.

The guts of some small songbirds increase by 25 percent during
the weeks right before they migrate, when fattening quickly is
crucial to power their journey. Similarly, the intestinal surface area
of certain grebes and waders nearly doubles during premigration
feeding. When they’ve fattened enough to fuel a long �ight, the
birds’ intestines shrink back down again.

The ability to lengthen and shorten intestines has also been
observed in �sh, frogs, and mammals, including squirrels, voles, and
mice. Jared Diamond, a UCLA physiologist and author, has studied
python guts for clues to how these snakes can go months between
meals. Like those of birds and small mammals, pythons’ intestines



are dynamic, responsive organs, able to dramatically increase in size
depending on what and when food is passing through.

Animals may be doing “naturally” what we spend tens of
thousands of dollars to accomplish with bariatric surgeries that cut
out or bypass parts of the stomach or small intestine. In us, as in
other animals, less “gut” means fewer calories and nutrition
absorbed. For animals, it isn’t surgery but, rather, muscular action—
triggered by certain foods, seasonal cues, and other unknown factors
that expand and contract the gastrointestinal region.

Could a similar accordion-like lengthening and shortening in
human intestines underlie some unexplained weight gain in our
species? Unfortunately, there’s little direct research on when and
whether our guts pull o� this same trick. But there are intriguing
clues. Our intestines are also lined with smooth muscle. And we
know from autopsies that human intestines are some 50 percent
longer after death, when smooth muscle control is no longer
exerted. Perhaps, during life, dynamic muscle activity allows the
human intestine to vary its calorie-absorbing length in response to
medications, hormones, and even stress—factors frequently pointed
to when weight inexplicably increases even when a patient isn’t
eating more. Many common drugs cause undesired weight gain
through unclear mechanisms. It’s intriguing to consider whether the
smooth muscle e�ects of these drugs contribute to a songbird-like
intestinal stretch leading to greater calorie absorption and weight
gain.

But besides the astonishing physiology that makes our guts
dynamic, animal intestines hold another key to the complex issue of
weight. Within them is a universe invisible to the naked eye that
scientists are just beginning to explore and understand.

Deep inside every animal colon, ours included, thrives an entire
cosmos of creatures more strange and wondrous than any dreamed
up in a Hollywood special e�ects lab. There are whip-tailed bacteria
and tripod-legged viruses, frilled fungi and microscopic worms.
Trillions of these invisible creatures make our intestines their home



—a dark, teeming world scientists call the microbiome. Our skin,
mouths, teeth (and even areas once thought to be sterile, like the
lungs) so swarm with invisible creatures that as few as one out of
every ten cells in our bodies may actually be human. The rest are
much smaller microbes. So profound is this colonization that some
geneticists call adult humans “superorganisms,” meaning our cells
plus those of all the creatures living within our bodies. Each of us is
like a coral reef, an individual microhabitat harboring unique
combinations of unseen wild inhabitants.‡

In general, we should be grateful that these trillions of minuscule
bugs and plants want to live in our guts. Many of them break down
our food and prepare nutrients for our cells to absorb—processes
human cells cannot do on their own. Microbiologists are only just
starting to explore how human gene sequences interact with those
of all our microbial residents. They’re �nding that these colonies of
aliens might not only in�uence how we digest and metabolize but
even drive us to choose or crave certain foods.

It turns out that within our microbiomes there are two dominant
groups of bacteria: the Firmicutes and the Bacteroidetes. In the early
2000s, geneticists at Washington University in St. Louis, were
looking at how these bacteria break down food we can’t digest on
our own. And the geneticists made an interesting discovery.

Obese humans had a higher proportion of Firmicutes in their
intestines. Lean humans had more Bacteroidetes. As the obese
humans lost weight over the course of a year, the micro�ora in their
guts started looking more like those of lean individuals—with
Bacteroidetes outnumbering Firmicutes.

When the researchers looked at mice, they found the same thing.
Obese mice had more intestinal Firmicutes. Interestingly, these fat
mice produced feces that had fewer calories left in them than the
feces of lean mice—suggesting that the obese mice were somehow
absorbing more energy from the same amount of mouse chow. This
led the researchers to suspect that the Firmicutes are supere�cient
at mining calories from food passing through the digestive tract. As
a December 2006 Nature article about the study put it, “The bacteria



in obese mice seemed to assist their host in extracting extra calories
from ingested food that could then be used as energy.”

What this means is that a booming Firmicute colony might help
harvest, say, one hundred calories from one person’s apple. That
person’s friend may have a dominant Bacteroidetes population that
would extract only seventy calories from the same apple. This could
be one factor in why your co-worker can eat twice as much as
everyone else but never seems to gain a pound.

If our personal “house blends” of gut bacteria in�uence the
amount of energy we extract from food, then diet and exercise may
not be the only factors driving weight gain and loss. The e�ects of
the microbiome challenge the once-unassailable calories-in, calories-
out paradigm.§

In fact, veterinarians have long recognized the power of the
microbiome over an animal’s metabolic function.‖ In ruminants and
other so-called gut fermenters, such as horses, turtles, and even
some apes, nutrition and digestion simply cannot function without
the proper balance of microorganisms. Although I learned almost
nothing about the power of gut �ora during medical school,
Brook�eld Zoo nutritionist Jennifer Watts related to me a core
principle emphasized to her during her nutrition training: “Feed the
gut bugs �rst, then the animal.” She does it by making sure animals
are fed a healthy balance of browse (fresh leafy greens) and silage
(partly fermented vegetation). Could it be that eating vegetables is
good for us not only for the �ber they provide but because they
nourish colonies of bene�cial micro�ora in our intestines? Perhaps
we’re in e�ect feeding our gut bugs every time we eat a salad.

The power of the microbiome is well known to another group of
veterinarians, the ones who oversee the care of animals we make fat
on purpose: livestock. Nowadays, it’s common for factory farming
operations to administer antibiotics to food animals from �fteen-
hundred-pound steers to one-ounce baby chicks. The e�ect of those
antibiotics on the living colonies of gut bugs in the animals’
intestines may hold a profound clue to the human obesity epidemic.

I’d long known that antibiotics are used in farming to stop the
spread of certain diseases, especially under cramped and stressful



living conditions. But antibiotics don’t kill just the bugs that make
animals sick. They also decimate bene�cial gut �ora. And these
drugs are routinely administered even when infection is not a
concern. The reason may surprise you. Simply by giving antibiotics,
farmers can fatten their animals using less feed. The scienti�c jury is
still out on exactly why these antibiotics promote fattening, but a
plausible hypothesis is that by changing the animals’ gut micro�ora,
antibiotics create an intestine dominated by colonies of microbes
that are calorie-extraction experts. This may be why antibiotics act
to fatten not just cattle, with their multistomached digestive
systems, but also pigs and chickens, whose GI tracts are more
similar to ours.

This is a really key point: antibiotic use can change the weight of
farm animals. It’s possible that something similar occurs in other
animals—namely, us. Anything that alters gut �ora, including but
not limited to antibiotics, has implications not only for body weight
but for other elements of our metabolism, such as glucose
intolerance, insulin resistance, and abnormal cholesterol. And don’t
forget the trillions of creatures making up our microbiomes are
constantly interacting in complex ways with one another. They have
oscillators that respond to circadian rhythms. The dynamic
population of that tiny, contained universe exerts more in�uence
over metabolism than physicians have ever suspected.

When the Firmicutes/Bacteroidetes study appeared in Nature, it
sparked an interest in other obesity risk factors that are less
obviously under our control than diet and exercise. Blogs were soon
buzzing about a di�erent study showing that having a fat friend
increases a person’s chance of becoming overweight himself. The
Harvard medical sociologist Nicholas Christakis and U.C. San Diego
scientist James Fowler were describing a “contagion” of social
habits and practices. Your fat friend’s bad food choices and
exercising habits could in�uence your own willpower and attitude
toward food. Christakis and Fowler were quick to explain that the
�nding was not literal but symbolic. You couldn’t catch the “fat �u”
from an ill-aimed sneeze in the waiting room of a lap band clinic.



Rather, what was “infectious” was other people’s attitudes toward
eating.

But when I studied the animal literature, I learned that infectious
obesity may not be solely metaphorical. According to some experts,
it is altogether literal and real. Nikhil Dhurandhar, a nutrition and
food scientist at Wayne State University, in Detroit, explains: “It has
been proven that animals became obese when infected with certain
viruses.” He calls it “infectobesity.” Dhurandhar reports that seven
viruses and a prion have been linked with obesity in animals as
varied as chickens, horses, lions, and rats. That’s right: infectious
weight gain, spread or facilitated by microscopic pathogens.

On the hottest days between mid-May and late August, alongside
one of the many ponds around State College, Pennsylvania, chances
are good you’ll spy a tall, thin biologist creeping through the cattails
in khaki shorts and a battered cap. He’ll be crouched, moving in
barely perceptible super slo-mo. Suddenly, with an expert forehand
swing, he’ll swipe a wood-handled net through a stand of reeds or
bulrushes. (The move, he explains, is similar to a lacrosse catch or a
tennis stroke, which is why he likes to hire grad students who’ve
played these sports before.) Nipping the mesh shut with his free
hand, he’ll peek inside to see if he captured his quarry: Libellula
pulchella, the twelve-spotted skimmer dragon�y.

James Marden is an entomologist and professor of biology at Penn
State University. For more than two decades at ponds in central
Pennsylvania he has studied the �ight mechanics of dragon�y
wings. He told me that these insects are among the �ttest animals
on Earth, extraordinarily lean and muscular. Over 300 million years,
dragon�ies have evolved so perfectly to the acrobatic demands of
hovering, bobbing, and looping the loop that Marden calls them
“world-class, elite animal athletes.”

Usually dragon�ies are pugnacious and extremely territorial,
always up for a skirmish with another male. When two meet, they
zoom at each other in belligerent, balletic aerial combat that ends
with the loser being chased o�. Some males, however, loiter on the



outskirts of the action. Instead of spoiling for �ghts and �ying
straight into brawls, they “glide”—easing their way past challengers
without coming to blows, as if to say, “I’m just passing through. No
problem. Pay no attention to me. I was just leaving.”

In the early 2000s, intrigued by this behavior, and whether it
might have something to do with muscle performance, Marden
collected some of these slower, evasive dragon�ies. And when he
got them back to his lab, he discovered something shocking.
Although on the outside the dragon�ies looked perfectly normal—
lean and combat ready—Marden’s examination showed that they
were actually very, very sick. But their disease was peculiar for
these “jet �ghters of the insect world.” They were all medically
obese.

Fat was collecting in their body tissues instead of converting into
energy to fuel their extraordinary wing muscles. Their blood sugara

concentrations were double that of healthy dragon�ies, putting
them in an insulin resistant–like state—similar to what’s seen in
human patients with type 2 diabetes. They were slow, weak,
sluggish, and unable to �ght for females or defend territory.

That a wild dragon�y could develop a form of metabolic
syndromeb has the potential to revise thinking about human weight
gain and maybe even the obesity epidemic itself. When Marden
looked inside the dragon�ies’ guts, he found something that
surprised him. Freckling their intestines were large white parasites.
Some of them were so big—up to one-�ftieth of an inch—that
Marden could see them without a microscope. Magni�ed, they
looked mild-mannered enough: like plump little grains of rice.

What the parasites caused in the dragon�ies, however, was
anything but mild. They were gregarines, protozoans from the
family that causes malaria and cryptosporidiosis in humans. In the
dragon�ies they triggered an in�ammatory response that interfered
with the insects’ ability to metabolize fat. That’s why it was
collecting in their body tissues, particularly around their muscles.
Their fat deposits were reducing their muscle performance, causing
the dragon�ies to relinquish territory and abandon mating
opportunities.



By measuring the way the dragon�ies’ muscles exchanged oxygen
and carbon dioxide, Marden and his graduate student Rudolf
Schilder could see that the infection was directly causing these
changes. He told me it wasn’t just that the dragon�ies were
weakened by the presence of the parasites, making them duller and
slower. Rather, “speci�c components of their metabolism had
changed.”

The gregarine infections also caused chronic activation of a
signaling molecule involved in immune and stress responses, called
p38 MAP kinase. In humans, the same molecule is implicated in
insulin resistance that can lead to type 2 diabetes.

Intriguingly, the parasites were noninvasive, meaning they didn’t
chew into or visibly damage the gut walls. Their in�ammatory e�ect
seemed to be triggered by substances they secreted and excreted.
Eerily, the blood sugars of uninfected dragon�ies became abnormal
after they simply drank water containing trace amounts of the
gregarines’ excretions or secretions.

At �rst, the possibility that obesity has an infectious component
seemed ludicrous to me. Having been steeped in the simple diet-
and-exercise, calories-in, calories-out approach, and knowing that
reducing intake and increasing activity does result in at least
temporary weight loss, I thought that infectobesity seemed
unexpected and, frankly, even unlikely.

But although I had never heard about it, the search for infectious
pathogens that promote weight gain has been under way since at
least 1965, when a microbiologist at the State University of New
York, Syracuse, explored how a certain worm caused mice and
hamsters to become obese. He suggested that the worms might be
“leaking” a hormone into the bloodstreams of the rodents, causing
them to eat more in order to satisfy the chemistry of the parasite.

And, indeed, infections of many kinds in�uence appetite.
Tapeworms make you hungry. Certain viruses put you o� your feed.
In fact, appetite is one of the �rst things doctors ask patients about
when we’re taking a medical history, because it’s one of the most
sensitive markers of infection. These facts made me consider more



seriously the real possibility that microbial invaders might
manipulate what, how, and when we eat.

It wasn’t that long ago that a serious human intestinal medical
condition was unexpectedly found to have an infectious component.
For decades, gastric ulcers were believed to occur as a result of our
stressed lives and overly reactive psyches. You got them, the
medical wisdom went, if you were anxious and couldn’t resist
greasy, spicy foods. In 2005, the Australians Barry Marshall and J.
Robin Warren, a physician and a pathologist, won the Nobel Prize in
Medicine for busting that myth. They identi�ed the cause of many
ulcers as Helicobacter pylori, a contagious bacterium easily treated
with a dose of antibiotics. The road to the Nobel was long, however.
For years Marshall and Warren had to endure criticism, rejection,
and scorn. But now the microbiome is being examined for organisms
that may be responsible for irritable bowel syndrome and Crohn’s
disease. Maybe obesity should be next.

But the research on infectious causes of metabolic syndromes is
still at the stage where nutrition scientists and doctors dismiss it—or
at least don’t seem quite ready to hear it. Marden published his
research in a top academic journal, the Proceedings of the National
Academy of Sciences, and wrote an opinion piece for a human
diabetes journal. Yet he told me there “really wasn’t much response.
I don’t think the medical community was swayed by our results or
super eager to hear about it. It’s been pretty much a ‘so what?’ from
the medical community.”

Whether infection will ultimately be proven to play a part in
human obesity is still hard to say. However, a cross-disciplinary,
zoobiquitous approach—one that connects the knowledge of a
dragon�y expert in an agricultural sciences biology department with
researchers looking at human obesity—may spark innovative
hypotheses and a broadened view of this major health threat. We
live in a world teeming with organisms in us, on us, and around us.
Our defenses against them drive many of our diseases. It’s critically
important that researchers charged with understanding and
containing obesity’s dangerous growth remain open to ecological
factors, including lightness, darkness, seasonal shifts, and, yes, even



infectious organisms. As Marden put it when his paper came out in
2006, “Metabolic disease isn’t some strange thing having just to do
with humans. Animals in general su�er from these
symptoms … [and] it would be irresponsible for us not to point out
these possibilities.”

To repeat: “Obesity is a disease of the environment.” And while
Big Gulps and Segways play a primary role, so, too, do these much
larger and much smaller forces. An expanded, environmental
approach to weight has already cured two obese patients from the
Chicago area—those two obese grizzly bears at the Brook�eld Zoo.

Whether it was circadian rhythms, imbalanced microbiomes,
seasonally confused intestines, an infectious parasite, or just access
to too much food that caused Axhi and Jim to pack on the pounds
over the years is hard to say. But their pattern of fattening before
Watts changed what, when, where, how, and how much they ate
resembles our own.

Watts had decided to make a massive change that was both
innovative and as old as eating itself. She would approximate the
yearly rhythms of a wild diet. In other words, she would let the
seasons and the bears’ bodies lead the way.

She started with what they ate. For years, their food had been
abundant, readily available, and largely unchanging throughout the
year. It included processed dog food, bread from a local bakery,
supermarket apples and oranges, and ground beef. Gradually, Watts
challenged the bears’ taste buds. She swapped out a serving of
lettuce and introduced kale. She traded mango for apple. Then
spinach, celery, peppers, and tomatoes subbed in for sweet potatoes
and oranges. Although this produce wasn’t exactly identical to what
they’d �nd growing on the banks of an Alaskan river, in terms of
nutrient range, variety, and seasonality, it was an improvement.

Soon, when the keepers showed up with a meal, the bears were as
enthusiastic as human foodies sni�ng out the exotic o�erings at a
new gastropub. Watts also added whole prey like �sh, rats, and
rabbits, and timed their appearance on the menu with when those



foods would be found in the wild. She also ordered boxes of wax
worms, which she dumped in the bears’ foraging pile—a big, peaty
dirt mound—and let them rummage and eat to their hearts’ content.
With each of these dietary introductions the bears consumed not
only new sources of protein and vitamins at seasonally appropriate
times of the year, but whatever new and varied microorganisms
happened to be making those food items their home. Although she
notes this wasn’t at �rst intentional, Watts was following her own
motto: “feeding the bugs” in their GI tracts.

Watts also decided to allow the bears to enter a more seasonally
appropriate winter torpor. It wasn’t a full hibernation (which many
bears in the wild don’t do anyway). But it was a big change for Axhi
and Jim. For the previous decade, the bears had been awakened
every day throughout winter for feeding. Sometimes the keepers had
to rouse them by shouting or making loud clanging noises. Watts
instructed that the bears be allowed to sleep through the winter
months. And she ordered that, if they woke, they not be presented
with food around the clock but be given “one shot” at a small
amount before it was removed. On the surface, this plan would seem
to work in favor of weight loss because it reduced the number of
overall calories the bears consumed. But its e�cacy may have been
deeper than that. Sleep and metabolism are interconnected, and the
longer periods of fasting may have signaled other physiologic
changes to the bears’ bodies, such as intestinal lengthening or
shortening.

Finally, the bears were moved to a larger home. In this new
environment, their food could be presented to them in ways that
were “inconvenient,” causing them to mimic the foraging and
hunting they’d do in the wild and expend more energy getting at a
meal.

Yet even with all these changes, Watts was not able to wholly re-
create the bears’ natural diet. Just as it would be almost impossible
for us to eat like our ancestors did even a hundred or a thousand
years ago, it’s unfeasible for zoos to duplicate a wild diet for each
animal. The fruit zookeepers buy from grocers and wholesalers is a
far cry from the fruit a wild animal eats.c There are no naturally



occurring banana plantations in the Canadian Rockies. No orange
groves. No wild watermelon vines or mango trees. And even if Watts
could have gotten fruit with the same characteristics in the exact
proportions to what is found in the wild, the microorganisms on
that washed, boxed, refrigerated, and shipped fruit would be
completely di�erent from what the animal would be eating in a
natural setting.

Fortunately, Watts understood that the fantasy of creating “the
perfect wild diet” was just that—a fantasy. She did the best that she
could under the circumstances. And it turned out that adjusting the
bears’ diets in ways that were simply informed by knowledge of
their natural ecology was enough. They lost weight. They seemed to
feel better and have more energy. In short, they were healthier.

Watts’s success carries lessons we can apply to our own lives,
whether we want to address the global obesity epidemic or a
personal weight-loss e�ort. Researchers and doctors ought to
consider the environment’s cyclical periods of abundance and
scarcity as well as the seasons’ e�ect on our food-absorbing
intestines. We must take seriously the complex universe of the
microbiome and the metabolic consequences of infection. We need
to think about global forces like day length and light cycles.

Modern, a�uent humans have created a continuous eating cycle,
a kind of “uniseason.” I’ve started calling this blissful, bountiful, yet
static and superfattening environment the “eternal harvest.” Sugar is
abundant, whether in our processed foods or in beautiful whole
fruits that have had their inconvenient seeds bred out of them and
that “unzip” from easy-to-peel skins and pop open into ready-to-eat
segments. Protein and fat are everywhere available—in eternal
harvest the prey never grows up and learns to run away or �ght us
o�. Our food is stripped of microbes, and we remove more while
scrubbing o� dirt and pesticides. Because we control it, the
temperature is always a perfect seventy-four degrees. Because we’re
in charge, we can safely dine at tables aglow in light long after the
sun goes down. All year round, our days are lovely and long; our
nights are short.



As animals, we �nd eternal harvest an extremely comfortable
place to be. But unless we want to remain in this state of continual
fattening, with its accompanying metabolic diseases, we will have to
pry ourselves out of this delicious ease.

*At Bertelsen’s zoo, as at many other institutions that carcass-feed, the carnivores are
usually fasted for a few days after a big meal, mimicking the more naturalistic gorge-and-
fast patterns of some wild animals. Together with scientists from the pet food corporation
Hill’s, Joanne Altman of Washburn University in Topeka, Kansas, studied �ve captive
African lions at the Topeka Zoo. The cats were switched from daily feedings to just three
meals per week. The gorge-and-fast regimen, they found, improved the cats’ digestion and
metabolism and decreased the amount they ate. The animals showed fewer restless pacing
behaviors.

†Of course, the biggest factor in the amount of sunlight any creature receives is where it
�nds itself on the globe. Latitude does seem to correlate with metabolism trends in
mammals as well as sugar production in plants. (In general, the farther from the equator,
the lower the sugar concentration in blood or berries.) Whether the e�ects are direct (from
exposure to sunlight or other physics forces like electromagnetism or gravity) or
evolutionary (adaptations over generations to available foods in any given area) remains a
question for more research. But geographic e�ects on human weight have been all but
completely ignored.

‡ For entertaining and illuminating reporting on the microbiome in particular and
microbiology in general, see the work of Carl Zimmer, a New York Times science writer and
the author of, among many other books, Microcosm and A Planet of Viruses.

§Entrepreneurial-minded thin people take note: the teeming bacterial clusters inches
beneath your belly button may be fermenting a billion-dollar opportunity. If the dominant
species of bacteria in our guts helps determine our BMIs, perhaps a fecal or oral infusion of
Firmicutes or Bacteroidetes in certain proportions would speed us to our body-image goals.
There may come a day when, instead of logging calories, we could lose weight by
purchasing desirable gut �ora from the thin (but not squeamish) bacterially blessed.

‖In human medicine, so-called fecal therapy is a breakthrough treatment for stubborn and
sometimes life-threatening diarrhea and other gastrointestinal problems arising from
infections with organisms such as C. di�cile. Feces are acquired from an individual
(frequently a spouse) with normal gut �ora, mixed into a slurry in a kitchen blender, and



placed on the tip of a specialized endoscope for insertion into the small intestine of the
ailing recipient. You may be wrinkling your nose, but it’s an extremely e�ective and low-
cost solution to restore human health. And farm veterinarians have been doing it for
decades. Bug-rich biliary gastric juice is extracted through a �stula created in a side surface
of a healthy donor cow. This “liquid gold” (not to be confused with the urinary liquid gold
used by stallion breeders) is extracted and then transferred into other animals to normalize
their gastrointestinal �ora. Zoo veterinarians routinely use fecal therapy to normalize their
patients’ digestive tracts after rounds of antibiotics. It’s especially e�ective for mother-
infant pairs.

aDragon�y blood is called hemolymph, and its main carbohydrate is trehalose; Marden
calls it blood sugar.

bMetabolic syndrome increases a patient’s risk for heart disease and stroke. Also known as
insulin-resistance syndrome, it is diagnosed when triglycerides, blood pressure, or glucose
are too high or when a patient’s “good” cholesterol (HDL) is too low. An apple-shaped
body is associated with metabolic syndrome.

cEverything we recognize as wholesome fruit is the product of careful crafting and
managed evolution—begun with the earliest human agriculturalists and “improved” over
the millennia, intensively over the last few decades. The fruit we �nd in the supermarket
today has been cultivated for human tastes (and transportation convenience). Pu�ed up
with extra water and soaring sugar content, commercially grown fruit also has less �ber
than fruit found in the wild or in the ancient past.
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EIGHT 

 
Grooming Gone Wild

Pain, Pleasure, and the Origins of Self-Injury

Name a medical complaint or a�iction, and you’ll �nd an online
support group for it. These sites allow people to swap stories, share
remedies, and feel less alone. The posts are often heartbreaking.
Recently, I was scrolling through some online forums. The threads
practically wailed with misery: “I am so worried,” “This is tearing
me apart,” “I am afraid he isn’t going to stop,” “I am at wits’ end,”
“He’s had this problem for years,” “Can someone please help me?,”
“I feel so terrible—like I am a horrible mommy.”

The sites were not about human patients. They were about pet
birds with the surprisingly common problem known as “feather-
picking disorder.” While the individual stories varied, the overall
theme was the same. Birds with names like Juliet, Zeke, Jubilee, and
Ms. Earl were all perfectly healthy, until one day their owners
discovered a pile of colorful plumage at the bottom of the
cage … and a bald patch on their pet’s shoulder or chest or tail. The
birds were plucking out their feathers, one by one, and sometimes
pecking the underlying skin until it bled. Veterinary exams ruled out
physical causes of irritation, like mites or infections. The owners
installed humidi�ers, smoothed aloe vera on the stubbled skin, and
invested in higher-quality birdseed. Still the picking continued. One



despairing owner of a self-plucking Quaker parrot wrote, “Lately she
has been pulling and letting out that little scream like they do when
you touch the wrong pinfeather, then she goes right on and does it
again, so now she’s plucking even if it HURTS … and I have seen
several small spots of blood on her crop and under her wings.”

As a human physician and psychiatrist who’s never in my life
owned a bird, I nonetheless recognized these symptoms: an
inexplicable change in behavior, deliberate actions that caused
bodily pain and dis�gurement, and confusion and distress in loved
ones. They brought to mind a patient I saw a couple of years ago, a
twenty-�ve-year-old woman who presented with heart palpitations.
Traversing her inner left forearm was a series of expertly cut
incisions, ones that in other circumstances might have been the
handiwork of one of my surgical colleagues. Thought had clearly
gone into sterilization, cleanliness, and how the cuts would heal.
But no doctor had been present when they were made. Instead, my
patient had taken a razor in her right hand and sliced into her own
skin. She was a “cutter.”

Cutting is probably our era’s most iconic form of human self-
mutilation, seemingly tailor-made for suburban-parent hand-
wringing and tabloid ogling. Its name says it all, but in case you
don’t know: it means taking something sharp—maybe a razor blade,
scissors, broken glass, or a safety pin—and purposely slicing it
across your skin to draw blood and create wounds. Usually, cutters
target parts of their bodies that can be covered up with clothing to
hide the evidence—say, their inner arms, thighs, or stomachs. Some
do it impulsively, with whatever tool is at hand; others are more
ritualistic about it. They might cut at the same time and in the same
place every day. Or they create “kits” that hold their favorite cutting
implement, along with gauze, Band-Aids, and alcohol wipes for
mopping up afterward. As you can imagine, cutters—especially
those who do it for many years—develop scars, often parallel lines
like crimson ladder rungs up and down their favorite cutting site.

Psychiatrists call cutters “self-injurers” to include the whole range
of inventive ways people dream up to hurt themselves. Some burn
themselves on purpose with cigarettes, lighters, or tea kettles.



Others bruise their skin by banging, punching, or pinching
themselves. Those with trichotillomania rub and rip out hair on
their heads, faces, limbs, and genitals. Some are swallowers,
ingesting objects such as pencils, buttons, shoelaces, or silverware.
We see this particular method a lot in prisons.

You may think self-injury occurs only in edgy subcultures or the
seriously mentally ill. But my psychiatrist colleagues say it’s
sweeping through the general population. Therapists and school
guidance counselors con�rm this.*

Self-injury has gained an unintended endorsement by public
�gures. I, for one, was shocked by Princess Diana’s disclosure to the
BBC in 1995 that she cut herself with a lemon peeler and a razor
blade. She also engaged in non-blade-related self-injury, including
hurling herself into a glass cabinet and throwing herself down a
�ight of stairs. While Angelina Jolie has restyled herself as a
supermom and human rights crusader, she joined such other
celebrities as Christina Ricci, Johnny Depp, and Colin Farrell in
telling the world about a self-injuring past; their tools included
knives, soda can pop-tops, broken glass, cigarettes, lighters, and
their own �ngers. Cutting’s edgy street cred includes feature
appearances in angsty teen �lms like Thirteen and Girl, Interrupted.
And cutting even made a comic turn in the movie Secretary, with
Maggie Gyllenhaal and James Spader embarking on what is perhaps
the most happy-go-lucky sadomasochistic love story ever told.

But confronted by my cutter patient’s razor-notched arms, I was
still confused. She was a thoughtful, intelligent adult woman with a
respectable job, very much like the Maggie Gyllenhaal character in
Secretary. Why would she cut herself on purpose—something a
doctor would consider doing only with anesthetic and strict
protocols? So although she was in my o�ce for a heart consult, I
asked her. She answered matter-of-factly, “My shrink says I’m trying
to kill myself. But I’m not. If I wanted to die, I would. Cutting just
makes me feel better. It relieves me.”

Her answer jibed with what other cutters say. A twenty-two-year-
old woman writing on a Cornell University website put it this way:



“I began cutting my arms at the age of 12.… I think I could best
describe the feeling I get as total bliss. It relaxes me.”

Bliss? Relaxation? Relief? It “feels good”? Even after years of
psychiatry training and two decades around a hospital, I still think
this sounds incredible. But cutters and their therapists say it’s true.
And they con�rm that most self-injurers are not suicidal, though
sometimes a cutter will go too deep with the blade and require
medical attention.†

But as to why they do it, the short answer is that we don’t really
know. Psychiatrists have linked cutting to adolescence, control
issues, emotional imperceptiveness, and an inability to talk about
feelings. Self-injury has also been associated with childhood sexual
abuse and such other mental conditions as borderline personality
disorder, anorexia nervosa, bulimia nervosa, and obsessive-
compulsive disorder (OCD). Patients who self-harm report being
stressed and anxious, overwhelmed by expectations and choices—or
completely isolated and numb.

Childhood traumas and abusive parents have traditionally been
blamed for self-mutilating behavior. But this formulation, it turns
out, is incomplete. The stereotypical cutter featured in movies and
on TV may be a sexually abused, poorly parented borderline girl.
But it turns out that rates of self-injury may be roughly similar for
men and women. The di�erence is more in how they do it: men tend
to hit or burn themselves, while women usually cut. Some begin the
behavior as young adults when they’re no longer under the
in�uence of their parents. And many report no history of childhood
abuse.‡

So the mystery remains. What �icks the switch—changing
brooding, hormonal adolescents, and full-grown adults with jobs
and responsibilities into self-injurers?

I decided to see what insights a zoobiquitous approach could add.
When we �nd animal behaviors that parallel disturbed human
actions, it’s an opportunity to look beyond our “hectic modern lives”
and “big human brains” for the origins of the symptom. Yet when I
�rst began asking whether animals self-injure, the question seemed



almost absurd. What would it even mean for an animal to mutilate
itself?

The classic image of animal self-harm is a wolf gnawing o� a paw
to free himself from a hunter’s snare. But this purposeful self-injury
to escape entrapment (which crops up from time to time in extreme
human accounts as well) was not what I was looking for. I sought an
animal correlate to the compulsive, trancelike self-injury seen in
humans. Needless to say, I could safely assume I would �nd no
evidence of razor blade cuts or cigarette burns among our wild
cousins.

And I didn’t. But my research quickly turned up an equally
fearsome arsenal, usually deployed against enemies. Teeth. Claws.
Beaks. Talons. The big question was, do animals ever turn these on
themselves? The answer, to my astonishment, was yes, and
frequently. Feather-picking disorder in birds was just one of many
such examples well known to veterinarians.

A friend of mine once took her cat to the vet assuming it had a
skin a�iction that was causing all the hair to fall o� its legs,
revealing red, oozing sores. After some tests to rule out parasites
and systemic diseases, her vet said her pet was a “closet licker.” It’s
a common diagnosis for house cats, sometimes called psychogenic
alopecia. Out of sight and in secret, the cat was injuring itself with
no clear physical trigger, just like a human cutter alone in her room.

Owners of golden retrievers, Labrador retrievers, German
shepherds, Great Danes, and Doberman pinschers will probably
recognize a condition that often a�ects those breeds—in which they
obsessively lick and gnaw at their own bodies. The open sores they
create can cover the entire surface of a limb or the base of the tail.
The diagnosis of acral lick dermatitis (sometimes called lick
granuloma or canine neurodermatitis) is not linked to an external
agent like a fungus, �eas, or infection; the animal is doing it for no
apparent physical reason. If you’ve ever watched a dog chew itself
like that, it sometimes seems to be in a kind of trancelike or
hypnotic state—eyes glazed, head bobbing,
lick … lick … lick … lick …



Anyone who’s worked in the reptile section of a pet store has seen
turtles biting their legs and snakes chewing their tails. And a peek
into the stable shows another su�ering animal. “Flank biters” are
horses that violently nip at their own bodies, drawing blood and
reopening wounds. The owners of these horses, like parents who
discover their teenager is cutting, are often confused and
heartbroken by the behavior, which can include bursts of violent
spinning, kicking, lunging, and bucking.

Behaviors such as �ank biting, tail sucking, and feather plucking
may be more common than we think, at least in certain breeds. Up
to 70 percent of Dobermans, for example, will develop time-
consuming and often distressing repetitive actions, including but not
limited to self-injury. Nicholas Dodman, a veterinarian at Tufts
University, treats and researches compulsive behaviors in horses and
dogs. Dodman and his colleagues at the University of Massachusetts
and MIT have identi�ed a genetic region on canine chromosome 7
that is associated with an increased risk of a dog’s developing what
they call canine compulsive disorder (CCD).

Whether OCD in humans and CCD in dogs are the same disorder
is hard to say. In human beings we make a diagnosis of OCD when
obsessional thoughts drive compulsive behaviors. In contrast, with
animals, all veterinarians have in order to make a diagnosis are the
behaviors. Without a common language, they have no way of
determining whether obsessions underlie the animal’s perseverative
practices.

When owners bring in pets who circle furniture for hours, do
back�ips to the point of physical exhaustion, or rub their skin to the
point of breakage and bleeding, veterinarians sometimes describe
these behaviors as “stereotypies.” At the extreme end of the
spectrum are head banging, picking, poking, and gouging. In some
cases, especially in birds, compulsive vocalization is considered a
stereotypy with possible connections to Tourette’s syndrome in
humans. For veterinarians, any behavior on this spectrum, even the
milder end, merits concern and intervention.

Many of the compulsive behaviors seen in horses, reptiles, birds,
dogs, and humans share core clinical features, including the



potential to cause su�ering and profoundly disrupt a patient’s life.
But many also share an intriguing connection to cleaning activities.
You’ve probably heard about the repetitive hand washing practiced
by many OCD su�erers. Similarly, a stressed cat may go overboard
with a feline’s cleaning tool of choice, its raspy tongue.
Veterinarians have come up with a colloquial term that cuts right to
the heart of what’s going on here. They call it, simply,
“overgrooming.”

Overgrooming? When I �rst heard the term, I �ashed on countless
nature documentaries showing apes combing and nit-picking each
other. It surprised me that this benign cleaning and social ritual
could escalate into something potentially lethal. I quickly learned
that animal grooming covers both a broader range of species and a
weirder array of behaviors than I’d ever imagined.

Grooming, to put it plainly, is as basic an activity for many
creatures as eating, sleeping, and breathing. Evolution probably
favored nature’s neat freaks because they were the ones with fewer
parasites and infections.

Primates display a wide repertoire of combing and nit-picking
techniques. Some chimps pick parasites o� each other, place them
on a forearm, and kill them with a smack of the hand before eating
them. Others use leaves to pinch the bugs out of their partner’s fur.
Japanese macaques have elaborate �nger-and-thumb louse-egg–
loosening techniques passed down from one generation to the next
(through the maternal line).

But while delousing may be its ultimate purpose, there’s a more
immediate reason animals groom. Simply stated, grooming feels
good, and it plays a vital role in the social structure of many animal
groups.

Some groups of chimps scratch each other’s backs and clasp hands
without the intention of bug removal. Crested black macaques,
especially females, embrace each other and rub their sides together.
And while most mutual grooming in primates takes place among
family members, non-kin also get their �ngers in each other’s fur—
for good reason. When lower-ranking bonnet macaques and
capuchins “give” grooming, they gain in return protection, backup



in �ghts, and a chance to hold someone else’s baby. Some baboons
groom to get close enough to a partner to sni� out whether he or
she is aroused and in the mood for mating.

The huge importance of social grooming isn’t limited to primates
or even land mammals. In the �sh world, it sometimes keeps the
peace. A tropical reef dweller called the cleaner wrasse operates
what are, in e�ect, underwater spas, where it eats parasites and scar
tissue o� other �sh. These include much larger predators that would
normally (and literally) eat the wrasses for breakfast. But in the
calming atmosphere of the cleaning station, the wrasses approach
the bigger �sh without fear, darting around their teeth and even
into their gills.

This relationship isn’t just a heartwarming example of animal
cooperation. Scientists have found that grooming’s calming e�ect is
felt not only by the �sh receiving the cleaning but also by �sh
waiting their turn. Both the anticipation and the experience of
grooming seem to make the predator �sh less likely to chase any
�sh in the area. The scientists who did the study compared this
aquatic “safe zone” to a human barbershop in a rough neighborhood
where violence is understood to be o�-limits.

Grooming’s powerful calming e�ect applies as much to solo as to
social cleaning rituals. Cats and rabbits may spend up to a third of
their waking hours fastidiously licking themselves. Sea lions and
seals spend many hours a day ri�ing through their own fur. Birds
roll in dirt, �u�, preen, and pick with their beaks. Snakes, lacking
napkins or hands with which to wield them, often �nish a meal by
wiping their faces against the ground.

But perhaps no animal has more, or more varied, grooming
routines than our own species. Humans primp, wash, and
polish  …  alone, in pairs, in groups  …  with and without tools or
“product” … for free and for price tags verging on the obscene. I’m
just one of millions of American women—and, increasingly, men—
who �nd relief at the manicurist or the hair salon when confronted
with the stresses of career and family. In fact, I would say that
regular and good grooming calms and centers me. The



companionship, the care, and, especially, the repetitive tactile
stimulation relieve stress and enhance my well-being.

Our species, as a rule, grooms a lot. And as it does for our animal
cousins, grooming provides us with physical pleasures: the joy of a
warm shower after a week of camping; the satisfying smoothness of
a good shave; the indulgence of having attention lavished on us at a
salon; and the frisson of looking in the mirror when we’re dressed to
the nines. (While humans vary in the amount of time and money
they choose to spend on grooming, we know that opting out
completely carries major social risks.)

It turns out that our sense of well-being is much more than skin
deep. Grooming actually alters the neurochemistry of our brains. It
releases opiates into our bloodstreams. It decreases our blood
pressure. It slows our breathing. Grooming someone else confers
some of the same bene�ts. Even simply petting an animal has been
found to relax people.

When I’m sitting in the plush pedicure chair, my feet bathed in
warm soapy water, it’s hard to believe there is such a thing as
overgrooming. Or that this calming procedure could have anything
to do with Princess Diana’s slicing lines in her thighs with a razor
blade, let alone with a solitary cockatoo in his cage. But grooming
encompasses more than just the socially acceptable forms you pay
for at the spa.

There’s also a more private form of grooming—small behaviors
that all but the most virtuous of us engage in all the time and often
unconsciously. In general, they’re innocent enough, but given the
choice, we de�nitely wouldn’t want to show them in public or
watch other people do them. Look at your own �ngers, the ones
holding this book. Are your cuticles smooth or are there some rough
edges begging to be picked or nibbled o�? Are you twirling a lock of
hair around your �nger, twisting your eyebrows, stroking your own
cheek, massaging your own scalp? Studies looking at hair pulling,
scab picking, and nail biting all point to a calm, trancelike state that
typically accompanies these small, automatic, self-soothing
activities.§



And we unconsciously vary the intensity of these actions. Perhaps
the �ngers playing with your hair sometimes have the urge to pull a
strand out. There’s that slight tension as the root clings to the
follicle  …  you gently tug harder  …  and a little harder  …  until
�nally, there’s that short, sharp sting and the hair releases.

Or imagine the last time you had a little scab somewhere on your
body. Maybe you had the willpower to leave it untouched, but the
rest of us probably scraped around its crusty edges with a �ngernail,
then maybe popped the whole thing o�, before it was “ready.”

Taking it a bit further, imagine the small satisfaction you get from
squeezing a pimple. Those of you who can legitimately claim never
to have done this may read the remainder of this paragraph in
disgust. But the rest of us know the drill. Feeling along the smooth
skin  …  �nding a bump, and then—against all advice—
squeezing … and squeezing … feeling the resistance, a prick of pain,
until �nally it pops and releases. Sometimes there’s blood. Once in a
while we may even squeeze it again (very much against the
dermatologist’s orders) and push out still more blood.

Release … followed by relief. We’ve all felt it, and even if scabs,
pimples, or ingrown hairs aren’t your thing, maybe you’ve bitten
your cuticles or scratched your scalp or excavated your nostril a
little too hard.

In fact, human beings rely on this release-relief loop throughout
the day. Stroking our hair, picking our toenails, chewing the inside
of our cheek—these are powerful self-soothers. We may rub, pull,
nibble, or squeeze a little more when we’re stressed, but for most of
us the behavior never escalates. Folded into our daily lives, these
activities help us maintain an activated yet calm state. But for some
people the need for that feeling of release … and relief is so strong
that they crave extreme levels of it.

Release … and relief—those are the same reasons cutters give for
why they cut. The same intensity and promise of sudden relief we
might get from pulling a single strand of hair or picking a pimple,
dialed way, way up, leads cutters to carve lines in their skin with
razor blades. If we accept that this behavior is on the same spectrum



as less destructive forms of grooming, as my veterinarian colleagues
would suggest, then self-mutilation is truly grooming gone wild.

In fact, the addition of genuine pain may even bolster grooming’s
positive biochemical e�ects. It turns out that both pain and
grooming cause the body to release endorphins—those same natural
opiates that give marathoners their runner’s high. Pain also causes
the body to produce catecholamines, which over time damage major
organs but in the short term give the body a jolt—spiking the blood
sugar, dilating the pupils, and increasing the heart rate. So in a way,
self-mutilators are self-medicators, kick-starting their bodies’ natural
and powerful chemical reactions. Some cutters report a trancelike
state combined with an overwhelming need to self-mutilate—not
unlike an addict jonesing for a drug, a jogger restlessly anticipating
her 5K, or a glassy-eyed German shepherd licking his paw.

As a cardiologist, I was extremely interested to learn that, beyond
altering blood chemicals, pain that is self-in�icted can sometimes
a�ect the heart itself. Researchers in Massachusetts out�tted a group
of rhesus monkeys known to be self-biters with tiny vests housing
heart-rate monitors the scientists could check with a remote control.
They found that when the monkeys naturally nibbled at their
unfamiliar new ensembles, their hearts showed no signi�cant spike
or drop. But when the monkeys bit themselves, their heart rates
were markedly elevated for thirty seconds before the behavior, then
plunged dramatically the instant their teeth hit fur. A precipitous
drop in heart rate—especially one that comes suddenly after it’s
been elevated by thrill or fear—can create the feeling of calm. Like
the self-biting rhesus monkeys, cutters (half-fearfully, half-excitedly)
anticipating the moment when the blade hits their skin may be
experiencing a mild tachycardia (increased heart rate), followed by
a sudden, calming drop once the skin is broken and the blood �ows.

So one reason people and animals self-injure may be biochemical:
they are caught in a neurotransmitter-based feedback loop in which
their bodies reward them with calmness and good feelings after they
do something that causes pain. And their hearts may be amplifying
the feeling by slowing drastically right after racing with excitement.



What’s interesting is how these two opposites—pleasure and pain,
grooming and dis�guring—produce similar results in the body. So
similar that some people’s bodies seem to have mixed them up.
Picking, poking, and chewing—which sometimes end up hurting us
—stay in the gene pool because they’re on the same spectrum as
grooming, which calms us down, keeps the peace, maintains our
health, and binds our anxiety. But that still leaves us with a
problem: whether it’s on a normal spectrum or not, self-injury in
humans and animals is aberrant, dangerous, and needs to be
controlled. Not only is it a sign of psychic distress, but it can cause
serious health consequences, starting with nasty infections and
ending with death.

It’s here that veterinary medicine may o�er new insights, or at
least new paths, for human doctors to explore. Traditionally,
psychiatrists have tried to understand self-harm through a checklist
of personality disorders and evidence of past traumas. We might
start by looking for a history of sexual abuse or features of
borderline personality disorder. But our veterinary colleagues have
a more direct approach. Lacking the ability to talk to their patients
(and perhaps aided by this as well), they have identi�ed the three
most common triggers of self-injury: stress, isolation, and boredom.‖

Call a veterinarian to treat a �ank biter and she may inquire
about the patient’s upbringing. (In a canine parallel, a puppyhood
spent in a shelter is now recognized as a contributor to disturbed
behavior in adult dogs.) Having ruled out a traumatic early
“foalhood” and physical causes (say, a twisted bowel or torn
ligament), she will then look for acute stress, isolation, and
boredom.a

To gauge stress, the veterinarian may investigate the animal’s
social situation and environment. Is there a bully in the stable?
Human or equine? Stress from feeling uncertain or insecure in its
environment can lead an animal to self-injure.

Isolation can also provoke it. Simply providing companionship is
one �x that veterinarians try. Birds—even ones that seem to want to
be alone, that attack and drive out cage mates—have stopped
injuring themselves when their enclosures were moved closer to



those of other birds. And self-harm plummets in many species of
monkeys and apes when they are caged with a companion of the
same species. Many stallions stop hurting themselves when they’re
allowed to graze in the company of mares—their natural grouping—
instead of being housed in a stall alone. Animals of many kinds,
from cheetahs to racehorses, are sometimes paired with other
species, like donkeys, goats, chickens, or rabbits. Part of the reason
this works seems to involve the larger animal’s fear of stepping on
the smaller ones  …  as if a sense of purpose itself diminishes the
need to self-harm.

Boredom really rings alarm bells for vets. Free-ranging horses, for
example, graze many hours a day. But when a stable hand straps on
a feedbag and sates a horse’s hunger with an easy hit of tasty,
calorie-dense grains, the animal is left with an overfull stomach and
time for its idle hooves and teeth to �ll.

Boredom is such a risk factor for stereotypies that animal
behaviorists in zoos have developed a whole science around it. As
mentioned earlier, environmental enrichment creates psychological
and physical well-being in animals by fostering behaviors naturally
present in the wild. Zookeepers excite carnivores with frozen balls
of blood and the scent of their favorite prey. Enrichment can be as
simple as a new dirt mound to explore; logs, feathers, and pinecones
to play with; and di�erent sounds to hear.b

When vets notice animals engaging in stereotypies, they increase
or vary the environmental enrichment. When the coyote handler at
the Phoenix Zoo watched two coyotes pacing the same pathway in a
tight-limbed, ears-back gait, she gave them frozen blood popsicles to
play with, hung pigeon wings on branches to encourage them to
jump, spread gira�e and zebra urine around bushes to entice them
away from their pathway, and �lled burlap tubes with peanut butter
to get them to work for their treat. After a few weeks, the coyotes
were trotting calmly with upright ears.

Trainers give horses a variety of toys to play with, but the most
sure�re solution for preventing this con�rmed herd animal from
getting bored and stressed is to … give it a herd. After all, horses
evolved to live in groups. They generally don’t even sleep well



unless one of their own stays awake as a sentry. It’s no wonder solo
living can be stressful for them.

And here’s where recognizing our deep connection with other
animals may shed some light on the issue of human self-injury, both
by putting what we already know into a new context and by
suggesting innovative ways to treat the problem. It takes us to a
story of a gorilla, some gum, and some nail polish.

Several years ago, a handful of veterinarians wearing face masks
and scrubs hunched over a mountainous male gorilla in the
gleaming white treatment room of the Birmingham Zoo. Babec was
su�ering from congestive heart failure, a condition I treat in humans
almost every day. It leaves apes of both species weak and lethargic.
In the most severe human cases of it, patients feel short of breath
and exhausted doing even the simplest activities: walking from the
bed to the bathroom, putting on their clothes, sometimes even just
talking. The sickest human heart-failure patients lose their appetites
and drop muscle and weight. Babec, too, had slowed his eating; at
320 pounds, he was a shadow of his former 400-pound self. The
ailing gorilla was about to be �tted with a high-tech pacemaker—
the same kind that’s put into human patients su�ering from the
most advanced cases of heart failure.

While the technicians anesthetized and intubated Babec, the
doctors scrubbed their hands, swabbed disinfectant on his chest, and
shaved a large rectangle of silvery-black fur over his heart. Under
anesthesia for medical procedures, gorillas can seem uncannily
human. Their leathery palms, whorled with familiar-looking
�ngerprints, relax open at their sides. Their scary bulk and
prominent brow ridges, which can look so intimidating when the
animal is awake, seem vulnerable, pensive, and even wise when
they’re under anesthesia.

The doctors made a careful incision with a sterile scalpel and got
to work installing the pacemaker. The six-hour operation went well.
They closed the wound, bandaged it, and cleared the room so the
vet techs could get Babec ready to wake up.



But a couple of things happened during the operation that would
send the charge nurse in a human OR into hysterics. In the middle
of the procedure, an assistant gave Babec a manicure, painting his
normally darkish nails Ferrari red. Down by his feet, another zoo
sta�er shaved little patches of fur from his legs and sewed loose
“decoy” stitches into skin the doctors hadn’t even approached with
the scalpel. Meanwhile, several of the vets did something that is
strictly forbidden in a human operating room. Behind their masks,
their jaws wrestled large wads of gum. And every so often, they
sneaked a marble-sized ball out of their mouths and, inexplicably,
worked it into Babec’s fur.

The attending veterinarian later explained to me that these
human health-code violations were, in fact, clever patient-care
strategies. Speci�cally, they were designed to defend the delicate
stitches holding together the true incision in Babec’s chest, which, if
left unguarded, Babec would pull out in a matter of minutes. But
how to protect it? My human patients can generally be cajoled into
avoiding the urge to �ddle with their sutures, at least for the thirty-
six hours it takes for scar tissue to emerge. But all the lectures in the
world won’t stop a gorilla from probing at the wound.

So the vets developed an ingenious subterfuge. They would
protect the stitches by distracting the patient. And they would do it
by harnessing the same instinctive urge that propels the gorilla to
pick in the �rst place: the impulse to groom.

Babec’s vets told me he awoke from his surgery the way my
human patients often do: groggy, disoriented, and uncomfortable.
Peering around the recovery area, he started to move his hand
toward his chest, with its new incision, then froze with it in midair.
The Ferrari-red �ngernails gleamed like hard candies. They held his
attention for a good few minutes. When he moved his hand back
toward his chest, he didn’t get far before his �ngers found a wad of
gum. He picked and pinched and pulled at the o�ending material
and had only just �nished extracting it when his �ngers touched
another (the veterinarians had heat-treated it after chewing, to kill
germs). The fake stitches in his ankles would be next. Every time he



�nished with one task, another was waiting to grab his attention—
distracting him from the most important thing: his chest sutures.

This is a place where human medicine and animal medicine are
already converging, although without either side realizing it. Some
therapists counsel self-injurers to try a less invasive, distracting “hit”
of pain when they get the urge to cut, burn, or bruise. Plunging a
�nger into a carton of ice cream, squeezing a piece of ice, or
snapping a rubber band around the wrist sometimes does the trick.
Cutters who crave the bloom of fresh blood can draw a red marking
pen instead of a blade across the places they’d like to cut. They can
drag ice cubes made with red food coloring over the skin to produce
a satisfying crimson trickle. Or they can swipe their �eshy canvas of
choice with henna paint (this has the added advantage of drying to
a pleasing scablike consistency, which can be picked o� the next
day). These distractions all deliver the release … relief response, just
in safer ways.

But the vets also point out that animals need both immediate
physical distractions and more long-term social changes—in other
words, they need solutions to their stress, isolation, and boredom.
And when you think about it, that might go for people, too. Young
adults in the age of our distant ancestors didn’t have anything like
the spare time and painless abundance of modern America. The
typical middle-class teen is a little like the horse alone in its stall,
with most of its needs—especially food but even entertainment and
physical activity—provided in easy-to-digest chunks. He’s left with
lots of extra time and few activities as invigorating as a daily
struggle for survival.

The problem may be worsened by technology that isolates even as
it entertains and informs. Even those of us who love these activities
recognize that watching television, playing video games, and
“social” networking alone in a room can leave us feeling
disconnected from real people. A survey comparing free-time
activities and contentment found that the only pastime that
consistently left people of all ages and socioeconomic groups feeling
unhappy was watching TV. While bird owners and others with
common problems can �nd solace in online gatherings of people



with the same issues, this phenomenon also has a dark side. The
Internet provides cutters (and those in other self-injuring
subcultures, including anorexics) with the wrong kinds of peer
groups—ones that enable and support the behavior, o�er tips for
“improving technique,” post poetry praising it, and describe tactics
for hiding it.

Zookeepers make animals forage. Should we explore getting teens
involved in growing and preparing their own foods, an activity that
can produce feelings of profound calmness and satisfaction … and
purpose? Just as an animal’s stereotypies decrease when it has a
companion, a pet can provide company, responsibility, exercise, and
distraction to a human. Like a lonely horse reintroduced to a herd,
isolated cutters could be encouraged to �nd herds of their own.
Whether in more mainstream pursuits (sports, theater, music,
volunteering) or more niche passions (medieval reenactment,
making YouTube videos, competitive Scrabble), the company of
other �esh-and-blood human beings depending on one another can
bring a deep sense of belonging.

Psychotherapy, the traditional (and often very e�ective)
treatment for extreme self-harm, may actually combine the two
approaches vets use for self-injuring animals. Supportive counseling
gives a cutter the beginnings of a herd: a person to talk to, sit near,
and be responsible to (by showing up for appointments).
Psychotherapy can also be viewed as a form of social grooming,
calming and “touching” another person through voice, language,
response, and presence. Actual touch and massage therapy with
literal physical contact (repetitive tactile stimulation) between
healer and patient might also be useful ways to release … and relieve
feelings of isolation and stress.

But zoobiquity also raises a deeper question about self-injuring
behavior in humans. If someone is burning himself with cigarettes,
we certainly need to �nd a way to stop him. But can we and should
we accept or tolerate less extreme forms? In fact, we already do.

The recent rise in self-injury coincides with the popularization of
a form of controlled bodily injury. While examining my patient who
showed me her cutting scars, I couldn’t help but remark on her



nearly head-to-toe collection of tattoos. She told me she’d gotten
most of them during a �ve-year hiatus from cutting. Now she was
doing both. “I think the reason I’ve been doing so much more
tattooing is that I really want to cut,” she told me. “People say a
tattoo doesn’t hurt. But it does.”

Needless to say, tattooing is not the same as self-injury. It’s an
ancient and, in many places, sacred cultural art form. But it is a kind
of grooming that bears many similarities to the practices of our
primate cousins. It’s an intimate interaction between two
individuals. It often confers social status. The pain involved in
getting a tattoo releases endorphins.

The zoobiquitous notion that self-injury is a form of grooming
gone wild opens up a whole new way of looking at our society’s
increasingly painful and invasive preening rituals. We subject
ourselves to full-body waxing, genital bleaching, acid peels,
repeated electrolysis, cuticle shaving, adult orthodontia, ultraviolet
tooth whitening, laser microplaning, and Hollywood’s injection of
choice, Botox.

Whether their tool is a tattooist’s ink gun, a plastic surgeon’s
needle, a cutter’s razor blade, or their own talons and beaks,
sometimes humans and animals simply cross a line. And when this
line is crossed, healthy self-care may shift toward signi�cant self-
harm. We may not be able to de�ne exactly where that line begins,
but we can easily spot when someone has crossed it.

All of us—from full-blown cutters to secret hair pluckers and nail
biters—share our grooming compulsions with animals. Grooming
represents a hardwired drive, one that’s evolved over millions of
years with the positive bene�ts of keeping us clean and binding us
socially.

Parents, peers, physicians, and vets should take notice when
stress, isolation, and boredom appear. Combating these triggers with
the fellowship of a theater group, the primal satisfaction of backyard
gardening, or the grooming challenge of a carefully placed wad of
gum does more than create a distraction. It uses an evolutionary
tool set to repair an evolutionary short circuit.



*Twenty-�ve years ago, when I was a medical student on the inpatient psychiatric unit at
U.C. San Francisco, self-mutilation was thought to be uncommon in general populations. It
was typically diagnosed in conjunction with a developmental or psychotic disability—for
example, eye gouging or genital cutting with schizophrenia or head banging with autism.
Indeed, self-mutilation occurs in association with certain disorders, including Tourette’s
syndrome, Lesch-Nyhan syndrome, some forms of developmental delay, and borderline
personality pathology.

†Lack of suicidal intent is a relatively new notion when it comes to self-injury—in fact,
some of what just twenty years ago we called “hesitation marks” (scars or shallow wounds)
on the wrists of a suicide might actually have been evidence of previous cutting.

‡In the fourth version of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV),
self-harm is listed as a symptom of borderline personality disorder. Other psychiatric texts
classify it as an impulse-control disorder, along with exhibitionism, kleptomania, and the
compulsive tics and vocalizations of Tourette’s syndrome. The much-anticipated DSM-V
will likely recategorize acts of nonsuicidal self-harm, including cutting, based on our
expanded understanding of the neurobiology and genetics that underlie them.

§Besides hair twirling and nail biting, many of us chew gum when we’re stressed out.
Zoobiquitously, some nonhuman primates in the wild pick gum arabic (the springy, saplike
base of natural chewing gums) out of trees and chew it. Zoo behaviorists sometimes give
their primates this substance as a way of combating stereotypies. Some nonnutritive
chewing has, indeed, been shown to have a calming e�ect, at least depending on which
teeth you use (one group of dentists claims that chewing with the rear molars is more
relaxing, while using the front teeth or canines perks you up).

‖Before addressing these common causes, vets rule out underlying medical conditions.
Psychiatrists do this, too, when a new symptom presents. For example, when a patient has
a new presentation of depression, the physician may consider hypothyroidism, Cushing’s
syndrome, or even pancreatic cancer. Similarly, when an animal (human or otherwise)
presents with self-injury, organic causes, including physical pain, must be excluded �rst.

aMost reports of animal self-harm come from captive populations, and in some
circumstances, captivity itself may exacerbate the triggers. But captive settings aren’t the
only places animals experience stress, isolation, and boredom. Comparable behaviors may
well occur in the wild, too—but given the di�culties and limitations of observing free-
ranging animals, wild versions are probably underreported.



bIn 1985, the USDA laid out six elements it deems critical to the psychological well-being
of captive animals: social grouping; structure and substrate (meaning the environment of
the cage and its �ooring, bedding, perches, etc.); foraging opportunities; toys or
manipulables; stimulation of all �ve senses; and training.
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Fear of Feeding

Eating Disorders in the Animal Kingdom

The eating disorders unit of a psychiatric hospital takes on a
charged atmosphere around 6 p.m. every day, when leaf-thin
patients �oat anxiously into the dining room. Many are draped in a
concealing uniform of baggy sweatpants and oversized shirts with
sleeves so long only their �ngertips peek out. They glance around
warily, eyeing one another and slyly sni�ng the air to predict what
food they will be challenged to swallow. The meals have been
calibrated down to the last calorie and garnished to entice the most
reluctant eater. Kind but guarded, the nurses, doctors, and ward
assistants (including the janitors) are on high alert for food avoiders,
food hiders, and food purgers. Sometimes they lock the bathroom
doors before serving time to make sure no one slips away for a mid-
meal regurgitation.

As a psychiatry resident in the late 1980s, I spent six months
rotating through the eating disorders unit at the UCLA
Neuropsychiatric Institute. I remember a meal with one particular
patient, a fourteen-year-old I’ll call Amber. Pale and gaunt, she sat
next to me at the round faux-wood table, �xated on the green
plastic plate in front of her. On it sat a simple turkey sandwich and
a red apple. She stared at the meal. And she stared. Finally she



looked up at me. I was surprised to see something like terror in her
eyes. “I can’t do it,” she whispered. “I just can’t. I am scared to eat
this food.”

Scared to eat. I remember thinking to myself how disordered that
seemed. How unnatural. Even before I had become used to taking a
comparative approach to human medical conditions, I thought, here
is a mental disorder that is completely antithetical to the principles
of evolution. In the wild, animals that starved themselves on
purpose would be on a collision course with extinction.

And yet this form of self-starvation, called anorexia nervosa,
strikes 1 in 200 American women. It’s surprisingly lethal. Killing up
to 10 percent of the a�icted, anorexia is considered to be the
deadliest psychiatric disorder among young females. Bulimia
nervosa, the well known binge-purge disorder, a�ects some 1 to 1.5
percent of women at some point in their lives and .5 percent of men.
And there’s also a rapidly expanding category of varied eating
disorders that get lumped together in a broad diagnostic category
called, simply, “disordered eating.” It includes troublesome
behaviors such as binge eating, night eating, secret eating, and food
hoarding.

Eating disorders are often dismissed as being mild, even trivial, an
a�iction of the wealthy and privileged. However, because of their
worldwide prevalence, the World Health Organization has declared
them a priority disorder. And as W. Stewart Agras, a Stanford
psychiatrist, points out in The Oxford Handbook of Eating Disorders,
eating disorders of all kinds are on the rise around the world.

In the two decades since I treated Amber, psychiatrists have
learned much about who is at risk for eating disorders and what
makes them susceptible. Hormonal states and brain chemistries
contribute. Because disordered eating can run in families, genetic
factors are believed to play a strong role. Certain personality types
are especially vulnerable. Su�erers tend to be fearful and anxious,
speci�cally about gaining weight and being fat. Anxiety disorders
are frequently diagnosed along with anorexia nervosa. Some
anorexics admit to being perfectionists or wanting to punish
themselves. Many say they’re addicted—either to food or to the



euphoric feeling they derive from starving. They report enjoying
exerting control over food and �gure, and watching the e�ect their
condition has on people around them. Psychiatric explanations have
also pointed to early childhood experiences and family dynamics as
the cause or trigger.

Eating disorders are complex and subtle, and seemingly very
human. As far as we know, other species don’t share our concerns
with body image and self-worth—preoccupations that fuel human
patients’ dangerous disordered eating. And a patient’s troubled
social relationships and obsessions about getting fat certainly seem
to be �xed in a very human matrix of culture and social pressures,
media messages and memes.

However, closer inspection of veterinary data yields some
surprising, overlapping eating behaviors across species. In animals,
binge eating, secret eating, night eating, and food hoarding are
common. Anorexia nervosa and bulimia nervosa (or close
homologues of those extremes) may indeed be present in certain
animals under certain stressful circumstances. And while the animal
and human “psychology” of these disorders di�er, neurobiologically
there may be parallels. A zoobiquitous approach made me see that,
like Amber, animals may also sometimes be scared to eat. In fact,
for many, both wild and domestic, every meal may feel as risky as
Amber’s sandwich did to her.

To understand what I mean, we have to put two very di�erent
�elds of inquiry side by side. First: contemporary psychiatry and the
bewildering, ill-de�ned, yet growing diagnosis of disordered eating.
Next to it: wildlife biology and the whimsy and mishap of animals’
quest for daily bread.

A typical morning in the wilds of Yellowstone National Park might
look something like this: A chipmunk pokes a whiskered nose out of
her burrow and scurries over to a scattering of pinecones. With a
blur of forepaws, she nibbles at several. Alone, furtively, she stu�s
her cheeks, sails back to her den, and stashes the hoard in her secret
underground hiding place. Then, although she has just eaten, she



heads back out and approaches the food again. Ears pricked, eyes
wide, she pauses. Scans her surroundings. Ignores a rustle in the
leaves. She eyes the nuts. Suddenly: another crackle. This sound is
di�erent—she �ees for her den, but too late. Pounce! Swipe! A
bobcat bites down on the chipmunk’s neck and carries her limp
body away.

In the tall grass nearby, unnoticed by the bobcat, crouches a silent
hare—his heart revved and muscles taut for a now-unnecessary
sprint to shelter. He remains frozen for a few more moments until,
sensing safety, he can resume feeding. But the patch he had been
heading toward when he smelled the cat is now out of the question,
too dangerous even though it’s only a few hops out of reach. Some
tufts of lupine, while less nutritious, will su�ce. Jaws grinding,
heart racing, the hare stu�s his mouth with the easy and available
vegetation.

Deep in the grass patch abandoned by the hare, a grasshopper
freezes. It senses, but can’t see, a hungry spider nearby. Abruptly,
the insect stops munching the protein-rich grass. Moving cautiously,
it sidles over to a new plant—sugar-laden goldenrod. Its mandibles
start churning rapidly on the sticky yellow �owers.

In an aspen grove on the banks of a river, elk browse in seeming
calm, their twitching ears and �aring nostrils the only giveaway that
stress hormones are pumping through their veins as they monitor
the silent forms of a wolf pack stalking their fawns.

Under the river’s turbulent water, a juvenile cutthroat trout hides
in the cleft of a rock. In the current around her drift may�y nymphs,
midges, and other nutritious morsels. But, too young and
inexperienced to take on a predator in the open water, the cautious
young �sh stays frozen where she is, camou�aged and protected—
sacri�cing food for safety.

Hawks and eagles, their stomachs awash in hunger hormones,
patrol overhead. Their quarry—the vigilant denizens of the gold-
and-green scrub, from sagebrush lizards, partridges, and bull snakes
to gophers, deer mice, and skunks—all constantly weigh a risky
tradeo�. Nibble food in view of the voracious air force above—or
remain hidden and go hungry?



As the sun starts to descend, the animals become even more
watchful. Some, driven by hunger, are desperate to kill their calories
before dark. Others shovel in food selected from their own larders or
pilfered from a neighbor’s. Some animals awake with the setting sun
and begin the dangerous proposition of �nding food by moonlight.

One thing you can say about meals in the wild: they’re never
boring. Every bite requires a life-or-death focus on two things:
getting food and avoiding becoming food. If an animal cannot �nd
and secure consistent meals, he will die of starvation. If he’s not
vigilant, he will fall to predation. In nature, eating is drenched with
danger, risk taking, stress, and fear.

But what if, instead of observing animals in Yellowstone, we were
peering into darkened kitchens and dining rooms, past closed o�ce
doors and tinted car windows? What if those were human animals
who were scurrying, sprinting and storing, hiding and nibbling?
People who were spending entire mornings in the pursuit of food,
obsessing about it, changing their behavior to get or avoid it? Then
the scenario might seem quite di�erent. In fact, if exhibited by a
twenty-�rst-century human, many of those behaviors would trouble
my psychiatrist colleagues.

Today we no longer view ourselves as cowering prey. After all,
we’re the most fearsome predators in the history of our planet. In
civilized comfort at the top of the food chain, most of us will go
through our whole lives never facing a realistic threat from a
nonhuman predator. We can be grateful for that, but it obscures the
fact that our DNA has a much longer memory.

In the not-too-distant past, we faced, on a daily basis, the very
real threat of becoming someone’s lunch. Our genetic legacy of
survival has depended on the crucial instincts our forebears
developed through millions of years of evolution—the instincts that
kept them alive and out of the colons of other creatures. Nowadays
Volkswagen-sized eagles aren’t poised to drop on us as we exit
Starbucks, soy latte in hand. But our back-stabbing o�ce politics,
our violence-drenched entertainment, even the very process of
growing up can trigger physiological reactions as potent as those



handed down from our animal ancestors stalked by ravenous
carnivores.

We have one obvious thing in common with other animals and
our own animal ancestors: we all have to eat. And echoes of the
eating strategies of our animal forebears—guided by fear, anxiety,
and stress—may remain with us, even today, in ancient, inherited
eating neurocircuitry and behaviors. It means there may be a
“disordered” animal eater lurking in every one of us.

My daily meetings with Amber took place in various locations inside
the treatment unit or somewhere on UCLA’s campus: on a bench,
under a tree. We delved into her childhood memories (such as they
were; she was just fourteen, after all); her thoughts; and her
visualizations of the future—all to get to the psychodynamic core of
why she was afraid to eat.

Ecologists who study animals are, for obvious reasons, unable to
engage in such dialogue. Like psychotherapists, they would never
strive to understand a single animal’s eating behavior in isolation
from the world around it. In fact, scientists who study animal eating
know that a lot of an animal’s behavior around food depends on
factors completely out of its control. Weather, food supply, position
in the pecking order, and social hierarchy—all these can mean the
di�erence between a belly that’s full and one that’s empty. And in
the wild, one of the biggest diet determiners is the presence of
predators. Biologists call it “the ecology of fear.”

To study this idea, scientists at Yale built mesh-and-�berglass
�eld cages over areas of a meadow containing wild grasshoppers
and their primary food source, naturally growing vegetation. In
some enclosures, the grasshoppers were left to eat in peace. Those
insects mostly munched on protein-rich grasses. But another group
of grasshoppers was enclosed with an unpleasant surprise: predatory
spiders. To protect the grasshoppers, the spiders had had their
mouthparts glued shut.

The presence of the arachnids had a signi�cant and surprising
e�ect. Forced to share space with their mortal enemies, the



grasshoppers all but gave up eating grass. But they didn’t stop
consuming food altogether. They chose instead to eat goldenrod, a
sugary, carbohydrate-laden �owering plant, instead. The same
preference for sugar over protein was seen when the experiment was
repeated and the grasshoppers’ choice was between a high-sugar
cookie and a protein-rich bar. This means something very
interesting, says Dror Hawlena, the ecologist who devised the
experiment. When stressed out by the spiders, the grasshoppers
binged on sugar and carbs.

The threat of predation speeds up the metabolism of a variety of
species, preparing them to react to the danger. Revving the engine
burns fuel in the blood and muscles. To keep the engine
accelerating, they need quick fuel. Simple sugars and carbohydrates
�t the bill. Their chemical bonds come apart more readily than the
long-chain fatty acids of leafy greens or the complex molecules of
proteins, so they don’t require a lot of processing in the gut. The
body can utilize their energy quickly.*

Psychiatrists studying eating disorders note that bulimic binge
eaters rarely overconsume protein or leafy greens. Like the
grasshopper, they focus their eating sprees—sometimes with
obsessive intensity—on sugars and simple carbohydrates. (Stress
eaters who don’t later compensate by vomiting or using laxatives
sometimes kick this speci�c sugar-and-carb focus.)

In the Yale study, the insects’ food choices were driven by
external factors beyond their control, in other words, the ecology of
fear. In the presence of a predatory threat, they chose foods that
would accelerate a lifesaving escape. These animals provide an
underexplored possible context for a human binge eater’s food
choices. They suggest an evolutionary origin. A stressed person’s
decision to forgo the chicken breast and vegetables in his lunch box
and consume candy bars instead can seem pointless, weak, and even
self-destructive. But knowing that some nonhuman animals prefer
high-sugar foods when they’re fearful could help a human stress
eater better understand his own candy binge. While he knows it’s
unhealthy for his waistline, blood sugar, and molars, the impossible-



to-resist impulse may spring from a hardwired response to threats
that for eons has saved animals’ lives.

Of course, a college undergraduate shoveling candy into her
mouth late at night during �nals week or an executive loading up
on a sleeve of cookies before a business trip are separated from the
grasshopper by genetics, brains, cultures, and, certainly, self-
awareness. But as animals, they may share physiologic strategies for
coping with stress, one of which could be an attraction to getaway-
fueling simple sugars during times of stress.

And the ecology of fear in�uences not only what an animal
chooses to eat. It also determines when. Light-dark cycles a�ect
animals’ sense of safety. In some animals light may inhibit eating; in
others it may enhance it. In a study of gerbils, for example,
researchers found that when nights were dark, the rodents ate
substantially more. On bright nights illuminated by a full moon,
making them more visible to predators, they ate less. Another study,
on rodents known as Darwin’s leaf-eared mice, found that shining a
light on their cages was enough to make the mice cut their foraging
time in half. They ate nearly 15 percent less than usual and,
consequently, lost weight. Scorpions have shown a similar aversion
to bright nights. The bigger the moon, the less they foraged. It’s
known that light therapy can reduce food cravings and overeating in
some human bulimics. Animal examples could provide a context for
these e�ects. Perhaps this is the evolutionary basis underlying the
folk wisdom that a late-night urge to raid the refrigerator can be
squelched by �ooding the kitchen with bright light.

The ecology of fear can change an animal’s entire approach to
feeding—even beyond what and when it eats. In his book about
mountain lions, The Beast in the Garden, the science journalist David
Baron tells an interesting story. Starting around the mid-twentieth
century, mule deer around Boulder, Colorado, began behaving
oddly. Instead of cautiously venturing out of hiding to feed at dawn
and dusk as they used to do, the deer began eating, lounging, and
even giving birth in full daylight on the lush, landscaped lawns of
Boulder’s neighborhoods. This lackadaisical behavior coincided with
unusually low numbers of predators in the surrounding region—



wolves had been hunted to near extinction in the century before,
and the mountain lion populations had been decimated. Baron notes
that “with its large carnivores gone, Boulder’s herbivores
�ourished.”

Around the same time, something similar was happening in
Yellowstone. For �fty years, the landscape had been completely
devoid of a fearsome predator: wolves. This had an intriguing and
measurable e�ect on Yellowstone’s elk. They relaxed. They began
grazing deep down in ravines, near streams and in open meadows,
far from tree cover. The elk would never have dared to enter these
risky, hard-to-escape-from locations when wolves were near. But,
unhindered by the fear of a sudden attack, they were able to browse
much longer at a stretch, and they discovered a taste for new menu
items. They consumed the leaves of cottonwood and willow in
addition to their usual grasses. They ate more than usual. They grew
fatter. They had more babies.

However, all that changed in 1995. That’s when twenty wolves
were released into carefully selected sites in Yellowstone by the
National Park Service and the U.S. Fish and Wildlife Service. The
wolves’ presence a�ected the elk almost immediately. The animals
became more vigilant. Repeatedly lifting their heads to scan their
surroundings stole crucial time away from browsing. They changed
eating locations, preferring to graze in sheltered forests rather than
in open meadows—a pattern elk follow when stalked by human
hunters as well.

Nowadays, about one hundred wolves patrol Yellowstone, keeping
the elk on edge. The impact of fear has restored their eating to the
cautious and restricted pattern so common in the wild. Ecologists
have identi�ed other animals around the world who eat less, restrict
food choices, and put o� eating in response to predator
intimidation. Manatee-like dugongs, for example, sacri�ce grazing
opportunities in the underwater seagrass meadows of Australia’s
Shark Bay when tiger sharks are prowling nearby. Snails in southern
New England tide pools browse less on acorn barnacles and algae
when they sense predatory green crabs in the vicinity. Impala and



wildebeest increase their vigilance when ravenous lions and
cheetahs are lurking in the neighborhood.

What’s clear is that when intimidation goes up, animals may
restrict where, when, and what they eat. And when threat is
reduced, eating behaviors may relax. Fear’s ancient connection to
feeding could allow physicians to understand eating disorders in a
whole new way. What ecologists call “encounter avoidance” and
“enhanced vigilance” in wary animals might have psychiatric
overlaps with “social phobia” and “perfectionism” in human
patients.

Intimidation and fear take many forms in the wild. Usually, they
involve claws, fangs, talons, and teeth. But there’s one threat that
stalks living things without the use of a weapon or even a body.
Although no one would say that animals consciously worry about it,
starvation is another constant menace in the wild.

A modern supermarket is about as far from Yellowstone’s wild
eating landscape as you can get. Straight aisles, stocked shelves,
temperature-controlled air. I’d never thought much about animal
food-storage habits, beyond squirrels pushing nuts into the ground,
woodpeckers creating “granaries” in old trees, and bees buzzing
around, making communal honey. But the drive behind these
behaviors connects to one of the most ominous feeding fears in the
wild: starvation.

Animal larders are concealed everywhere we turn, from treetops
to roots, branches to grasses, rocks, shrubs, fence posts, and eaves.
They’re more plentiful and elaborate than I’d imagined, containing
not just seeds and nuts but such other delicacies as twigs, lichens,
mushrooms, carcasses, nectar, and pollen.

Some moles create worm farms in the walls of their burrows to
keep their stash fresh and ready to eat. When they catch a worm,
they bite o� its head and store the body under the cool soil in
special areas of their tunnels. Since moles will continue to injure
and stash worms as long as they’re available, these so-called
fortresses can grow quite large. One I read about weighed more than



four pounds, was a yard and a half long, and contained more than a
thousand earthworms and grubs. In a lovely bit of recycling, some
lucky worms get a reprieve: if they can avoid being eaten until
they’re regrown their lost heads, they can make an escape,
especially in the spring, when the soil warms up.

During nighttime feeding runs, mountain beavers in the Paci�c
Northwest snip o� bits of ferns and other greens and stack them in
small bundles under logs and on rocks. They also hang them over
the low branches of trees and shrubs. The beavers later move these
piles of wilted greens into special chilled storage chambers near
their nests and feed out of these “mini-fridges” all year. The
moisture-laden vegetation is quick to mold, so every week or so the
beavers have to take stock and replace the stores. You might go
through your crisper from time to time, too, and throw out the
liquefying romaine.

And lest you think food caching is limited to vegetarians or
rodents, consider that birds of prey are well known to “overkill” and
store food. An American kestrel was once seen slaughtering seven
mice and storing their bodies in two adjacent grass clumps. A
screech owl once found an empty shelf in a barn and stashed
twenty-two dead day-old chicks on it. Bears, foxes, and mountain
lions conceal animal carcasses under leaves and dirt, for later meals.
Spiders routinely kill more insects than they can eat, package them
up in take-out containers of spider silk, and go back later to
consume them. Jackals were spotted returning at night to a mud pit
to retrieve stored shreds of meat they’d submerged earlier in the
day.

Eating alone, in the safe privacy of a personal larder, minimizes
the time an animal spends in risky, high-predation situations. And a
hoarder has extra energy and time for courtship and mating. But it’s
hoarding’s antistarvation advantages that confer the real payo�.

With provisions to insure them against future famines, animals
that hoard have a safety net to protect them from dangerous periods
of food shortage. Hoarding behavior literally makes animals safe.
Safety and food hoarding connect in humans, too, whether it’s a
prudent stash of dried beans and powdered milk in an emergency-



preparedness kit, a pantry pleasingly stacked with tuna cans, or a
freezer stocked with chicken breasts.

But psychiatrists recognize, in some hoarding behaviors, signs of
underlying disturbance. For example, food hoarding is often
observed in foster children with severe attachment disorders, those
whose early sense of safety has been fractured. Even the hoarding of
nonfood items connects again to the ecology of fear. Human
hoarders’ stacks of magazines, plastic bags, and receipts make them
feel safe. Parting with these treasured items causes them distress,
fear, and anxiety.

Compulsive hoarding—of food, objects, and even pets—is
currently believed to be a type of OCD. OCD is linked to several
other psychiatric disorders, including anxiety and eating disorders.
Clinicians know that the majority of patients with anorexia nervosa
su�er from anxiety disorders, including OCD and social phobia. The
connection between fear and feeding spans species: from human
beings to anxious elk, stressed grasshoppers to cautious gerbils. The
ecology of fear also underlies another animal syndrome, one with
intriguing parallels to human patients.

It’s ironic, but answers for su�ering anorexic patients may be hiding
in one of the last places they might think or want to look: a pig
farm. Under socially stressful conditions, some female pigs may self-
restrict their food intake, even as the herd mates around them are
eating normally. They continue losing weight until they’re
emaciated. You can easily spot them by their prominent backbone
ridges. Like human anorexics whose hair becomes brittle and
patchy, pigs a�icted with a condition called thin sow syndrome
grow hair that is abnormally coarse and long. Women who are
anorexic often stop having periods (in fact, that’s technically part of
the de�nition of anorexia nervosa). Thin sows stop going into heat.
Members of both species can go on to starve themselves to death.

The similarities go beyond the physiological. In their article
“Intriguing Links Between Animal Behavior and Anorexia Nervosa,”
psychiatrist Janet Treasure and agriculture professor John Owen



explain that while “the a�ected animals restrict their intake of
normal food  …  some consume large amounts of straw.” That’s
similar to an old trick of human anorexics, too: eschewing food
that’s dense in nutrition (and calories) in favor of stomach-stu�ng,
“negative”-calorie �llers like lettuce and celery. Even more
interesting is something Treasure and Owen learned from observing
pigs on farms throughout Europe. Like food-deprived rats running
nowhere on their wheels and human anorexics putting in yet
another hour on the treadmill, pigs with thin sow syndrome are
remarkably restless. As Treasure and Owen note, having observed
the animals at Greece’s largest pig farm, where a full 30 percent of
the females were a�ected, thin sows “spend more time on
nonnutritive hyperactive behavior … they move incessantly around
their pen.”

Trying to �gure out why and when certain pigs are at greater risk
for developing thin sow syndrome has led to a hunt for the gene
sequences that underlie it. And the search has turned up an
intriguing culprit. In recent decades, consumer taste has veered
away from fatty cuts of meat. Human pork eaters want their chops
and loins lean. Even bacon has gotten skinnier. Livestock farmers
have responded to the demand by breeding leaner pigs. And that’s
where a problem seems to crop up. Treasure and Owen report that
“pigs, especially those that are bred for extreme leanness, can
develop irreversible self-starving and emaciation.”

What’s happened is that selective breeding for leanness has “led
to the uncovering of recessive traits which produces extremes.” That
these traits came to the fore in pigs in a matter of generations leads
Treasure and Owen to suspect that anorexia nervosa has “an
analogous genetic basis”—in pigs and humans … and other animals,
too.† This indicates that gene sequences that code for thinness may
exist in many animals, although they remain in the background,
essentially unactivated, in wild populations, where breeding is not
as controlled.

When we look at humans, we see something similar. Studies of
twins and generations of families show that heritability for anorexia
nervosa is extremely high. Searching for an “anorexia gene” has led



inevitably to questions about why it arises in the �rst place.
Evolutionary psychologists have posited several varied theories to
explain why anorexia nervosa may have been selected for in our
human ancestors. Their hypotheses have included adaptation to
famine, social hierarchy e�ects, and male preference for certain
body types (both heavier and thinner).

What seems much more likely, says Michael Strober, a UCLA
professor of psychiatry and biobehavioral sciences and the editor in
chief of the International Journal of Eating Disorders, is that the gene
sequences that anorexics are passing down the family tree are linked
to anxiety. Anxiety, high stress, and fear responses are the main
features Strober sees in human anorexics and other people with
eating disorders every day in his o�ce at UCLA. “People with
anorexia nervosa are nervous when they confront change or any
novelty in their environment,” he told me.

And change is stressful for thin sows, as well. Even assuming an
underlying genetic propensity, what’s remarkable is when and why
the sows are most vulnerable to the syndrome. It strikes most often
during the socially and physically demanding weeks between giving
birth and weaning their piglets, a period called farrowing. And it’s
not just the new porcine moms who get so frightened and stressed
that their diet is a�ected. Weaning is a vulnerable and scary time
for the piglets, too. In fact, that’s when the less gender-speci�c
variant, wasting pig syndrome, can develop. Like females a�ected
by thin sow syndrome, young pigs with wasting pig syndrome refuse
food, become emaciated, and sometimes die. Young male pigs are
just as susceptible as female piglets, and it strikes at that fraught yet
crucial period when they’re moving out from under the protection
of their mothers into the competitive world of the herd.

Your typical commercial swine operation is not the bucolic idyll
you might imagine from fond rereadings of Charlotte’s Web. Strict,
innate social hierarchies that serve pigs well in the wild lead to
dominance displays in crowded conditions, especially around
feeding. From their �rst day on the teat to their later days at the
trough, pigs compete for food and may bite each other’s tails and
ears to be �rst to chow time. The ones that prevail get fatter and



healthier. The more timid ones miss out. In this environment, the
pigs with genes that are overly expressed for anxiety, especially
social unease, are vulnerable to a phenomenon that every middle
school teacher and counselor of young adolescents will recognize:
bullying. Farmers keep an eye out for bullying in their herds,
knowing it can lead to thin sow syndrome. Psychiatrists, too,
increasingly recognize eating disorders’ important associations with
anxiety and dis-ease in addition to more traditional ways to explain
why anorexia nervosa occurs: disordered psychosexual
development, intrusive family dynamics, perfectionism, and body-
image distortion.

Knowing this, then, could clues for treating human anorexia
nervosa be found in a pigsty? Farmers, after all, take a �nancial hit
if they just stand by while their sows and piglets starve themselves.
Connecting fearful states to eating behaviors, one study showed that
piglets treated with anxiety-relieving drugs were indeed able to
overcome their self-starving tendencies and resume eating and
gaining normal amounts of weight. But pigs in general a�icted with
thin sow and wasting pig syndromes don’t fare well. One veterinary
website says �atly, “There is no treatment.” Psychiatrists might
agree: they have yet to �nd a consistently impressive
pharmacological �x for anorexia nervosa once it’s fully taken root.

But there may be some preventative measures. Farmers advise
making sure the animals are warm. They suggest raising the heat in
the animals’ pens and giving them more bedding material. Similarly,
rodent researchers found that warmer ambient temperatures
signi�cantly reduced wheel-running by food-deprived rats. In some
cases it actually reversed weight loss. This is likely due to the e�ects
of a tiny brain structure called the hypothalamus, located behind
the pituitary gland and above the brainstem. Body temperature,
food consumption, and metabolism are regulated by the
hypothalamus, which also plays a critical role in stimulating and
suppressing appetite. Indeed, early traumatic injury to the
hypothalamus (and other brain structures) may lead to anorexia
nervosa later in life. Conversely, anorexia nervosa itself can bring on
hypothalamic dysfunction.



Pig farmers also recommend immediately increasing feed rations
for the whole herd, not just the su�ering pigs. Whether this reduces
competition for food or catches at-risk sows before they tip into
syndrome territory, it seems to improve the health of the entire
group.

Could these measures help human anorexics? Although those with
full-�edged anorexia nervosa would certainly need more
comprehensive treatment, ‡  might people with early signs of this
disorder bene�t from something as simple as kicking up the
thermostat a few degrees during stressful periods? Borrowing
further wisdom from veterinarians and farmers, physicians and
families might keep an eye out for bullies and social competition
during critical life transitions, such as adolescence and new
motherhood, to stave o� anorexia nervosa in at-risk individuals.

Some eating disorders, say psychiatrists, spread socially among
susceptible individuals. It can take just a single “thought leader” to
disseminate disordered eating behaviors to many others in a group.
Today’s aspiring bulimics and anorexics can learn tricks of the trade
from anorexia-nervosa–promoting (a.k.a. “pro-ana”) websites.
Images of skeletal celebrities �ll screen after screen, providing
visitors with “thinspiration.” Comments and blogs give isolated
anorexics and bulimics around the world a cyber support group in
which to crow about their triumphs: a meal skipped, a parent
tricked, chocolate bars and noodles regurgitated, an exercise goal
exceeded. Online pals commiserate about laxative intolerance and
family meals fake-eaten under the eagle eyes of parents or spouses.
Helpful tips include how to mask your breath after a vomiting purge
and how to smuggle heavy coins into your pockets to tip the scales
at your yearly physical. An added thrill for devotees of these sites
may come from a sense of persecution and secrecy. The sites are
targeted by web managers and parents’ groups and are frequently
pulled down, only to sprout up again on a di�erent domain or
server.



But what might surprise the a�cionado-victims of “the ana
lifestyle”—not to mention a bulimic men’s cross-country team or
varsity cheer squad—is how much they have in common with the
gorillas at their local zoo or belugas at their local aquarium. Because
some of these animals have a nagging (and mostly secret) habit, too.
Zoo vets call it R and R: regurgitation and reingestion.

The technical de�nition of R and R is “the voluntary, retrograde
movement of food or �uid from the esophagus or stomach into the
mouth.” An a�ected gorilla causes himself to vomit a bolus of food
into his mouth or hand, or sometimes onto the ground. Just before
he does it, he goes through some preliminary behavior. Gorillas
have been seen poking and massaging their stomachs. Others
prepare a special place on the ground. Some hunch over or rock
back and forth and shake their heads. After the mouthful comes up
—onto the �oor or into a hand or mouth—the gorilla reconsumes it.
They use their �ngers, or lick it up directly, or simply rechew and
swallow what’s already in their mouths. Sometimes the process is
repeated, with the same material going up and down numerous
times.§

Just as with human bulimia nervosa, once R and R behaviors start
in one member of a group, they can spread. For example, when the
elder gorillas of a troop engage in it, infants and adolescents become
fascinated, sneaking up behind silverbacks and females to steal
slurps of regurgitant. In one group of gorillas, the young literally
aped the adults’ stooped body postures after watching them go
through their R and R routines. The youngsters spit and
reswallowed their own saliva, leading researchers to remark that the
behavior “might be socially enhanced, if not learned.”

R and R is widely believed not to occur in the wild, or at least not
that researchers have reported. But it is common in captive settings
in both terrestrial and aquatic mammals. Chimpanzees, dolphins,
and beluga whales—all animals said to share our so-called higher
cognition—have been seen engaging in R and R outside wild
environments. One marine mammal specialist described to me a
time she saw a beluga whale gag up a swirling ribbon of white
liquid and then balletically, deliberately, reingest it while on display



in its underwater tank—in full view of a group of disgusted
aquarium visitors.

When veterinarians notice R and R, the �rst thing they do is take
stock of the individual’s social environment. Like the pig farmers,
they carefully monitor group interactions to see where stressors and
fear might be coming from and to minimize opportunities for R and
R to be learned by others.‖

Veterinarians are careful to point out that R and R di�ers in some
ways from human bulimia. In fact, R and R bears similarities to
another human condition called rumination disorder. It’s diagnosed
in humans who bring up food from their stomachs into their
mouths, chew, and then spit out or reswallow repeatedly. One
veterinary theory is that R and R behaviors are an animal’s way of
self-soothing or prolonging feeding pleasure. This may be true, but
many human su�erers of rumination disorder also have mental
disorders driving the behavior.

Given the relationship between R and R and stress, does this
vomiting behavior also connect to the ecology of fear? I believe it
does, though it’s not predatory fear that underlies R and R but,
rather, the dangerous and oppressive anxiety of social stress.

For a scared animal, an emotionally activated digestive tract can
be a powerful weapon in its defensive arsenal. The black vultures in
McKinney Falls State Park, in central Texas, are notorious
regurgitators able to “vomit with a vengeance” when threatened by
humans or other animals. Some caterpillars, too, according to
lepidopterists, are well-known regurgitators. Some upchuck
re�exively at the slightest provocation, while others stoically
withstand stressor after stressor until �nally they blow. Looking at
the opposite end of the digestive tract, some animals defecate as an
o�ensive strategy to drive predators away and to facilitate escape.
Others, including many mammals, defecate in response to fear or
threat. Perhaps you yourself have felt a stomach-emptying urge—
from either end—before a major presentation or during a stressful
social encounter.

I found no corresponding term in the human literature to describe
it, but wildlife biologists have a great one. They call throwing up



when threatened “defensive regurgitation.” Although the psychology
is vastly di�erent, the e�ect of stress hormones on the gut may be
very similar. Thinking of bulimia nervosa as “defensive
regurgitation” may help physicians reconsider how they approach
and treat this disease. And it may help patients reframe it as well.

I never did get to the bottom of all of Amber’s fears. But after a few
weeks she left the unit, carrying a few more pounds on her small
body and a little less anxiety in her mind. From time to time in the
years after, I would see her on campus, home from college. She was
recovered and appeared healthy.

But if I could go back to that moment in the dining room when
she was scared of a sandwich and change one thing, it would be
this. While sorting through her fears—of getting fat, of food, of
change—I would help her understand her fear of feeding as a
protective physiology gone astray. I would tell her about the
ecology of fear and share the story of the Yellowstone elk. How
severely they restricted their eating when wolves abounded. And
how their eating expanded when the predators went away. We
would work together to help her identify the wolves in her life and
uncouple her fear from her feeding. Because Amber was a lot like
other vulnerable animals venturing out of nests, caves, and burrows.
Threat comes not from the food they might eat, but rather from the
uncertain and dangerous world in which they must consume it.

*As Hawlena explained to me, proteins are also rich in nitrogen, much of which animals
must excrete to avoid toxicity. Stressed-out grasshoppers and other animals may avoid
protein because the energy required to process nitrogen could be better spent on more
urgent activities, such as escape.

† The fashion for leaner meat is not limited to pork. Metabolic oddities, like double-
muscling in cattle, have cropped up in other farm animals as a result of breeding that
selects against fat.

‡One study of ten anorexics in a clinic showed that having them wear heating vests for
three hours a day had no e�ect on body mass.



§Animals display a spectrum of regurgitative behaviors, from R and R to cud chewing. For
many animals, it’s a normal part of their digestive process. One of the reasons R and R
makes an intriguing natural animal model for bulimia is its observed association with stress
in animals.

‖They also might alter the animals’ diets. Milk products are associated with both human
bulimia and animal R and R. In Georgia, keepers at Zoo Atlanta noticed that R and R
peaked every day right after the evening meal. That’s when the animals were each given a
cup of cow’s milk to supplement their nutritional intake. Hoping to reduce R and R, the
Zoo Atlanta gorilla team experimentally removed milk from the gorillas’ diets. Afterward,
the R and R patterns changed signi�cantly. The animals still brought food up, but they
reingested it much less frequently. With milk out of the diet, gorillas spent more time
eating hay—a more appropriate food item for them. Intriguingly, R and R behaviors in
these gorillas also showed a seasonal di�erence. The behavior was much more prevalent in
winter. In summer, when they were more active, the gorillas were much less likely to
vomit on purpose. 
    As a triggering food for regurgitation, dairy products are preferred by another member
of the great ape family. Michael Strober noted, “Yogurt is one of the favorite foods of
people with eating disorders. They have this a�nity for yogurt.… Ask them to list their
favorite food; they’d probably say yogurt.”
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TEN 

 
The Koala and the Clap

The Hidden Power of Infection

When monster wild�res scorched southern Australia in 2009,
destroying homes and killing nearly two hundred people, one
photograph came to symbolize the epic clash of man against nature
and the plight of the vulnerable creatures caught in the middle. It
showed a �re�ghter in bright yellow battle fatigues. With smoke
rising around him, he crouched on the charred earth, holding a
plastic water bottle to the lips of an exhausted koala. As it drank,
the animal gripped the �re�ghter’s hand with its small paw. The
human—face sooty, hair mussed—gazed intently at the animal, a
striking image of compassion and interspecies cooperation.

Around the world, people anxiously followed the story of the
koala and the �re�ghter. At the shelter where the animal’s burns
were salved and her paws bandaged, she acquired the nickname
Sam. This icon of Australia—pulled from the ashes—became the
furry face of resilience overcoming adversity, more phoenix than
marsupial.

But six months later, Sam hit the blogs again. This time, her story
didn’t have such a happy ending. In fact, Sam had died. It wasn’t the
burns that had killed her. The koala was dead of complications from
chlamydia.* She had a sexually transmitted disease (STD). Readers



learned that chlamydia is an epidemic of such proportions among
the thousands of wild koalas in Australia that it threatens extinction
of the iconic animals.

Chlamydia and koalas. It’s a combination that just seems wrong,
like a toddler with a heart attack. Small marsupials are innocent and
natural, even cute. STDs, let’s be honest, are not. Even among
physicians accustomed to the sights and smells of the human body,
STDs hold little appeal. An international survey of physicians once
ranked a�ictions by their level of prestige. Brain tumors, heart
attacks, and leukemia were the top three. Diseases that strike below
the belt were dead last.

And medical advances of the past half century have made it even
easier to look away from sexual infections. In developed countries,
most of us have the luxury of thinking of STDs as being essentially
curable—or, at worst, treatable, chronic diseases requiring daily
medication. (Think of antiviral medication for herpes or, in a more
extreme case, daily drug cocktails for HIV.) What’s more, pervasive
and e�ective “safe sex” education has given the strong message—
true in some cases—that barrier methods and abstinence can make
you practically impervious to STDs.

But for animals, safe sex isn’t a choice. In fact, when you think
about it, unprotected sex is the only kind nonhuman animals have.
Without access to condoms and abstinence pledges, not to mention
antibiotics and vaccines, nonhuman animals have to cope and
survive and reproduce somehow, regardless of what infections come
their way. When you consider the amount of “unsafe” sex going on,
24/7, in a mere square mile of wilderness, it seems remarkable that
animals aren’t 100 percent infected at all times with STDs.

Veterinarians, like physicians, often give animal STDs scant
attention, compared to other health concerns. Wildlife veterinarians
don’t regularly count the genital warts on tundra swan penises when
they radio-collar them for migration surveys. Nor does yearly
population tracking of Yukon caribou end with the females in
stirrups and the vet chitchatting while warming up an Arctic-chilled
speculum. Even when zoos transport and relocate their animals for
breeding, most don’t routinely screen for STDs. Among biologists,



the handful of professional academic organizations that might
discuss animal STDs are loosely organized and spread thinly
throughout the world.

Like most patients and physicians, I wasn’t exactly clamoring to
hear more about STDs. But we all should pay attention, because
STDs are remarkably deadly. HIV/AIDS is the world’s sixth biggest
cause of death. When you combine those numbers with cancer
deaths from sexually spread viruses such as human papilloma virus
(HPV) and hepatitis B and C, the mortality climbs even higher. STDs
are tenacious, ancient, and lethal, and they continue to outfox
human attempts to control them. Perhaps physicians can �nd help
for human STD patients in a place they’ve never thought to look: the
genitals of nonhuman animals.

Consider the following: Atlantic bottlenose dolphins sprout cervical
and penile warts. Baboons get genital herpes. Copulating whales,
donkeys, wildebeests, wild turkeys, and Arctic foxes harbor and
transmit warts, herpes, infectious pustular vulvovaginitis, venereal
pox, and chlamydia.

Sexually spread brucellosis, leptospirosis, and trichomoniasis
cause repeated miscarriages and reduced milk output in cattle. Pig
litters can be decimated by bacterial infections acquired during
mating. Venereal diseases in farmed geese cause death as well as
drops in egg production. Contagious equine metritis so predictably
devastates fertility in mares that every stallion of breeding age
imported to the United States is required to go into a minimum
three-week quarantine to make sure he’s not a carrier. Dog STDs can
cause abortions and birth failures.

When I �rst started learning about animal STDs, I was surprised
by the range of species they infect. But it wasn’t too hard to picture
the mechanics of mouse or horse or elephant sex and imagine the
genital contact that could lead to the spread of an infection. What
was truly eye-opening to me, however, was that the dark, balmy
environments favored by sexually transmitted pathogens aren’t
limited to warm-blooded creatures. Dungeness crabs, for example,



are vulnerable to a worm that spreads from males to females when
they mate. The worms invade the female looking for her cache of
eggs. Once they �nd it, they start feeding, reducing the number of
viable crab o�spring.

Even insects carry STDs on their tiny genitals. Two-dot ladybugs,
one of the most promiscuous creatures on Earth, can become
infected with a sexually spread mite that makes them sterile. A
postcoital house�y that lands hungrily on your freshly prepared
Dungeness crab chowder may himself harbor a genital fungus, also
acquired through copulation. Astonishingly, some of the diseases we
humans catch from insects—such as St. Louis encephalitis from
mosquitoes and spotted fever from ticks—are actually sexually
transmitted among the insects themselves. (If you’ve never pictured
what ladybug or tick or house�y sex looks like, you have an
illuminating twenty minutes of Internet image searching ahead of
you. Most insects do engage in penetrative sex with genital contact
—often in the doggy-style position.)

Indeed, STDs have been found thriving in so many living things,
from �sh and reptiles to birds and mammals and even plants, it’s
safe to say they’re ubiquitous in all sexually active populations.
Experts agree that these infections are legion.

And yet you might be whispering to yourself: So what? Yes, we
want to reduce animal su�ering. But in terms of human health, why
should we give a moment’s thought to diseases of their genitals? To
be blunt, since we’re not having sex with these animals, why should
we care if some koala catches the clap?

The answer is as simple as it is unsettling: because pathogens are
always looking for new paths, and they don’t di�erentiate between
humans and other animals. For example, rabbit syphilis once spread
to trappers in East Yorkshire, who got sores on their hands after
handling the animals. There was no sexual contact between the
humans and the animals, but the syphilis pathogens didn’t care.
They were happy to jump the species barrier and curl into warm
moist tissue through cuts on the men’s hands.

Or think about brucella. In livestock, these nasty bacteria cause
spontaneous, late-term miscarriages in females and swollen,



bleeding testicles in males. So unforgiving is brucella’s attack on the
reproductive system that one of its common strains is called Brucella
abortus. But what’s instructive about brucella is how it spreads.
Cattle, pigs, and dogs transmit it through sex. So do hares, goats,
and sheep. But all these animals can also acquire it
nonsexually  …  by eating it. Under the right conditions, brucella
organisms can live for several months on many things that might
end up in an animal’s mouth: feed, water, equipment, and clothing,
not to mention manure, hay, blood, urine, and milk.

In a number of animals, the same pathogen has found two
di�erent paths of entry into the body—sexual and oral. Through the
mouth is the way humans usually acquire brucella infections, too—
when they eat contaminated meat, unpasteurized milk, or soft
cheeses. Spread this way, from animals to humans, brucellosis is a
major public health concern, especially in developing countries,
where thousands of cases emerge each year. (In developed
countries, it has become mercifully rare, thanks largely to
veterinarians who vaccinate animals and monitor the spread of
disease.)

Like livestock, humans can become infected with brucella in more
than one way. Like the trappers who contracted syphilis infections
by touching sick rabbits, zookeepers in Japan got brucellosis when,
during the delivery of an infected baby moose, they came in contact
with the placenta and mother’s vaginal secretions.

And although they’re rare, reports do exist of brucella’s spreading
from human to human—through blood, milk, and bone
marrow … as well as through sexual intercourse.

Same pathogen. Di�erent paths. Could classifying a condition as
“sexually transmitted” be limiting how we consider and understand
these infections? After all, bugs are bugs, no matter how they get in.
Streptococcus A, the common human pathogen that causes strep
throat, scarlet fever, and rheumatic heart disease already exploits
several routes into the body. Its most common path is respiratory.
One person coughs or sneezes droplets containing the bacteria, and
another person inhales or picks them up from doorknobs or
silverware. But Strep A can, through oral-genital contact, cause



penile in�ammation and purulent discharge. You can get salmonella
from sex with an infected person or by licking raw cookie dough o�
your �nger—either way you’ll be down for the count with 104-
degree fever, hideous diarrhea, and exhaustion. Hepatitis A, as well,
can be picked up during a sexual encounter or by eating at a
restaurant where the chef didn’t heed the hand-washing instruction
sign in the bathroom. No matter which portal it uses to enter your
body, the pathogen will give you the same gruesome symptoms:
fever, exhaustion, and a complexion the color of Grey Poupon. You
might even need a liver transplant.

Studying STDs in animals reminds us that, like all living things,
pathogens are constantly evolving. Species suited to one region of
the body can change over time, developing new areas in which to
live and thrive. Take Trichomonas vaginalis. Nowadays, “trich” is one
of the least glamorous but most common STDs. In women it causes a
�shy-smelling, frothy, yellow-green vaginal discharge. Men infected
with trich usually have a slight irritation or burning in the penis,
but no other symptoms. But contemporary T. vag wasn’t always a
lowly genital dweller. Ancient, ancestral T. vaginalis resided in the
digestive tracts of termites. This made it, essentially, a
gastrointestinal bug. Changes over trillions of generations (and
millions of years), however, allowed it to expand beyond termites
and guts into the bodily crannies of many di�erent animals.
Eventually a version found its way to human vaginas (and �fteen
minutes of microbial celebrity in 2007 when it was featured as
Science magazine’s “cover bug”).

Today, cousins of T. vaginalis (descendants of that ancient termite-
dwelling ancestor) don’t limit themselves to human penises and
vaginas. Other species of trich have found suitable homes in various
parts of human and animal bodies. T. tenax, for example, thrives in
the dark, moist crevices of rotting teeth. T. foetus causes chronic
diarrhea in cats and ravages the fertility of cows. T. gallinae is
practically endemic in the mouths of many birds—voracious raptors
and peace-loving doves alike.

T. gallinae (or its close cousin) has, in fact, been colonizing the
ancestral birds of Earth for a very long time. Recent research on



Sue, the T. rex famously on display in Chicago’s Field Museum,
reveals that she may have died of a raging Trichomonas infection
that bored holes through her jaw and ultimately left her unable to
chew and swallow her food.

Her infection wasn’t sexually transmitted, but it shows how, over
millions of generations, these microorganisms have deftly adapted
to new environments. Like a large family conglomerate where one
son controls the real estate holdings, another textiles, and another
medical devices, trich has di�erentiated so that each species
specializes and thrives in a speci�c body region. But regardless of
their portal of entry or favorite locale, they are all members of the
same genus: Trichomonas. So whether it’s swabbed from the cervix
of a college freshman or collected from the upper esophagus of a
carnivorous hawk, under the microscope trich is trich. Again,
similar pathogen, di�erent paths.

Gut infection today, genital infection tomorrow. The family
albums of ancient pathogens show the evidence of their many
migrations around the landscape of our bodies. For example, several
hundred years ago, syphilis underwent a major evolution. The
pathogen found a new path. Before it discovered its current
preference for the human genital tract, the ancestors of the current
syphilis microbe caused a horrible skin condition called yaws. It was
a disease largely of children, and it spread by skin-to-skin contact.
(Yaws still exists, mostly in undeveloped, tropical regions.) But
sometime in the last thousand years, yaws somehow found its way
into adult genitourinary tracts. Once it discovered the sex
superhighway, it morphed into what we now call an STD. But the
corkscrew-shaped spirochete that causes it retains the genealogy of
its yaws forebear, which was basically a skin disease.

If the same pathogen can be transmitted in any number of ways,
and if it can mutate from being a gastrointestinal dweller to a
urethral specialist and then change again to become a throat
denizen, why do we �xate on sex as the pathway? After all, many
organisms can infect us using di�erent routes.

This is a point that physicians—and veterinarians—sometimes
overlook. And it’s a reason to pay attention to animal STDs. Because



pathogens don’t discriminate between the warm, moist, nutritious
environments they choose to call home, and because they frequently
mutate, the animal STDs of today can become the human food-borne
illnesses of tomorrow. Given chance encounters with human genitals
and time to evolve there, those food-borne illnesses can then mutate
into the next human STDs.

This is not just an idle theory. It’s exactly what happened in the
case of the deadliest STD currently stalking our planet. It is now
generally believed that HIV evolved from SIV (simian
immunode�ciency virus), a pathogen of chimpanzees, gorillas, and
other primates. Sex and mother’s milk are major transmission routes
for SIV within primate populations. Assuming that people were not
having sex with chimpanzees or hiring gorillas as their wet nurses,
how did SIV jump to humans?

The answer is: the same way brucella infects humans. Through
ingestion. The theory is that, by eating the meat of infected
monkeys and apes, or getting their blood or other �uids on their
hands and faces, hunters in western Africa became unwitting
reservoirs of SIV sometime over the last few decades or centuries.
Over many years and through many hosts, SIV mutated into HIV
and then exploited the same path it had used in the nonhuman
primates: sex. What started as an animal disease evolved into a
human version we could give to one another. But, of course, sex is
not the only way HIV spreads. It can also travel through blood,
breast milk, and, on rare occasions, transplantation of infected
tissues and organs. Given the way pathogens exploit many routes of
entry into a host, it’s possible that if another animal were to
preferentially feed on humans infected with HIV, the virus could
jump into that species and eventually become tailored for sexual
spread in that population, too.

But animals—including humans—have not sat idly by as these
wily microscopic invaders have launched assaults on our mucous
membranes and vulnerable bodily portals. We’ve evolved �erce
infection-�ghting arsenals. White blood cells. Antibodies. Fever.
Viscous mucous. Thick skin. And, intriguingly, our defenses are not
just physical. Animals have also evolved ways of behaving that can



reduce the risk of infection. Coughing, sneezing, scratching—even
grooming behaviors, like picking, rubbing, and combing—all have
an antiparasite bene�t at their core. And there are the things we
humans do even more deliberately: Washing our hands. Vaccination.
Sterilizing dishes. Wearing condoms.

Some behavioral responses protect us once a pathogen has
entered our airspace or breached a battlement. But bacteria, viruses,
fungi, and worms don’t even have to enter our bodies in order to
in�uence our actions. Consider the following automatic behaviors:
recoiling from a runny-nosed child in the elevator. Sni�ng the
opened carton of milk before we pour it onto our cereal. Backing
out of a public restroom to avoid grabbing the doorknob. Our
behavioral strategies—and immune responses—can be activated by
just thinking about parasitic infection. (Here, I’ll show you: Bed bugs.
Head lice. Pinkeye. Are you having a reaction?)

Among these reactions are some truly bizarre behaviors that seem
to have nothing to do with �ghting disease. And, it turns out, they
don’t. That’s because the infections themselves may be steering our
actions. Although that may sound like the preposterous premise of a
zombie movie, these tiny creatures’ ability to in�uence the behavior
of larger animals such as ourselves comes from a billion-year-old
game of escalating, coevolutionary cat-and-mouse.

One of the strangest things I’ve ever seen was a video of a human
rabies patient trying to take a drink of water. This patient did not
look sick. He was not foaming at the mouth, the way he would have
been in a movie. He was not growling like a mad dog or writhing on
the gurney with crazy eyes. The man looked perfectly calm and
normal. Until a nurse handed him a cup of water. Suddenly, his
hands started to tremble. He tried to bring the cup to his lips but
couldn’t. His head thrashed from side to side as the liquid
approached his mouth. It looked as though someone were using a
remote control to direct his movements.

Hydrophobia, or fear of water, is a classic symptom of rabies
infection. So is aerophobia (fear of moving air) and, as the disease



progresses, an uncontrollable urge to bite. These seemingly random
behaviors stem from changes the virus causes in the central nervous
system of its host. And they may have a fortuitous side e�ect for the
virus itself. The actions may actually help it transmit itself into a
new victim. Because the rabies virus is spread through saliva,
causing an urge to bite, for example, would be a useful microbial
“strategy.” So far, however, infectious disease veterinarians haven’t
found adaptive purposes for causing a fear of water or moving air.

Or consider Enterobius vermicularis, a.k.a. pinworms. This common
childhood infection alters human behavior by drawing hands away
from more productive activities, like homework and setting the
table, and redirects them into ferocious anal scratching. This
scratching serves two purposes for E. vermicularis: It helps burst the
gravid females’ bodies, releasing the ten thousand eggs they each
carry. And it helps those freshly exposed eggs burrow under the
child’s �ngernails, where they wait patiently for the next thumb
suck or nail bite to permit them entry into the host’s mouth and,
from there, his GI tract, where they reproduce.

Or take Toxoplasma gondii. Infection with this protozoan has an
unusual e�ect on rodents: it makes them lose their fear of cats. From
the rodent’s perspective, of course, this is terrible. It makes them
easy prey. But from the toxo’s point of view, it could not be more
clever. That’s because the only place on Earth that Toxoplasma
gondii can reproduce is inside a cat’s intestine. By making rodents
fearless, the parasite practically gift-wraps and delivers itself to the
cats’ claws and jaws … and from there to guaranteed reproduction.

Humans are “dead-end” hosts for toxo, meaning it can’t reproduce
in us. But the parasites can still enter our bodies when we eat or
touch infected meat, soil, or cat feces. Once inside our brains, the
toxo can “encyst,” essentially lying dormant and waiting to get back
into a cat. The pathogen doesn’t know whether it’s in a mouse or a
mail carrier, a rat or a receptionist. But it continues to produce
chemicals and help itself to nutrients in our blood and tissues. In
fact, many of us have these encysted toxo infections. And,
incredibly, this microorganism may a�ect our behavior as
individuals. Exposure to toxo in the womb may be a contributing



factor in developing the often devastating human disease of
schizophrenia.

“Brainworms” and other parasites have been shown to spark
killing sprees within ant colonies and make crickets and
grasshoppers suicidal. One wasp creates a bodyguard for its
o�spring by infecting a hapless caterpillar which then �ghts o� the
wasp’s stinkbug predators with powerful swings of its caterpillar
head. While toxo, pinworms, and rabies aren’t STDs, certain sexually
spread ailments work their own microbial puppetry on their hosts.
Two STDs—HIV and syphilis—notoriously produce extreme
behaviors in people with end-stage infections. HIV dementia
compromises judgment and memory. The egomania, impulsivity,
and disinhibition that characterize advanced syphilis may have not
only propelled the infamous sexual appetites of known syphilitics Al
Capone, Napoleon Bonaparte, and Idi Amin but facilitated their
power grabs as well. And while patients in the late stages of syphilis
are no longer contagious and can’t spread the disease, there are
diseases where the behavior caused will promote infection.

And this is another way we can learn from animal STDs. Many
microbes depend on sex for their transmission. It makes sense that
they might induce subtle sex-friendly behaviors, if they could.

But how would a crafty STD microbe get people jumping into the
sack with each other? Maybe it would improve the males’ pickup
lines  …  or confuse normal signaling so that rejections got
misinterpreted as come-ons. Maybe it would make the females more
alluring. Or increase libido or lower inhibitions to lead to more sex.

This may indeed be exactly what goes on in a range of animals
infected by STDs. Male Gryllodes sigillatus crickets attract females
with intricate symphonies of sound, produced by rubbing their hind
legs together. Crickets infected with a certain parasite sing slightly
di�erently than uninfected crickets—but the change seems to
increase the males’ attractiveness and bring more females their way.

When infected with the sexually transmitted virus Hz-2V, female
corn earworm moths start producing excessive amounts of sex
pheromones—some two to three times as much as their uninfected
sisters and peers. The extra come-hither perfume is believed to



attract more male moths—thus aiding the spread of the virus.
Intriguingly, these infected females also demonstrate a kind of
lepidopteral “no means yes” behavior. Apparently unaware of how
politically incorrect it is, they appear to further excite their mates
through acts of resistance.

Sexually acquired infection can spur some animals into assertive
sex-seeking behaviors. Male swamp milkweed beetles infected with
a sexually transmitted mite aggressively move in on nearby mating
pairs, busting up the action and pushing aside the other male. When
no females are in the vicinity, these infected males approach and
attempt to mate with other males.

STDs may even change the “behavior” of plants. Like all living
things, plants need to reproduce. For �owering plants, this means
getting the sperm-laden pollen from male �owers to the eggs of
female �owers. One way �oral “sex” is accomplished is by the
peripatetic �ights and landings of birds, bees, and bats, which carry
the pollen from �ower to �ower when they feed on the blossoms’
nectar.

However, the pollen of many �owers teems with microscopic
fungi, viruses, and worms … all seeking to be transmitted into new
hosts. When animal pollinators ascend from a bloom—legs and
bellies sticky with what is essentially �ower semen—these minute
pathogens are often along for the ride. When the bee or
hummingbird visits the next �ower, it deposits pollen … along with
a load of these �ower STDs.

What’s really interesting is that these diseases can make plants,
for lack of a better word, promiscuous. The white campion �ower,
for example, is susceptible to a fungus aptly named “anther smut.” A
Duke University botanical disease ecologist, Peter Thrall, found that
plants infected with anther smut tended to produce larger �oral
displays. Uninfected plants had punier bunches of �owers. With
their big, ostentatious blooms, the �ower hussies received (and
could accommodate) more visits from more pollinating suitors. By
forcing the plant to produce bigger, showier �owers, the fungus was
biologically changing its host in a way that made it more attractive
to pollinating creatures. This directly bene�ted the fungus.



A similar “strategy” may be used by the trypanosome that causes
an equine disease called dourine. Infected horses, mules, and zebras
su�er fever, genital swelling, lack of coordination, paralysis, and
even death. Although it’s now extremely rare in North America and
Europe, dourine once ravaged the cavalries of the Austro-Hungarian
Empire and swept across the horse populations of southern Russia
and northern Africa. In Canada in the early twentieth century,
dourine decimated Indian pony herds.

Dourine spreads when animals mate. Intriguingly, scientists and
veterinarians report anecdotally that when dourine is present in a
group, the libido of stallions seems to increase.

How this works may be very similar to how anther smut
in�uences the “behavior” of �owers. Full-blown dourine wreaks
physical havoc on the animal … but the early signs of infection are
more subtle. A mare may seem perfectly healthy except for a minor
vaginal discharge that reveals itself as a wetness around her tail.
Mares infected with dourine often keep their tails slightly raised,
presumably to ease discomfort from the increased wetness.

A mare’s raised tail is also a signal of sexual receptivity. So is
something else, familiar to every horse breeder, that’s visible when
the tail is up. It’s called vulval “winking.” Caused by the vulva’s
contracting and releasing, vulval winking happens when a mare is
in heat.

But an under-the-weather, dourine-infected mare, her tail raised
and her vulva wet with discharge and perhaps winking with
discomfort, may incite randiness in a stallion with her STD-induced
false advertising. While the stallion may su�er from the mistake, the
pathogen will bene�t.

Sometimes the connection between infection and behavior can
seem very roundabout. One of the most perplexing endpoints of
many STDs is the destruction of their host’s fertility. You would
think this would be a terrible ploy, for two reasons. If a population
can’t produce o�spring, that usually means the end of the line for
the bug. Without a new supply of hosts, where are a bug’s
descendants to live? And then there’s the other problem: If an
animal can’t have o�spring, what would drive it to have sex?



But bugs’ success is tied to how much their host mates, not to how
much their host reproduces. (The increasing incidence of STDs in
people over �fty illustrates how these infections need sexually active
hosts … not necessarily fertile ones.) A female animal who is having
trouble procreating may in fact try harder—that is, have more sex—
than one who is already pregnant. If a pathogen can disrupt the
pregnancy cycle by inducing miscarriages or preventing conception,
it is likely to enjoy the bene�ts of increased mating attempts. Is it
possible that by hindering reproduction certain STDs are actually
driving their hosts to have more sex?

In fact, some veterinary literature supports just that. An STD of
deer and other ungulates, for example, puts the females
permanently in heat and thus more receptive to sexual overtures.
When Brucella abortus causes a cow to miscarry her calf, it makes
her ready for a new breeding cycle—sooner than if she had carried
the calf to term. This revelation suggests that subclinical infections
(those percolating below the surface but not actively causing
symptoms)—or even as-yet-unidenti�ed pathogens—may play a
greater role in unexplained human infertility and repeated
miscarriage than we currently suspect.

In other words, even low levels of infection might alter sexual
function and behavior. STDs are especially good at going deep
undercover once they’re inside a body, quietly colonizing it with
few overt symptoms. Whether the infections are small and contained
or widespread and subclinical, these organisms do a�ect our bodies
and minds in ways that might be unseen to us.

As a medical student at U.C. San Francisco during the height of
the AIDS epidemic there, I was instructed to aggressively dispense
safe-sex advice. Even if a patient came in with an earache, I brought
sex into the conversation. I recommended wearing condoms and
avoiding multiple partners. (Remember that quintessential 1984 line
“When you sleep with someone, you are sleeping with everyone
they’ve ever slept with”?) I counseled patients to question potential
mates (“Do you ever have sex with men?” “Do you use IV drugs?”).
A veterinarian can’t warn her patient to wear condoms and
interview a sex partner before even getting to �rst base. But one



more preventive technique I used to recommend does have an
animal correlate. I was trained to advise that potential partners
inspect one another’s genitals for sores and lesions before engaging
in sex.

An animal version of this has been reported in birds. It’s called
cloacal pecking †  and has been described as a male bird pecking
inquisitively at the vaginal opening of a female before mounting
her. Some researchers speculate that the �u�y white feathers or
prominent “lips” around the cloacal openings of many bird species
serve as additional aids for assessing health in a potential partner,
since ectoparasites and lesions might show up against the pale
background. If soiled by diarrhea or other bodily �uids, these
structures would also warn a potential suitor of an unhealthy bird.‡

Lab studies also show that postsex cleansing might o�er a modest
level of protection. Rats that are prevented from genital grooming
after coitus have higher STD rates than their cleaner counterparts.
Many birds preen vigorously after copulation, which some
researchers suggest may help do away with bugs trying to hitch a
ride on the act. In humans, genital scrubbing does not protect
against viral STDs, but it may be slightly e�ective against bacterial
infections. A study of Cape ground squirrels in South Africa showed
that the ones having the most sex were also the most frequent
masturbators; the researcher speculated that it’s a way to �ush out
the urethra after intercourse in order to protect the animal from
sexual infection.

A recent study showed that simply looking at a photograph of a sick
person caused some people’s immune systems to surge. Indeed,
animals may have other ways of visually sizing up the health of a
mate. For example, in males, red pigmentation—whether in a
grouse’s comb, a house �nch’s feathers, or a guppy’s skin—may
indicate underlying �tness. These animals’ bodies cannot create the
color red on their own. To impart the bright tint, they have to be
healthy enough to source and eat lots of red-pigmented carotenoids,
found in fruit or shell�sh. Conveniently for any females who might
be speed-dating with these males, parasites can interfere with the



absorption of these pigments. Animals with paler features are in
e�ect advertising their inferior health status.

But if the thought of colonies of invisible organisms invading your
body and controlling your behavior has you reaching for the
doxycycline, think again. Our best response to the microbial arms
race is not necessarily a scorched-earth campaign.

In the 1980s, a British scientist shook up the world of microbiology
by asking an outrageous question: Can we be too clean? David
Strachan was pondering whether hay fever might be related to
hygiene and household size. A few years later, a German scientist,
Erika von Mutius, was investigating childhood asthma. She was
vexed by data that consistently showed that it was most prevalent
not in lower-income, more polluted East Germany but, rather, in
wealthier, cleaner-living West Germany. The so-called hygiene
hypothesis started to circulate, postulating that there are serious
consequences to wiping out too many of the microorganisms that
have colonized us and our planet for so long. Overusing pesticides,
antibacterial agents, and antibiotics, it suggests, kill “good”
pathogens along with harmful ones. Plain old better housekeeping
and even overly thorough food inspections, the theory goes, create
microorganic dead zones. These sterile environments deprive our
immune systems, honed over hundreds of millions of years, of
necessary daily battles against invaders. And when deprived of
external organisms to �ght, they sometimes launch an internal
attack. An idle immune system will sometimes start attacking itself.

The hygiene hypothesis, while still a matter of debate, is now
being used to explain more than just asthma, allergies, and other
respiratory diseases. Upsurges in gastrointestinal disorders,
cardiovascular disease, autoimmune disorders, and even some
cancers are being traced to it, too. However, no one has really
looked at the genital environment—and whether it, too, can su�er
from being “too clean.”

This leads to an intriguing thought. Are some of the pathogens
associated with sexual activity bene�cial? Most animals have



multiple sexual partners—which means that sperm from many
di�erent males must duke it out inside vaginas, uteruses, and
fallopian tubes to win the conception derby. Conception is not some
genteel, quiet pastime; it’s a �erce and unforgiving team sport. The
swimmers that win sometimes have assists from microscopic
wingmen—the sperm-enhancing microorganisms that live in semen
and may be transferred from penis to vagina to penis to vagina. The
sexual act may propel the package of semen, but it is then up to the
ejected sperm and its microbiological posse to obstruct and destroy
competing sperm. Some of these pathogens aid their sperm’s
motility, while others act as blockers and killers of competing males’
spermatozoa. And if that isn’t enough, these teams must also
successfully negotiate the vagina’s own mix of receptive and
defensive micro�ora.

This means the microorganisms inhabiting an animal’s urethra or
vagina might make the di�erence between conceiving and not. Or,
when there are multiple male partners, determine which of these
males’ sperm wins the ultimate prize: fertilization, the chance for his
DNA to advance to the next round.§

This made me wonder whether striving for an aseptic genital
environment could, in fact, be harmful (beyond the well-known risk
of a yeast infection after antibiotic therapy). The human immune
system fully matures between the ages of eleven and twenty-�ve—
just when sexual activity is moving into full gear, bringing with it a
barrage of new, unfamiliar microorganisms. The hygiene hypothesis
demonstrates the risks of underexposure to pathogens of the
respiratory and GI systems. Might there be a genital version of the
hygiene hypothesis? Could a “just right” mix of microorganisms in
your genitals improve your chances for conception or help select the
highest-quality sperm for your soon-to-be-conceived child? Might
there be a place for a probiotic product to aid conception—similar
to the products that improve digestion in the gut microbiome? Or
maybe there’s an intriguing �ip side: Could studying sperm-killing
micropathogens in animals lead to new contraceptives?

It’s important to stress that, given the threats STDs pose to human
health, this is not an argument for unsafe sex. Condoms save lives.



Physicians and educators must resoundingly continue to emphasize
the absolute necessity of safe-sex practices. But physicians should
join veterinarians in considering the long-term ecological
perspective of therapies and remain open-minded about unlikely or
unexpected consequences of intervention.

As Janis Antonovics, a disease biologist at the University of
Virginia, told me, “There is no imperative to cure disease in natural
populations. Disease is natural!” Doctors �rst and foremost have a
responsibility to treat individual patients. But ecologists like
Antonovics take the pathogen’s-eye view of infection. As he
explained it to me, every time we perturb a system, by
extermination or prevention, there is always a repercussion. An
individual may see an immediate bene�t from a round of
antibiotics, but invariably, necessarily, killing o� those organisms
causes some unintended side e�ect, either immediately or down the
line. Sometimes it comes back in a more virulent form. Infection
(and all the viruses and worms and bacteria and other organisms
that create it) is a complex, interconnected, multidimensional web.
Tugging out one strand alters the architecture of the entire network.

If Sam the koala had been born a few years later, she might have
bene�ted from the kindness of not just the �re�ghter but also a
biologist named Peter Timms. Timms, along with his colleagues at
the Queensland University of Technology, has been developing a
vaccine for koala chlamydia. Early trials of the vaccine have cut
infection rates slightly and blunted the virulence of the disease.
Timms hopes his research will someday not only save koalas but
also inform a human chlamydia vaccine.

It’s hard to imagine anyone in Australia objecting to vaccinating
their national symbol against a disease that causes blindness,
infertility, and death. It hardly seems the koalas’ fault that the
disease that’s wiping them out happens to spread via sex. But the
development of human vaccines against STDs from chlamydia to
HPV to HIV has been hindered by some groups that believe o�ering



protection against these diseases is the same thing as actively
encouraging the “immoral behavior” that spreads them.

But here’s where a zoobiquitous perspective helps. Looking at
these diseases in animals allows us to see infection as infection—
independent of the route of introduction. While thinking about a
human with chlamydia may make us grimace or blush, koalas with
chlamydia likely make us feel sympathetic, or at least impassive.
Most of us don’t judge the koala for its sexuality. Decreasing the
stigma of STDs can improve treatment.

An evolutionary approach could inspire clinical solutions. As
we’ve seen, studying the history of infections may give
epidemiologists a head start in identifying those bugs that are
getting ready to jump transmission pathways. Maybe there are
“good” microorganisms that spread sexually and maintain genital
health, the way certain “good” microorganisms maintain intestinal
health.

Finally, studying STDs in animals can enlighten us in ways that
extend beyond our consideration of the illness, infertility, and death
these pathogens can cause. Sexually acquired infections have played
an oceanic, though microscopic, role in evolutionary biology. Sam
the koala may have succumbed to chlamydia, but not all her sexual
partners met with the same fate. In fact, despite their unprotected
sexual free-for-all, a small percentage of koalas never became
infected. Something enabled them to resist the infection … and that
something is genetic variation. Every time egg and sperm meet, a
new and unique combination of genetic material is created. Every
once in a while, the mix is such that the creature that possesses it
gains an infection-resistant advantage. This is why, although HIV is
complex and deadly to most humans, infectious disease researchers
have discovered that about 1 percent of humans (primarily Swedes)
seem to be immune to it.‖

In populations of clones—those with identical genetics—a single
species of virus, bacterium, fungus, or worm can wipe out the whole
group. But when individuals within a group each possess a slightly
di�erent genetic makeup, chances increase dramatically that some



will survive. And nothing provides diversity as predictably and
e�ectively as one particular act: sexual reproduction.

And herein lies a central irony with insights for evolutionary
biologists, infectious disease specialists, and sexually active humans.
Today we protect ourselves against sex. But over the course of
evolution, it has been sex itself that protected us.

*Technically, the disease a�ecting the koalas is Chlamydophila (usually C. pneumoniae or C.
pecorum). The genome of Chlamydophila is slightly larger than that of the closely related
genus Chlamydia, from which it has been taxonomically split o�. While acknowledging this
di�erence, I will use the term “chlamydia” to describe the koalas’ infection, as the
veterinarians do. Similarly, while “the clap” is a speci�c and historic reference to Neisseria
gonorrhoeae, it is used colloquially to refer to STDs in general.

†Birds have a combined reproductive and excretory opening called a cloaca.

‡ Cloacal pecking may aid sperm competition in birds such as dunnocks, whose pre-
copulatory displays include beak stimulation that induces females to eject sperm from
previous partners.

§For a lively account of sperm competition tactics across species (the ultimate existential
battle), see Matt Ridley’s fascinating The Red Queen.

‖A dramatic recent example of genetic resistance to HIV infection occurred when an
American man with AIDS developed leukemia while living in Germany. The bone marrow
transplant the “Berlin patient” was given for his leukemia came from a donor with a
mutation in the genes coding for the CCR5 molecule. The AIDS virus uses CCR5, which
usually sits on the surface of the cell, as a “door” to enter and infect the cell. If CCR5 is
faulty (there is a mutation), the virus cannot enter. An individual with this mutation is
essentially immune to HIV infection. This genetic defect is seen primarily in individuals
with European heritage. An estimated 1 percent of people descended from northern
Europeans are virtually immune to AIDS infection, with Swedes the most likely to be
protected. One theory suggests that the mutation developed in Scandinavia and moved
southward with Viking raiders.
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ELEVEN 

 
Leaving the Nest

Animal Adolescence and the Risky Business of Growing Up

A bend in the central California coastline shelters a stretch of soft,
white sand ideal for a family day at the beach. The waves shimmer.
The sun warms. Kite-perfect, brine-scented breezes gust over sandy
dunes, keeping aloft strings of seabirds that glide e�ortlessly over
the gentle breakers.

Go ahead. Slather zinc oxide on the kids. Force them into their
swim shirts. Remind them to stay within eyeshot. But before they
race, Boogieboards bouncing behind them, into the water, I should
warn you about one thing. Just a few miles out, stretching south of
San Francisco toward the Farallon Islands, is a place sea otter
researchers call the Triangle of Death.

Great white sharks prowl the chilly waters. Sneaker waves,
riptides, and treacherous undertows sweep the shores. The barren
sea�oor cannot support plant growth, so it’s devoid of the
sheltering, protective kelp forests found in other coastal regions
farther south and north. The depths here teem with higher-than-
normal levels of Toxoplasmosis gondii, the feared, infection-causing
microbe found in some cat feces and uncooked meat.

You will not spot female sea otters in this dangerous location.
Otter pups don’t go there, either. Dominant, mature males seem to



know better than to venture into these dangerous waters and rarely
do. Even scuba divers, hired by the U.S. Geological Survey to radio-
track sea otter movements, refuse to submerge themselves in this
perilous location.

But one intrepid type of otter makes frequent forays into the
Triangle of Death—even though shark attacks and unexplained
disappearances occur commonly here. They’re adolescent males, the
daredevils of the otter world.

The concept of animal adolescence may surprise you, as it did me.
Of course we’ve all seen gangly young dogs just out of puppyhood
who haven’t quite matched their oversized paws to their less-
advanced motor skills. But the drama, awkwardness, and peril of
teen life seems unique to our species. And, indeed, it probably is one
of a kind, if you associate adolescence with teenagers’ matchless
ability to wound their parents with a strategic eyeroll or to ruin the
family photo with a moody slouch. But while the details may di�er,
a larger truth ties human teens to the vast majority of other species.
They all must pass through a fraught transition: the period between
leaving the care of adults and becoming adults themselves.*

We often call adolescence the teenage years, for the obvious
reason that the transition roughly corresponds with that segment of
a human life span. In other animals, the gradual shift from child to
adult can last anywhere from about a week for a house�y to �fteen
years for an elephant. For zebra �nches, it lasts about two months,
starting forty days after they hatch. In vervet monkeys, the journey
from their mother’s side to motherhood (or fatherhood) happens
over four years. Even lowly, single-celled paramecia have an
adolescent phase—a don’t-blink-or-you’ll-miss-it �fteen to twenty-
four hours in which their cell nucleus and plasm change as well as,
believe it or not, their behavior.

We human doctors have dealt with the unique and vexing trials of
this period the same way we have with especially complicated
organs or diseases—by creating a new specialty. “Adolescent
medicine” caters to an in-between population: patients who’ve
outgrown their pediatricians but aren’t quite ready for an internist.
It addresses the hormonal shifts of puberty and the physical



challenges of emerging sexuality. Practitioners in this nascent �eld
work vigilantly to keep at bay a chilling list of threats to young
humans: tra�c accidents, STDs, alcohol and drug abuse, traumatic
injury, teen pregnancy, date rape, depression, and suicide. Much of
what we associate with adolescence involves behavioral changes,
and lately research has focused on brain changes that help explain
those behaviors—like risk taking, sensation seeking, and the
somewhat perplexing compulsion to �t in with a group.

Of course, all animals have di�erent things to learn while
traversing the arc that takes them from sexually immature,
vulnerable child to reproductively capable, developed adult. In our
case, those include advanced language skills and critical thinking.
But there’s one feature that de�nes adolescence in species from
condors to capuchin monkeys to college freshmen. It’s a time when
they learn by taking risks and sometimes making mistakes.

A surprising and sad fact of life is that just being a human teenager
—especially a boy—is very risky, and often deadly. In the United
States, once children have survived infancy and early toddlerhood,
most will enjoy a brief period of relative safety, until they hit age
thirteen.† At that moment, however, the death risk climbs abruptly,
mostly because of traumatic injury. The Centers for Disease Control
and Prevention (CDC) reports that “among teenagers 12–19, death
rates increase with every year of age. This pattern is stronger for
males.” At about age twenty-�ve, rates of fatal injuries seen so
commonly in adolescents taper o�. In adult years, cancer, heart
problems, and other long-term diseases emerge as the main health
risks.

These stark statistics parallel death trends in the animal world.
“Young [animals] su�er higher rates of predator-induced mortality
than adults,” according to Tim Caro, a UC Davis biologist and
author of Antipredator Defenses in Birds and Mammals. Risk tapers o�
as the infant survives early challenges. But as animals’ bodies grow
in anticipation of transition, so do the dangers. Consider an
adolescent warthog foraging for the �rst time without the protection



of his mother. Because he lacks his full complement of defensive
horns and thick hair and doesn’t yet have the adult stamina to
outrun a predator, his odds of survival would be low if a cheetah
came upon him. Since they can’t run as fast, �y as high, or
otherwise outmaneuver threats as skillfully as adults, young animals
fall to predators more often. Less experienced, they misjudge
situations and blunder into danger.

Of course, on the whole, modern human teens aren’t being picked
o� by mountain lions or the other hungry predators that threatened
our distant ancestors. What kills adolescents disproportionately in
many countries around the world is a di�erent lethal presence:
motor vehicles. The CDC reports that 35 percent of deaths in the
twelve-to-nineteen age group in the United States come from tra�c
accidents.

Other sudden, violent causes of death threaten teens, too.
According to the World Health Organization, interpersonal violence
claims the lives of hundreds of ten- to twenty-four-year-olds every
day. And gun accidents, suicide, homicide, drowning, burns, falls,
and warfare are also leading killers of adolescent humans
worldwide.‡

Adults recognize this behavior so well that it’s enshrined in both
law and supposedly forward-thinking parenting strategies. It’s why
it’s harder to rent a car before you’re twenty-�ve and why auto
insurance rates are highest for adolescents. Why we set drinking
ages and driving ages. Some states and locales dictate how many
teens can be in a car at one time. New Jersey forbids all teens, not
just the driver, to use electronic devices. And a scarlet rectangle
must adorn their license plates, marking them as younger drivers.

Some parents prefer to take safety into their own hands, setting
curfews and stocking living rooms with teen bait—gaming consoles,
junk food, even alcohol. “If he’s going to drink, I’d rather he do it
safely in his own home,” the thinking goes.

And then there’s “choice.” A core tenet of teen risk-intervention
strategies focuses on teaching teens to make “smart choices.” But
extensive, new neurological research shows that risk taking at this
age isn’t really a “choice.” Profound changes deep in the adolescent



brain allow impulsive action to override prudent inhibition.
Transitioning teens thrill to novelty. They’re drawn to groups of
peers. More than adults, they search for ways to stimulate their
senses. Their emotional responses are more extreme.

Rest assured that if adolescent rats drove cars, they, too, would
have exorbitant insurance rates. Researchers from Rome’s Istituto
Superiore di Sanità ran a mixed-age group of rats in a maze that
ended with a tasty treat. To reach the reward, the rats had to scurry
across a narrow plank, suspended high above an open space, with
no protective side walls.

Half the rodents �at-out refused to enter that section of the maze.
However, of the half that dared, every single one was an adolescent.
No babies or elders took the risk.

Adolescent rats display several other common behaviors. When
placed in new surroundings, they have lower base levels of anxiety
compared to other age groups. They are more impulsive about
approaching unfamiliar objects. Novelty doesn’t just interest them.
It attracts them. They seek it out.

Similarly, when primatologists place unfamiliar items near vervet
monkeys, adolescents are the fastest to rush over to investigate.
Whether the objects are simply neutral, such as a cardboard box, or
unusual but unthreatening, like a tree covered in lights and tinsel,
or carry a degree of danger, like a fake tarantula or stu�ed snake,
adolescents are the ones that eagerly approach, gesture, call out
alarms, and try to touch.

Even at great personal risk, adolescent animals seem almost to
delight in exploring new things. Preadult zebra �nches will
approach humans, even sit on an o�ered �nger, when the adults
have long since �ed. Transitioning sea otters begin venturing into
new territories, like the Triangle of Death. Animal behaviorists and
human neurologists agree that this sudden lowering of the fear
threshold in humans and nonhuman animals stems from speci�c
brain changes.

Said another way: risk taking is normal.
And not only is it normal; it’s necessary and serves very speci�c

purposes. For example, to survive on their own, animals need to



know how to recognize predators. While the ability to spot threats is
to some extent inborn, some of it must be learned during
adolescence. For animals, Sun-tzu’s classic military advice to “know
your enemy” includes studying how he smells, hides, runs, and
attacks. And one important way to gain this knowledge is to get
close enough to see him in action.

One seemingly suicidal, but actually very e�ective, way of
learning about predators is to gallop, swim, or �y right up to
them  …  and live to tell the tale. As Tim Caro, the U.C. Davis
biologist, writes in Antipredator Defenses in Birds and Mammals,
“Young animals may approach and inspect a predator when they see
it and perhaps learn about its characteristics, including its
motivation and behavior.”

For example, instead of hiding from prowling cheetahs and lions,
immature Thomson’s gazelles often stroll right toward them.
Sometimes the young gazelles will trail their hunters for an hour or
more, as though the big cats, not the small gazelles, are the quarry.
Astonishingly, the discom�ted predators frequently slink away, but
not before the adolescent gazelles have gotten a good eyeful and
whi� of the creature that someday might try to kill them. This
practice, however, comes with casualties. According to a Cambridge
University study carried out in Tanzania, the curious young gazelles
die from feline fangs once in every 417 approaches (compared to
one in 5,000 for adult animals). What animal behaviorists call
“predator inspection” is seen widely in guppies, gulls, and other �sh
and birds. While predator inspection often continues into adulthood,
the learning begins in animal adolescence—when inexperience also
makes it more dangerous.

Luckily for animals, humans aren’t the only species whose adults
will show the younger generation the ropes. A widespread teaching
technique used in species from birds and �sh to mammals is
something researchers call “mobbing.” Moving together in one big
group while vocalizing threateningly, a whole group of animals,
including both experienced adults and developing adolescents, can
intimidate a hunter into seeking its meal elsewhere. Mobbing is an
e�ective antipredation strategy. But, as U.C. Davis animal behavior



expert Judy Stamps pointed out to me, it has another crucial,
though often overlooked, function.

“Mobbing is a way to impress upon the whole community that
something dangerous is near,” she told me. “If the whole group is
making a huge racket, that helps younger animals learn the
community’s predators.” Mobbing, she continued, is also safer than
solo inspection. Young animals, she said, “aren’t very good at
evading predators.” Moving toward danger in the protection of an
adult-led mob provides youngsters with a safe and educational
close-up view.

When I was in high school, I went through a quintessentially
American rite of passage: I took driver’s ed. Several decades later,
the physical skills of steering, scanning the road, and signaling have
become so engrained in my muscle memory, I really don’t even
remember learning them. But one part of driver’s ed remains seared
into my mind. Along with generations of neophyte drivers in
California, I was made to watch a �lm called Red Asphalt. Produced
by the California Highway Patrol, the movie shows scene after gory
scene of tra�c accidents. Blood rushes down gutters. Bodies lie
akimbo under cars. Motorcyclists’ limbs are smeared across the
pavement. Drivers who spent their teen years outside California
might remember being traumatized by other pieces of edu-
propaganda, such as The Last Prom, which featured a crushed and
bloody corsage on the side of the road, or videos with cautionary
titles like Wheels of Tragedy, Mechanized Death, and Highways of
Agony.

Movies like these have been terrifying teens for decades. Seen
from an animal behaviorist’s perspective, though, they may simply
be a cinematic tool adults have created to compel human
adolescents to inspect their biggest killer: motor vehicles.

Although the threat posed by cars is new, the techniques
employed by Red Asphalt are age-old. From frightening camp�re
stories of what lies in the woods to 3-D surround-sound gorefests,
human culture routinely uses tales of murder and peril to scare and
then instruct. Not only are they age-old, but they’re also incredibly
popular. And who’s drawn to them? Adolescents. Hollywood is



populated by wealthy producers who �gured out that, like young
animals, teenagers will �ock to horror movies and gaming worlds
their parents have outgrown. A quick glance at the line for a
monstrous roller coaster will similarly tell you all you need to know
about which age group is drawn to the simulated danger but
chemically identical adrenaline rush of a perilous fall. We may not
think of these mass entertainments as evolutionarily linked to the
antipredation strategies of other animals. But just like mature
animals mobbing predators to teach youngsters, human grown-ups
write the stories, produce the movies, and build the roller coasters—
making money o� teens’ inherited physiological craving for
calculated risk.

Learning to deal with threats doesn’t involve only confronting
them head-on. It also involves learning when and how to hide from
them. For every parent who’s been frustrated by a teen who won’t
meet their gaze, consider what direct eye contact can mean in the
wild. It often means you’ve been targeted. While baby animals often
stare at everything around them, adolescents must learn that
catching the gaze of the wrong set of eyes can be deadly. Looking-
away responses have evolved in many animals, from mouse lemurs
to jewel �sh. Staring at chickens and lizards causes them to become
rigid. House sparrows take �ight more readily when eyes are
directed at them. Gaze aversion in animals begins during the
transition from infancy to adulthood. Studies of humans note a
surge of eye gaze aversion in the preteen and teen years.

While young animals are learning how to be vigilant, they can at
times be overattentive, identifying threats where none exists. Some
overreact to every rustling leaf, looming shadow, or strange smell. I
once watched a group of about thirty sea otters startle at a loud
noise that turned out to be a false alarm. As the frightened animals
raced away to the other side of the lagoon, the adolescents led the
way, cutting through the water with full-out swimming strokes.
Leisurely pulling up the rear, carefully keeping their heads dry, were
the mature otters, who’d had more experience with true danger.

As they test their danger-detection skills, inexperienced yet eager-
to-learn vervet monkeys, beavers, and prairie dogs often cry or



scream out unnecessary alarm calls. The older members of the group
can be surprisingly forgiving toward youths who cry wolf (or jaguar,
snake, or owl)—responding with a reassuring return call or simply
ignoring the errant signals.

But learning to recognize and avoid predators is really just
preparation for a vastly more important and riskier moment in most
young animals’ lives: leaving the nest.

The young of many species leave their families in adolescence,
sometimes for a temporary journey of discovery, sometimes for
good. Leaving home, a process behaviorists call “dispersal,” varies
from animal to animal, by species, and by sex. But whether
undertaken by a caterpillar or a zebra, it’s an exceedingly dangerous
time of life.

Vervet monkeys make an interesting example because their social
progression parallels many classic human tales of young men going
o� to prove themselves. These clever, cat-sized primates, found in
sub-Saharan Africa and on the Caribbean islands of St. Kitts and
Barbados, have gray-green fur on their backs, whitish bellies, black
faces, and wide, soulful brown eyes. Vervet childhood will sound
familiar to many human parents. During an extended infancy that
lasts for about a year, a baby vervet sticks close to its mother. At a
year, the young monkey’s circle widens to include adult members of
the group. Yearlings of both sexes play boisterous chase-and-wrestle
games.

As they move into their second year—which corresponds roughly
to eight to ten years of age in people—the boys’ play becomes more
frenetic and intense. But the girls drop out of the rough-and-tumble
games, their attention suddenly caught by di�erent diversions:
playing with infants and �guring out the social hierarchy in which
they will spend their lives. Vervet females do not leave their birth
group.

Vervet boys follow a di�erent path. Males must strike out into the
world on their own, leaving everything behind. Relatives and
friends. Familiar foraging territory. Group and adult protection from
predators.



But danger comes not just from isolation and the predators they
may meet along the way. It’s also in the social mine�eld they’re
heading into. They must join a new group of monkeys. Approaching
and integrating into a vervet group makes our tortured process of
applying to college or getting a �rst job seem almost easy. All alone
and newly independent, the adolescent has to �rst locate a group of
strangers. He has to approach them. Then he has to threaten,
challenge, try to intimidate, and, �nally, �ght the dominant, mature
males. But diplomacy is critical. If he comes on too strong, he will
lose the respect and tolerance of the females in the group—which
can be a deal breaker, since vervet groups are matrilineal and
females wield the power. Vervet females will not tolerate being
threatened. Scaring babies is also strictly taboo. So while he’s trying
to intimidate the males, the adolescent newcomer has to
simultaneously charm the females.

Lynn Fairbanks, a professor of psychiatry and biobehavioral
sciences at UCLA, has spent more than thirty years studying wild
and captive populations of vervets. She told me that these weeks of
male transition are extremely stressful, yet exceedingly critical. How
the adolescent performs may a�ect his status and his access to
mates, food, and shelter for the rest of his life. And intriguingly,
Fairbanks has discovered that the males who transition most
successfully are the ones that show a special willingness to “go for
it.”

As she told me, in vervets, a degree of impulsivity may be
“necessary.” It motivates males to leave home and take on the
challenges and risks of getting into a new group.

While most vervet immigrants have to settle for second-tier status,
the ones who become alphas in their groups share another common
trait. Their brashness emerges strongly during adolescence but
doesn’t stay at peak intensity forever. After they achieve dominance,
their impulsivity sinks down to more moderate levels. Fairbanks
writes that her �ndings support “the idea that an age-limited
increase in impulsivity in adolescence is not a pathological trait, but
instead is related to later social success.” In other words, acting a
little cocky when you’re a teen may not necessarily mean you’re



going to turn out to be a wild adult. It might even push you up the
social ladder.

A similarly lowered risk threshold—indeed, a new pleasure in risk
taking—likely propels nearly grown birds out of nests, hyenas out of
communal dens, dolphins, elephants, horses, and otters into peer
groups, and human teens into malls and college dorms. As we’ve
seen, having a brain that makes you feel less afraid enables, perhaps
encourages, encounters with threats and competitors that are crucial
to your future safety and success. The biology of decreased fear,
greater interest in novelty, and impulsivity serve a purpose across
species. In fact, it could be that the only thing more dangerous than
taking risks in adolescence is not taking them.

Linda Spear, a professor of psychology at the State University of
New York at Binghamton and the author of The Behavioral
Neuroscience of Adolescence, agrees. During years of studying the
neurology of humans and other species, she has observed “age-
speci�c behavioral characteristics.” She explains that, although we
notice behaviors in the context of what we call human “culture,”
adolescent transformations have biological underpinnings and “are
deeply embedded in our evolutionary past.”

In other words, what we observe as uniquely human adolescent
behavior may in fact be shared physiology at work. Admittedly,
humans do have a unique ingenuity for amping up the danger.
When an adolescent rat or vervet monkey impulsively bursts out to
explore something new, he’s not also piloting a two-ton SUV full of
his friends. A gazelle in thrilling pursuit of a cheetah isn’t also
tripping on the latest designer drug.

For human parents, knowing that brain and body shifts are
causing predictable and universal behaviors is not going to relieve
the worry of late nights or the anguish of seeing a tattoo around the
ankle of a formerly straight-arrow daughter or son. It certainly
won’t ease the grief of a parent who’s lost a child to what seemed
like extreme or unnecessary risk. But putting adolescent impulsivity
in a context that sees it as not just normal but physiologically and
evolutionarily necessary may make bewildering behavior slightly
more bearable.



A number of miles south of the Triangle of Death, near the Moss
Landing power plant and slough, there’s a sheltered lagoon.
Beginning kayakers come here to practice paddling. Ecotourists can
board an open-air safari boat to view harbor seals and pelicans. But
the sightseers’ biggest draw is a group of �fty or so sea otters calmly
rafting, grooming, foraging, sleeping, spinning, and occasionally
wrestling in the tranquil water.

I spent an overcast August morning observing the Moss Landing
otters with Gena Bentall, a research biologist for the Sea Otter
Research and Conservation Program at the Monterey Bay Aquarium
who has spent thousands of hours documenting the behavior of
these marine mammals. As her beagle, Harry, watched from his
special bed in the back of her pickup truck, Bentall and I discussed
the single distinguishing feature of this otter group: they’re all male.
Ranging in age from sleek, dark adolescents to grizzled mature
adults, these he-otters use the Moss Landing site as a stopover rest
area. After swimming long distances along the California coast to
breed, explore other territories, or challenge other males, an otter
will pull into the Moss Landing lagoon. Some are full-time residents.
Some show up only at night. For some, the Moss Landing group is a
part-time sanctuary. Food is plentiful; predators are minimal;
responsibilities are few. It’s a place where territorial males can pass
time in a nonterritorial mode and young males can learn the ropes.
The relaxed camaraderie of the group reminded me of a men’s
locker room—a place for growing and grown men to gather, groom,
eat, nap, socialize, and play  …  without having to compete for
females.

Adolescent male dolphins, elephants, lions, and horses, as well as
the teen males of many primates, join so-called bachelor groups like
this in the period between leaving their birthplace and starting their
own families.

Adolescent African elephants, for example, use them to prepare
for the “ritualism of male-male competition,” by sparring with other
males their own age. According to biologists Kate E. Evans and
Stephen Harris, of the University of Bristol, adolescence is an
“important learning period” for these young pachyderms, a time of



transitioning from “the highly structured breeding herd” to the
“much more �uid social system of adult males.” Bulls fake-�ght
with each other as adolescents to determine who is dominant at that
moment, and to learn the rules of “bull society.”

These groups of young male elephants are especially friendly
compared to groups of older animals; they greet one another with
gestures like trunk entwining, ear �apping, trumpeting, and joyful
defecation. Gena Bentall has cataloged similar familiar greeting
behaviors among groups of sea otters, who shove, stroke, nose, and
sni� one another. Male wild horses and zebras, which also migrate
into all-stallion groups when they leave their birth herd, at about
two or three years old, bond through roughhousing and frisky
urination.§

Evans and Harris spotted a notable interloper in the adolescent
elephant groups: older male bulls. But instead of treating these older
males as unwelcome chaperones, the younger elephants seemed to
prefer having them around. Evans and Harris write that the elders
serve as mentors, socializing the younger elephants and helping
them learn to “become dominant males without posing a
competitive threat.” They also reported that the presence of the
mature bulls seemed, in some cases, to suppress testosterone-driven
pugnacity in the younger animals.‖

Sea otter bachelor groups also include males of mixed ages.
Although Bentall did not speculate on whether the presence of the
older males a�ected the younger males hormonally, she said that
one of the ways the Moss Landing adolescents �nd their way to the
sheltered lagoon in the �rst place is by following a mentor male.

For California condors, mentors have played a key role in reeling
this endangered species back from the brink of extinction. In 1982,
with just twenty-two of these enormous birds left in the world,
biologists took emergency action with an accelerated breeding
program. By carefully removing eggs from nests as soon as they
were laid, the scientists were able to begin building a captive
breeding population. By 1992, wildlife conservation teams were
ready to reintroduce the condors to their natural habitats in
California’s redwood and mountain regions.



But they ran into an unexpected problem. They had modeled the
release plan on the successful North American reintroduction of the
peregrine falcon several years earlier. In that program, biologists
had �ooded the landscape with �edglings—young birds that were
strong enough to �y but still sexually immature and in transition
between needing parental care and being able to fend for
themselves. The transitioning adolescent falcons had no trouble
moving out into the surrounding territory and before long began
breeding with one another, reviving the population of the species.

But the condors were di�erent.
As Michael Clark, the head of the Los Angeles Zoo’s California

Condor Propagation Program, explained to me, unlike peregrine
falcons, which are more solitary and don’t need mentors, California
condors are extremely social. They go through a long preadult
phase, during which, by imitation and example, they learn
complicated condor conventions for everything from foraging and
feeding to resting and nesting. Key to their learning process is living
in multiage groups where younger birds can observe older mentors.
Hatched in incubators and raised by humans in condor orphanages,
the early groups of chicks did not have this experience. Releasing
the socially inept preadults created what Clark called a “Lord of the
Flies situation.” The inexperienced birds didn’t know what to do
when they were out on their own. Some ate garbage and got sick
from malnutrition and poisoning. Not knowing better, some landed
on telephone poles and electrocuted themselves. Many hung around
the release sites before eventually, slowly, moving out into new
territory. But perhaps most poignant of all, in the absence of
competent adult leaders, some birds followed anything that soared
—from eagles to hang gliders. One young bird �ew from the Grand
Canyon to Wyoming in a single day, dutifully following a false
mentor and winding up miles away from home at the end of the
day.a

Group life provides animals with many long-term bene�ts. But
sometimes what pulls individual adolescents into groups are short-
term brain-based rewards. As Alan Kazdin, a professor of psychology
and child psychiatry at Yale and the director of its Parenting Center



and Child Conduct Clinic told me, research has shown that simply
being physically next to same-aged peers and engaging in activities
with them activates pathways for dopamine and other reward
neurochemicals.

“Having peers around is a reward and not having them around is
felt as the opposite, which begins to explain your 14-year-old’s
sullen, moody, heedless demeanor around the house,” he noted
wryly in Slate magazine.

Although bachelor groups are seen in many species, adolescent
animal groups are not always single sex. Transitioning albatrosses
form coed groups called “gams” for several months between
�edging and starting their own families. Although they mingle with
the opposite sex, they don’t mate. Zebra �nches, too, congregate in
mixed-sex peer groups. Males �ne-tune their courtship songs for
females and practice outsinging other males. Boy and girl �nches
preen together; every once in a while the young birds’ groups break
apart so the kids can �y back to their parents’ nests and beg for food
—a tendency that may sound familiar to many human moms and
dads.

Ancient adolescents also formed groups. One fossil band of
dinosaurs was found in a ninety-million-year-old lakebed in
Mongolia. They were all between the ages of one and seven—still a
few years away from their species’ sexual maturity, typically seen at
ten years of age. Paleontologists suggested that these two-legged
plant eaters may have roamed together in social herds without adult
supervision.

Pink salmon, too, grow up entirely without the watchful eyes of
parents. A few days after hatching, they emerge from their gravel
nests and, under cover of darkness, begin to migrate downstream to
the open ocean. Before diving into the wide water of the northern
Paci�c, however, the young �sh stop for a week or two in the
shallow, calm waters of coastal estuaries. It’s here, in this safe
environment, that the preadults start �guring out how to swim in a
school. First, they group in twos and threes. A few days later, larger
groups of �ve and six eventually combine into a much larger
formation. Their daily schedule is much like a human adolescent’s.



Mornings and afternoons are spent in the school. At nightfall, the
groups break up, and the young �sh drift individually around the
surface of the water before coming together again in the morning.
As the salmon learn the choreography and conventions of their �sh
life, they are also �guring out where they �t into the salmon social
hierarchy. With no adult �sh to model ideal behavior, the
adolescents rely on innate instincts and trial and error to �gure out
how to get the best feeding spots and secure dominance as adults. It
had never occurred to me that �sh need to learn the iconic
synchronized swim patterns we call schooling. Or that some would
be better at it than others.

Schooling, herding, or �ocking—moving within and belonging to
a group—gives protection to an individual exiting infancy. A group
means more lookouts, more eyeballs, more voices to raise danger
alarms. But it comes with a price. Individuals coming together to
form a group must learn to be inconspicuous. One �n sticking out in
an odd direction, a zig when the rest of the group zags, �ashing
white fur or feathers when all its peers are wearing gray—anything
odd or conspicuous makes an animal more obvious to a predator.
Adolescent lessons in blending in may serve an animal well for the
rest of its life.

We humans don’t literally �ock or herd or school. But perhaps, if
we listen carefully enough to our own adolescents’ cries to �t in, we
can hear faint echoes of an evolutionary past in which
conspicuousness attracted danger. Perhaps this suggests that before
parents condemn a child’s desperate plea for the “right” Nikes or
jeans as materialistic—or dismiss it as overly conforming—they
consider a di�erent perspective: the powerful adolescent drive to �t
in may represent a precious and ancient protective evolutionary
legacy.

Whether it’s the Moss Landing otters erupting into a rough-and-
tumble wrestling session, Tanzanian gorillas walloping each other in
a game of tag, or pink salmon learning to school, peer groups give
adolescent animals the chance to practice social behaviors and
assess their place in the group. Like high school students �guring
out whether they will be jocks and cheerleaders or drama geeks and



mathletes, animals go through a similar sorting process. They get a
sense of their competition and their community—what it takes to �t
in and what it takes to win.

But groups have a troubling �ip side. Although they can be safe,
pleasant, and necessary, peer groups are not passive sanctuaries that
simply shelter young humans and animals until they’re ready to
burst into the adult world. Groups are elaborate social laboratories,
places for young animals to practice adult behaviors. And for social
animals, and perhaps especially long-lived social mammals, one of
the most important things they’re sorting out is social status.

Sometimes the biggest risk for animal adolescents comes not from
outside predators but from members of their own species. Susan
Perry notes in Manipulative Monkeys, her entertaining book about
her decades studying capuchin monkeys in the forests of Costa Rica
that “the main cause of mortality in capuchins is con�icts with other
capuchins.” Rival gangs vying for territory, mates, and resources
account for much of this violence. But peer groups pose other
unique dangers. They tempt, cajole, and shame individuals into
doing things that, on their own, they would never do. She told me
about monkeys she’d observed that had “extremely high social
intelligence” and “great interpersonal skills” whose behavior
deteriorated into violent mayhem when they became part of a
bachelor group of other adolescents.

She followed one monkey in particular—a youth named Gizmo,
who fell in with a gang of seven other males her research team
called the Lost Boys. As a young monkey, Gizmo had been
appropriately socially deferential and seemed to be headed for a
stable, if exactly not illustrious, life in a capuchin troop. But as he
emerged from childhood, Gizmo started getting drawn into
dangerous situations. Egged on by his socially impulsive brother,
Gizmo would end up in brawls with larger, older males. He
invariably got soundly thrashed.

As Gizmo accumulated scars and broken bones, his gang also
began attracting new members. Soon they totaled eight, each boy



more battle scarred and unsuccessful in love than the next. It
spiraled out of control. They kept roving and terrorizing the
neighborhood, never able to settle down into a coed, mixed-age
stable family group. When Perry told me about the Lost Boys, she
spoke with the resignation of a high school teacher who can only
watch sadly as some of her students inevitably slide into
delinquency.

“Their problem,” Perry said, “was that their group was just too
big. The other troops of capuchins seriously resisted their
immigration attempts when they saw eight adolescent male
monkeys coming.” Perry emphasized that migration by all-male
groups is a normal and necessary life stage—there’s no safe way to
do it, yet they all have to go through it. What was striking about the
Lost Boys was that, because their group was so big, they got stuck in
the transition stage. Shunned from capuchin society, Gizmo ended
up dying a pariah, never having achieved useful social status within
the larger group.

And so it goes for human teens, too. “Delinquency and criminal
behavior … are more likely to occur in groups during adolescence
than they are during adulthood,” writes Laurence Steinberg, an
adolescence expert at Temple University. Drinking, risky driving,
sexual risk taking—all are more prevalent, more dangerous, and
more likely to occur in groups of adolescents.

For animals and humans alike, falling in with—or afoul of—the
wrong crowd can have deadly consequences.

In September 2010, six teens—Raymond Chase, Cody J. Barker,
William Lucas, Seth Walsh, Tyler Clementi, and Asher Brown—all
died of the same cause. Although they ranged in age from thirteen
to nineteen and lived in di�erent states, their deaths were linked by
one sad commonality: all six had killed themselves after being
bullied.

Their deaths were added to the rolls of the several thousand other
teen suicides in the United States in 2010. Suicide is a major



adolescent human health threat—among eight- to twenty-four-year-
olds nationwide, it’s the third most common cause of death.

Like adults who commit suicide, teens who kill themselves usually
have an underlying mental illness—in particular, depression or
depressed mood. However, one familiar aspect of the adolescent
emotional pro�le may make this age group especially vulnerable to
suicide: their increased impulsivity. With access to physical and
pharmacological weapons of self-destruction, an impulsive teen can
tip a di�cult situation into a deadly one.

Psychological “autopsies,” the extensive interviews and
investigations conducted by psychiatrists after suicides, have shown
that the triggers for teen suicide are remarkably similar across cases.
Loss—such as the death of a close friend or family member. Or a
best friend’s moving out of town, especially for teens who have few
friends. Rejection—by a girl- or boyfriend. Deep embarrassment—
being kicked o� a team, failing an important exam, enduring a
humiliating public reprimand by a teacher.

Loss, rejection, embarrassment. The kinds of experiences that are
triggers for human suicide also occur within animal groups. But
animal behaviorists give them di�erent names: isolation, exclusion,
submission, and appeasement. Along with loss, rejection, and
embarrassment, these terms describe the complex mixture of
reactions and behaviors that contribute to the dynamics of social
status within animal groups.

Determining and maintaining status occupies much of the activity
within groups of social animals. Aggression by dominants against
subordinate members of the group is seen commonly, in animals
including sea otters, sea birds, wolves, and chimpanzees. And social
hierarchies are in constant �ux. A position at the top is never
secure. As many animal behaviorists have pointed out, picking on
subordinates is a useful, public way for dominant animals to display
and preserve their top-dog positions. Although not every animal can
be an alpha, top-tier rank carries important bene�ts, often including
exclusive control of mates, food territories, and shelter.

In humans, we see dominants aggressing against subordinates all
the time, but we use a more colloquial term: bullying. For years the



rap on bullies was that they were insecure, the kids who “feel bad”
about themselves. Picking on others, it was believed, momentarily
raised their self-esteem. But recent research suggests that bullies
feel, on the whole, pretty good about themselves. Their self-esteem
is just �ne. In fact, bullies often sit comfortably at the top of the
social food chain, surrounded by hangers-on, wannabes, and silent
bystanders who are more than happy just to be out of the bullies’
line of �re.

If animal and human bullying share some common purpose, it
may be exactly that: a demonstration of strength and dominance,
and a cautionary lesson to anyone who might challenge the status
quo. This cross-species perspective on bullying o�ers insights into
why bullies often emerge from the top, not the bottom, of human
social hierarchies.

Animals can also help us understand how human bullies choose
their victims. In some animal groups, being di�erent can increase an
animal’s vulnerability.

Not unlike animal predators, human bullies are constantly on the
lookout for something that makes their victims stand out a little
from the crowd. In North America, a common target of bullies is
boys who are—or are perceived to be—gay. In fact, the six
September suicides of 2010 had another thing in common besides
month and year. All six teens killed themselves after being harassed
for appearing to be gay.

How much actual “bullying” occurs among animals is hard to say
exactly. If we de�ne bullying as aggression by a dominant animal on
a subordinate, then quite a lot. Wildlife biologists and veterinarians
frequently characterize male-on-male roughhousing in which no
serious injury occurs as “playing.” Indeed, when you watch groups
of young animals in rough-and-tumble play, whether they’re sea
otters, dolphins, horses, capuchins, condors, kittens, or puppies, the
line between “play �ghting” and “bullying” may be unclear. Just as
bullying can be invisible to an adult parent, some of the “sparring”
or “mock �ghting” we see in animal groups may be more intense
and purposeful than we have previously thought.



Among animals, peer oppression sometimes comes at the claws or
beaks of siblings. The Oxford zoologist T. H. Clutton-Brock
described the formative impact of bullying in blue-footed boobies in
his Nature article “Punishment in Animal Societies.” Blue-footed
boobies are normally born two to a nest. The �rst egg to hatch is
usually the dominant sibling, a power he or she lords over the
second-born by �erce authority displays involving pecking and
jostling. Even if the younger chick eventually grows larger than its
tyrannical nest mate, their early, in-nest dominance relationship
remains for life.

That a propensity to bully may be transmitted across generations
was recently explored in another bird, the Nazca booby. When the
parents of these Paci�c seabirds leave to feed, older, unrelated
boobies �y to the unprotected nests and abuse the chicks. Grabbing
the youngsters’ necks and heads in their orange-and-black beaks, the
larger birds squeeze with nutcracker intensity as the small chicks
pull away submissively, hiding their bills in their downy chests.
Biologists have observed a particularly interesting pattern of abuse:
the birds that were attacked the most frequently as chicks were
later, as adults, the most likely to attack other youngsters. These
Paci�c seabirds may be nature’s example of “the victimized
becoming the victimizer.”

The human depression linked to bullying may be uniquely
dangerous for impulsive teens. Yet in animals, muted, submissive,
perhaps even depressed responses to being picked on may actually
make some animals safer. Following a violent con�ict over
hierarchy, the losing animal may be smart to withdraw and not
push his luck with repeated challenges. Numerous animal studies
have demonstrated that failing to cry uncle results in escalating
attacks by the dominant.

While every movie and comic book involving bullies ends with
the victim �ghting back and often taking the bully down, such
revenge fantasies don’t often get played out in the animal kingdom.
Slinking o� to lick your wounds and perhaps �nd another path often
makes more sense than running back and �ghting the same bully
again and again.



Comparing animal and human behaviors will not bring us to a
prescription for “solving” or “curing” complicated human social
interactions like bullying. But a species-spanning approach might be
able to show us where to start looking.

As far as we know, when an unprotected seabird is victimized, or an
unpopular vervet ostracized, or a curious young otter killed during
its �rst solo foraging trip, few adult tears are shed—except, perhaps,
by an empathetic �eld biologist observing through binoculars. But
parental care does occur across species. Whether it’s a hag�sh
excreting a protective coating of slime over a clutch of eggs and just
swimming away or a Gombe chimp demonstrating a termite-�shing
technique to a juvenile, animal parents of all kinds are invested in
how their transitioning o�spring fare.

Even when they’re old enough to live and breed on their own,
some animals receive parental care long after they are capable of
feeding themselves. The parents of Kloss’s gibbons, for example,
help defend a child’s territory until that o�spring can �nd a mate.
Three-toed sloth mothers, like arboreal, insect-eating helicopter
parents, vacate a portion of their own territory to assist their
o�spring in starting its own mature life.

Of course, the parents of an adolescent narwhal, bowerbird, or
otter will interact very di�erently with their transitioning o�spring
than a human parent will—whether a Japanese ryosai kenbo (good
wife, wise mom), Russian mat’ geroina (hero mother), or North
American tiger mother. Brains are di�erent. Social structures are
di�erent. Development, genes, and environments are all di�erent.
Species are di�erent. But a zoobiquitous consideration of
parenthood uncovers an embedded reality for mothers and fathers
of all species: a parent’s genetic legacy depends on its o�spring’s
survival and reproductive success.

For some incredibly unlucky human parents, adolescent risk
taking and impulsivity will result in tragedy. Early exposure to
alcohol and drugs will put their children in the path of injury,
accidental death, and addiction. And the social mine�elds their



children must traverse may exact casualties in the form of severe
depression—or even suicide.

If you’re a parent, this knowledge won’t shrink the lump in your
throat while you try to suppress an angry outburst following a
missed curfew. It may not stop your �ngers from brushing eye-
obscuring hanks of hair o� your adolescent’s face. It’s doubtful it
could quell the pounding in your chest when you open the e-mail
containing your teen’s SAT scores. And it’s very unlikely to squelch
the involuntary screams �ying out of your mouth in the �nal
seconds of your child’s sports tournament.

But when you �nd yourself emotionally activated by your teen’s
behavior, appearance, or prospects, a species-spanning approach
might save you a trip to a psychotherapist’s o�ce. Instead of
blaming “culture” or looking for the early childhood experiences in
your own life that contributed to your overreaction, perhaps take a
moment to peer much, much further “left” on the evolutionary
timeline—and consider the ancient animal roots of your parenting.

And you might take heart from the story of Robert’s son, Charley.
At sixteen, Charley seemed to be o� on a bad course. Bored and
unmotivated, he was on the verge of academic collapse. Teachers
bemoaned his lack of focus; they said he made no e�ort unless the
topic personally interested him. To make matters worse, Charley
preferred riskier pursuits: joyriding and target shooting. When
Charley �nally enrolled at a university, drinking and smoking
became his trademark among his peers.

Robert was in despair. Time after time, he’d tried to get his son to
buckle down, to focus on school and on life beyond age twenty. He
put together an “emergency plan” to try to salvage his son’s future.
In one weak but memorable moment, he told Charley, “You will be
a disgrace to yourself and all your family.”

But don’t worry about Charley. He didn’t su�er too badly from his
risk taking, his rebelliousness, his refusal to accept the world as his
elders taught and thought it should be. In fact, he parlayed his
iconoclastic nature into one of the most storied careers in the
history of science. The mature Charley—Charles Darwin—even later
forgave his father’s tough parenting, saying, “My father, who was



the kindest man I ever knew and whose memory I love with all my
heart, must have been angry … when he used such words.”

Modern parents can take comfort from the fact that most of our
teenagers come through adolescence, too—perhaps a little bruised,
maybe a little humiliated, but stronger for the journey.

After all, most capuchin monkeys don’t go o� with a gang and die
alone. Most salmon �gure out how to school; most vervets get into a
new group; most gazelles learn to �ee lions and go on to raise young
gazelles of their own. And most California sea otters survive, and
eventually leave behind, the Triangle of Death.

*Parental provisioning can take many forms across species. The kind of parenting we
associate with our own species is seen in many birds, mammals, and other animals. In �sh
and other egg-laying animals, parental investment is provided through protective coatings,
shelter, or nutritionally rich eggs that they lay and then abandon. Insects have a similar
strategy.

† Human infancy is a particularly dangerous phase of life around the world. In a
zoobiquitous parallel, the animal newborn is also at increased risk of death, largely from
predation, starvation, or accidental injury.

‡In some parts of the world, HIV/AIDS is the leading cause of death in all age groups.

§Female wild horses disperse from their birth herd, too—either on their own volition or
after being chased out by their fathers. Instead of forming all-female groups, however, pre-
adult mares integrate themselves into nearby herds, where, as the last to join, they are
lowest-ranked.

‖Notorious periods of markedly raised testosterone and dangerous behavior in adult male
elephants are referred to as “musth.” Distinctive physical features of musth include the
foul-smelling, tarry sludge that drains from the temporal glands, next to the eyes. Young
male elephants may experience “honey musth”—a milder prelude of adult musth, with
lighter-colored, sweeter-smelling gland drainage.

aThanks to the Los Angeles Zoo, the San Diego Zoo and Wild Animal Park, and Mexico’s
Chapultepec Zoo, California condor rehabilitation has come a long way since those early
days. Hand-reared condor chicks are now exposed to adult mentors in mixed-age groups
and are socialized extensively in preparation for release. The wild California condor



population now numbers around two hundred and stretches across California, Arizona, and
northern Baja California.

OceanofPDF.com

https://oceanofpdf.com/


TWELVE 

 
Zoobiquity

When crows by the hundreds began hobbling around and dropping
dead on the sidewalks of Queens, New York, in the summer of 1999,
Tracey McNamara felt a stab of dread. Rarely does a single species
get sick and suddenly die o� without other nearby animals coming
down with symptoms, too. A few weeks later, the exotic birds under
her care at the Bronx Zoo started falling like �ies. McNamara knew
an avian killer was on the loose. If she didn’t identify it, and fast, it
could wipe out her zoo’s entire bird population.

McNamara, a veterinarian and the zoo’s head pathologist, did two
things right away. As a responsible employee, she called New York
State wildlife o�cials to alert them to the alarming appearance of a
deadly disease in the Bronx.

But McNamara, a no-nonsense Queens native with a doctorate
from Cornell and years of experience analyzing tissues under a
microscope, knew a thing or two about bird diseases. With a
maverick streak and a love of a good medical mystery, she began
her own investigation. Peering at magni�ed slides late into the
night, surrounded by jars of preserved amphibians and exotic reptile
fungi, McNamara searched for clues to the mystery of what was
killing her birds. One thing was obvious. The killer was swift and
ruthless—frying the birds’ brains and ravaging other organs. They’d
died of massive brain hemorrhages and heart damage. This pointed



overwhelmingly to encephalitis—in�ammation of the brain—caused
by a virus. But which virus?

McNamara knew she had three prime suspects: the viruses that
cause Newcastle disease, avian in�uenza, and eastern equine
encephalitis (EEE), all of which notoriously attack birds. With the
clock ticking, McNamara began a process of elimination. Newcastle
disease and avian �u are highly contagious. Spreading from animal
to animal, they can wipe out adjacent �ocks in no time. But they
couldn’t be the culprit: the zoo’s exotic �amingos and eagles were
dying, yet the chickens and turkeys in the children’s petting zoo
were �ne. McNamara crossed Newcastle and avian �u o� the list.
That left EEE. But, McNamara realized, the zoo’s emus weren’t sick.
Healthy emus would seem to rule out EEE; the large, ostrichlike
birds are particularly vulnerable to this virus and would certainly be
showing signs of illness. With three strokes, McNamara had reduced
her lineup of suspects to zero.

It had to be a di�erent pathogen, one that didn’t spread through
bird-to-bird contact. That’s when McNamara thought: mosquitoes.
The petting zoo closed before sundown and opened well after
sunrise. The chickens and turkeys were housed safely indoors at
dawn and dusk, the prime mosquito feeding times. However, the
exotic birds that were dying—the �amingos and cormorants and
owls—were housed outside around the clock. This was not a
comforting realization. If mosquitoes were indeed spreading this
contagion, whatever it was, the birds weren’t the only animals at
risk. Any warm-blooded creature that provided mosquito meals—
like the zoo’s rhinos, zebras, and gira�es—was in danger. So, too,
McNamara realized grimly, were New York–area human beings.

This was late August. Just a week or so before, emergency room
doctors around New York had started tracking a mysterious illness
cropping up in elderly people. It appeared to be neurological:
patients were presenting with high fevers, weakness, and confusion.
Some had signs of swollen brains—encephalitis. When the cluster of
sick people reached four, an infectious disease specialist at a Queens
hospital raised the alarm, and the Centers for Disease Control and
Prevention (CDC) in Atlanta sent a team of epidemiologists to



investigate. Because encephalitis was present, the CDC, too, was
thinking, “Mosquito vector.” As one of the researchers put it, “If you
see encephalitis in the later summer, you have to think about
viruses spread by mosquitoes.” It had been a perfect year for the
insect bloodsuckers. A long, dry spring followed by lots of rain and
high humidity had created breeding conditions ideal for a
population explosion.

After a few days and some tests on the spinal �uid of the sick
people, CDC o�cials triumphantly announced that they had solved
the mystery. It was St. Louis encephalitis (SLE). This brain-attacking
disease leaves its victims, especially the elderly, with outcomes
ranging from bad fever and neck sti�ness to death. It has no
vaccine, and while reasonably common throughout the South and
the Midwest, it hadn’t been seen on the East Coast since the 1970s.
New York mayor Rudy Giuliani quickly rolled out a $6 million
mosquito-abatement plan that included free insect repellant, reams
of informational brochures, and a helicopter that sprayed malathion,
a potent insecticide, over the city and its alarmed inhabitants.

That might have been the end of that. But there was one big
problem with the diagnosis of SLE. As a veterinarian, Tracey
McNamara knew it. The virus that causes SLE is passed when a
mosquito �rst bites an infected bird and then, later, a human being.
But the birds don’t usually get sick from SLE. They don’t usually die
from it. They’re just the carriers, the middlemen. When I spoke with
McNamara at Western University of Health Sciences in Pomona,
California, where she’s now a professor of pathology, she was blunt.

“I had barrels full of dead birds,” she told me. “It couldn’t be St.
Louis encephalitis.” She explained that, although the CDC was ready
to close the case, she couldn’t stop thinking that the dead birds were
connected to the sick people. And she knew she was racing the
clock. Her avian death toll, especially around the zoo’s �amingo
pool, was mounting fast. If someone didn’t correctly identify the
killer, not only would the zoo lose most of its birds, but human
beings would be waging a public health battle against the wrong
disease. Shortly thereafter came word that two of the human
patients had died.



For the rest of the summer McNamara puzzled over the dead street
crows, her dead zoo birds, and their possible link to the human
deaths from supposed St. Louis encephalitis. Labor Day weekend
was the breaking point. Her bird population was ravaged; in rapid
succession she’d lost a cormorant, three �amingos, a snowy owl, an
Asian pheasant, and a bald eagle. Reports came of a human case of
SLE—in Brooklyn. The contagion had spread to a new borough.
McNamara stopped following o�cial protocols and called the CDC
herself. She o�ered to share her barrels of downy corpses and the
knowledge she had gleaned from all her work in the lab. As she put
it, she’d already “ruled out the usual suspects for them”—including
St. Louis encephalitis.

Expecting gratitude for the o�er of her data set, she was
unprepared for what came next. After a terse exchange she calls
“condescending,” the CDC o�cial she spoke with told her in no
uncertain terms that the agency would be sticking with its diagnosis
of SLE. She could keep her birds, and her concerns, to herself. The
CDC solved human, not animal, outbreaks. McNamara was surprised
by the slammed door—she says the o�cial actually hung up on her
—and bewildered by the repeated rebu�s when she called back.

McNamara—and, at that moment, the health of animals and
humans throughout New York—had fallen victim to that polarizing
hypocrisy at the center of medicine and public health. Veterinarians
and physicians rarely communicate with each other as equal
colleagues.

In her lab in the Bronx, surrounded by dead birds and reports of
dying people, and with seemingly no one in the human medical
establishment willing to listen, McNamara felt that gulf acutely.
Frustrated, yet determined to get to the bottom of the deadly
mystery, she began working her other contacts. She sent infected
bird tissue samples to a U.S. Department of Agriculture (USDA) lab
in Iowa. A di�erent lab in Wisconsin tested bird tissues for SLE and
came up negative.



Then the Iowa lab turned up something so decisive and chilling
that, McNamara said, it made her “hair stand on end.” Whatever
this pathogen was, it was only forty nanometers in diameter. And
that probably meant it was a �avivirus—related to yellow fever and
dengue fever. Working with �aviviruses requires special protective
clothing and containment and disposal measures, none of which she
had used in her lab while handling the specimens. “That night,” she
told me, “I went home and wrote my will.” The USDA lab contacted
the CDC with the latest �ndings. The CDC remained frustratingly
unresponsive.

At two in the morning a few nights later, McNamara sat straight
up in bed. She suddenly knew what she had to do. She needed a lab
with a higher biohazard safety level. A lab with pathologists who’d
seen everything and had a range of experience with infectious
agents. “That’s when it clicked,” McNamara told me. “I had to call
the army.” The next morning she begged the U.S. Army infectious
diseases lab at Fort Detrick, Maryland, to take a look. Within forty-
eight hours and in a collaboration McNamara calls the “best of what
science can be,” the army lab had con�rmed McNamara’s
suspicions. This wasn’t St. Louis encephalitis. It was a �avivirus.

The virus turned out to be a mosquito-borne pathogen never
before detected in the United States—indeed, in the entire Western
Hemisphere: West Nile virus. At that point, CDC o�cials admitted
they’d been wrong. They retracted their diagnosis of St. Louis
encephalitis and announced the historic and disconcerting arrival of
West Nile virus on North American shores. The pathogen quickly
migrated across North America, reaching California in 2003. Now it
resurfaces each spring and summer throughout the United States,
Canada, and Mexico with that year’s crop of hungry mosquitoes.

It’s hard to say how many lives would’ve been saved had the human
medicine establishment listened to a veterinarian from the
beginning. The 1999 West Nile epidemic killed seven people and
caused sixty-two known cases of encephalitis. In the years since it
�rst emerged, it’s believed to have caused nearly thirty thousand



people to get sick and more than a thousand to die. Then there are
the animal casualties: thousands of wild and exotic birds—and quite
a number of horses—that died from the virus, silently and
uncounted.

But the misdiagnosis was a turning point of sorts for public health
in the United States. In a report to Congress detailing the outbreak a
year later, the U.S. General Accounting O�ce (now called the
Government Accountability O�ce) admitted that the experience
could “serve as a source of lessons” for preparing public health
o�cials to deal with crises of “uncertain causes.” (The report, dated
exactly one year before the 9/11 terrorist attacks, also suggested
that the West Nile event could model how to guard against
biological terrorism.)

Tucked beside the usual calls for better communication among
government agencies was what at the time was a striking proposal:
“The veterinary medicine community should not be overlooked.”
The CDC heeded the GAO’s call and created a new department in
2006: Zoonotic, Vector-Borne, and Enteric Diseases. Charged with
monitoring food safety and bioterrorism, it was, signi�cantly and
symbolically, headed by a veterinarian, not an M.D. (After only a
couple of years, the �edgling department was rolled into a bigger
division called the National Center for Emerging and Zoonotic
Infectious Diseases.)

Other groups in the United States and around the world have
begun to adopt a more species-spanning outlook as well. Bird-
watchers, hunters, hikers, and �eld geologists are invited to upload
information about sick or dead animals they encounter onto web-
enabled tracking sites that monitor wild-bird and other animal-
borne illnesses. The University of Pennsylvania has long had close
ties between its veterinary and medical schools, as have Cornell and
Tufts. The Canary Database, named for the proverbial sentinels in
coal mines and headquartered at the Yale School of Medicine, is a
clearinghouse for information about zoonoses (diseases that spread
from animals to humans, like West Nile virus and avian in�uenza),
possible bioterrorist attacks, endocrine-disrupting chemicals, and
household toxins such as lead and pesticides. The U.S. Agency for



International Development (USAID) has funneled hundreds of
millions of dollars into the Emerging Pandemic Threats program,
which has a mission statement that couldn’t be any clearer: “To pre-
empt or combat, at their source, newly emerging diseases of animal
origin that could threaten human health.”*

Jonna Mazet, the U.C. Davis veterinarian who runs a portion of
the USAID program called PREDICT, has arguably the most
daunting job: like a CIA o�cer monitoring terrorist activities, she
scrutinizes the “viral chatter” coming out of global hot spots in the
Amazon, the Congo Basin, the Gangetic Plain, and Southeast Asia.
“We don’t know what diseases are out there,” Mazet says. “We
have … to try to �nd the unknown before it spills out and makes the
next pandemic. Some people call us virus hunters.”

Yet even with government money from many countries around
the world, as well as funding from international charities, the
discrepancy between what goes into preventing disease outbreaks
and what goes into postoutbreak triage is huge. “Over $200 billion
of economic losses over the past two decades has gone into
responding to disease outbreaks,” says Marguerite Pappaioanou, an
epidemiologist, veterinarian, and former executive director of the
American Association of Veterinary Medical Colleges. “The money is
clearly there. It’s a question of where we decide to spend it.” In
other words, if an ounce of prevention is truly worth a pound of
cure, then strengthening these programs would not only massively
decrease su�ering and death, but could also save money.

Yet a small but growing number of veterinarians and doctors have
realized something in the last few years. The health of all our
patients depends on opening a permanent, two-way dialogue. We
don’t have to leave collaboration to government policy makers and
academic institutions—although their work is critical. We can treat
the shared diseases of all animals, including humans, by taking a
multispecies—that is, zoobiquitous—approach in our daily practices.

The e�ort can be truly low tech and grassroots. Recently a third-
year veterinary student on the island of Grenada was holding a free
vaccination clinic for neighborhood dogs and cats. She was
approached by a local woman, who angrily asked why the animals



received free health care while the people were left to fend for
themselves. Realizing she had no good answer, the resourceful
student, Brittany King, set to work creating a One Health clinic. She
recruited students from a nearby medical school and started holding
events that o�ered free vision, hearing, blood pressure, and breast
exams for people  …  and vaccinations, wound treatment,
deworming, and nail trims for animals. The students handed out
�yers describing common zoonoses and encouraged people to be on
the lookout and to report symptoms they observed in their animals.

A program at Tufts, in Massachusetts, has paired children and
dogs with similar heart ailments to help demystify the condition for
the children and their concerned parents. Similarly, Winter, the
dolphin with the prosthetic tail portrayed in the 2011 movie Dolphin
Tale, inspires children who have arti�cial limbs.

My own zoobiquitous journey has utterly changed how I practice
and teach medicine. Along with Stephen Ettinger, a pioneer and
leader in veterinary medicine, I’ve started teaching a course on
comparative cardiology to UCLA medical students. Recently my
cardiology colleagues and I sat, rapt, listening to one of Ettinger’s
former students present an intriguing case of a life-threatening
arrhythmia. It was the sort of medical mystery physicians enjoy as
much as reading a chapter in an Atul Gawande book or watching a
good episode of House, M.D. But in this case, the patient was a
rottweiler mix named Shakespeare. The diagnostic strategy we
arrived at—from lab tests to medications—for the four-legged
patient was all but identical to one we’d recommend to a human
patient with a similar disorder.

Along with faculty from the U.C. Davis School of Veterinary
Medicine and the veterinarians at the Los Angeles Zoo, I hosted a
conference at UCLA School of Medicine in 2011 that brought
together physicians and veterinarians who take care of the same
diseases in di�erent species. More than two hundred doctors and
students from both sides of the species divide spent an academic
morning session at UCLA hearing about patients, both animal and
human, who were su�ering from brain cancer, separation anxiety,
Lyme disease, and heart failure. During afternoon “walk-rounds” at



the Los Angeles Zoo, veterinarians and physicians compared notes
on the animal patients: a rhino recovering from cancer, a lion who’d
survived a near-fatal heart condition, condors �ghting lead
poisoning, and a monkey under treatment for diabetes.

You could say one of the most exciting new ideas in medicine
today is something our ancestors took for granted and we somehow
forgot—that humans and animals get the same diseases. By working
together, physicians and veterinarians may be able to solve, treat,
and cure patients of all species.

There is, after all, something truly awe inspiring about seeing the
world through genetic and evolutionary connectedness—almost a
uni�ed �eld theory of biology. It reminds us of our shared
predicaments; it broadens our empathy and understanding.

And it keeps us safer. Preventive medicine isn’t just for people.
Keeping animals healthy ultimately helps keep humans healthy. And
appreciating these crucial connections readies us to face and �ght
the next contagion.

Ten years after West Nile hit New York, the world’s public health
systems mobilized to �ght another zoonosis: swine �u, or H1N1. †

One of the many headlines from this 2009 pandemic was a
disconcerting fact. During its infectious journey around the world,
the “human” �u virus had acquired genetic material from pig and
bird �u viruses

While the general public may have been surprised by this news,
veterinarians and physicians were not. In�uenza viruses are
notorious shape-shifters. They mutate easily, which is why every
year brings a new �u vaccine—each one a variation on preceding
themes. But �u viruses can perform another trick. If two di�erent
strains, say pig and human, �nd themselves occupying a single cell
in your body at the same time, they can literally trade sections of
their genetic code with each other. A new, blended virus can result.

What veterinarians know—and physicians might not—is that �u
viruses prowl many animal populations besides pigs and birds.
Speci�c strains of dog, whale, mink, and seal �u have all been



identi�ed. Given the opportunity, they could blend with the human
strain. Although these volatile viruses haven’t, as of this writing,
crossed over into human populations, they are being closely tracked
by veterinary epidemiologists.

The 2009 swine �u outbreak was but the latest wave in an ocean
of diseases emerging from the jungle, the factory farm, the beach,
the backyard bird feeder  …  perhaps even the doghouse and the
litter box. The avian �u scare of 2005, the severe acute respiratory
syndrome (SARS) panic of 2003, the monkeypox eruption the same
year, the Ebola worry of 1996, the mad cow terror in Great Britain
in the late 1980s—exotic zoonoses are nothing new. Think of a big,
infectious killer and it’s probably zoonotic, spread or harbored by
other animals. Malaria. Yellow fever. HIV. Rabies. Lyme disease.
Toxoplasmosis. Salmonella. E. coli. These all started in animals and
then jumped into our species. Some spread to us via insects like
�eas, ticks, and mosquitoes. Others move around in feces and meat.
In some cases, the pathogens leave their animal reservoir, mutate,
and evolve into bespoke superbugs especially tailored for human-to-
human spread.

The E. coli–tainted fresh baby spinach that killed three North
Americans and sickened more than two hundred in 2006 was traced
to the feces of wild pigs in the �elds. One of the world’s worst
outbreaks of the eerily named Q fever struck the Netherlands in the
late 2000s. ‡  Thirteen people died and thousands fell ill from the
bacterial infection that spread to humans from infected goats on
nearby farms.

The threat posed by animal diseases is unnerving enough when
they travel among us on their own, without malice or intentional
assistance. But, like the loose Soviet nukes we fear may one day end
up in the hands of terrorists, zoonoses can also be deliberately
wielded against us. Five of the six top organisms that according to
the CDC “pose a risk to national security” began as animal diseases:
anthrax, botulism, plague, tularemia, and viral hemorrhagic fevers.§

In a world where no creatures are truly isolated and diseases
spread around as fast as jets can �y, we are all canaries and the
entire planet is our coal mine. Any species can be a sentinel of



danger—but only if the widest array of health-care professionals is
paying attention.‖

Our essential connection with animals is ancient, and it runs deep.
It extends from body to behavior, from psychology to society—
forming the basis of our daily journey of survival. This calls for
physicians and patients to think beyond the human bedside to
barnyards, jungles, oceans, and skies. Because the fate of our world’s
health doesn’t depend solely on how we humans fare. Rather, it will
be determined by how all the patients on the planet live, grow, get
sick, and heal.

*The program brings together academic institutions, government agencies, and private
entities: the University of California, Davis, School of Veterinary Medicine, the Wildlife
Conservation Society, the EcoHealth Alliance, the Smithsonian Institution, Global Viral
Forecasting, Development Alternatives Inc., the University of Minnesota, Tufts University,
the Training and Resources Group, Ecology and Environment Inc., the World Health
Organization, the United Nations Food and Agriculture Organization, the World
Organization for Animal Health (OIE), FHI-360, the CDC, and the USDA. It’s divided into
four projects: “PREDICT (to monitor for emergence of infectious agents from high-risk
wildlife), IDENTIFY (to develop a robust laboratory network), PREVENT (focusing on
behavior change communication to help people avoid high-risk practices that could lead to
transmission from animals to humans), and RESPOND (to expand family planning services
and improve reproductive health in developing countries).”

† In fact, swine �u started in human beings; we’re the ones who gave it to pigs, so it is
technically what is called a reverse zoonosis. But because it was passed back to humans by
pigs, after having traveled through the bird population, it’s also considered a zoonosis.

‡“Q” stands for “query” because when the disease �rst struck, in the 1930s, its cause was a
mystery. Although the Coxiella burnetii bacterium was later isolated, the name had already
stuck.

§The sixth agent on the list, smallpox, was eradicated by worldwide vaccination programs
in part because it’s not a zoonosis: it didn’t have an animal reservoir.

‖In March 2007, American house pets sounded the alarm. When dogs and cats began
getting sick and dying of kidney failure in massive numbers, veterinarians jumped on the
case. The problem was traced to tainted pet food, leading to a huge recall across the United



States. It turned out that Chinese wheat gluten manufacturers were adding the chemical
melamine to their product in order to raise the perceived protein levels and were then
selling the gluten to pet food manufacturers. Forewarned by the veterinarians, U.S. food
safety and public health o�cials quickly placed stringent anti-melamine inspections in
place for the human food supply. (Unfortunately, Chinese o�cials didn’t put the same
measure into e�ect in time to save hundreds of Chinese babies, who were sickened and in
some cases killed by melamine-tainted infant formula.) 
       Animals can also be sentinels for threats that are not infectious. Animal abuse is very
strongly linked to child and domestic violence; British police, for example, have found that
when child abuse is suspected in a home, incidents of animal abuse are often reported
there �rst. Mistreatment of animals, particularly cats, strongly presages future antisocial
and violent behavior against people. As Melissa Trollinger details in an article about the
links between animal cruelty and human abuse, the mass murderers “Je�rey Dahmer,
Albert DeSalvo (the ‘Boston Strangler’), Ted Bundy, and David Berkowitz (the ‘Son of Sam’)
all admitted to mutilating, impaling, torturing, and killing animals in their youth.”

OceanofPDF.com

https://oceanofpdf.com/


Acknowledgments

Zoobiquity—the book, the conferences, the research initiative—has
been possible only because of the great generosity, support,
collegiality, and openness of the hundreds of veterinarians, wildlife
biologists and physicians we have met over the course of this
project. For sharing their time and tremendous knowledge, and for
welcoming us and embracing Zoobiquity, we’re deeply grateful to
each and every one of these doctors. For special support and for
their �eld leadership on the veterinary side, we’d like to thank
Stephen Ettinger, Curtis Eng, Patricia Conrad, and Cheryl Scott, as
well as the following DVMs: Melissa Bain, Stephen Barthold, Philip
Bergman, Robert Clipsham, Vicki Clyde, Lisa Conti, Mike Cran�eld,
Peter Dickinson, Nicholas Dodman, Kirsten Gilardi, Carol Glazer,
Leah Greer, Carl Hill, Malika Kachani, Laura Kahn, Bruce Kaplan,
Mark Kittleson, Linda Lowenstine, Roger Mahr, Jonna Mazet, Rita
McManamon, Franklin McMillan, Tracey McNamara, Dan Mulcahy,
Hayley Murphy, Suzan Murray, Phillip Nelson, Patricia Olson,
Bennie Osburn, Marguerite Pappaioanou, Joanne Paul-Murphy, Paul
Pion, Edward Powers, E. Marie Rush, Kathryn Sulzner, Jane Sykes,
Lisa Tell, Ellen Weidner, Cat Williams, and Janna Wynne.

We are deeply grateful to the many members of the human
medical and scienti�c community who have provided us with
support and wise counsel: C. Athena Aktipis, Allan Brandt, John
Child, Andrew Drexler, Steven Dubinett, James Economou, Paul
Finn, Alan Fogelman, Patricia Ganz, Atul Gawande, Michael Gitlin,
Peter Gluckman, David Heber, Steve Hyman, Ilana Kutinsky,
Andrew Lai, John Lewis, Melinda Longaker, Michael Longaker,



Aman Mahajan, Randolph Nesse, Claire Panosian, Neil Parker, Neil
Shubin, Stephen Stearns, Shari Stillman-Corbitt, Jan Tillisch, A.
Eugene Washington, James Weiss, and Douglas Zipes. A number of
groups also provided access and advice: the Great Apes Health
Project, American Association of Zoo Veterinarians, UC Davis School
of Veterinary Medicine, Western University of Health Sciences
College of Veterinary Medicine, National Evolutionary Synthesis
Center, David Ge�en School of Medicine at UCLA, UCLA Division of
Cardiology, One Health Initiative, and One Health Commission.

We are indebted to many other friends and colleagues who shared
their time and wisdom with us by reading chapters or the whole
book: Sonja Bolle—whose keen editorial instincts also brought us
together for this project and Daniel Blumstein—whose expertise and
kindness provided much needed support and con�dence. In
addition, our gratitude goes to David Baron, Burkhard Bilger, Emily
Beeler, Chris Bonar, and Michael Gisser whose insights and
thoughtful suggestions vastly improved the manuscript. Special
thanks also to Stephanie Bronson, Susanne Daniels, Beth Friedman,
Eric Pinckert, Eric Weiner, Deborah Landau, and Kathleen Hallinan.

The book was greatly enhanced by knowledgeable �eld experts
who carefully read individual chapters for content and accuracy:
Kalyanam Shivkumar, Mark Litwin, Tom Klitzner, Deborah Krakow,
Greg Fonarow, Laraine Newman, Mark Sklansky, Kevin Shannon,
Gary Schiller, Ardis Moe, Daniel Uslan, Mark D’Antonio, Michael
Strober, and Robert Glassman.

Our appreciation goes to the team who worked tirelessly to make
the �rst Zoobiquity Conference a tremendous success: Julio Lopez,
Cynthia Cheung, Kate Kang, Wesley Friedman, and Meredith
Masters. Thanks also to Zachary Rabiro�, Brittany Enzmann, and
Jordan Cole for research support.

And with the deepest heartfelt gratitude we thank Jordan Pavlin,
our extraordinary editor at Knopf who championed Zoobiquity at
every phase, and nurtured it (and us) with her deep experience, sure
and steady hand, patience, passion, and vision. Special thanks go
also to her assistants, Caroline Bleeke and Leslie Levine for their
grace and enthusiasm; to Knopf’s Paul Bogaards, Gabrielle Brooks



and Lena Khidritskaya for their creativity and energy; to Chip Kidd
for designing a beautiful cover; and to the entire Knopf production
team for its tenacity and attention to detail.

A stroke of superb good fortune befell us when Tina Bennett
became our literary agent. Brilliant and inspiring, incisive,
diplomatic and funny, Tina is truly the best in the business, as are
the other members of the magni�cent team at Janklow and Nesbit,
Stephanie Koven and Svetlana Katz.

Singular thanks go to Susan Kwan for taking on the heroic tasks of
organizing and formatting the endnotes, bibliographies, and website
—and for fact-checking much of the manuscript. Intuitive, inventive
and resourceful, Susan has been a privilege to work with. She
greatly improved the text and any mistakes that remain are ours.

Finally, this book simply would not have been written without the
generosity and forbearance of our families. For their un�agging
encouragement, intellectual contributions, and for enduring more
than their share of dinner conversations that turned inevitably to
the �ner points of insect mating or the dread-inducing minutiae of
cardiac distress, Kathryn would like to thank Andrew and Emma
Bowers, Arthur and Diane Sylvester, Karin McCarty, and Marjorie
Bowers. Barbara would like to thank Zachary, Jennifer, and Charlie
Horowitz, Idell and Joseph Natterson, Cara and Paul Natterson, and
Amy and Steve Kroll.

OceanofPDF.com

https://oceanofpdf.com/


Notes

Writing Zoobiquity has been an exhilarating process of bringing
together a tremendous amount of material from many di�erent
�elds. To make the sourcing as user-friendly as possible, we’ve
divided it into two categories.

For full citations of quotations and references from the text,
please see the following endnotes.

For further reading and a complete bibliography of the books,
journal articles, popular reporting, and interviews that we cite and
which shaped and inspired our thinking, please visit
www.zoobiquity.com.

ONE Dr. House, Meet Doctor Dolittle

  1 There was even an article: A. M. Narthoorn, K. Van Der Walt, and
E. Young, “Possible Therapy for Capture Myopathy in Captured
Wild Animals,” Nature 274 (1974): p. 577.

    2 Cardiology in the early 2000s: K. Tsuchihashi, K. Ueshima, T.
Uchida, N. Oh-mura, K. Kimura, M. Owa, M. Yoshiyama, et al.,
“Transient Left Ventricular Apical Ballooning Without Coronary
Artery Stenosis: A Novel Heart Syndrome Mimicking Acute
Myocardial Infarction,” Journal of the American College of
Cardiology 38 (2001): pp. 11–18; Yoshiteru Abe, Makoto Kondo,
Ryota Matsuoka, Makoto Araki, et al., “Assessment of Clinical
Features in Transient Left Ventricular Apical Ballooning,”
Journal of the American College of Cardiology 41 (2003): pp.
737–42.
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   3 This distinctive condition presents: Kevin A. Bybee and Abhiram
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