3
K
: n

the Animal World—and Us

Richar(ag £ —




The Evolution of Beauty

How DARWIN’S FORGOTTEN THEORY
OF MATE CHOICE SHAPES THE ANIMAL WORLD—

AND Us

Richard O. Prum

Doubleday
New York London Toronto Sydney Auckland



Copyright © 2017 by Richard O. Prum

All rights reserved. Published in the United States by Doubleday, a division of Penguin Random House
LLC, New York, and distributed in Canada by Random House of Canada, a division of Penguin
Random House Canada Limited, Toronto.

www.doubleday.com

DOUBLEDAY and the portrayal of an anchor with a dolphin are registered trademarks of Penguin
Random House LLC.

Cover design by John Fontana

Cover photographs (clockwise from top left): © Tim Laman/National Geographic Creative; © Juan
Carlos Vinda/Minden Pictures; © Glenn Bartley/All Canada Photos/Superstock; ©
NHPA/Photoshot/Superstock; © Tim Laman/National Geographic Creative

Pen-and-ink drawings by Michael DiGiorgio
Charts by Rebecca Gelernter

Library of Congress Cataloging-in-Publication Data
Names: Prum, Richard O., author.

Title: The evolution of beauty : how Darwin’s forgotten theory of mate choice shapes the animal world
and us / Richard O. Prum.

Description: First edition. | New York : Doubleday, 2017. | Includes bibliographical references and
index.

Identifiers: LCCN 2016050808 (print) | LCCN 2016059440 (ebook) | ISBN 9780385537216
(hardcover) | ISBN 9780385537223 (ebook)

Subjects: LCSH: Sexual selection in animals. | Sexual selection. | Courtship in animals. | Human
evolution.

Classification: LCC QL761 .P744 2017 (print) | LCC QL761 (ebook) | DDC 591.56/2—dc23
LC record available at https://lccn.loc.gov/2016050808
Ebook ISBN 9780385537223

v4.1
ep


http://www.doubleday.com/
https://lccn.loc.gov/2016050808

Contents

Cover

Title Page
Copyright
Dedication

Epigraph

Introduction

Chapter 1: Darwin’s Really Dangerous Idea
Chapter 2: Beauty Happens

Chapter 3: Manakin Dances

Chapter 4: Aesthetic Innovation and Decadence
Chapter 5: Make Way for Duck Sex
Chapter 6: Beauty from the Beast

Chapter 7: Bromance Before Romance
Chapter 8: Human Beauty Happens Too
Chapter 9: Pleasure Happens

Chapter 10: The Lysistrata Effect

Chapter 11: The Queering of Homo sapiens
Chapter 12: This Aesthetic View of Life

Acknowledgments
Notes
Bibliography
About the Author

Hllustrations


file:///tmp/calibre_4.99.5_tmp_dq8fk_3o/d7vueqbd_pdf_out/OEBPS/Prum_9780385537223_epub3_cvi_r1.xhtml

TO ANN,
for inspiring and tolerating my many flights of fancy



MOTHER GOOSE: What is the secret Nature knows?
Tom RAKEWELL: What Beauty is and where it grows.

—The Rake’s Progress, an opera in three acts by Igor
Stravinsky

Fable libretto by W. H. Auden and Chester Kallman



Introduction

I started bird-watching and studying birds at the age of ten, and I never really
considered doing anything else in my life. Which is fortunate, because I am
now unfit for any other sort of employment.

It all started with glasses. I got my first pair of eyeglasses during fourth
grade, and within six months I was a bird-watcher. Before glasses, I spent a
lot of time memorizing facts out of the Guinness Book of World Records and
asking my siblings to quiz me on them. I was especially interested in the
records of extreme human “achievement,” like the tallest and heaviest men,
and the now suppressed category of “gastronomical” records, like the greatest
number of whelks eaten in five minutes. But after glasses, the outer world
came into focus. Soon, my amorphous nerdiness found something to organize
around, something to run with—birds.

The next catalyst was a book. My family lived in Manchester Center,
Vermont, a small town nestled in a beautiful valley between the Taconics and
the Green Mountains. As I was browsing in a small, local bookstore one day,
my eyes landed on Roger Tory Peterson’s A Field Guide to the Birds. 1 was
transfixed by the paintings of the Cardinal, the Evening Grosbeak, and the
Atlantic Puffin on the book’s cover. The book was a pleasing and efficient
pocket size. Thumbing through its pages, I immediately began imagining all
the places I would have to go to see all these birds—with the book, of course,
in my back pocket. I showed the book to my mother with a not so subtle pitch
that I would love to take it home. “Well,” she responded encouragingly, “you



do have a birthday coming up!” About a month later, for my tenth birthday, I
did indeed receive a bird guide, but it was the other one, Chandler Robbins’s
Birds of North America, with the text and range maps opposite the color
plates. It was a great book with a really bad binding, and I would trash several
more copies before I was out of elementary school.

Starting with a clunky old pair of family binoculars, I began to scour our
rural neighborhood looking for birds. Within a year or so I had bought myself
a new pair of Bausch & Lomb Custom 7x35s, paying for them with money
I'd earned from mowing lawns and working a paper route. On my next
birthday, I received a bird song record, and I began to learn them. My initial
curiosity grew into obsession and then into a consuming passion. On a good
day of birding, my pulse would race with excitement. Sometimes, it still does.

Many people cannot understand what there 1s about birds to become
obsessed about. What are bird-watchers actually doing out there in the woods,
swamps, and fields? The key to comprehending the passion of birding is to
realize that bird-watching is really a hunt. But unlike hunting, the trophies
you accumulate are in your mind. Of course, your mind is a great place to
populate with trophies because you carry them around with you wherever you
go. You don’t leave them to gather dust on a wall or up in the attic. Your
birding experiences become part of your life, part of who you are. And
because birders are human, these birding memories—Ilike most human
memories—improve over time. The colors of the plumages become more
saturated, the songs sweeter, and those elusive field marks more vivid and
distinct in retrospect.

The exciting buzz of birding creates the desire to see more birds, to see
the earliest arrivals and the latest departures, the biggest and the smallest, and
to know their habits. Most of all birding creates the desire to see new birds—
birds you have never seen before—and to keep records of your sightings.
Many birders keep a “Life List” of all the bird species they have seen in their
lives; each new bird they add is called a lifer.

Most kids are probably not thinking about what they will be doing for
the rest of their lives, but I was very sure. By the time I was twelve, I knew I
would be birding. Birding was an open invitation to adventures straight out of
the gorgeously illustrated pages of National Geographic magazine. 1 soon
found myself lusting after ever more remote and exotic habitats and locales.



In 1976, I was again browsing in a bookstore, this time with my father, and I
came across the gorgeous new Guide to the Birds of Panama by Robert
Ridgely. It cost $15, which was more than I had. My parents were usually
game for going fifty-fifty on such worthy purchases, so I asked Dad if he
would be willing to split it with me. He looked at me incredulously and asked,
“But, Ricky, when are you going to Panama?” My adolescent voice probably
cracked as I responded, “But don’t you see, Dad, you get the book, and then
you go!” I guess I was pretty convincing, because I brought the book home,
and 1t initiated my lifelong fascination with neotropical birds.

Of course, the ultimate goal of birding is to know all the birds of the
world. All ten thousand plus species. But I don’t mean know the birds in the
same sense that one can know the laws of gravity, the height of Everest, or
the fact that Robert Earl Hughes was the heaviest human in the world at
1,070 pounds. Birding is about knowing the birds in a more intimate,
profound way.

To understand what I mean, let’s imagine what it’s like for a bird-
watcher to see a bird. Not just any bird, but a particular bird—for example, a
male Blackburnian Warbler (Sefophaga fusca) (color plate 1). I can
remember exactly my first sighting of a male Blackburnian Warbler, which
was perched in a thinly leaved white birch tree in my front yard in
Manchester Center on a bright May morning in about 1973. In the years
since, I have seen Blackburnian Warblers many times, and in many places,
from their breeding grounds in the boreal forests along the Allagash River in
northern Maine to their wintering distribution in the Andean cloud forests of
Ecuador. I know Blackburnian Warbler.

Of course, no one who sees a male Blackburnian Warbler can fail to
observe its crisp black body plumage, brilliantly orange throat and face
patterns, and white wing bars, belly, and tail spots. The sight of a
Blackburnian Warbler would create a truly stunning and memorable sensory
impression on anyone. But birding is about more than just seeing a bird and
taking in the visual experience of it. Birding is about recognizing all the
physical characteristics of the bird and being able to attach the correct name,
or proper noun, to that observation.

When a bird-watcher sees a male Blackburnian Warbler or any other
bird she has identified, she has a neurological experience distinct from the



mere sensory perception of its bold pattern of black, orange, and white
plumage. We know this is true because functional magnetic resonance
imaging studies of the brains of bird-watchers have shown that unlike
untrained human observers, birders use the face recognition module in the
visual cortex of the brain to recognize and identify bird species and plumages.
In other words, when a birder identifies a Blackburnian Warbler, she uses the
same parts of the brain that people use to recognize familiar faces—Iike
those of Jennifer Aniston, Abraham Lincoln, and your Aunt Lou. Birding
trains your brain to transform a stream of natural history perceptions into
encounters with identifiable individuals. This is like the difference between
walking along a city street amid a sea of strangers and walking the halls of
your old high school, where you recognize every individual instantly. The key
difference between what a bird-watcher experiences and a simple walk in the
woods 1s what’s happening in your brain.

The English language falls short in communicating this distinction,
because English provides us with only one verb for “to know.” Many other
languages, however, have two distinct verbs. One means knowing a fact or
understanding a concept, and the other means being familiar with someone or
something through personal experience. In Spanish, to know or understand a
fact is saber, but to be familiar with someone or something through
experience is conocer; in French, these verbs are savoir and connaitre, and in
German wissen and kennen. The key difference between birding and mere
observation is that birding is really about building a bridge between these two
kinds of knowing—connecting familiarity and personal experience to facts
and understanding. It’s about accumulating knowledge about the natural
world through your own personal experience. That’s why, to a birder, it
always matters whether or not you have actually seen the bird in real life and
not just on the page! Knowing that the bird exists without seeing it for
yourself is merely knowledge without experience—savoir without
connaissance—which is never enough.

When I got to college, I discovered that evolutionary biology was the
field of science that was about the aspect of birds that I found most
fascinating—their tremendous diversity and endless, exquisite differences.



Evolution was the explanation of how all ten thousand species of birds came
to be the way they are. I realized that my birding—all that cognitive stamp
collecting—had laid the foundation for a much grander intellectual project: a
lifelong engagement in scientific research on the evolution of birds.

In more than forty years of birding and thirty years of studying avian
evolution, I have had the joy and good fortune to research an enormous range
of topics in science. Along the way, I have been given the opportunity to
watch birds on all continents and to see more than one-third of the bird
species of the world, though I have no doubt that my twelve-year-old self
would be sorely disappointed at how slowly I have progressed at the
impossible task of seeing them all. I have worked in the rain forests of South
America discovering the previously unknown display behaviors of manakins
(Pipridae). I have dissected the syringes of birds—the tiny, avian vocal organs
—in order to use this anatomical feature to reconstruct the evolutionary
relationships of species. I have worked on avian biogeography (the study of
the distribution of species around the globe), on the development and
evolution of feathers, and on the origin of avian feathers in theropod
dinosaurs. I have investigated the physics and chemistry of avian plumage
coloration and the four-color vision of birds.

During such forays, my research has taken many surprising turns,
directing me to topics I would never have imagined studying—such as the
shockingly violent sex lives of ducks. Sometimes, my various investigations
turned up connections that were entirely unexpected. For example, separate
research initiatives on the coloration of bird feathers and the evolution of
dinosaur feathers ultimately led to a collaborative discovery of the dramatic
colors in the plumage sported by a 150-million-year-old feathered dinosaur—
Anchiornis huxleyi (color plate 15).

For a long time I thought that my research was just an eclectic grab bag
of “stuff Rick is into.” In recent years, however, I have realized that a large
portion of my research is really about one big issue—the evolution of beauty.
I don’t mean beauty as we experience it. Rather, I am interested in the beauty
of birds to themselves. In particular I am fascinated by the challenge of
understanding how the social and sexual choices of birds have driven so many
aspects of avian evolution.



In various social contexts, birds observe each other, they evaluate what
they’ve observed, and they make social decisions—real choices. They choose
which birds to flock with, which baby bird mouths to feed, and whether or not
to incubate a given clutch of eggs. And, of course, the most crucial social
decision that birds make is whom to mate with.

Birds use their preferences for particular plumages, colors, songs, and
displays to choose their mates. The result is the evolution of sexual
ornaments. And birds have a lot of them! Scientifically speaking, sexual
beauty encompasses all of the observable features that are desirable in a mate.
Over millions of years and among thousands of avian species, mate choice
has resulted in an explosive diversity of sexual beauty in birds.

Ornaments are distinct in function from other parts of the body. They do
not function solely in ecological or physiological interactions with the physical
world. Rather, sexual ornaments function in interactions with observers—
through the way in which sensory perceptions and cognitive evaluations by
other individual organisms create a subjective experience in those organisms.
And by subjective experience, I mean the unobservable, internal mental
qualities produced by a flow of sensory and cognitive events: like the sight of
the color red, the smell of a rose, or the feeling of pain, hunger, or desire.
Crucially, the function of sexual ornaments is to inspire the qualities of desire
and attachment in the observer.

What can we possibly know about the subjective experience of desire in
animals? Subjective experience is, almost by definition, unmeasurable and
unquantifiable. As Thomas Nagel has written in his classic paper “What Is It
Like to Be a Bat?,” subjective experience encompasses the “what it is like”
for a given organism—be it a bat, a flounder, or a person—to have a
perceptual or cognitive event. But if you are not a bat, you will never be able
to grasp the experience of perceiving the three-dimensional “acoustic
structure” of the world through sonar. Although we can imagine that our
individual subjective experiences are similar in quality to those of other
individuals, perhaps even to those of other species, we can never confirm this,
because we cannot actually share the qualities of our internal mental
experiences with one another. Even among humans who can express their
thoughts and experiences in words, the actual content and quality of our



internal sensory experiences are ultimately unknowable by anyone else and
inaccessible to scientific measurement and reduction.

Most scientists have therefore been allergic to the idea of making a
scientific study of subjective experiences, or even to admitting that they exist.
If we cannot measure them, many biologists think that such phenomena
cannot be an appropriate subject of science. For me, however, the concept of
subjective experience is absolutely critical to understanding evolution. I will
argue that we need an evolutionary theory that encompasses the subjective
experiences of animals in order to develop an accurate scientific account of
the natural world. We ignore them at our intellectual peril, because the
subjective experiences of animals have critical and decisive consequences for
their evolution. If subjective experience is not reducible to measurement, then
how can we study it scientifically? I think we can take a lesson from physics.
In the early twentieth century, Werner Heisenberg proved that we cannot
simultaneously know the position and the momentum of an electron.
Although Heisenberg’s Uncertainty Principle proved the electron could not be
reduced to Newtonian mechanics, physicists did not abandon or ignore the
problem of the electron. Rather, they devised new methods to approach it.
Similarly, biology needs to develop new methods to investigate the subjective
experiences of animals. We cannot measure or know what these experiences
are like in any detail, but we can sneak up on them, and as with the electron
we can learn fundamental things about them indirectly. For example, as we
will see, we can investigate how subjective experience evolves by tracing the
evolution of ornaments and the sexual preferences for them among closely
related organisms.

I call the evolutionary processes that are driven by the sensory
judgments and cognitive choices of individual organisms aesthetic evolution.
The study of aesthetic evolution requires engaging with both sides of sexual
attraction: the object of desire and the form of desire itself, which biologists
refer to as display traits and mating preferences. We can observe the
consequences of sexual desire by studying which mates are preferred. More
powerfully, perhaps, we can also study the evolution of sexual desire by
studying the evolution of the objects of that desire—the ornaments that are
particular to a given species and how those ornaments have evolved among
multiple species.



What emerges from an understanding of the workings of sexual
selection is the startling realization that desire and the object of desire
coevolve with each other. As I will discuss later, most examples of sexual
beauty are the results of coevolution; in other words, the form of the display
and the mating preference do not accidentally correspond to each other, but
have shaped each other over evolutionary time. It is through this
coevolutionary mechanism that the extraordinary aesthetic diversity of the
natural world comes into being. This book, then, is ultimately a natural
history of beauty and desire.

How does aesthetic evolution differ from other modes of evolution? To
explore the difference, let’s compare “normal,” adaptive evolution by natural
selection—the evolutionary mechanism famously discovered by Charles
Darwin—with aesthetic evolution by mate choice, another amazing discovery
of Darwin’s. In the bird world, the beaks of the Galdpagos Finches are one of
Darwin’s best-known examples of adaptive evolution. The approximately
fifteen different species of Galdpagos Finches evolved from a single common
ancestor, and they differ from each other mainly in the size and shape of their
beaks. Certain beak shapes and sizes are particularly effective at handling and
opening certain kinds of plant seeds; large beaks are better at cracking larger,
harder seeds, while smaller beaks are more efficient at handling smaller, finer
seeds. Because the environment of the Galapagos varies in the size, hardness,
and abundance of the plant seeds available in different areas and times, some
finches will survive better in certain environments than do others. Because
beak size and shape are highly heritable traits, differential survival of beak
shapes within one generation of Galdpagos Finches will result in evolutionary
change in beak shape among generations. This evolutionary mechanism—
called natural selection—Ileads to adaptation because subsequent generations
will have evolved beak shapes that function better in their environment,
contributing directly to improvements in individual survival and fecundity
(that is, individual capacity for reproduction and energy and resources to lay
lots of eggs, to lay bigger eggs, and to raise lots of healthy offspring).

By contrast, let’s imagine the evolution of an avian ornament, such as the
song of the thrush or the iridescent plumage of the hummingbird. These



features evolve in response to criteria very different from those involved in
natural selection on beak shape. Sexual ornaments are aesthetic traits that
have evolved as a result of mate choices based on subjective evaluations. They
function through the perception and evaluations of other individuals through
mate choice. The cumulative effect of many individual mating decisions
shapes the evolution of ornament. In other words, members of these species
act as agents in their own evolution.

As Darwin himself realized, evolution by natural selection and aesthetic
evolution by mate choice produce profoundly different patterns of variation in
nature. For example, there are a limited number of ways to crack open a seed
with a bird beak and therefore a limited number of variations in beak size and
shape to do it. Consequently, seed-eating birds from more than a dozen
different bird families have independently and convergently evolved very
similar, robust, finchy beak shapes in order to perform this particular physical
task. But the task of attracting a mate is an infinitely more open-ended,
unconstrained, and dynamic challenge than opening a seed. Each species
evolves its own solution to the challenge of intersexual communication and
attraction—what Darwin called independent “standards of beauty.” Thus, it is
no surprise that each of the world’s ten thousand plus bird species has evolved
its own, unique aesthetic repertoire of ornaments and preferences to
accomplish this task. The result is the earth’s nearly unfathomable variety of
biological beauty.

Now, I have a problem—a scientific problem. Although doing research
in evolutionary biology has been a real joy for me, the community of science
is not without diversity of opinion, disagreement, and intellectual conflict.
And as it turns out, my ideas about aesthetic evolution run counter to the
main flow of ideas in evolutionary biology—not just for the last few decades,
but for nearly a century and a half, indeed, since the time of Darwin himself.
Most evolutionary biologists, then and now, think that sexual ornaments and
displays—they generally avoid using the word “beauty”—evolve because such
ornaments provide specific, honest information about the quality and
condition of potential mates. According to this “honest signaling” paradigm,
the extraordinary electric-blue smiley face display on the erectable breast



feathers of a male Superb Bird of Paradise (Lophorina superba) (color plate
2) functions like a birdie Internet dating profile, providing multiple pieces of
information that a discerning female bird of paradise needs to know. Who are
his “people”? Does he come from a good egg? Was he raised in a good nest?
Does he have a good diet? Does he take care of himself? Does he have
sexually transmitted diseases? In species of birds that form enduring pairs,
such courtship displays may communicate additional information: Will he or
she energetically defend our territory from competitors? Will he or she help
feed and shelter me, be a good parent to our offspring, and be faithful to me?

According to this BioMatch.com theory of ornament, beauty is all about
utility. In this view, the subjective mating preferences of individuals are
shaped by the objective quality of their available mates. Beauty is only
desirable because it brings other, real-world benefits, like vigor, health, or
good genes. Although sexual beauty may indeed be sensually pleasing,
according to this view, sexual selection is just another form of natural
selection; there is no fundamental difference between the evolutionary forces
acting on the beaks of Galdpagos Finches and those shaping the courtship
displays of the birds of paradise. Beauty is merely the handmaiden of natural
selection.

This 1s very different from my own view of beauty and how it arises.
Although I am rather hesitant to admit it, I think that the process of
adaptation by natural selection is sort of boring. Of course, as an evolutionary
biologist I am well aware that it is a fundamental and ubiquitous force in
nature. I do not deny its immense importance. But the process of adaptation
by natural selection is not synonymous with evolution itself. A lot of
evolutionary process and evolutionary history cannot be explained by natural
selection alone. Throughout this book, I will argue that evolution is frequently
far quirkier, stranger, more historically contingent, individualized, and less
predictable and generalizable than adaptation can explain.

Evolution can even be “decadent,” in the sense of its resulting in sexual
ornaments that not only fail to signal anything about objective mate quality
but actually lower the survival and fecundity of the signaler and the chooser.
In short, in pursuit of their subjective preferences, individuals can make
mating choices that are maladaptive—resulting in a worse fit between the
organism and its environment. This is something that quite a few evolutionary



biologists would argue is impossible, but I beg to differ, and this book is my
explanation of why. In the larger sense, I hope to communicate to my readers
that natural selection alone cannot possibly explain the diversity, complexity,
and extremity of the sexual ornaments we see in nature. Natural selection is
not the only source of design in nature.

It seems to me that the kinds of scientific questions one likes to ask, and
the kinds of scientific answers one finds satisfying, are deeply personal. For
some reason, I have always been more fascinated by those aspects of
evolutionary process that defy simplistic adaptive explanations. Somehow, the
way my personal, lifelong engagement with birds connected to the science of
their evolution led me to a different view. However, as I will document in
these pages, this aesthetic theory of evolution was first proposed and
championed by Charles Darwin himself and roundly criticized at the time.
Indeed, Darwin’s aesthetic theory of mate choice has been so marginalized in
evolutionary biology that it has been nearly forgotten. Contemporary “neo-
Darwinism”—which posits that sexual selection is merely another form of
natural selection—is highly popular yet not Darwinian at all. Rather, the
adaptationist view comes down to us from Darwin’s intellectual acolyte and
subsequent antagonist Alfred Russel Wallace. Aesthetic evolution, I will
argue, restores the real Darwin to Darwinism, by showing how the subjective
mate choice decisions of animals play a critical and often decisive role in
evolution. But can we really talk about beauty as a quality that animals
respond to? The concept of beauty is so fraught with people’s preconceptions,
expectations, and misunderstandings that perhaps it would be wiser to
continue to shun any scientific use of the term. Why use such a problematic
and loaded word? Why not continue with the sanitized and nonaesthetic
language that most biologists prefer?

I have thought a lot about this. I have decided to embrace beauty as a
scientific concept because, like Darwin, I think it captures in ordinary
language exactly what is involved in biological attraction. By recognizing
sexual signals as beautiful to those organisms that prefer them—whether they
are Wood Thrushes, bowerbirds, butterflies, or humans—we are forced to
engage with the full implications of what it means to be a sentient animal
making social and sexual choices. We are forced to entertain the Darwinian
possibility that beauty is not merely utility shaped by adaptive advantage.



Beauty and desire in nature can be as irrational, unpredictable, and dynamic
as our own personal experiences of them.

This book aspires to bring beauty back into the sciences—to reanimate
Darwin’s original aesthetic conception of mate choice and elevate beauty to a
mainstream subject of scientific concern.

Darwin’s concept of mate choice has another controversial element that I
will also champion in these pages. In proposing the mechanism of evolution
by mate choice, Darwin hypothesized that female preferences can be a
powerful and independent force in the evolution of biological diversity. Not
surprisingly, Victorian scientists ridiculed Darwin’s revolutionary idea that
females had either the cognitive ability or the opportunity to make
autonomous decisions about their choice of mates. But the concept of
freedom of sexual choice—or sexual autonomy—needs to be revived. In this
book, we will do some long-overdue work—140 years overdue—on the
evolution of sexual autonomy and its implications for both nonhuman and
human traits and behaviors.

As my research on the often violent sexual behavior of waterfowl has
taught me, the primary challenge to female sexual autonomy is male sexual
coercion via sexual violence and social control. Through investigations of
ducks and other birds, we will explore the diverse evolutionary responses to
male sexual coercion. We will see that mate choice can evolve in ways that
specifically enhance female freedom to choose. In short, we will discover that
reproductive freedom of choice is not merely a political ideology invented by
modern suffragettes and feminists. Freedom of choice matters to animals,
too.

Leaping from birds to people, I will explore the ways in which sexual
autonomy 1s fundamental to understanding the evolution of many of the
unique and distinctive features of human sexuality, including the biological
roots of female orgasm, the boneless human penis, and same-sex sexual
desire and preference. Aesthetic evolution and sexual conflict are also likely to
have played a critical role in the origins of human intelligence, language,
social organization, and material culture and the diversity of human beauty.



In short, the evolutionary dynamics of mate choice are essential to
understanding ourselves.

I have been interested in the theory of aesthetic evolution for my entire
career, and over the years I have become accustomed to its marginal status in
the discipline of evolutionary biology. But I remember the exact moment
when I realized how strong the resistance to aesthetic evolution really is and
how the strength of this resistance is really a measure of the threat this idea
poses to mainstream adaptationist evolutionary thought. At that moment, I
realized how necessary it was to write this book.

The epiphany came during a visit to an American university a few years
ago as I described my views on the evolution of sexual ornaments to a fellow
evolutionary biologist over lunch. After every few sentences, my host
interrupted me with an objection or two, each of which I answered before I
got back to outlining my view. Toward the end of the lunch, when I had
finally managed to give a full explanation of my views on evolution by mate
choice, he cried out, “But that’s nihilism!” Somehow, what I thought of as a
powerful and awe-inspiring explanation of the diversity of ornament in the
natural world, my evolutionary colleague saw as a bleak worldview that,
should he adopt it, would deprive him of any sense of purpose or meaning in
life. After all, if mate choice results in the evolution of ornaments that are
merely beautiful, rather than being indicators of mate quality, doesn’t that
mean that the universe is not rational? At this moment, I realized why it was
necessary to embrace Darwin’s aesthetic perspective on evolution and explain
it to a wider audience.

My scientific view has grown directly from my experience of the natural
world as a bird-watcher and natural historian and from my work as a scientific
researcher—connaissance and savoir. This work has given me enormous
intellectual and personal pleasure. Never in my career have I been more
excited and inspired to do science. I get goose bumps just thinking about the
evolution of avian beauty. But this same worldview would seem to deny some
of my professional colleagues any reason to get out of bed in the morning. In
this book, I will try to explain why I think this more subtle, less deterministic
view of evolution provides a richer, more accurate, and more scientific



understanding of nature than the common adaptationist view. When we look
at evolution through sexual selection, we see a world of freedom and choice
that is deeply thrilling—a world of greater beauty than can possibly be
accounted for without it.






CHAPTER 1

Darwin’s Really Dangerous Idea

Adaptation by natural selection is among the most successful and influential
ideas in the history of science, and rightly so. It unifies the entire field of
biology and has had a profound influence on many other disciplines, including
anthropology, psychology, economics, sociology, and even the humanities.
The singular genius behind the theory of natural selection, Charles Darwin, is
at least as famous as his most famous idea.

You might think that my contrarian view of the limited power of
adaptation by natural selection would mean that I am “over” Darwin, that I
am ready to denigrate the cultural/scientific personality cult that surrounds
Darwin’s legacy. Quite to the contrary. I hope to celebrate that legacy but also
to transform the popular understanding of it by shedding new light on
Darwinian ideas that have been neglected, distorted, ignored, and almost
forgotten for nearly a century and a half. It’s not that I'm interested in doing a
Talmudic-style investigation of Darwin’s every word; rather, my focus is on
the science of today, and I believe that Darwin’s ideas have a value to
contemporary science that has yet to be fully exploited.

Trying to communicate the richness of Darwin’s ideas puts me in the
unenviable position of having to convince people that we don’t actually know
the real Darwin and that he was an even greater, more creative, and more
insightful thinker than he has been given credit for. I am convinced that most
of those who think of themselves as Darwinians today—the neo-Darwinists
—have gotten Darwin all wrong. The real Darwin has been excised from
modern scientific hagiography.

The philosopher Daniel Dennett referred to evolution by natural
selection—the subject of Darwin’s first great book, On the Origin of Species
by Means of Natural Selection—as “Darwin’s dangerous idea.” Here I propose
that Darwin’s really dangerous idea is the concept of aesthetic evolution by



mate choice, which he explored in his second great book, The Descent of
Man, and Selection in Relation to Sex.

Why is the idea of Darwinian mate choice so dangerous? First and
foremost, Darwinian mate choice really is dangerous—to the neo-Darwinists
—because it acknowledges that there are limits to the power of natural
selection as an evolutionary force and as a scientific explanation of the
biological world. Natural selection cannot be the only dynamic at work in
evolution, Darwin maintained in Descent, because it cannot fully account for
the extraordinary diversity of ornament we see in the biological world.

It took Darwin a long time to grapple with this dilemma. He famously
wrote, “The sight of a feather in a peacock’s tail, whenever I gaze at it, makes
me sick!” Because the extravagance of its design seemed of no survival value
whatsoever, unlike other heritable features that are the result of natural
selection, the peacock’s tail seemed to challenge everything that he had said
in Origin. The insight he eventually arrived at, that there was another
evolutionary force at work, was considered an unforgivable apostasy by
Darwin’s orthodox adaptationist followers. As a consequence, the Darwinian
theory of mate choice has largely been suppressed, misinterpreted, redefined,
and forgotten ever since.

Aesthetic evolution by mate choice is an idea so dangerous that it had to
be laundered out of Darwinism itself in order to preserve the omnipotence of
the explanatory power of natural selection. Only when Darwin’s aesthetic
view of evolution is restored to the biological and cultural mainstream will we
have a science capable of explaining the diversity of beauty in nature.

Charles Darwin, a member of England’s nineteenth-century rural gentry,
led a privileged life within the most elite class of an expanding global empire.
Yet Darwin was no idle member of the upper class. A man of careful habits
and a steady, hardworking disposition, he used his privilege (and his generous
independent income) to support the searching of a stubbornly relentless
intellect. By following where his interests took him, he ultimately discovered
the fundamentals of modern evolutionary biology. He thus delivered a fatal
blow to the hierarchical Victorian worldview, which put man on a pedestal



above, and totally removed from, the rest of the animal kingdom. Charles
Darwin became a radical despite himself. Even today the full creative impact
of his intellectual radicalism—its implications for science and for the culture
at large—has yet to be appreciated.

The traditional image of Darwin as a young man portrays him as an
indifferent and undisciplined student who mostly liked to roam around
outside collecting beetles. He dropped out of his original course of medical
education and bounced aimlessly among various interests with little outward
commitment to any of them until he was offered the opportunity to go on his
famous Beagle voyage. According to legend, Darwin was transformed by his
world travels and became the revolutionary scientist we remember today.

I think it more likely that Darwin had the same voracious, quiet, but
stubborn intellect as a young man that he displayed later in life, an intellect
that would have given him an instinctive sense of what good science looked
like. Just prior to publishing On the Origin of Species in 1859, Darwin
characterized the giant creationist masterwork of the world-famous Harvard
professor Louis Agassiz, the Essay on Classification, as “utterly impracticable
rubbish!” As a medical student, Darwin, I think, likely came to the same
conclusion about most of his biological education. And he would have been
right. Most of what was taught as medicine in the 1820s was impracticable
rubbish. There was no central mechanistic understanding of the workings of
the body and no broader scientific concept of the causes of disease. Medical
treatments were a grab bag of irrelevant placebos, powerful poisons, and
dangerous quackery. It would be hard to identify more than a handful of
professional medical treatments from that time that would be recognized
today as being likely to do any patient any good whatsoever. Indeed, in his
autobiography Darwin describes his experience of attending lectures at the
Royal Medical Society in Edinburgh: “Much rubbish was talked there.” I
suspect that it was only when Darwin went all the way to the unexplored
reaches of the Southern Hemisphere that he found an intellectual space free
enough from the hidebound dogmas of his day to allow him the full play of
his far-reaching, brilliant, and ever-curious mind.

Once he could make his own unfiltered observations, what he saw led

him to the two great biological discoveries he revealed in Origin: the
mechanism of evolution by natural selection, and the concept that all



organisms are historically descended from a single common ancestor and thus
related to one another in a “great Tree of Life.” The enduring debates in some
corners over whether these ideas should be taught in public schools give us
some sense of how profoundly they must have challenged Darwin’s readers a
century and a half ago.

In confronting the fierce attacks that were mounted against Origin after
its publication, Darwin had three gnawing problems. The first problem was
the absence of any working theory of genetics. Not knowing the work of
Mendel, Darwin struggled and failed to develop a functioning theory of
inheritance, which was fundamental to the mechanism of natural selection.
Darwin’s second problem was the evolutionary origin of human beings,
human nature, and human diversity. When it came to human evolution,
Darwin pulled his punches in Origin and evasively concluded only that “light
will be thrown on the origin of man and his history.”

Darwin’s third big problem was the origin of impracticable beauty. If
natural selection was driven by the differential survival of heritable variations,
what could explain the elaborate beauty of that peacock’s tail that troubled
him so much? The tail obviously did not help the male peacock to survive; if
anything, the huge tail would be a hindrance, slowing him down and making
him much more vulnerable to predators. Darwin was particularly obsessed
with the eyespots on the peacock’s tail. He had argued that the perfection of
the human eye could be explained by the evolution of many incremental
advances over time. Each evolutionary advance would have produced slight
improvements in the ability of the eye to detect light, to distinguish shadows
from light, to focus, to create images, to differentiate among colors, and so
on, all of which would have contributed to the animal’s survival. But what
purpose could the intermediate stages in the evolution of the peacock’s
eyespots have served? Indeed, what purpose do the “perfect” eyespots of a
peacock serve today? If the problem of explaining the evolution of the human
eye was an intellectual challenge, the problem of explaining the peacock’s
eyespot was an intellectual nightmare. Darwin lived this nightmare. It was in
that context that in 1860 he wrote that oft-quoted line to his American friend
the Harvard botanist Asa Gray: “The sight of a feather in a peacock’s tail,
whenever I gaze at it, makes me sick!”



In 1871, with the publication of The Descent of Man, and Selection in
Relation to Sex, Darwin boldly addressed both the problem of human origins
and the evolution of beauty. In this book he proposed a second, independent
mechanism of evolution—sexual selection—to account for armaments and
ornaments, battle and beauty. If the results of natural selection were
determined by the differential survival of heritable variations, then the results
of sexual selection were determined by their differential sexual success—that
1s, by those heritable features that contribute to success at obtaining mates.

Within sexual selection, Darwin envisioned two distinct and potentially
opposing evolutionary mechanisms at work. The first mechanism, which he
called the law of battle, was the struggle between individuals of one sex—
often male—for sexual control over the individuals of the other sex. Darwin
hypothesized that the battle for sexual control would result in the evolution of
large body size, weapons of aggression like horns, antlers, and spurs, and
mechanisms of physical control. The second sexual selection mechanism,
which he called the taste for the beautiful, concerned the process by which
the members of one sex—often female—choose their mates on the basis of
their own innate preferences. Darwin hypothesized that mate choice had
resulted in the evolution of many of those traits in nature that are so pleasing
and beautiful. These ornamental traits included everything from the songs,
colorful plumages, and displays of birds to the brilliant blue face and
hindquarters of the Mandrill (Mandrillus sphinx). In an exhaustive survey of
animal life from spiders and insects to birds and mammals, Darwin reviewed
the evidence for sexual selection in many different species. Using the law of
battle and the taste for the beautiful, he proposed to explain the evolution of
both armament and ornament in nature.

In The Descent of Man, Darwin finally presented the explicit theory of
the evolutionary origins of humans that he had avoided articulating in Origin.
The book begins with a long discussion of the continuity between human
beings and other animals, slowly and incrementally chipping away at the
edifice of human uniqueness and exceptionalism. Because of the obvious
cultural sensitivity of the subject, Darwin proceeded at a very deliberate pace
to build the argument for this evolutionary continuity. He put off until his
final chapter, “General Summary and Conclusion,” the incendiary conclusion



to which all this was leading: “We thus learn that man is descended from a
hairy quadruped.”

Then, after discussing how sexual selection worked in the animal world,
Darwin analyzed its impact on human evolution. From our furless bodies, to
the enormous geographic, ethnic, and tribal diversity in human appearance, to
our highly social character, to language and music, Darwin made a powerful
case that sexual selection had played a critical role in the shaping of the
human species:

Courage, pugnacity, perseverance, strength and size of body,
weapons of all kinds, musical organs, both vocal and
instrumental, bright colors, stripes and marks, and ornamental
appendages, have all been indirectly gained...through the
influence of love and jealousy, through the appreciation of the
beautiful...and through the exertion of a choice.

Although tackling two subjects as complex and controversial as the
evolution of beauty and the origins of humankind in one volume was an
intellectually daring feat, Descent is generally considered a difficult, or even
flawed, work. By building his argument so slowly and incrementally, writing
in such dry, discursive prose, and citing so many learned authorities in
support of the ideas he was advancing, Darwin might have thought he could
draw any reasonable reader to accept the inevitability of his radical
conclusions. But his rhetorical tactics failed, and in the end Descent was
criticized by both creationist opponents of the very concept of evolution and
fellow scientists who accepted natural selection but were adamantly opposed
to sexual selection. To this day, Descent has never had the same intellectual
impact as Origin.

The most notable and revolutionary feature of Darwin’s theory of mate
choice is that it was explicitly aesthetic. He described the evolutionary origin
of beauty in nature as a consequence of the fact that animals had evolved to
be beautiful to themselves. What was so radical about this idea was that it



positioned organisms—especially female organisms—as active agents in the
evolution of their own species. Unlike natural selection, which emerges from
external forces in nature, such as competition, predation, climate, and
geography, acting on the organism, sexual selection is a potentially
independent, self-directed process in which the organisms themselves (mostly
female) were in charge. Darwin described females as having a “taste for the
beautiful” and an “aesthetic faculty.” He described males as trying to “charm”
their mates:

With the great majority of animals...the taste for the beautiful
is confined to the attractions of the opposite sex.* The sweet
strains poured forth by many male birds during the season of
love are certainly admired by the females, of which fact evidence
will hereafter be given. If female birds had been incapable of
appreciating the beautiful colours, the ornaments, and voices of
their male partners, all the labour and anxiety by the latter in
displaying their charms before the females would have been
thrown away; and this is impossible to admit...

On the whole, birds appear to be the most aesthetic of all
animals, excepting of course man, and they have nearly the same
taste for the beautiful as we have...[Birds] charm the female by
vocal and instrumental music of the most varied kinds.

From the scientific and cultural perspectives of today, Darwin’s choice
of aesthetic language may seem quaint, anthropomorphic, and possibly even
embarrassingly silly. And that may help to account for why Darwin’s aesthetic
view of mate choice is treated today like the crazy aunt in the evolutionary
attic; she is not to be spoken of. Clearly, Darwin did not have our
contemporary fear of anthropomorphism. Indeed, because he was vitally
engaged in breaking down the previously unquestioned barrier between
humans and other forms of life, his use of aesthetic language was not just a
curious mannerism or a quaint Victorian affectation. It was an integral feature
of his scientific argument about the nature of evolutionary process. Darwin
was making explicit claims about the sensory and cognitive abilities of
animals and the evolutionary consequences of those abilities. Having put



humans and all other organisms on different branches of the same great Tree
of Life, Darwin used ordinary language to make an extraordinary scientific
claim: that the subjective sensory experiences of humans can be compared
scientifically to those of the animals.

The first implication of Darwin’s language was that animals are choosing
among their prospective mates on the basis of judgments about their aesthetic
appeal. To many Victorian readers, even those sympathetic to evolution, this
was patently absurd. It seemed impossible that animals could make fine
aesthetic judgments. Even if they were able to observe differences in the color
of their suitors’ plumage or the musical notes of their songs, the notion that
they could cognitively distinguish among them, and then demonstrate a
specific preference for one or another variation, was considered ludicrous.

These Victorian-era objections have been definitively rejected. Darwin’s
hypothesis that animals are able to make sensory evaluations and exercise
mate preferences is now supported by volumes of evidence and is universally
accepted. There have been numerous experiments across the animal kingdom
—from birds to fishes, grasshoppers to moths—showing that animals have the
capacity to make sensory evaluations that influence their mate choices.

Although Darwin’s proposal of animal cognitive choice is now the
accepted wisdom, the second implication of his aesthetic theory of sexual
selection remains as revolutionary today, and as controversial, as when he first
proposed it. By using the words “beauty,” “taste,” “charm,” “appreciate,”
“admire,” and “love,” Darwin was suggesting that mating preferences could
evolve for displays that had no utilitarian value at all to the chooser, only
aesthetic value. In short, Darwin hypothesized that beauty evolves primarily
because it is pleasurable to the observer.
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Darwin’s views on this issue developed over time. In an early discussion
of sexual selection in Origin, Darwin wrote, “Amongst many animals, sexual
selection will give its aid to ordinary [natural] selection by assuring to the
most vigorous and best adaptive of all males the greatest number of
offspring.”

In other words, in Origin, Darwin saw sexual selection as simply the
handmaiden of natural selection, another means of guaranteeing the
perpetuation of the most vigorous and best-adapted mates. This view still
prevails today. By the time he wrote Descent, however, Darwin had embraced



a much broader concept of sexual selection that may have nothing to do with
a potential mate’s being more vigorous or better adapted per se, but only with
being aesthetically appealing, as he stated clearly for the mesmerizing
example of the Argus Pheasant: “The case of the male Argus pheasant is
eminently interesting, because it affords good evidence that the most refined
beauty may serve as a sexual charm, and for no other purpose [emphasis
added].”

Moreover, in Descent, Darwin viewed sexual selection and natural
selection as two distinct and frequently independent evolutionary
mechanisms. Thus, the concept of two distinct but potentially interacting and
even conflicting sources of selection is a fundamental and vital component of
an authentically Darwinian vision of evolutionary biology. As we will see,
however, this view has been rejected by most modern evolutionary biologists
in favor of Darwin’s earlier view of sexual selection as just another variant on
natural selection.

Another distinctive feature of Darwin’s theory of mate choice was that it
was coevolutionary. Darwin hypothesized that the specific display traits and
the “standards of beauty” used to select a mate evolved together, mutually
influencing and reinforcing each other—as demonstrated again by the Argus
Pheasant:

The male Argus Pheasant acquired his beauty gradually
through the preference of the females during many generations
for the more highly ornamented males; the aesthetic capacity of
females advanced through exercise or habit just as our own taste
is gradually improved.

Here, Darwin envisions an evolutionary process in which each species
coevolves its own, unique, cognitive “standards of beauty” in concert with the
elaboration of the display traits that meet those standards. According to this
hypothesis, behind every biological ornament is an equally elaborate,
coevolved cognitive preference that has driven, shaped, and been shaped by
that ornament’s evolution. By modern scientific criteria, Darwin’s description
of the coevolutionary process in the Argus Pheasant is rather hazy, but it is no
less substantive than his explanations of the mechanism of natural selection,



which are viewed today as being brilliantly prescient, despite his ignorance of
genetics.

Within Darwin’s argument for mate choice in Descent was another
revolutionary idea: that animals are not merely subject to the extrinsic forces
of ecological competition, predation, climate, geography, and so on that
create natural selection. Rather, animals can play a distinct and vital role in
their own evolution through their sexual and social choices. Whenever the
opportunity evolves to enact sexual preferences through mate choice, a new
and distinctively aesthetic evolutionary phenomenon occurs. Whether it
occurs within a shrimp or a swan, a moth or a human, individual organisms
wield the potential to evolve arbitrary and useless beauty completely
independent of (and sometimes in opposition to) the forces of natural
selection.

In some species—Ilike penguins and puffins—there is mutual mate
choice, and both sexes exhibit the same displays and coevolved mating
preferences. In polyandrous species, like the phalaropes (Phalaropus) and lily-
trodding jacanas (Jacanidae), successful females may take multiple mates.
These females are larger and brighter than the males, and they’re the ones
who perform courtship displays and sing songs to attract mates, while the
males are the ones who exhibit mate choice, build the nests, and care for the
young. But Darwin observed that in many of the most highly ornamented
species the evolutionary force of sexual selection acted predominantly
through female mate choice, which is why this book focuses largely on female
mate choice. If female aesthetic preferences drove the process, then female
sexual desire was responsible for creating, defining, and shaping the most
extreme forms of sexual display that we see in nature. Ultimately, it is female
sexual autonomy that is predominantly responsible for the evolution of natural
beauty. This was a very unsettling concept in Darwin’s time—as it is to many
today.

Because the concept sexual autonomy has not been well explored in
evolutionary biology, it is worthwhile to define it and understand its far-
reaching implications. Whether in ethics, political philosophy, sociology, or
biology, autonomy is the capacity of an individual agent to make an informed,



independent, and uncoerced decision. So, sexual autonomy is the capacity for
an individual organism to exercise an informed, independent, and uncoerced
sexual choice about whom to mate with. The individual elements of the
Darwinian concept of sexual autonomy—that is, sensory perception,
cognitive capacities for sensory evaluation and mate choice, the potential for
independence from sexual coercion, and so on—are all common concepts in
evolutionary biology today. Yet few evolutionary biologists since Darwin have
aligned these dots as clearly as he did.

In Descent, Darwin presented his hypothesis that female sexual
autonomy—the taste for the beautiful—is an independent and transformative
evolutionary force in the history of life. He also hypothesized that it can
sometimes be matched, counterbalanced, or even overwhelmed by an
independent force of male sexual control: the law of battle, the combat
among members of one sex for control over mating with the other sex. In
some species, one evolutionary mechanism or the other may dominate the
outcome of sexual selection, but in other species—ducks, for example, as we
shall see—female choice and male competition and coercion will both be
operative and can give rise to an escalating process of sexual conflict. Darwin
did not have the intellectual framework to fully describe the dynamics of
sexual conflict, but he clearly understood that it existed—in humans and in
other animals.

In short, Descent was as mechanistically innovative and analytically
thoughtful as Origin, but to most of Darwin’s contemporaries it was a bridge
too far.

Upon publication in 1871, Darwin’s theory of sexual selection was
swiftly and brutally attacked. Or more precisely, part of it was. Darwin’s
concept of male-male competition—the law of battle—was immediately and
almost universally accepted. Clearly, the notion of male-male competition for
dominance over female sexuality was not a hard sell in the patriarchal
Victorian culture of Darwin’s time. For example, in an initially anonymous
review of Descent that appeared soon after the book was published, the
biologist St. George Mivart wrote,



Under the head of sexual selection, Darwin put two very
distinct processes. One of these consists in the action of superior
strength or activity, by which one male succeeds in obtaining
possession of mates and in keeping away rivals. This is,
undoubtedly, a vera causa; but may be more conveniently
reckoned as one kind of “natural selection” than as a branch of
“sexual selection.”

In these few words, Mivart established an intellectual gambit that is still
operative today. He took the element of Darwin’s sexual selection theory that
he agreed with—male-male competition—and declared it to be just another
form of natural selection, rather than an independent force, in direct
opposition to Darwin’s own view. But at least he acknowledged that it existed.
Not so the other aspect of Darwin’s sexual selection theory.

When he came to a consideration of female mate choice, Mivart
launched an all-out attack: “The second process consists in the alleged
preference or choice, exercised freely by the female in favour of particular
males on account of some attractiveness or beauty of form, colour, odor, or
voice which the males may possess.”

By referring to “choice, exercised freely,” Mivart documents that
Darwin’s theory implied female sexual autonomy to his Victorian readers.
However, the notion of an animal’s exercising any kind of choice was a
complete impossibility to Mivart:

Even in Mr. Darwin’s specially-selected instances, there is not
a tittle of evidence tending, however slightly, to show that any
brute possesses the representative reflective faculties...It cannot
be denied that, looking broadly over the whole animal kingdom,
there is no evidence of advance in mental power on the part of
brutes.

Mivart asserts that animals lack the requisite sensory powers, cognitive
capacity, and free will necessary to make sexual choices based on display
traits. Therefore, they could not possibly be active players, or selective agents,
in their own evolution. Moreover, in discussing the role of the peahen in the



evolution of the peacock’s tail, Mivart found the idea of choice being
exercised by female “brutes” particularly preposterous: “such is the instability
of vicious feminine caprice, [emphasis added] that no constancy of coloration
could be produced by its selective actions.”

To Mivart, female sexual whims were so malleable—that is, fickle
females preferring one thing one minute, and another the next—that they
could never lead to the evolution of something as marvelously complex as the
peacock’s tail.

We need to take a closer look at Mivart’s language, because the
meanings of some of his words have changed in common English usage over
the past 140 years. Today, the word “vicious” means intentionally violent or
ferocious, but its original meaning was immoral, depraved, or wicked—
literally, characterized by vice. Likewise, today “caprice” refers to a
delightful, lighthearted whim, but in Victorian times it had the less appealing
meaning of an arbitrary “turn of mind made without apparent or adequate
motive.” Thus, to Mivart, the concept of female mate choice and autonomy
had overtones not just of fickleness but of unjustifiable immorality and sin.

Mivart did concede that display might play a role in sexual arousal: “The
display of the male may be useful in supplying the necessary degree of
stimulation to her nervous system, and to that of the male. Pleasurable
sensations, perhaps very keen in intensity, may thence result to both.”

Mivart’s evocation of “stimulation” that creates “pleasurable sensations”
reads like advice for a fulfilling sex life from a Victorian marriage manual. In
this view, females merely require sufficient stimulation in order to elicit an
appropriate sexual response and coordinate their sexual behavior with that of
the male.

But if the purpose of sexual display is simply to supply “the necessary
degree of stimulation,” then females do not have their own individual,
autonomous sexual desires. Rather, females should inevitably, and in due
time, respond to the workmanlike stimulatory efforts of their suitors. This
autonomy-denying conception of female sexual desire would reverberate
throughout the next century, reaching its apogee in Freud’s theory of human
sexual response (see chapter 9). According to this physiological interpretation
of female sexual pleasure, men need never entertain the possibility that
“maybe she’s just not that into you.” Absence of female sexual response



always means that there is something wrong with her physiology—in short,
that she’s frigid. As we will see, it is probably not an accident that the
rediscovery of the biological theory of evolution by mate choice, the broad
acknowledgment in Western culture of female autonomy, and the collapse of
the Freudian conception of female sexuality all occurred during a short
period of time that coincided with the advent of the women’s liberation
movement in the 1970s.

Mivart’s review of Descent also established another enduring intellectual
trend. He was the very first person to portray Darwin as a traitor to his own
great legacy—a traitor to true Darwinism: “The assignment of the law of
‘natural selection’ to a subordinate position is virtually an abandonment of the
Darwinian theory; for the one distinguishing feature of that theory was the
all-sufficiency of ‘natural selection’ [emphasis added].”

Mere weeks after publication of Descent, Mivart mounted an attack
against it that is still in use—citing Origin to argue against Descent. To
Mivart, Darwin’s signature achievement had been the creation of a single,
“all-sufficient” theory of biological evolution. By diluting the theory of natural
selection with a mechanism that rested largely on the power of aesthetic
subjective experiences—vicious feminine caprice—Darwin had gone beyond
the pale of what was acceptable. Many evolutionary biologists would still
agree.

Mivart’s attacks on sexual selection set many others in motion. But the
most consistent, relentless, and effective critique of sexual selection came
from Alfred Russel Wallace. Wallace was famous as the co-discoverer of the
theory of natural selection. In 1859, he sent Darwin a manuscript from the
jungles of Indonesia in which he set down a theory quite similar to Darwin’s,
and he asked for his advice and assistance with the manuscript. Fearful of
being preempted by the younger man after decades of private work on his
theory of natural selection, Darwin quickly published Wallace’s article along
with a short article summarizing his own theory. Then he rushed the full
manuscript of On the Origin of Species into publication. By the time Wallace
returned to England, Darwin and his theory were world famous.



There is no evidence that Wallace ever held this against Darwin, nor
could he. Darwin had been working away on the idea of natural selection for
more than twenty years, while Wallace was just beginning to think it through.
But Darwin and Wallace never agreed on the subject of mate choice, and
Wallace soon mounted a relentless attack on it. The two men debated their
opposing views in a series of publications and in private letters that continued
until Darwin’s death in 1882, with neither man ever changing his mind. In
what turned out to be his last scientific publication, Darwin wrote, “I may
perhaps be here permitted to say that, after having carefully weighed to the
best of my ability the various arguments which have been advanced against
the principle of sexual selection, I remain firmly convinced of its truth.”

In contrast to Darwin’s always polite and understated expression of his
views, Wallace’s attack on evolution by mate choice grew ever more strident
after Darwin’s death and continued until his own death in 1913. Ultimately,
Wallace was so successful that the subject of sexual selection was almost
completely marginalized and forgotten within evolutionary biology until the
1970s.

Wallace expended an enormous amount of energy arguing that the
“ornamental” differences between the sexes that Darwin described were not
ornaments at all and that Darwin’s theory of mate choice was unnecessary to
explain animal diversity. Like Mivart, Wallace was skeptical about the
possibility that animals had sensory and cognitive capacities to make mate
choices. Wallace believed that humans had been specially created by God and
divinely endowed with cognitive capacities that animals lacked. Thus,
Darwin’s concept of mate choice violated Wallace’s spiritual theory of human
exceptionalism.

However, faced with overwhelming evidence in the form of elaborate
ornaments and displays, especially among birds, Wallace was never able to
reject evolution by mate choice entirely. But when forced to admit the
possibility, he insisted that sexual ornaments could only have evolved because
they had an adaptive, utilitarian value. Thus, in his 1878 book, Tropical
Nature, and Other Essays, under the heading “Natural Selection as
Neutralizing Sexual Selection,” Wallace wrote, “The only way in which we
can account for the observed facts is by supposing that colour and ornament
are strictly correlated with health, vigor, and general fitness to survive.”



Here, Wallace articulates the idea that sexual displays constitute
“honest” indicators of quality and condition—an entirely orthodox view in
sexual selection today. But how can it be that Wallace, the man justly
credited with having destroyed sexual selection theory for over a century,
actually wrote a statement that would be entirely at home in any modern
biology textbook, or practically any contemporary paper on mate choice? The
answer 1s that today’s mainstream views of mate choice are as stridently anti-
Darwinian as Wallace’s critiques.

Wallace was the first to propose the now exceedingly popular
BioMatch.com hypothesis, which holds that all beauty provides a rich profile
of practical information about the adaptive qualities of potential mates. This
view of evolution has become so pervasive that it even found its way into the
2013 Princeton University graduation speech by the Federal Reserve
chairman, Ben Bernanke, who admonished the graduates to “remember that
physical beauty is evolution’s way of assuring us that the other person doesn’t
have too many intestinal parasites.”

Today, most researchers agree with Wallace that all of sexual selection is
simply a form of natural selection. But Wallace went further than they do and
rejected the term “sexual selection” entirely. In that same passage, he
continued,

If there is (as I maintain) such a correlation [between
ornament and health, vigor, and fitness to survive], then the
sexual selection of color or ornament, for which there is little or
no evidence, becomes needless, because natural selection, which
is the admitted vera causa, will itself produce all the results...
Sexual selection becomes as unnecessary as it would certainly be
ineffective.

Of course, it was the arbitrary and aesthetic components of Darwin’s theory
of sexual selection that Wallace rejected as “needless,” “unnecessary,” and
“ineffective.” Today, most evolutionary biologists would still agree.

Like Mivart, Wallace, who saw Darwin’s aesthetic heresy as a threat to
their shared intellectual legacy, took steps to fix what he perceived as



Darwin’s error. In the introduction to his 1889 book Darwinism, Wallace
wrote,

In rejecting that phase of sexual selection depending on female
choice, I insist on the greater efficacy of natural selection. This is
pre-eminently the Darwinian doctrine, and I therefore claim for
my book the position of being the advocate of pure Darwinism.

Here, Wallace claims to be more Darwinian than Darwin! After wrangling
unsuccessfully over mate choice with the living Darwin, within just a few
years of Darwin’s death Wallace has begun to reshape Darwinism in his own
image.

In these passages, we witness the birth of adaptationism—the belief that
adaptation by natural selection is a universally strong force that will always be
predominant in the evolutionary process. Or, as Wallace put it in a strikingly
absolutist statement, “Natural selection acts perpetually and on an enormous
scale”—so enormous that it would “neutralise” any other evolutionary
mechanisms.

Wallace set in motion the transformation of Darwin’s fertile, creative,
and diverse intellectual legacy into the monolithic and intellectually
impoverished theory with which he is almost universally associated today.
Notably, Wallace also invented the characteristic style of adaptationist
argument—mere stubborn insistence.

This is kind of a big deal. The Darwin we have inherited, through the
filter of Wallace’s outsized influence on evolutionary biology in the twentieth
century, has been laundered, retailored, and cleaned up for ideological purity.
The true breadth and creativity of Darwin’s ideas, especially his aesthetic
view of evolution, have been written out of history. Alfred Russel Wallace
might have lost the battle for credit over the discovery of natural selection,
but he won the war over what evolutionary biology and Darwinism would
become in the twentieth century. More than one hundred years later, I am
still pissed about it.



In the century following the publication of Darwin’s Descent of Man, the
theory of sexual selection was almost entirely eclipsed. Despite a few
scattered attempts to revive the topic, Wallace’s hatchet job on mate choice
was so successful that generation after generation would turn exclusively to
natural selection to account for sexual ornament and display behavior.

During the century-long dark age of mate choice theory, however, one
man did make a fundamental contribution to the field. In a 1915 paper and a
1930 book, Ronald A. Fisher proposed a genetic mechanism for the evolution
of mate choice that built on and extended Darwin’s aesthetic view.
Unfortunately, however, Fisher’s ideas on sexual selection would be mostly
ignored for the next fifty years.

Fisher was a gifted mathematician who had a huge effect on the sciences
through his fundamental work developing both the basic tools and the
intellectual structure underlying modern statistics. However, he was first and
foremost a biologist, and his statistical research grew directly from his desire
for a more rigorous understanding of the workings of genetics and evolution
in nature, agriculture, and human populations. His interest in genetics and
evolution was motivated in part by his ardent support for eugenics—the now
disgraced theory and social movement that advocated the use of social,
political, and legal regulation of reproduction in order to genetically improve
the human species and maintain “racial purity.” Appalling as his beliefs were,
Fisher’s investigations led him to some brilliant scientific conclusions—
conclusions that, in the end, conflicted with his eugenic beliefs.

Fisher permanently reframed the sexual selection debate with a critical
observation: Explaining the evolution of sexual ornaments is easy; all other
things being equal, display traits should evolve to match the prevailing mating
preferences. The more critical scientific question is, why and how do mating
preferences evolve? This insight remains fundamental to all contemporary
discussions of evolution by sexual selection.

Fisher actually proposed a two-stage evolutionary model: one phase for
the initial origin of mating preferences, and a second, subsequent phase for
the coevolutionary elaboration of trait and preference. The first phase, which
1s solidly Wallacean, holds that preferences initially evolve for traits that are
honest and accurate indices of health, vigor, and survival ability. Natural
selection would ensure that mate choice based on these traits would lead to



objectively better mates and to genetically based mating preferences for these
better mates. But then, after the origin of mating preference, Fisher
hypothesized in his second-phase model, the very existence of mate choice
would unhinge the display trait from its original honest, quality information by
creating a new, unpredictable, aesthetically driven evolutionary force: sexual
attraction to the trait itself. When the honest indicator trait becomes
disconnected from its correlation with quality, that doesn’t make the trait any
less attractive to a potential mate; it will continue to evolve and to be
elaborated merely because it is preferred.

In the end, according to the Fisher phase-two model, the force that
drives the subsequent evolution of mate choice is mate choice itself. In an
exact reversal of the Wallacean view of natural selection as neutralizing
sexual selection, arbitrary aesthetic choices (per Darwin) trump choices made
for adaptive advantage (per Wallace), because the trait that was originally
preferred for some adaptive reason has become a source of attraction in its
own right. Once the trait is attractive, its attractiveness and popularity become
ends in themselves. According to Fisher, mating preference is like a Trojan
horse. Even if mate choice originally acts to enhance traits that carry adaptive
information, desire for the preferred trait will eventually undermine the
ability of natural selection to dictate the evolutionary outcome. Desire for
beauty will endure and undermine the desire for truth.

How does this happen? Fisher hypothesized that a positive feedback
loop between the sexual ornament and the mating preference for that
ornament will evolve through genetic covariation (that is, correlated genetic
variation) between the two. To understand how this could work, imagine a
population of birds with genetic variation for a display trait—say tail length—
and for mating preferences for different tail lengths. Females who prefer
males with long tails will find mates with those longer tails. Likewise, females
who prefer males with shorter tails will find mates with shorter tails. The
action of mate choice means that variation in genes for traits and preferences
will no longer be found randomly in the population. Rather, most individuals
will soon carry genes for correlated traits and preferences—that is, genes for
long tails and preferences for long tails, or genes for short tails and
preferences for short tails. Likewise, there will be fewer and fewer individuals
who carry genes for short tails and preferences for long tails, or vice versa.



The very action of mate choice will distill and concentrate genetic variation
for trait and preference into correlated combinations. To Fisher, this
observation was merely a mathematical fact. This outcome is what mating
preference means.

As a consequence of genetic covariation, genes for a given trait and the
preference for that trait will coevolve with each other. When females exercise
their mate choices based on particular displays—for example, a long tail—
they will also be selecting indirectly on particular mate choice genes, because
they will be choosing mates whose mothers likely also had genes for
preferring long tails.

The result 1s a strong, positive feedback loop in which mate choice
becomes the selective agent in the evolution of mate preference itself. Fisher
called this self-reinforcing sexual selection mechanism “a runaway process.”
Selection on specific display traits creates evolutionary change in mating
preferences, and evolutionary change in mating preferences will create further
evolutionary change in display traits, and so on. The form of beauty, and the
desire for it, shape each other through a coevolutionary process. In this way,
Fisher provided an explicit genetic mechanism for how the display trait and
the mating preference can “advance together,” as Darwin first envisioned for
the Argus Pheasant (see quotation on this page).
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Evolution of genetic covariance between a display trait—for example, tail length—
and a mating preference for it. (Top) A population begins with individuals (black
dots) that have a random distribution of genetic variation for the display trait
(vertical axis) and mating preference (horizontal axis). As a result of preference,
many matings will occur among individuals in the upper right and lower left
guandrants who have and prefer the same variations in tail length (+ signs). Few
matings will occur in the other parts of the distribution where preferences and traits
do not match (- signs). (Bottom) The result is the evolution of covariation between
genes for the display and the preference (dotted line).



Fisher’s coevolutionary mechanism also explains the potential
evolutionary benefit of mating preference. If the female chooses a mate with a
sexually attractive trait—again let’s say a long tail—her male offspring will be
more likely to inherit this sexually attractive trait. If other females in the
population also prefer long tails, then the female will end up with a greater
number of descendants, because her male offspring will be sexually attractive
to them. This evolutionary advantage is the indirect, genetic benefit of mate
choice alone. We call it indirect because it does not accrue directly to the
chooser’s own survival or fecundity (that is, her capacity to have and raise
offspring), or even to the survival of her offspring. Rather, the benefit accrues
through the reproductive success of her sexually attractive sons, which will
result in a wider propagation of her genes (that is, more grandkids).

Fisher’s runaway process works something like the Dutch tulip bulb
craze of the 1630s, the speculative financial market bubble of the 1920s, or,
to take something much more recent, the overvalued housing markets that led
to the near collapse of the entire world banking system in 2008. All of these
are examples of what happens when the value of something becomes
unhinged from its “actual” worth and continues not only to be valued but to
increase in value. What drives speculative market bubbles is desire itself. That
is, something is desirable because it is desired, popular because it’s popular.
Thus, Fisherian mate choice is the genetic version of the “irrational
exuberance” of a market bubble. (We will return to this economic analogy in
chapter 2.)

Fisher asserted that mating preferences do not continue to evolve
because the particular male that the female chooses is any better than any
other male. In fact, sexually successful males could sometimes evolve to be
worse at survival or poorer in health or condition. If a display trait becomes
disconnected from any other, extrinsic measure of mate quality—that is,
overall genetic quality, disease resistance, diet quality, or ability to make
parental investments—then we say that that display trait is arbitrary.
Arbitrary does not mean accidental, random, or unexplainable; it means only
that the display trait communicates no other information than its presence. It
simply exists to be observed and evaluated. Arbitrary traits are neither honest
nor dishonest, because they do not encode any information that can be lied
about. They are merely attractive, or merely beautiful.



This evolutionary mechanism is rather like high fashion. The difference
between successful and unsuccessful clothes is determined not by variation in
function or objective quality (really) but by evanescent ideas about what is
subjectively appealing—the style of the season. Fisher’s model of mate choice
results in the evolution of traits that lack any functional advantages and may
even be disadvantageous to the displayer—Iike stylish shoes that hurt one’s
feet, or garments so skimpy that they fail to protect the body from the
elements. In a Fisherian world, animals are slaves to evolutionary fashion,
evolving extravagant and arbitrary displays and tastes that are all
“meaningless”; they do not involve anything other than perceivable qualities.

Fisher never presented an explicit mathematical model of his runaway
process (something that later biologists did, as we shall soon see). Some have
conjectured that he was such a skilled mathematician that he thought the
results were obvious and needed no further explication. If so, then Fisher was
sorely mistaken, because there were plenty of discoveries still to be made.
Actually, I think Fisher probably knew there was more work to do. So why
didn’t he do 1t? I think Fisher did not pursue his runaway model any further
because he realized that the implications of this evolutionary mechanism were
completely antithetical to his personal support for the eugenics movement.
Fisher’s runaway model implied that adaptive mate choice—the kind of
choice required to eugenically “improve” the species—was evolutionarily
unstable and would almost inevitably be undermined by arbitrary mate
choice, the irrational desire that beauty inspires. And he was right!

Around the centennial of Darwin’s Descent of Man, the concept of
sexual selection began to return to the evolutionary mainstream. Why did it
take so long? Although it would require an extensive historical and
sociological study to investigate my hunch, I don’t think it was a coincidence
that evolutionary biologists finally began to reconsider mate choice,
particularly female mate choice, as a genuine evolutionary phenomenon at
precisely that moment when women in the United States and Europe began to
organize politically and to protest for equal rights, sexual freedom, and access
to birth control. It would be nice to think that the insights from evolutionary



biologists had an influence on these positive cultural developments, but
unfortunately history shows that the opposite was true.

With the return of the scientific interest in mate choice, there came a
renewed battle between the aesthetic Darwinian/Fisherian view and a
rejuvenated version of neo-Wallacean adaptationism. In 1981 and 1982, more
than fifty years after Fisher published his model of sexual selection, the
mathematical biologists Russell Lande and Mark Kirkpatrick independently
confirmed and expanded upon it. Inspired by Fisher’s theory, Lande and
Kirkpatrick applied different mathematical tools to explore the coevolutionary
dynamics between mate choice and display traits and got very similar
answers. They showed that traits and preferences can coevolve merely
because of the advantage of sexually attractive offspring alone. Further, they
demonstrated that the process of mate choice can create a covariance between
the genes for a given display and the genes for the preference for that display.

The Lande-Kirkpatrick sexual selection models also confirmed
mathematically that display traits evolve through a balance between natural
selection and sexual selection. For example, a male may have the optimal tail
length for survival (that is, favored by natural selection), but if he is not sexy
enough to attract even a single mate (that is, disfavored by sexual selection),
he will fail to pass on his genes to the next generation. Likewise, a male may
have the perfect tail size for attracting mates (that is, favored by sexual
selection), but if he is so sexually extravagant that he cannot survive long
enough to attract a single mate (that is, disfavored by natural selection), he
will also fail to pass on his genes. Lande and Kirkpatrick confirmed the
intuition of Darwin and Fisher that natural and sexual selection on display
traits will establish a balance between the two opposing forces. At this
equilibrium, the male may still be quite far from the natural selection
optimum, but that’s the cost of doing business with sexually autonomous,
choosy females.
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Mean Preference

Lande-Kirkpatrick model for the evolution of a display trait—such as tail length—
and a mating preference for it. The mean display trait in a population (vertical axis)
will evolve toward an equilibrium (solid line) between the trait value favored by
natural selection (horizontal line) and the trait value favored by sexual selection
(broken line).

However, Lande and Kirkpatrick went well beyond Fisher and Darwin in
defining this equilibrium. Using different mathematical frameworks, they
each discovered that this balance between natural and sexual selection 1s not
restricted to a single point. Rather, there exists a line of equilibria—literally,
an infinite number of possible stable points of balance between natural and
sexual selection on a given display trait. Essentially, for any perceivable



display trait, there is some conceivable combination of sexual selection and
natural selection acting on that trait that could result in a stable equilibrium.
That is the true meaning of an “arbitrary” trait; practically any perceivable
feature could function as a sexual ornament. Of course, the further away a
display trait is from the natural selection optimum, the stronger the sexual
advantage must be for it to evolve.

How do sexual and natural selection on display traits reach a balance? In
other words, how will populations evolve toward equilibrium? Here, too,
Lande and Kirkpatrick provided a rich mathematical machinery to flesh out
Fisher’s verbal, nonmathematical model. In order to evolve to a stable
equilibrium, both the mating display trait and the mating preference must
coevolve. In other words, in order for females to get what they want (that is,
evolve to an equilibrium), they must select on and change the male display
trait. But because traits and preferences are genetically correlated,
coevolution means that the females must also change what they want. By (a
rather strained) analogy, this evolutionary process is a little bit like a
marriage: spouses frequently attempt to change each other, and they
frequently succeed. But the process of reaching a stable resolution usually
requires a transformation both of one spouse’s behavior and of the other
spouse’s opinion of that behavior.

In theory, aesthetic coevolution may sometimes occur so rapidly that
display traits cannot evolve fast enough to satisfy the increasingly radical
preferences of a population. Lande showed that if the genetic correlation
between preference and traits is strong enough, it is theoretically possible for
populations to evolve away from the line of equilibrium; that is, the line of
equilibrium may become unstable. This process is considered the ultimate
realization of Fisher’s “runaway” process, in which mate choice ends up
changing itself so rapidly that its ever-evolving preferences can never be met
and desire can never be fully satisfied.

Last, Lande’s and Kirkpatrick’s mathematical models also explain how
mate choice could drive the evolution of new species. When populations of a
given species become isolated from one another (for example, as a new
mountain range rises, or deserts form, or rivers are rerouted), these
populations will be subject to different random influences. Each
subpopulation will ultimately diverge in its own unique aesthetic direction to a



distinct point on the equilibrium line, toward its own differentiated standard
of beauty: longer tails or shorter tails; higher-pitched songs or lower-pitched
songs; red bellies or yellow bellies; blue heads, bare heads, or even bare, blue
heads. The possibilities are endless. If the isolated populations diverge far
enough from each other, the process of aesthetic sexual selection may result
in an entirely new species—a process called speciation. According to this
theory, aesthetic evolution is like a spinning top. The action of mate choice
creates an internal equilibrium that determines what is sexually beautiful
within a population. But random perturbations of the top—either internal
forces like mutation or external factors like population isolation by a
geographic barrier—can cause the top to spin away toward a new equilibrium.

The overall result is that mate choice fosters the evolution of ever-
escalating and ever-diversifying standards of beauty among populations and
species. Practically anything is possible—an idea for which there is ample
evidence in some of the birds that populate these pages. I call them aesthetic
extremists for good reason.

Russ Lande and Mark Kirkpatrick were directly inspired by the nearly
forgotten aesthetic mate choice mechanisms of Darwin and Fisher. However,
the modern, adaptationist, neo-Wallacean mechanism of mate choice had to
be reinvented from scratch because no one remembered Wallace’s own honest
advertisement theory. Yet the modern versions are strikingly similar to
Wallace’s in logic; that is, they share his fundamental insistence on the greater
efficacy of natural selection. Natural selection must be true, and all sufficient,
because it is such a powerful and rationally attractive idea.

In the 1970s and 1980s, the chief proponent of the neo-Wallacean view
of adaptive mate choice was Amotz Zahavi, a charismatic and energetic
Israeli ornithologist with a fierce independent streak. In 1975, Zahavi
published his “handicap principle.” A scientific megahit, this paper was a
huge stimulus to the study of mate choice and has now been cited over
twenty-five hundred times. Zahavi thought his ideas were entirely new.
According to him, “Wallace...dismissed altogether the theory of sexual
selection by mate preference.” However, the beautifully intuitive core idea of
Zahavi’s handicap principle is precisely neo-Wallacean: “I suggest that sexual



selection is effective because it improves the ability of the selecting sex to
detect quality in the selected sex.”

Although Zahavi precisely restated Wallace’s adaptive mate choice
hypothesis, he abandoned Wallace’s rhetoric by using the newly rehabilitated
term “sexual selection,” instead of “natural selection,” to describe it. But
Zahavi also added his own distinctive twist to Wallace’s logic. To Zahavi, the
entire point of any sexual display is that it is a costly burden to the signaler—
literally, a handicap. By its very existence, the ornamental handicap
demonstrates the superior quality of the signaler because the signaler has been
able to survive it. He wrote, “Sexual selection is effective only by selecting for
a character that lowers the survival of the organism...It is possible to consider
a handicap as a kind of test.”

The more elaborate the display trait, the greater the costs, the bigger the
handicap, the more rigorous the test, and the better the mate. The individual
who is attracted to a mate with such a costly trait is responding not to its
subjective beauty, which is incidental to its costs, but to what it tells her about
the male’s ability to rise above its cost. This is the handicap principle.

In what way was the handicapped male better? To Zahavi, it was clear
that he could be better in any imaginable way. However, those who followed
Zahavi established that the adaptive benefits of honest signaling could be of
two basic kinds—direct and indirect. The direct benefits of mate choice
include any advantages to the health, survival, or fecundity of the choosers
themselves. Such adaptive direct benefits could include choosing a mate who
provides extra protection from predators, a better territory with more food or
better nesting sites, no sexually transmitted diseases (STDs), a greater
capacity to invest in the feeding and protection of offspring, or lower mate
search costs. Alternatively, the adaptive indirect benefits are in the form of
good genes that are inherited by the chooser’s offspring and contribute to
their survival and fecundity. Like the indirect Fisherian benefit of having sexy
offspring, the good genes benefit doesn’t help the chooser directly but results
in a greater number of grandchildren. However, unlike the indirect Fisherian
benefit, the chooser’s offspring are not merely more attractive but actually
better at surviving and reproducing, not merely at acquiring and fertilizing
mates. Thus, good genes are different from the genes for the display trait



itself, and theoretically they should provide heritable advantages to both male
and female offspring.

Both direct benefits and good genes are adaptive benefits to mate choice;
they can only occur when, as first proposed by Wallace, observable variation
in the display trait among potential mates is correlated with some additional
advantage that will contribute to the survival or fecundity of the choosers or
their offspring. These correlations arise from an interaction between sexual
selection on mating/fertilization success and natural selection on survival and
fecundity. Zahavi’s handicap principle was a new proposal about how the
adaptive correlation between display and mate quality arises and how it can
be maintained.

Zahavi promoted the handicap principle with a single-minded fervor.
But his idea had one big flaw. If the sexual advantage of an ornament is
directly proportional to its survival costs, then the two forces will cancel each
other out, and neither the costly ornament nor a mating preference for it can
evolve. In a 1986 paper boldly titled “The Handicap Mechanism of Sexual
Selection Does Not Work,” Mark Kirkpatrick provided a mathematical proof
of this evolutionary trap.

To understand this problem, let’s consider a corollary of Zahavi’s
handicap principle. I call it the “Smucker’s principle.” Smucker’s jelly takes
its name from its founder, Jerome Monroe Smucker, who opened a cider
press in Orrville, Ohio, in 1897. Readers of a certain age may recall the
company’s catchy advertising slogan: “With a name like Smucker’s, it has to
be good!” The slogan claims that the Smucker’s brand name is so
unappealing, so off-putting, so costly, that the fact that the company has
survived with this name proves that its jelly is of really high quality. The
Smucker’s slogan embodies the handicap principle.

But let’s look a little more carefully at the implications of the Smucker’s
principle. What if Smucker’s jelly were suddenly in competition with another
jelly with an even worse, more costly name? Wouldn’t an even worse, more
off-putting name indicate a jelly of even higher quality? What limits the
possibility of ever-worsening and more costly names indicative of ever-
higher-quality jellies?

Luckily, this exact thought experiment has already been conducted in a
parody of the Smucker’s ad performed as a fake advertisement sketch on



Saturday Night Live in the 1970s:

JANE CURTIN: And so, with a name like Flucker’s, it’s got to be good.

CHEVY CHASE: Hey, hold on a second, I have a jam here called Nose Hair.

Now, with a name like Nose Hair, you can imagine how good it must be.
MMM MMM!!

DAN AYKRrROYD: Hold it a minute, folks, but are you familiar with a jam
called Death Camp? That’s Death Camp! Just look for the barbed wire on
the label. With a name like Death Camp, it must be so good it’s incredible!
Just amazingly good jam!

From there the names got worse and worse. John Belushi promoted a
jelly called Dog Vomit, Monkey Pus, and then Chevy Chase returned with yet
another new jelly named Painful Rectal Itch. The competition culminated
with a jelly whose name was so repulsive it induced nausea and could not be
spoken on the air. “So good, it’s sick making!” Jane Curtin proclaimed,
before signing off with “Ask for it by name!”

The “Smucker’s principle” reveals the internal logical flaw of Zahavi’s
“handicap principle.” As Kirkpatrick proved mathematically, if the sexual
benefit of a signal is directly related to its costs, the signaler will never gain
any advantage. Rather, handicaps will fail under their own costly burden.
Fortunately, that means we can all rest easy that there will never be a jelly
named Painful Rectal Itch.

The Smucker’s principle further demonstrates that Zahavi’s handicap
principle is fundamentally incompatible with the aesthetic nature of sexual
display. Sexual displays actually evolve because they are attractive, not
disgustingly informative or repulsively honest. If the sole purpose of sexual
display is to communicate the capacity to survive a great burden, then why
are sexual traits ornamental? Why isn’t acne sexually attractive? After all,
acne is frequently an honest indicator of a surge of adolescent hormones and
would therefore provide reliable information about youth and fertility. Why
don’t organisms evolve genuine handicaps like partially formed body parts?
Why don’t individual organisms gnaw off a limb to show how good they are at
surviving without the missing appendage? Why not two limbs? That would
really say something about how hardy they are! Or, why not poke out an eye?



The reason, or course, is that the handicap principle is disconnected from the
fundamentally aesthetic nature of mate choice and therefore nearly irrelevant
to nature.

In 1990, Alan Grafen at Oxford came to the rescue of the failing
handicap principle. The stakes were high. The entire neo-Wallacean mate
choice paradigm was on the line. Of course, Grafen was forced to
acknowledge Kirkpatrick’s proof of the failure of the handicap principle as
originally articulated by Zahavi. However, Grafen showed mathematically that
a nonlinear relationship between display cost and mate quality could salvage
the theory. In other words, if lower-quality males pay a proportionally higher
cost to grow or display an attractive trait than do higher-quality males, then
the handicap could evolve. If a handicap is like a test, then Grafen proposed
that higher-quality individuals basically get an easier test. The only way to fix
the handicap principle was to actually break it.

Having established a way to salvage handicaps, Grafen then asked how
we should decide between two plausible evolutionary alternatives, the
Zahavian handicap and the Fisherian runaway as elaborated by Lande and
Kirkpatrick:

According to the handicap principle,...there is a rhyme and
reason in the incidence and form of sexual selection...This is in
contrast to the Fisher process, in which the form of the signal is
more or less arbitrary and whether a species has undergone a
bout of runaway selection is more or less a matter of chance.

In the Wallacean tradition, Grafen strongly endorsed the comforting
“rhyme and reason” of adaptation over the unnerving arbitrariness of
aesthetic Darwinism. Then Grafen went in for the kill: “To believe in the
Fisher-Lande process as an explanation of sexual selection without abundant
proof is methodologically wicked.”

I do not know of any other contemporary scientific debate in which one
side has actually been branded as wicked! Not even cold fusion! Clearly, this



1s not an everyday scientific debate. In a striking reprise of St. George
Mivart’s moralizing tone, Grafen’s outsized response indicates the intellectual
magnitude of what is at stake. Darwin’s really dangerous idea—aesthetic
evolution—is so threatening to adaptationism that it must be branded as
wicked. Nearly one hundred years after Wallace advocated his pure form of
Darwinism, Grafen deploys the same Wallacean insistence to try to win the
debate again.

Grafen’s reasoning struck a chord. Although personal comfort is not a
scientifically justifiable criterion, many people, including scientists, do want
to believe that the world is filled with “rhyme and reason.” So, even though
Grafen merely demonstrated that there were conditions under which the
handicap principle could work, he so discredited the Fisherian theory that
most evolutionary biologists concluded that the handicap principle not only
could work but would work—all the time. If belief in the alternative
hypothesis is “wicked,” there’s little choice to make. Adaptive mate choice
has dominated the scientific discourse ever since.

In comparing the intellectual styles of Zahavi and Fisher, Grafen wrote
that “Fisher’s idea is too clever by half” but that “Zahavi’s upward struggle
from fact will triumph.” This distinction between cleverness and fact also lent
itself to a narrative in which the proponents of arbitrary Fisherian mate
choice were cast as pointy-headed mathematicians with no appreciation of the
natural world, while adaptationist advocates of the handicap principle were
seen as salt-of-the-earth natural historians. Matt Ridley brought this
distinction to vivid life in his 1993 book, The Red Queen:

The split between Fisher and Good-genes began to emerge in
the 1970s once the fact of female choice had been established to
the satisfaction of most. Those of a theoretical or mathematical
bent—the pale, eccentric types umbilically attached to their
computers—became Fisherians. Field biologists and naturalists
—bearded, besweatered, and booted—gradually found
themselves to be Good-geners.

Ironically, I find that I have been written out of the historical narrative of
my own discipline. I have spent cumulative years of my life in tropical forests



on multiple continents studying avian courtship displays. I have been as
“bearded, besweatered, and booted” as any field biologist. Yet I have also
been an ardent and inquisitive “Fisherian” since the mid-1980s. According to
the Grafen and Ridley narrative, I do not exist. Neither does Darwin, a
naturalist who certainly put in his time in the field. Odder still, neither does
Grafen, who is primarily a mathematician. Unfortunately, Ridley’s scenario
also eliminates from consideration all female field biologists and naturalists.
(Sorry, Jane Goodall and Rosemary Grant!) Of course, the function of this
kind of intellectual fable is to obscure the actual complexity of the issues, to
use rhetoric to claim the higher ground by portraying adaptationists as
romantic figures with deeper personal connections to nature and to
knowledge.



The author—"bearded, besweatered, and booted”—in the field recording bird
songs on a reel-to-reel tape recorder with a parabolic microphone at 2900 meters
altitude near Laguna Puruhanta in the Ecuadorian Andes in 1987.

The intellectual origins of aesthetic evolution are not in abstract
mathematics but in Darwin’s own, bold realization of the evolutionary
consequences of the subjective aesthetic experiences of animals and the
intellectual insufficiency of natural selection to explain the phenomenon of
beauty in nature. Nearly 150 years later, the best path to appreciating how
beauty has come into being is still to follow in Darwin’s footsteps.

The Darwin versus Wallace, aesthetic versus adaptationist debate
remains vital to science today. Whenever we study mate choice, we are using
intellectual tools that were shaped by this debate, and we need to be aware of
the history of our tools.



Among those tools is the language we use to define concepts in
evolutionary biology. For example, let’s examine the history of the word
“fitness.” To Darwin, fitness had the ordinary language meaning of physical
fitness. Fitness meant fit to do a task. Darwinian fitness was the physical
capacity to do the tasks necessary to ensure one’s survival and capacity for
reproduction. However, during the development of population genetics in the
early twentieth century, fitness was redefined mathematically as the
differential success of one’s genes in subsequent generations. This broader
and more general new definition combined all sources of differential genetic
success—survival, fecundity, and mating/fertilization success—into a single
variable under the common label of “adaptive natural selection.” The
redefinition of fitness was accomplished precisely during the period when
sexual selection by mate choice had been entirely rejected as irrelevant to
evolutionary biology. Thus, the effect of redefining fitness was to flatten and
eliminate the original, subtle, Darwinian distinction between natural selection
on traits that ensured survival and fecundity and sexual selection on traits that
resulted in differential mating and fertilization success. Ever since, this
mathematically convenient but intellectually muddled new concept of fitness
has reshaped how people think evolution works and made it difficult to even
articulate the possibility of a distinct, independent, nonadaptive sexual
selection mechanism. If it contributes to fitness, it must be adaptive, right? The
Darwinian/Fisherian concept of sexual selection by mate choice has been
essentially written out of the language of biology. It has become linguistically
impossible to be an authentic Darwinian.

The flattening of the intellectual complexity of aesthetic Darwinism was
motivated, at least in part, by the belief that conceptual unification is a
general scientific virtue, that the development of fewer more powerful, more
broadly applicable, singular theories, laws, and frameworks is a fundamental
goal of science itself. Sometimes unification in science works great, but it is
doomed to fail when the distinctive, emergent properties of particular
phenomena are reduced, eliminated, or ignored in the process. This loss of
intellectual content is exactly what happens when something complex is
explained away instead of being explained in its own right.

By claiming that evolution by mate choice was a special process with its
own, distinctive internal logic, Darwin fought against the powerful scientific



and intellectual bias toward simplicity and unification. Of course, many of
Darwin’s Victorian antagonists were recent converts from religious
monotheism to materialist evolutionism. Their historic monotheism might
have predisposed them to adopt a powerful new monoideism; they replaced a
single omnipotent God with a single omnipotent idea—natural selection.
Indeed, contemporary adaptationists should question why they feel it is
necessary to explain all of nature with a single powerful theory or process. Is
the desire for scientific unification simply the ghost of monotheism lurking
within contemporary scientific explanation? This is another implication of
Darwin’s really dangerous idea.

If evolutionary biology is to adopt an authentically Darwinian view, it
must recognize, as he did, that natural selection and sexual selection are
independent evolutionary mechanisms. In this framework, adaptive mate
choice is a process that occurs through the interaction of sexual selection and
natural selection. I will use this language throughout this book.

To better understand the evolution of beauty and how to study it, we will
now take a look at the sex lives of birds. There can be no better place to start
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than with Darwin’s “eminently interesting” Great Argus pheasant.






CHAPTER 2

Beauty Happens

In the hilly rain forests of the Malay Peninsula, Sumatra, and Borneo lives
one of the most aesthetically extreme animals on the planet—the Great Argus
(Argusianus grayi), which Darwin described as affording “good evidence that
the most refined beauty may serve as a sexual charm, and for no other
purpose.”

The female Great Argus is a large, robust pheasant with a complex,
finely vermiculated, but dull camouflage pattern of chocolate-brown, reddish-
brown, black, and tan swirls on her feathers. Her legs are bright red, and the
feathers of her face are sparse, revealing bluish-gray skin beneath. At first
view, the main thing that distinguishes the male Great Argus from the female
is the great elongation of his tail and wing feathers. The feathers extend over
a yard behind him. In total, the male Argus measures nearly six feet from the
tip of his beak to the tip of his tail. But length aside, his plumage appears to
be quite similar to that of the cryptic female, and he’s not particularly
impressive looking. His real charms remain hidden, not to be revealed until
the peak of his courtship of the female, which very few people on earth have
ever witnessed outside the confines of a zoo.

Seeing a Great Argus in the wild is very difficult. They are
extraordinarily wary and disappear into the forest at the first sign of your
approach. The early twentieth-century ornithologist and pheasant fanatic
William Beebe was among the first scientists to see the display of Great
Argus in the wild. Beebe was a curator at the New York Zoological Society
who would later become world famous for exploring the depths of the oceans
in a bathysphere—a primitive, deep-diving submarine. Beebe saw his first
Great Argus—a male—descending a muddy bank in tropical Borneo to drink
from a puddle of rainwater that had collected in a wild boar wallow. He
describes this first sighting ecstatically in his 1922 Monograph of the
Pheasants, expressing his feeling of triumph in the language of both a proud



bird-watcher and the American, colonial-era adventurer that he was: “Brief as
the glimpse had been, I felt a great superiority to my fellow white men the
world over, who had not seen an Argus Pheasant in its native home.”

As is typical of most avian aesthetic extremists, Great Argus are
polygynous, which means that single males mate multiply with different
females. However, the opportunity for multiple mating creates competition
among males to attract mates. Some attractive males are highly successful,
and others are not at all. The result is strong sexual selection for whatever
display traits females prefer. After the female chooses a mate, the male’s
participation in the reproduction is complete, and he plays no further role in
the life of his mate or their offspring. The female is entirely responsible for
building a nest of leaves on the ground, incubating her clutch of two eggs,
protecting her chicks, and feeding them and herself, which she does by
foraging for fruits and insects on the forest floor. Both females and males are
reluctant fliers. When threatened, they usually escape by running away on
foot. However, at night they fly up to a low perch to roost—except when the
female is incubating her eggs, when she remains on the nest.

The male Great Argus lives an entirely separate, bachelor life. To create
a stage large and pristine enough to accommodate his extraordinary courtship
display, he clears an area four to six yards wide right down to the bare dirt of
the forest floor. Assiduously picking up all the leaves, roots, and sticks in the
space he’s chosen, often on a ridge or a hilltop within the forest, he carries
them to the periphery of his court. Like a modern yardman (but without the
ear protection), he also employs his huge wing feathers as a leaf blower by
beating them rhythmically, sending all the remaining debris flying from his
court until it 1s completely clear. He prunes any leafy vegetation or vines that
grow into the court from above by snipping the branches with his beak. Once
his court is ready for the business of mating, all he needs is a female visitor.
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A male Great Argus maintaining his display courtyard.

To attract an audience, the male Argus calls from his court in the early
morning and evening and also on moonlit nights. The Great Argus call is a
loud, haunting two-note yelp, kwao-waao, which is the source of the names
for the species in several Southeast Asian languages—for example, kuau in
Malay and kuaow in Sumatran. The call is loud and piercing enough to be
heard from great distances. Because the bird is so elusive, that’s usually all
that a human visitor is likely to experience of the Great Argus in the wild.

A few years ago, I spent five days at a research station in the Danum
Valley Conservation Area in northern Borneo within the range of the Great
Argus. Late one afternoon, we wandered along a heavily wooded trail near
the river, and I heard the loud kwao-waao of the male Great Argus, exactly as
Beebe described. The call was so loud that I thought the bird must be just
around the next bend in the trail, and I froze with excitement. However, I
soon realized that he was calling from a considerable distance away on the
other side of the river. Even if the male had kept calling, it would have taken



us more time to reach him than there was sunlight left in the day. And even if
we had been lucky enough to track him down at his court, he would almost
certainly have fallen silent as we approached, only to melt away into the
surrounding forest undetected. With nothing but the tantalizing echo of his
call to confirm his existence, I could only imagine what it must have been like
for Beebe to see this amazing bird.

When we returned to the research station that evening, having birded the
leech-infested forests since well before dawn, we met the French artist
boyfriend of a researcher at the camp. He was there to “paint the forest,” he
told us. He then casually asked us to identify an unusual bird he had come
across while taking a stroll in the late morning near camp. With complete
nonchalance, he proceeded to describe a large fowl nearly two yards long that
had walked across the dirt access road only three hundred yards from the
main compound. After tromping through the forests for days without so much
as a glimpse of the bird he had managed to see without even trying—or
appreciating—I could barely conceal my envy at his great, unearned fortune.
As I scratched my leech bites, I experienced the opposite of Beebe’s feeling
of “great superiority” and could only mutter private curses to the Gods of
Birding.

If catching even a glimpse of the Great Argus in the wild is a great
challenge, to see what the male Argus actually does with his enormous wing
and tail feathers during his courting of the female requires elaborate
preparations and can turn into quite a protracted ordeal. William Beebe tried
watching Great Argus from a pup tent set up by a court and from a blind
suspended in a tree above a court, but both efforts were unsuccessful. Finally,
he had his assistants dig a large foxhole in the ground behind a buttress root
of the tree that was next to a male’s court. Seated in this foxhole and hidden
by branches, he waited daily for most of a week until at last he observed the
male enact a full-on courtship performance for a visiting female. Little did he
know it, but Beebe had it easy! Fifty years later, the ornithologist G. W. H.
Davison spent 191 days over a three-year period observing male Argus
Pheasants in Malaysia. During his seven hundred hours of observations,
Davison saw only one female visit. That is the equivalent of working forty-



hour weeks for more than half a year. Needless to say, few people have ever
had enough patience to do this, and most observations of Argus behavior
come from birds in captivity.



The strutting display of the male Great Argus.

Here’s what happens when the female Argus arrives at a male’s court.
The male first performs several preliminary displays, which include a
ritualized pecking at the ground and elaborate, stylized strutting on his bright
red legs. Eventually, he rushes around her in wide circles with his wings
hunched up at an angle that exposes their upper surfaces. Then, without
warning, when he is just a foot or two away from the female, the male
transforms himself instantly into an entirely different shape, revealing
unimaginably intricate color patterns on his four-foot-long wing feathers. In
what biologists have come to refer to, with inexplicable reserve, as the
“frontal movement,” the male bows down to the female, unfurling the
elaborate feathers of his open wings into a huge hemispherical disk that
extends forward, over his head, and partly surrounds the female from one
side. In 1926, the pioneering Dutch animal behaviorist Johan Bierens de
Haan compared this cone to the shape of an inverted umbrella blown out by a
gust of wind.

In this extraordinary posture, the male tucks his head under one of his

wings and peeks out at the female from behind the gap in his feathers formed
at the “wrist” of his wing to gauge her reaction to his display. The deep blue



of the facial skin that surrounds the male’s tiny black eye will be just visible
to the female through the gap in his flexing wings. To support this
extraordinary posture, the male perches athletically with one set of talons in
front of the other like a sprinter in starting blocks. While bowing before the
female, he raises his rear, cocks his long tail feathers, and pumps them
rhythmically up and down so that the female can get sporadic glimpses of
them over the top of the inverted cone of his wing feathers, or in the gap that
sometimes opens up between the left and the right wings. The tips of the cone
of wing feathers wave over the female’s head like a mini portable
amphitheater. After repeated, throbbing shakes of the inverted feathery cone,
lasting a total of two to fifteen seconds, the male transforms back into a
“normal” bird shape and resumes his ritualized pecking of the ground for a
few seconds before repeating the display.
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The “frontal movement” display of the male Great Argus.

So far, this description of the male’s theatrical display postures, dramatic
as it is, has ignored what is really most remarkable about the “frontal
movement” of the Great Argus—the over-the-top patterns on his wing
feathers. When he assumes this blown-out-umbrella posture, the male reveals
the upper surfaces of the wing feathers, which are largely hidden when his
wings are folded and closed. The transformation is unimaginably stunning.
Although the hues of his wing feathers are in a subdued palette of black, deep
brown, red brown, golden brown, tan, white, and gray, the ornateness and
complexity of the pattern in which they are arranged is perhaps the most
highly elaborated of any creature on earth. From the tiniest submillimeter-
sized dots on individual feathers to the overall pattern of the fully extended



four-foot-wide feathery cone, the forty wing feathers of the Argus Pheasant
combine to create a paisley effect of such staggering complexity that it simply
blows the peacock’s tail away (color plate 3). Nothing else I know in nature
can rival the fantastic intricacy of this design.

Each individual feather encompasses all the pattern complexity of a
zebra, a leopard, a tropical reef butterfly fish, a flock of butterflies, and a
bunch of orchids. The overall appearance is as richly worked as the design of
a Persian carpet. Each wing feather is so densely packed with varied zones of
dotted, striped, and swirling waves of color that it could rightly merit its own
monograph.

The shorter, primary wing feathers, which are attached to the bones of
the “fingers” and “hand” at the tip of the bird wing, form the bottom half of
the cone. These feathers have dark shafts, light gray tips, and various zones of
tan with intricately spaced brown dots or reddish brown with tiny white
speckles. But the most celebrated color patterns are found on the secondary
wing feathers, which are attached to the trailing bones of the forewing, or
ulnas; they create the top half of the feathery cone. Each secondary feather is
over three feet long and nearly six inches wide at its tip. The central shaft, or
rachis, of each feather is bright white and divides the feather into two halves
that are adorned with entirely distinct color patterns. The inner vanes are an
array of blackish dots on a gradient of gray. On the outer vane of each
secondary feather, the twisted bars of deep brown and light tan (which
camouflage the bird so well when the wings are folded at rest) grade into
wavy, striped patterns of tan and black. Nearest the rachis on the outer vane
is a series of remarkable golden yellowish-brown spheres outlined heavily in
black (color plate 4). It 1s these spheres—often called ocelli or eyespots—that
give the species its name. In 1766, Carl Linnaeus named this pheasant after
the all-seeing, hundred-eyed giant of Greek mythology, Argus Panoptes.
However, the Great Argus has three times as many “eyes” as his namesake!

Twelve to twenty of these lovely golden spheres radiate in a line from
the base to the tip of each secondary feather. I refer to these round golden
patches as “spheres” because they are exquisitely and subtly counter-shaded,
as if by the skillful brush of a painter, to create a stunningly realistic optical
illusion of three-dimensional depth. The golden tan at the center of the sphere
is outlined from below with a dark, mascara-like smudge, creating the



impression of a shadow being cast. On the opposite side of the circle, the
golden yellow blends subtly into a bright white crescent that looks like a
“specular” highlight—Iike the shine from the surface of a glossy round apple.
As Darwin noted, the color shading on each sphere is precisely oriented so
that when the secondary feathers are suspended above and around the female
in the giant cone, they produce the startling impression that the golden
spheres are three-dimensional objects suspended in space and illuminated
from above as if by a shaft of light piercing through the forest canopy. The
three-dimensional illusion is further enhanced by the fact that when the male
holds these secondary feathers up in the air during the display, ambient light
will be transmitted through these unpigmented white highlights, giving them
an extra brilliant and luminous quality.



(Left) The “golden spheres” on the male Great Argus secondary feathers gradually
increase in size toward the tip of the feather. (Right) A forced perspective illusion
makes the spheres appear to be nearly uniform in size when viewed at an angle,
similar to the view of the female during the display. Photos by Michael Doolittle.

An additional optical illusion is created by the fact that the golden
spheres at the bottom of each secondary wing feather are about half an inch
wide at the base and gradually increase in size to over an inch wide at the tip.
Because the spots become physically larger the farther they are from the



female’s eye, they appear to create a forced perspective illusion in which the
spheres appear uniform in size from her point of view.

Taken together, the elements of the male display add up to a sensory
experience of mind-boggling complexity—a throbbing, shimmering
hemisphere of three hundred vertically illuminated golden spheres that
instantaneously appear suspended in the air against a feathery background
tapestry of speckles, dots, and swirls. The golden balls emanate outward from
the center of the display, where the male’s black eye and blue face can be
glimpsed peeking out. The whole effect is magnificent.

How do all these marvelous ornaments impress the female Argus?
Observers are unanimous in describing the female’s response as completely
underwhelming, or even undetectable. William Beebe wrote, “There is no
question in my mind that the wonderful colouring, the elaborate ball-and-
socket illusion of the ocelli, the rhythmical shivering of the feathers which
makes these balls revolve—all are lost, as aesthetic phenomena, upon the
nonchalant little hen.”

In rejecting the possibility that the female Argus is having any aesthetic
experience, Beebe exercised an odd kind of reverse anthropomorphism. If we
humans find the male’s display to be awe inspiring, shouldn’t the “little hen”
exhibit a stronger, visible response to it? Shouldn’t she be acting more like
how we feel? Maybe because Beebe had spent months in the jungle trying to
observe this display and many weeks huddled in his various hideouts, he
expected the female Argus to evince at least some of the excitement that he
himself experienced when he finally saw the display from his muddy foxhole.
His conclusion that she did not share his excitement led him to be skeptical of
the possibility that the male’s display had any aesthetic impact on her at all.
However, sexual selection theory holds that every elaborate ornament is the
result of an equally elaborate, coevolved capacity for aesthetic discernment.
Extreme aesthetic expression is always a consequence of extreme rates of
aesthetic failure—that is, rejection by potential mates. Male Argus have such
extreme ornaments precisely because most males are not chosen as mates.
Thus, a calm, under-impressed female Argus is actually acting as we should
expect—more like an experienced, well-educated connoisseur evaluating one
of the many extraordinary works available to her scrutiny than an excited
naturalist having a once-in-a-lifetime encounter. And from what I've seen of



videos of these courtship performances, that’s exactly how I would describe
her—rigid with highly focused attention as she casts her discerning eye over
the displaying male. The female Argus may appear dispassionate as she
watches the male’s efforts, but it’s her coolheaded mating decisions over the
course of millions of years that have provided the coevolutionary engine that
has culminated in the male Argus’s display of hundreds of golden balls
shimmering and gyrating in the air.

The magnificent feathers and elaborate displays of the Great Argus have
long been a prime piece of evidence in our struggle to understand the origin
of beauty in nature, but this evidence has led thinkers to diametrically
opposite conclusions. In his 1867 antievolution tract, The Reign of Law, the
Duke of Argyll cited the “ball and socket” designs of the Great Argus wing
feathers as a sign of God’s hand in creation. Darwin countered that the Great
Argus is evidence of the evolution of beauty by mate choice, concluding that
“it 1s undoubtedly a marvelous fact that the female [Great Argus] should
possess this almost human degree of taste.”

During the century-long intellectual eclipse of mate choice theory,
biologists were hard-pressed to explain the reason for aesthetic extremities
like those of the Great Argus. William Beebe described Darwin’s theory as
intellectually tempting—*“Darwin’s ideas are those which we human beings
would prefer to accept”™—but ultimately unpersuasive. Given his low opinion
of the cognitive and aesthetic capacities of female pheasants, Beebe simply
could not accept the idea of sexual selection: “It seems impossible to
conceive, much as we would like to believe in it, and personally, I should be
willing to strain a point here and there to admit this pleasant psychologically
aesthetic possibility; but I cannot.”

Then how did Beebe explain the evolution of the male Great Argus? He
could not. He concluded, “It is one of those cases where we should be brave
enough to say, ‘I do not know.”” Ironically, a man who spent years of his life
tracking down the displays of this fabulously beautiful creature, and many
other pheasants, found Darwin’s explanation for its beauty “impossible.” This
1s a real measure of the intellectual loss that followed in the wake of Wallace’s
rout of Darwin’s theory of mate choice.



Today, however, all biologists embrace the fundamental concept of mate
choice. Thus there is complete consensus that the ornamental plumage and
behavior of the Great Argus have evolved through the agency of female
sexual preferences and desire—that is, sexual choice. We now agree that
ornament evolves because individuals have the capacity, and the freedom, to
choose their mates, and they choose the mates whose ornaments they prefer.
In the process of choosing what they like, choosers evolutionarily transform
both the objects of their desires and the form of their own desires. It is a true
coevolutionary dance between beauty and desire.

What biologists don't agree on is whether mating preferences evolve for
those ornaments that provide consistently honest, practical information—
about good genes or direct benefits like health, vigor, cognitive ability, or
other attributes that would help the chooser—or whether they are merely
meaningless, arbitrary (albeit fabulous) results of coevolutionary fashion.
Actually, most biologists are in agreement with the former hypothesis. I am
not. More precisely, I think that adaptive mate choice can occur but it is
probably rather rare, whereas the mechanisms of mate choice envisioned by
Darwin and Fisher, and modeled by Lande and Kirkpatrick, are likely to be
nearly ubiquitous.

But it nonetheless remains true that since Darwin’s Descent of Man the
beauty-as-utility argument has been rampantly successful. The purpose of
this chapter is to show how this flawed consensus persists. It persists in large
part because it has been propped up by an unscientific faith in the ultimate
validity of its own conclusions.

In 1997, I submitted a manuscript to the American Naturalist, a first-
class science journal in ecology and evolutionary biology. The paper
discussed both the arbitrary and the honest advertisement mechanisms of
mate choice to try to determine which were operative in the evolution of
certain avian courtship displays I had observed. In one section of the
manuscript, I discussed a specific sequence of display behavior within a group
of birds called manakins (which I discuss further in chapters 3, 4, and 7).
Through a comparative examination of the display behaviors of multiple
species within the group, I described how the males of one of the species, the



White-throated Manakins, evolved a novel bill-pointing posture that replaced
an ancestral tail-pointing posture that had been a routine part of the standard
display repertoire. It was as though evolution had edited out the old posture
with a cookie-cutter and pasted in the new one in the same exact position
within the behavioral sequence. I proposed that this change was unlikely to
have evolved because it provided better information about mate quality—if it
did, then all of the manakin species would have evolved it—and more likely
to have evolved in response to arbitrary, coevolved aesthetic mate
preferences.

In science, journal editors send your work out to anonymous peer
reviewers—other scientists who often include your intellectual competitors.
The reviewers’ comments on the work are used by the editor to help decide
whether the work should be published and to guide the author on
improvements to the work. In this case, the anonymous reviewers hated this
section of the paper. They argued that I could not state that this new posture
had evolved through arbitrary mate choice because I had not specifically
rejected each of the many adaptive hypotheses that they could imagine. For
example, I had not tested whether the bill-pointing White-throated Manakin
males were revealing their superior vigor or disease resistance. I responded
that standing motionless in one posture as opposed to another was unlikely to
be able to communicate any additional information about vigor or genetic
quality, unless we were to hypothesize that the tail-pointing posture in the
ancestral birds had evolved in order to reveal whether they were infested with
butt mites, and the bill-pointing posture must have evolved in order to reveal
the possibility of some more recent problem in evolutionary history, such as
infestations of throat mites. This seemed unlikely to me, but the reviewers
insisted that the burden of proof was on me to demonstrate that the display
traits were arbitrary. Of course, this made it impossible to “prove” my point,
and I ultimately cut this section out of the manuscript in order to publish the
paper.

This exchange continued to bother me long after the paper appeared in
1997. How many of these adaptive hypotheses, I wondered, would I have to
test before I could conclude that any given display trait was arbitrary—that is,
that it lacked information about any quality other than its attractiveness?
When would I ever be done with this task? Even if I were able to test every



adaptive explanation they could think of, pleasing one set of reviewers would
only be the first of my hurdles. Their reasoning implied that I would have to
test other hypotheses in order to satisfy other skeptical reviewers, and then
others, ad infinitum. Because there would be no end to the creative
imaginations of the reviewers, there would be no end to the process of trying
to demonstrate that any specific trait is arbitrary. I was trapped. The
prevailing standard of evidence meant it would be impossible for me to ever
conclude that any trait had evolved to be arbitrarily beautiful. It had actually
become impossible to be a contemporary Darwinian.

I realized that it was Alan Grafen’s standard of evidence that had put me
in this bind: “To believe in the Fisher-Lande process as an explanation of
sexual selection without abundant proof is methodologically wicked.”

Of course, Grafen was not the first to deploy the “abundant proof”
standard, which has a long, respected history in science. In the 1970s, in
regard to paranormal psychology, Carl Sagan claimed, “Extraordinary claims
require extraordinary evidence.” This famous “Sagan Standard” can actually
be traced back to the French mathematician Pierre-Simon Laplace, who
wrote, “The weight of evidence for an extraordinary claim must be
proportioned to its strangeness.”

Thus, whether Grafen’s abundant proof standard should be invoked
depends on our perceptions of the strangeness of the Darwin-Fisher theory of
mate choice. But what dictates the strangeness of a hypothesis? Should we
allow our gut feelings about the way the world should work to dictate our
scientific investigation of the way it does? Grafen argued that the comforting
“rhyme and reason” of Zahavi’s handicap principle should compel us to reject
the terrible strangeness of arbitrary mate choice.

Of course, it’s human nature to want to believe in a universe that is
rational and orderly. No less a scientist than Albert Einstein backed away
from quantum mechanics—for which he had laid much of the intellectual
groundwork himself—because it brought uncertainty and unpredictability
into the world of physics. In rejecting quantum mechanics, Einstein famously
wrote, “God does not play dice.” But eventually quantum mechanics
triumphed despite its enduring strangeness, because the predictive power of
the theory was too great to ignore. Our understanding of the physical laws of



the universe has progressed immeasurably since then. Physics was forced to
embrace a stranger universe.

Unfortunately, it has been difficult to dislodge the taste for “rhyme and
reason” in evolutionary biology. In mate choice, the longing for rhyme and
reason has left us with a tired, worn-out science that consistently fails to
account for the evolution of beauty in the natural world. The current
adaptationist “consensus” rests on surprisingly weak foundations. To get to the
heart of what is wrong with it, we have to explore the basics of the scientific
process.

When we test a scientific hypothesis, we must compare a conjecture—
say, that a specific mechanism is responsible for producing the observations
that we have made of the world—with a more general conjecture that nothing
special is happening; that is, no specific, or special, explanation is required to
account for the observations we have made. In science and statistics, this
“nothing special is happening” hypothesis is known as the null hypothesis, or
null model. In an incredibly pleasing and serendipitous coincidence that has
no influence whatsoever on the validity of my argument, the concept of the
null hypothesis was actually invented in 1935 by none other than Ronald A.
“Runaway” Fisher, who coined the term and described it this way: “We may
speak of this hypothesis as the ‘null hypothesis,” and it should be noted that
the null hypothesis is never proved or established, but is possibly disproved, in
the course of experimentation.”

Thus, before we can assert that some specific process or mechanism of
interest 1S happening, we must first reject the null hypothesis that nothing
special 1s happening. The rejection of the null results in an affirmative
conclusion that something distinctive is, indeed, going on. But, as Fisher
observed, the null hypothesis is intellectually asymmetrical. One can find
evidence to reject the null hypothesis, but one can never really prove it. In
other words, given the logical structure of scientific inference, it is possible to
provide enough evidence to establish that something special is happening but
impossible to definitively establish that nothing special is happening.



Of course, the null hypothesis is more than just a temporary intellectual
tool that we deploy to get a scientific job done. Sometimes, it is actually an
accurate description of reality. Sometimes, “nothing special” really is
happening! And when the null is an accurate description of the world, its
function 1s to prevent science from going off on unsupportable flights of
fancy. Null hypotheses actually protect science from its own crazy conjectures
and faith-based fantasies.

Unfortunately, there are fundamental reasons why humans, including
professional scientists, are biased toward thinking that something special must
be happening. The human brain gets lots of rewards for detecting hard-to-see
patterns in the flow of sensory information and cognitive details. Being able to
figure out what’'s going on when it’s not obvious is perhaps the most
fundamental advantage of intelligence. Think, “I see the fresh tracks of the
water buffalo in the mud. I've noticed that they come here to drink every
morning. If I come early tomorrow morning and hide behind that bush, I can
kill one to eat!” But the cognitive capacity to interpret the world as filled with
meaning and governed by rational cause and effect can also guide us to
mistaken conclusions, convincing us that something special must be going on
when in fact nothing specific is happening. Ghost stories, miracles, magic,
astrology, conspiracy theories, hot streaks in sports, lucky dice, or team
curses are all examples of the boundless human desire for explanatory rhyme
and reason where none is required.

Lots of people indulge in their irrational desires for meaningful
explanations of our chaotic world, often in ways that are so mainstream that it
never occurs to us to wonder about their validity. For example, an entire
industry of business news provides continuous explanations of what’s going
on in economic marketplaces when in all likelihood there is absolutely
nothing special going on most of the time. Business news channels broadcast
an endless stream of financial reports about “events” in global financial
markets. They confidently explain that the Hang Seng Index is up, or the
London FTSE is down, or Dow futures are unchanged because of the latest
unemployment report, negotiated sovereign debt settlement, or quarterly
profit reports. Of course, the null hypothesis is that market activities are the
result of the aggregate effects of millions of independent decisions by
individuals who are each trying, as John Maynard Keynes memorably stated,



“to guess better than the crowd how the crowd will behave.” But the null
model that market fluctuations lack a common or generalizable external cause
1s never entertained on the business news. This may be because business news
1s, after all, a business itself. Honest reporting of the null hypothesis would be
very bad for their bottom line. Audiences are unlikely to tune in following a
null news promo: “Random stuff happened on Wall Street today! Details at
twenty past the hour!” The business news reporters assume that everything is
the result of some rhyme and reason and that their job is to report that as
true, even if it has to be invented.

Null hypotheses are essential to science, even when they are horribly
wrong, because it’s only in the attempt to find evidence to reject them that a
better understanding emerges. For example, “cigarettes do not cause lung
cancer” is a null hypothesis. According to this null, lung cancer has many
diverse causes, and smoking has no generalized effects on lung cancer risks.
Many people do smoke cigarettes, and many smokers do get lung cancer, but
according to the null there is no causal association here. Interestingly, in the
1950s, Ronald A. Fisher was an enthusiastic and energetic public advocate of
this particular, dismally incorrect null hypothesis, which has since been
definitively disproven. Another, more contemporary null hypothesis is “global
warming is not caused by the human production of atmospheric greenhouse
gases.” The job for the scientist in such instances is to prove the null
hypothesis wrong by gathering the requisite evidence to reject it. In other
words, the scientific burden of proof always lies with those who want to show
that something specific is happening, not on those who think that it is not.

After years of struggling against Grafen’s abundant proof standard, I
came to realize that the field of evolutionary biology had become like the
financial market news reports. Evolutionary biologists have become convinced
that a special kind of rhyme and reason—adaptive mate choice—must be
happening everywhere and all the time. Why are they so convinced? When
you examine it, it is mostly just a belief that the world must be that way.
Remember, in rejecting Darwinian mate choice, Wallace asserted as a matter
of principle that “natural selection acts perpetually and on an enormous
scale.” The intellectual justification remains largely unchanged.

Despite its enduring strangeness to many, the Lande-Kirkpatrick sexual
selection mechanism is not merely an alternative hypothesis to adaptive mate



choice; it is the appropriate null model for the evolution of sexual display
traits and mating preferences. It describes how evolution by mate choice
works when nothing special is happening—that is, when mates are choosing
what they prefer, period. Because evolution requires genetic variation to
occur, the Lande-Kirkpatrick model assumes genetic variation in trait and
preference. But it does not assume that mates vary in quality, that any display
traits are correlated with that quality, or that mating preferences are under
natural selection to prefer those traits. That is why it is the null model.

If the Lande-Kirkpatrick mechanism is the appropriate null model for
evolution of traits and preferences, then it cannot be proven. Thus, Grafen’s
demand for “abundant proof” of the Fisher-Lande process was so rhetorically
effective precisely because it demanded the impossible. Checkmate! This was
the trap I experienced when I realized that I could never satisfy my reviewers.
And this 1s why, nearly 150 years after The Descent of Man and 25 years after
Grafen’s 1990 paper, there are still no generally accepted, textbook examples
of arbitrary mate choice. Period. Grafen’s gambit triumphed.

The contemporary science of mate choice is a case study in the
intellectual pitfalls that can befall a science that does not incorporate any null
hypothesis or model. In the absence of a null model, adaptive mate choice is
unscientifically protected from falsification. It becomes the preordained
answer to every question about the evolution and function of an aesthetic trait.
When a trait can be shown to be correlated with good genes or direct benefits,
the adaptive model is declared to be correct. When no such correlation is
found, the result is interpreted merely as a failure to try hard enough to
establish how the adaptive model is correct. In this framework, the ultimate
research goal for every young scientist or graduate student is to demonstrate
what everyone already knows to be true in some delightfully unexpected, new
way that no one has ever imagined before. Because it has been embraced for
the comforting rhyme and reason it provides, the entire adaptive mate choice
enterprise has devolved into a faith-based empirical program to generate
evidence to confirm a generally agreed-upon truth. The function of null
models is to prevent this kind of faith-based confirmationism from taking
over science.



“Stuff happens.” The phrase may sound ridiculous or even flippant, but
in its simplicity it actually captures the essence of the null model. Within the
context of evolution through mate choice, we can restate this null as “Beauty
Happens.” (Remember, we mean beauty as the animal perceives it.) As the
null model for the origins of aesthetic traits in nature, Beauty Happens
provides an invigorating new perspective on the evolution of sexual beauty.
It’s a slogan that I think Darwin would have both understood and embraced.

At this point, it i1s important to emphasize again that a fully aesthetic
theory of mate choice includes the possibilities of both the arbitrary null
model (Beauty Happens) and the adaptive mate choice model (honest
indicators of good genes and direct benefits). After all, a Maserati or a Rolex
can be aesthetically pleasing while also performing utilitarian functions like
driving at race car speeds or keeping accurate time. Thus, the aesthetic
perspective 1s inclusive of other possible explanations for the evolution of
specific display traits. The adaptive view, by contrast, does not allow for the
possibility that arbitrary Fisherian mate choice occurs. It is the very opposite
of inclusive.

How should the science of mate choice proceed from here? When
looking at a given sexual ornament or display behavior, we must ask this basic
question: Has the trait evolved because it provides honest information about
good genes or direct benefits or because it is merely sexually attractive? Only
by first disproving the null model that Beauty Happens can this scientific
research program make progress.

The science of mate choice needs a null model revolution. Although
researchers who joined the field in order to pursue their interests in
adaptation will not find this message comforting, we have good evidence from
other fields of evolutionary biology that null model revolutions are both
successful and intellectually productive, even for adaptationists. In molecular
evolution, a null model revolution in the 1970s and 1980s led to the universal
adoption of the neutral theory of DNA sequence evolution. Now, before one
can claim that certain DNA substitutions are adaptations, one must reject the
null hypothesis that such changes are merely neutral variations that evolved by
random drift in the population. In community ecology, a null model
revolution in the 1980s and 1990s led to the universal adoption of null models
of community structure. Now, before one can claim that an ecological



community has been structured by competition, one must first reject a
random, null model of community composition. In both fields, even the most
ardent natural selectionists have ultimately embraced null and neutral models,
because they advance their ability to test and support hypotheses of
adaptation. It is critical that the science of evolution embrace a null model of
sexual selection.

Opponents of adopting null and neutral models in evolutionary biology
sometimes complain that the proposed null models are too “complex” to be
an appropriate null model. To them, null models should be simpler and more
parsimonious. But this view misconstrues the intellectual function of the null
model. For example, if cigarettes cause lung cancer, then the causal
explanation of most lung cancers is actually quite simple—cigarettes. If the
null hypothesis that cigarettes do not cause cancer were true, then the actual
causes of lung cancers would be much more variable, individualized, and
complex. So null models are not necessarily simpler explanations. Rather, the
null model is the hypothesis that the proposed, generalized causal mechanism
1S absent. In evolution, that critical causal mechanism is natural selection,
which is why the Beauty Happens hypothesis is the appropriate null.

With an understanding of what is at stake if we forgo the null model, we
can return to a consideration of the male Great Argus. First, we need to
grapple with the full breadth of the aesthetic complexity that requires
evolutionary explanation. The totality of the sexual ornaments in the Great
Argus includes the male territory and court-clearing behavior, court
attendance, vocalizations, the diverse display repertoire including each of his
movements, the facial skin color, and the size, shape, patterning, and
pigmentation of each feather. The full display behavior of the Great Argus is
like an opera or a Broadway musical. It consists of music, dancing, elaborate
costumes, lighting, and even trompe 'oeil effects, albeit on an intimate stage
with a solo cast.

One way to try to think about this aesthetic complexity is to conceive of
each and every detail as an evolutionary design “decision.” How many total
decisions would be required to describe the “Full Monty” of the Great Argus?
Starting at the tip of one primary wing feather, we see that the broad tip of



the feather is gray, not brown, with large dots that are reddish brown, not
white, tan, or black. Toward the base of that same feather, the background
color changes to tan, but the dots stay the same color, become smaller, get
closer together, and then converge into a true honeycomb pattern. Each and
every one of these details could be different. Indeed, every one of these
details is different in every other species of bird in the world. Evolutionary
biologists who believe that natural selection dictates the form of various
display traits are not only required to describe the mere existence of
ornament; they are charged with explaining the origin and maintenance of
each and every specific detail of its form. In the case of the Great Argus, the
number of independent aesthetic dimensions adds up to hundreds or even
thousands—a practically unfathomable degree of complexity.

The adaptive mate choice paradigm asserts that each and every one of
these features has specifically evolved as an honest indicator of good genes or
direct benefits. In other words, each detail evolved as it did because it was
better at providing quality information than all other available variations. Most
mate choice researchers see their job as demonstrating how this is true, not
testing whether it is true. Without a null model that allows one to reject the
adaptationist account, they cannot do otherwise. In any given study,
researchers will measure multiple aspects of male ornament and try to
correlate them to the health and genetic information they are presumably
providing, but at best only one or a few of the many aesthetic features of the
full display repertoire will show any sign of a correlation with mate quality.
Biologists then use this very limited subsample of their data to draw general
conclusions about the role of honest signaling in the process of sexual
selection as a whole. The vast majority of the data inevitably fail to confirm
the adaptive theory of mate choice. As a result, the vast majority of the
ornamental details remain unexplained even as the adaptive explanation of
mate choice triumphs.

We will never establish a satisfactory explanation of evolution by
studying only those data that turn out to “work” the way the researcher hopes.
Because those investigations that are not able to confirm the adaptive value of
any ornamental features are considered failures—failures to work hard
enough to find the data to demonstrate how adaptive mate choice is true—
such studies don’t get published. In this way, the current paradigm prevents us



from ever seeing these data, which are actually a legitimate description of the
way the world is, and how it got that way. Indeed, they are exactly consistent
with the Beauty Happens model. In this way, the adaptationist worldview can
make us blind to the true nature of reality. And this blindness certainly affects
our ability to “see” the Great Argus.

Unfortunately, studying mate choice in the Great Argus in the wild
would be extremely difficult. Recall that G. W. H. Davison observed males
for seven hundred hours over three years and only managed to witness one
female visit. He saw no copulations. Perhaps if one could find dozens of
Argus nests, one could use DNA analyses of the chicks to identify all their
fathers. However, one would also have to place arrays of hidden cameras at
multiple male courts to record the patterns of female visits and the variations
in display behavior among successful and unsuccessful males. And one would
need to capture these males and record information about their health,
condition, and genetic variation. It would be a huge and expensive
undertaking.

Setting aside the difficulty in obtaining these data from the wild, let’s
consider whether female pheasants might be gaining either of the two kinds
of adaptive benefits from their mate choices. The most fundamental benefit is
good genes—heritable genetic variations that would endow the female’s
offspring, both male and female, with survival and fecundity advantages.

Although the good genes hypothesis has had a good run in intellectual
history and remains popular, empirically it has fallen on hard times. Many
studies have failed to find any evidence of a correlation between good genes
and female sexual preferences. For example, a recent “meta-analysis”—that
i1s, a big statistical study of multiple data sets from many independent
investigations of different species—did find significant evidence in support of
arbitrary Fisherian mate choice while failing to find support for the idea that
males who are preferred provide any good genes. These results were based on
the scientific literature, which is likely to have a publication bias toward the
publication of “positive” results—that is, results that support good genes. As
discussed, “negative” results are more frequently considered scientific failures
and consigned to the rubbish heap. Thus, the failure of meta-analysis to find
support for good genes is probably just the tip of the data iceberg. The vast
volume of data remains unseen, lurking below the surface, and this giant



bolus of unpublished, privately held data is likely to be overwhelmingly
negative. It’s becoming more and more apparent that good genes is an
intriguing idea that is failing to find much support in nature.

The other adaptive benefit that Great Argus males may provide to
females that choose them as mates is in the form of direct benefits, which
accrue to the survival and fecundity of the female herself. In monogamous
birds that form social pairs to raise their young, these direct benefits may
include defending a shared territory rich in high-quality resources, helping
with parental care, defending against predators, and making other
contributions to a successful family life. But the male Great Argus provides
no parental care or reproductive investment whatsoever. He merely provides
sperm. Because females mate and leave immediately to incubate their eggs
and raise their young on their own, their interactions with males are limited to
the visits they make to various males in order to choose their mates and the
brief moment of copulation that ensues once they’ve made their choice. Thus,
they have only two possible ways of obtaining any direct benefits whatsoever
from male Great Argus. First, preferred males could be those with display
signals that make female mate choice more efficient, minimizing the
investment of time and the risk of predation incurred during the female’s
visits to the males. However, there is nothing remotely efficient about what’s
involved in assessing the Great Argus display. The female must travel widely
(probably miles) to visit different males, and she must observe each one at a
really intimate proximity in order to properly observe his display. The other
possibility is that male displays could be providing honest information about
their lack of infection by sexually transmitted diseases. However, this seems
highly unlikely as well. Selection to avoid sexually transmitted disease would
result in strong natural selection against the polygynous breeding system,
which would greatly foster STD transmission, and not to selection for extreme
coevolved aesthetic traits and preferences.

In conclusion, even without further data from the wild, there are
excellent reasons to think that the Great Argus is an evolutionary example of
the Beauty Happens mechanism.



Another intellectual hurdle for adaptive mate choice is the sheer
complexity of the Great Argus display. According to the handicap principle,
the honesty of any display is ensured by the costs it imposes on the individual.
These costs include both the developmental costs of making it and the
survival costs of having it. But the costs of signal honesty create another
burden to an adaptive explanation of the many multiple ornaments in the
Great Argus display repertoire. According to the theory, each of these
ornamental dimensions must provide an independent channel of quality
information in order to sustain the additional costs that ensure its honesty. If
some costly ornamental detail within a repertoire does not provide some
independent information about quality, then it would either never evolve or be
eliminated by natural selection as redundant and superfluous. Thus, the
handicap principle establishes real constraints on the evolution of aesthetically
complex repertoires of multiple display traits. Yet aesthetic complexity is
present not just in the Great Argus but throughout nature.

Of course, multi-trait repertoires with many independent ornamental
dimensions pose no challenge at all to the Beauty Happens evolutionary
mechanism. Indeed, the model predicts them. Given free rein, mate choice is
likely to produce evolutionary runaways in the complexity of the repertoire of
ornaments as well as in the complexity of any individual ornaments.

Some honest advertisement theorists have proposed that complex
ornamental repertoires could function as adaptive multimodal displays. In this
view, the Great Argus aesthetic repertoire is like a Swiss Army knife; each
aspect of the display is a different adaptively optimized blade for a distinct
communication task within the general mission of honest and efficient mate
attraction. Each display communicates a distinct channel of quality
information through a specific sensory modality. The concept of
“multimodal” display is an attempt to flatten aesthetic complexity into a
manageable set of individualized, rational utilities. But it doesn’t avoid the
problem of multiple redundant costs.

Before we go further, however, we should ask, “Is this even possible?”
How many independent channels of mate quality information are there for the
female to evaluate? It is hard to know because no one, as far as I know, has
ever asked this question before. However, I think there are a few relevant
ways to think about it. If you wanted to accurately evaluate the health and



genetic quality of a human being, how would you go about it? This is, in part,
what doctors try to do during regular checkups. How much can you tell about
a person’s future health from the results of an annual physical examination?
Well, the American Academy of Family Physicians has recently determined
that beyond routine weight and blood pressure monitoring, there is no
evidence of the medical effectiveness of regular physical examinations. Except
for the assessment of body weight and blood pressure, a doctor’s observations
do not detect enough information relevant to future health outcomes with
sufficient frequency to make annual checkups cost-effective. Of course, a
doctor’s exam involves asking a lot of specific questions and the use of many
invasive procedures—Ilike blood tests—that are not available to female Great
Argus as they evaluate potential mates. Female pheasants do not have
sphygmomanometers, stethoscopes, or EKG machines. Yet even with all our
equipment and our advanced medical knowledge, regular detailed inspection
of the human body and verbal interviews are not able to provide sufficiently
useful information about human health outcomes to make them worth doing.

The truth is that it is very difficult to accurately assess the genetic quality
of an animal and predict its future health even with advanced knowledge and
scientific tools. Can we expect the female Great Argus to be able to make
better assessments of the health of their potential mates than human
physicians?

But let’s go further than your typical family physician and imagine that
we can sequence the entire genome of every individual patient. What can we
learn from information about potential health risks to those individuals from
their genomes? Well, we can learn about the possibility of developing rare
diseases that are caused by single genes like cystic fibrosis and Tay-Sachs. But
we would learn surprisingly little about the risks of any of the complex
diseases that cause most deaths—Ilike heart disease, stroke, cancer,
Alzheimer’s, mental illness, or drug addiction. Indeed, since the early years of
the twenty-first century, the juggernaut of initiatives in genomic medicine has
been hampered by the failure of the genomic data to provide much predictive
information about any complex diseases. For example, it is easy to find
dozens of genetic variations that are significantly associated with heart
disease. But, except for a few rare genetic variations that are particular to
certain ethnic groups, when the effects of all these genes are added together,



they explain less than 10 percent of the heritable risk of heart disease. So,
even with complete genomic information, predicting genetic quality and future
health outcomes is fundamentally challenging. This fact is why the Food and
Drug Administration, in 2013, prohibited personal genomic companies like
23andMe from marketing information to their customers about their genetic
risks of disease without specific approval. Most of the statistical associations
between single genes and disease are currently so vague and tenuous that
reporting such information to customers was considered fundamentally
misleading.

So again we must ask, is it likely that a female Great Argus could draw
any more valid conclusions about the genetic suitability of a potential mate
than a scientist armed with complete genomic information? Of course, it’s
theoretically possible that she might be able to do this, but this is an empirical
issue that should actually be investigated, not accepted on blind faith. The
failure of human genomic medicine to find reliable tools to predict most
complex health outcomes is highly relevant to the good genes hypothesis,
providing even more reason to be skeptical about the prospect of assessing
adaptive value of a mate from every ornament.

The intellectual collapse of one infamous honest signaling mechanism
provides amusing insights into the social phenomenon of mate choice science.
In papers published in 1990 and 1992, the Danish evolutionary biologist
Anders Mgller proposed that body symmetry reveals an individual’s genetic
quality and that bilaterally symmetrical displays evolve through adaptive mate
choice for higher-genetic-quality mates. Mgller’s data indicated that female
Barn Swallows (Hirundo rustica) prefer males with the longest and most
symmetrical outer tail feathers. Soon, there was a burgeoning cottage industry
supporting mate choice based on symmetry in a wide variety of organisms.

Ironically, like an irrational Fisherian runaway, the idea of symmetry as
an honest indicator of genetic quality got ever more popular, merely because
it was so popular. One scientist who was excited by the idea and attempted to
replicate its findings in his own research was distressed to find that he could
not do so. “Unfortunately, I couldn’t find the effect,” he was quoted as saying
in a New Yorker article published in 2010. “But the worst part was that when I



submitted these null results I had difficulty getting them published. The
journals only wanted confirming data. It was too exciting an idea to disprove,
at least back then.” The adaptationist confirmation bias at work once again.

But in the late 1990s, support for the idea that symmetry indicates
genetic quality suddenly began to wane. A few critical papers came out, and
then a few more. By 1999, meta-analyses of multiple data sets showed that
support for the idea had simply evaporated.

Of course, scientists are loath to admit that they are slaves to fashion like
everyone else. So, contemporary reviews of mate choice in the animal
kingdom rarely even mention this embarrassing episode. Yet the enthusiasm
for honest symmetry is such a prime example of bandwagon science that it
was prominently featured in the New Yorker article, mentioned above, about
the sociology of failure in science. Unfortunately, it still lives on in adaptive
theories of human sexual attraction, neurobiology, and cognitive science. You
would think that, decades on, news of its collapse and discredit would
eventually reach the evolutionary psychology researchers who continue to
preach it. But the “honesty of symmetry” has become a zombie idea—an idea
so attractive that it lives on and on despite being repeatedly falsified.

In any case, the symmetry hypothesis could never have provided more
than a very partial explanation of the evolution of complex ornaments like the
patterns on the Great Argus’s wing and tail feathers. Even if it did exist,
natural selection for perfectly symmetrical signals would fail to explain any of
the myriad other specific and complex details within the Great Argus’s
plumage and display.

A newly emerging adaptive mate choice hypothesis takes a page right
out of Wallace’s critiques of Darwin. It has recently been proposed that
elaborate courtship displays evolve in order to indicate male vigor, energy,
and performance skill to their prospective mates. Accordingly, females prefer
such displays because they raise the male’s heart rate, exhaust his energy
reserves, or push him to the limits of his physiological capacity. The best
dances indicate strong, fit fellows. Unfortunately, this popular idea fails in
several ways to explain specific details of complex display repertoires like that



of the Great Argus. There are many imaginable displays that would create far
greater physiological challenges to the male than his relatively low-energy
performance. So why haven’t more extreme tests of his physiology evolved
instead?

Of course, I acknowledge that the males of many species do engage in
displays that are physiologically demanding. But the fact that physiological
costs are incurred does not mean that those costs are honest indicators of
quality. Display traits evolve to a balance between natural and sexual selection
advantages, and this equilibrium may be far from the optimum for either
health or survival. When Beauty Happens, costs will happen too.

The question is whether the physiological challenges are incidental
consequences of extreme aesthetic performance or the entire point of the
display. By analogy, do people like the extraordinary leaps, pirouettes, and so
on of ballet dancers because such performances push the performers to the
limits of their physiological and anatomical capacities? Or do performers
encounter these physiological challenges in the process of producing art that
audiences enjoy? Do we value these feats of physical skill because of their
aesthetic effect on us? Or because the effort of achieving them requires that
many ballet dancers will experience painful and debilitating foot and leg
injuries?

There is no reason to believe that the love of ballet, or of any other
human art form, is based on how much pain and effort they cost to the
performers. Likewise, there is no reason to believe that the female of the
Great Argus or any other species chooses a mate because of how much he
endures in the course of his courting performance. It is always the artfulness
of the performance that matters; the physiological demands of producing it
are secondary. To believe otherwise is to confuse evolutionary cause and
effect. Last, just as in the Great Argus, there are many more costly
performances that we can imagine that are not preferred. By analogy, atonal
twentieth-century concert music, from Berg to Boulez, is incredibly difficult
for performers to play well, but that doesn’t make audiences like it.



An interesting way to understand the Darwin/Wallace debate about mate
choice is to compare the value of beauty to the value of money. Under the old
“gold standard,” the value of a dollar existed because each dollar could be
redeemed for a tiny piece of gold. The value of a dollar was extrinsic; dollars
had value because they stood for something else of value—that is, gold. By
the mid-twentieth century, however, economists and governments realized
that the value of money is merely a “social contrivance.” Today, the value of a
dollar is intrinsic; dollars have value because people in general agree that
dollars have value. There is no gold behind them.

The adaptationist view of beauty works like the gold standard.
Accordingly, beauty has no value in and of itself; its value only arises because
beauty stands for other extrinsic values, either good genes or direct benefits. In
contrast, the Darwinian/Fisherian view of beauty works like all modern
currencies. Beauty has value only because animals have evolved to agree that
it has value. Its value is intrinsic, and it can evolve for its own sake. Beauty,
like money, is a “social contrivance,” and the Lande-Kirkpatrick null model is
the mathematical description of that process.

Hard-core advocates of a return to the gold standard, called goldbugs,
still believe that the abandonment of the gold standard was a reckless and
immoral flight from reason. Like evolutionary goldbugs, neo-Wallaceans are
certain that behind every sexual ornament there must be an evolutionary pot
of gold, filled with good genes or direct benefits to mate choice, and they
defend this view as simple rhyme and reason. Like goldbugs, neo-Wallaceans
are quick to label other views as “wicked.”

This analogy also provides insights into why Beauty Happens is the
appropriate null model of evolution by sexual selection. Imagine that the next
time you see a beautiful rainbow, a small, green-suited leprechaun suddenly
appears and promises you that there is a pot of gold at the end. Ask yourself,
“What is the null hypothesis?” Obviously, the null hypothesis is that the value
of the rainbow is intrinsic and that there is no gold at its end. And until you
find that pot of gold at the end of the rainbow and can reject the null
hypothesis, you have to stick with it. Likewise, adaptive mate choice posits
that behind each and every sexual ornament is a pot of evolutionary gold
laden with good genes and direct benefits. What’s the null hypothesis?
Obviously, the null hypothesis is that there are no good genes or direct



benefits until you can prove that there are. The burden of proof lies with
those who believe in adaptive mate choice. Some of those ornaments will
indeed be found to be signals of quality. Others (most, in my opinion) will
not. We should no more place our trust in evolutionary leprechauns than we
do 1n little green-suited ones!

There are other similarities between the science of mate choice and the
“dismal science” of economics. Both disciplines have active debates about the
nature and importance of “market bubbles.” The last decades of the twentieth
century saw the development of a new, American-style capitalism
characterized by increasingly complex mathematical models of investment
and risk management and the systematic dismantling of the regulatory
controls that had curbed some of the riskier behaviors of financial institutions.
The result was supposed to be an unprecedented new era of global growth
and prosperity. What happened instead was the global financial crisis in 2008.
Obviously, something went fundamentally wrong with the economic model
that was expected to prevent such instability. How did economists get this so
wrong?

At the core of this failure was the a priori belief in a powerfully rational
idea, the efficient market hypothesis, which states that, given open access to
accurate information, free markets will always establish the true, correct value
of an asset. According to the efficient market hypothesis, economic bubbles
are impossible. Sound familiar? As the economist Paul Krugman concluded,
“The belief in the efficient market hypothesis blinded many if not most
economists to the emergence of the biggest financial bubble in history.”

I think that most evolutionary biologists are equivalently blind to the
reality of arbitrary mate choice.

To explore the parallels between the science of mate choice and the
business cycle, I had lunch one day with my Yale colleague and neighbor
Robert Shiller, the Nobel Prize—winning economist. A well-known expert on
housing markets and an advocate of behavioral economics, Shiller was
dubbed “Mr. Bubble” in a 2005 New York Times story in which he presciently
warned that real estate prices could drop by 40 percent over the next
generation. It took only three years for his predictions to be realized.

In his now-classic 2000 book, Irrational Exuberance, Shiller presented
the case for the role played by human psychology in the volatility of many



economic markets. A speculative financial market bubble, he wrote, occurs
when price increases spur investor confidence and lead to increased
expectations of future gains. The result is a positive feedback loop in which
each increase in asset prices begets greater confidence, increased
expectations, increased investment, and higher prices. These economic
feedback loops involve some of the same basic dynamics as the Beauty
Happens mechanism. Both sexual displays and asset prices can be driven by
popularity alone, decoupled from extrinsic sources of value.

I asked Bob what he thought about the idea that there might be
similarities between the intellectual frameworks of macroeconomics and
evolutionary biology. He was particularly struck by how closely the arguments
waged by efficient market theorists and adaptationist evolutionary biologists
resembled each other. What he said made perfect sense to me:

To many economists, the mere existence of an asset at a given
price indicates that its price must accurately reflect its value.
That’s very similar to arguing that the existence of a given tree or
bird in a certain environment demonstrates that it must have
achieved an optimal solution to the challenge of survival because
it has not yet been displaced by some other ecological
competitor. Both use their views to interpret the world in a way
that reinforces those views.

Such logic results in empirical intellectual disciplines that are more dedicated
to confirming their own worldviews than to establishing an accurate
understanding of the world.

For the title of their 2009 book about behavioral economics, Bob and
his co-author, George Akerlof, revived the term “animal spirits,” which John
Maynard Keynes coined to refer to the psychological motivations that
influence people’s economic decisions. In the book, they document that
research on “animal spirits” has been discouraged in economics precisely
because these irrational influences are viewed as inherently unscientific and
beneath consideration of a quantitative, scientific discipline. Ironically, I think
there has been a parallel intellectual movement in evolutionary biology to
banish consideration of the “animal spirits” of animals! Adaptive mate choice



proposes that sexual desire always remains under strict control of the
ultimately rational need for extrinsically better mates. In a curious
anthropomorphic inversion of nature, animal passions are now seen as being
more rational than our own.

A few weeks after my lunch with Bob, a team of economists published
the results of a randomized, controlled experiment on the dynamics of
Internet popularity. By randomly introducing thumbs-up or thumbs-down
ratings into the comments section of stories on a major news website, the
researchers demonstrated that popularity can be driven merely by popularity
itself—what the authors called a positive herding effect—completely
independent of variations in actual content quality. In other words, going viral
on the web is often just a matter of stuff happening. When I next ran into
Bob, I mentioned this new study as a vivid, experimental demonstration of
the role of feedback loops in driving arbitrary popularity bubbles. “Are you
going to write about that in your book?” he asked. “Because I was thinking
about writing about that study in my book too!” Who would have imagined
that an ornithologist and an economist would be in competition to report on
the same research?

The Great Argus and the many other birds we will meet in these pages
provide aesthetically extreme challenges to conventional, adaptive
evolutionary theory. Neo-Wallacean adaptive mate choice may be more
popular at the moment, but without Darwin’s broadly aesthetic perspective,
we can never account for all the complexity, diversity, and evolutionary
radiation of intersexual beauty in nature. Only the Beauty Happens
hypothesis allows for a genuine engagement with the full, explosive diversity
of sexual ornament.

I do not doubt, however, that meaningful, honest, and efficient signals of
mate quality can evolve. There are circumstances in which mating preferences
do indeed come under natural selection. Further, there may be circumstances
in which signal honesty evolves to be so robust that it cannot be eroded away
by the irrational exuberance of aesthetic desire. But we will never arrive at a
genuine understanding of the diversity of nature by assuming that this is



always true. We must use a nonadaptive null model to maintain the
falsifiability of adaptive mate choice. Otherwise, it ceases to be science.

Although I am skeptical of adaptive mate choice, I do not claim that the
“Emperor wears no clothes.” Actually, I believe that the “Emperor wears a
loincloth.” In other words, I predict that the vast majority of intersexual
signals can only be explained as the arbitrary evolutionary consequences of
Beauty Happening, while the adaptive mate choice paradigm likely explains
about the same proportion of the total “corpus” of intersexual signals in
nature as is covered by that humble garment. How will we ever know if this
prediction is correct? The only way for evolutionary biologists to proceed is
to embrace the Beauty Happens mechanism as the null model of evolution by
mate choice and see where the science leads.






CHAPTER 3

Manakin Dances

How, and why, has beauty changed within and among bird species over the
course of millions of years? What determines what any given species finds
beautiful? What, in short, is the evolutionary history of avian beauty?

These questions might seem impossible to answer, but we actually have
many of the scientific tools we need to address them productively. One of the
challenges to understanding the evolution of beauty is the complexity of
animal displays and mating preferences. Fortunately, we do not need to invent
a trendy new brand of “systems science” in order to investigate these complex
aesthetic repertoires, because the science of natural history—the observation
and description of the lives of organisms in their natural environments—
provides us with exactly the tools we need. Natural history was a critical
component of Darwin’s scientific method and remains a bedrock foundation
of much of evolutionary biology today.

Once we have gathered information about individual species, we need
other scientific methods to compare and analyze them and to uncover their
complicated, often hierarchical evolutionary histories. The scientific
discipline that enables us to do that is called phylogenetics. Phylogeny is the
history of evolutionary relationships among organisms—what Darwin called
the “great Tree of Life.”

Darwin proposed that discovery of the Tree of Life should become a
major branch of evolutionary biology. Unfortunately, research interest in
phylogeny was largely abandoned by evolutionary biology during most of the
twentieth century. However, powerful new methods for reconstructing and
analyzing phylogenies have been developed in recent decades, which has led
to a revival of interest. So, now that the two critical intellectual tools
necessary to study the evolution of beauty—natural history and phylogenetics
—are available, there has never been a better time to be asking questions
about how beauty, and the taste for it, evolve.



Doing so will help us to understand the process of evolutionary radiation
—diversification among species—in a new way. In evolutionary biology,
adaptive radiation is the process by which a single common ancestor evolves
through natural selection into a diversity of species that have a great variety of
ecologies or anatomical structures. The amazing diversity of Darwin’s
Finches (Geospizinae) on the Galdpagos Islands is a canonical example of
adaptive radiation. In this chapter, however, we will investigate another group
of birds—the neotropical manakins—in order to understand a different kind
of evolutionary process: aesthetic radiation. Aesthetic radiation is the process
of diversification and elaboration from a single common ancestor through
some mechanism of aesthetic selection—especially mate choice. Aesthetic
radiation does not preclude the occurrence of adaptive mate choice, but also
includes arbitrary mate choice for sexual beauty alone, with all of its often
dramatic coevolutionary consequences.

The science of beauty requires that we get out of the laboratory and the
museum and into the field. Fortunately, my bird-watching youth was great
basic training for doing natural history research on birds in the field. I
discovered the second critical element of this branch of beauty studies—
phylogenetics—as an undergraduate at Harvard University. My immersion in
formal ornithological studies began in the fall of 1979 with a freshman
seminar, the Biogeography of South American Birds taught by Dr. Raymond
A. Paynter Jr., the curator of birds at the Museum of Comparative Zoology
(MCZ). Dr. Paynter introduced me to the intellectual magic of natural history
museums. Up on the fifth floor of the huge and ancient brick building that
housed the Bird Department was a series of rooms where hundreds of
thousands of scientific bird specimens were curated. During my
undergraduate years, the MCZ was my intellectual home. I hung out a lot in
the bird collections doing bibliographic work and curatorial tasks for Paynter
and generally smelling like mothballs.

Dr. Paynter himself was far too intellectually conservative and cautious
to be interested in the revolutionary new field of phylogenetics. But I soon
discovered that the latest concepts and methods in this field were being hotly
debated downstairs in the Romer Library in the weekly meetings of the



Biogeography and Systematics Discussion Group. In retrospect, this time at
Harvard was a golden era for phylogenetics. From the meetings of this
“revolutionary cell” in the Romer Library, multiple graduate students went
out into the world and made fundamental contributions to the field, helping to
bring phylogeny back into the mainstream of evolutionary biology.

My own work was profoundly shaped by those weekly discussions in the
early 1980s. I became fascinated by phylogenetic methods and eager to
reconstruct avian family trees. For my senior honors project, I worked on the
phylogeny and biogeography of toucans and barbets. Working at a desk I
made for myself on a big table beneath the towering skeleton of an extinct
moa in room 507 of the bird collection, I was excited to make observations of
toucan plumage and skeletal characters and to construct my first phylogenies.
I am happy to say that I have been continuously associated with world-class
scientific collections of birds ever since. Only, I don’t smell like mothballs
anymore.

As graduation approached, I was casting about for what to do next,
searching for a research program that would combine my bird-watching skills
and passion with my new obsession with avian phylogeny. Before going on to
graduate school, I was desperate to get to South America and to see more of
the birds I had met in the drawers at the MCZ. (There were very few tropical
bird field guides in those days, so browsing through a museum collection was
actually the best way to learn about the birds before actually seeing them in
real life.) Intrigued by the Harvard graduate student Jonathan Coddington’s
research using the phylogeny of spiders to test hypotheses about the evolution
of orb-web-weaving behavior, I wanted to make a similar use of phylogeny to
study the evolution of bird behavior.

At about that time, I met Kurt Fristrup, a Harvard graduate student, who
had worked on the behavior of the flamboyantly orange Guianan Cock-of-
the-Rock (Rupicola rupicola, Cotingidae) (color plate 5), one of the planet’s
most amazing birds. Kurt suggested, “Why don’t you go to Suriname to map
manakin leks?” In retrospect, this was one of the most consequential pieces
of professional advice I ever received.



On a thin branch twenty-five feet high in the sun-dappled understory of
a tropical rain forest in Suriname perches a tiny glossy black bird with a
brilliantly golden yellow head, bright white eyes, and ruby-red thighs—a male
Golden-headed Manakin (Ceratopipra erythrocephala) (color plate 6). He
weighs about a third of an ounce (ten grams), or a bit less than two U.S.
quarters. He has a short neck and short tail, giving him a compact body, but
he has a nervous energy that belies his almost dumpy appearance. He sings a
high, soft, descending whistled puuu and peers intently around, hyperaware of
his surroundings. In moments, a second male whistles back from his perch in
an adjacent tree, and then a third nearby. The male answers immediately. His
social environment is obviously the focus of his keen attention. In all, there
are five males clustered together in the forest. They are obscured from one
another by foliage, but they are all within earshot of each other.

In response to the neighboring calls, the first male draws himself up into
a statuesque upright posture with his light-colored bill pointing upward. After
singing an energetic, syncopated, and raspy puu-prrrrr-pt! call, he suddenly
flies from his perch to another branch twenty-five yards away. After a few
seconds, he flies rapidly back to his main perch singing an accelerating
crescendo of seven or more kew calls in flight. His flight path traces a subtle
S-curve trajectory, first down below the level of the perch and then up above
it. He lands on the perch from above while uttering a sharp buzzy szzzkkkt!
Immediately upon landing, the male lowers his head, holds his body
horizontal to the branch, and raises his rear up with his legs extended,
revealing bright red thighs against his black belly, like a provocatively colored
pair of breeches. He then slides backward along the perch in the tiny rapid
steps of an elegant “moonwalk,” as if on roller skates. In the middle of the
moonwalk, he flicks his rounded black wings open vertically above his back
for a moment. After sliding backward for twelve inches along the branch, the
male suddenly lowers and fans his tail, flicks his wings vertically again, and
resumes his normal posture.

Moments later, the second male Golden-headed Manakin flies in and
perches on another branch about five yards away. The first male immediately
flies to join him, and they sit quietly side by side—but facing away from each
other—in the dramatic upright posture. Intense, competitive, but mutually
tolerant, the two males are deeply engaged with each other.



This scene is just a few moments in the bizarre social world of a
Golden-headed Manakin lek. A lek is an aggregation of male display
territories. Lekking males defend territories, but these territories lack any
resources that females might need for reproduction other than sperm: no
significant food, nest sites, nest materials, or other material assistance to the
female. Golden-headed Manakins defend individual territories between five
and ten yards wide, with two to five such territories grouped together. Leks
are essentially sites where males put themselves on display in order to lure
females to mate with them. Over the breeding season, individual females visit
one or more leks, observe male displays, evaluate these displays, and then
choose one of those males as their mate.

Lek breeding is a form of polygyny (one male with many potential
mates) that results from female mate choice. In a lek-breeding system,
females can select any mate they want, and they are often nearly unanimous
in preferring a small fraction of the available males. So a relatively few males
get to mate with a relatively large number of females. The skew in mating
success 1s rather like the contemporary skew in income distribution. The most
sexually successful males are very successful and account for half or more of
all the matings, while other males will never have any opportunity to mate in
a given year. Some males go their whole lives without mating.
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The backward slide display of the male Golden-headed Manakin.

After mating, female manakins build nests, lay clutches of two eggs,
incubate them, and care for the developing young entirely on their own
without any help from the males, whose contributions to reproduction end
with their sperm donations. Because females do all the work, they don’t
depend on the males for anything, and their independence allows them almost
total sexual autonomy. This freedom of mate choice has allowed extreme
preferences to evolve; females only choose the few males whose behavioral



and morphological features meet their very high standards. The rest will be
losers in the mating game. Thus the aesthetic extremity of male manakins is
an evolutionary consequence of extreme aesthetic failure, which results from
strong sexual selection by mate choice.

Female manakins have been choosing their mates in leks for about
fiftteen million years. Over the course of time, the features they have preferred
have evolved into an extraordinary diversity of traits and behaviors among the
approximately fifty-four species of manakins distributed from southern
Mexico to northern Argentina. Manakin leks are among nature’s most
creative and extreme laboratories of aesthetic evolution. For me, they proved
the perfect place to study Beauty Happening.

Inspired by Coddington’s revolutionary spider research and Fristrup’s
helpful suggestion, I headed off in the fall of 1982 to the nation of Suriname,
a small, culturally Caribbean, former Dutch colony in northeastern South
America, for what turned out to be a five-month sojourn in search of
manakins. In Suriname, I worked at the Brownsberg National Park, a fifteen-
hundred-foot-high, table-topped mountain covered in tropical rain forest,
which is just a few hours south of the capital city of Paramaribo, down red
dirt roads. Within a couple days of observing my first Golden-headed
Manakins, I also found the White-bearded Manakin (Manacus manacus).
One morning while walking through the young secondary forest along the
main road through the park, I heard a sharp snap within a shrubby thicket,
which sounded like a tiny popgun or a toy firecracker. In the thick shrubs
along the road edge, I spied a boldly plumaged White-bearded Manakin
(color plate 7). The male of the species has a black crown, back, wings, and
tail and bright white underparts that extend in a collar around his nape.
Perched only a yard above the ground, this male gave a loud chee-poo call,
which was quickly answered by another male a few yards away.

Unlike the Golden-headed, the White-bearded Manakin displays on and
near the forest floor, and the males cluster closely together in tiny display
territories within a few yards of each other. After I waited patiently for a few
minutes, a flurry of displays suddenly broke out. The first male flew down to a
small court—that is, a patch of bare dirt on the forest floor about a yard wide



—and began to bounce rapidly back and forth between small saplings around
the edges of the court. Each flight was punctuated by a sharp Snap! that is
made by the wing feathers. When perched, his body was transformed. The
previously smooth white feathers of his throat were now fluffed out and
forward to form a puftfy white beard that extended beyond the tip of his bill.
Soon several males were all snapping and calling simultaneously. When
perching, the males would occasionally make a sudden, explosive, and rapid
series of snaps so quickly that they blurred together in a flatulent Bronx cheer.
As suddenly as the excitement started, the wave of displays ended, and the lek
quieted down to a few chee-pooos, with long waits in between.

Unlike the elegant flight and perch displays of the Golden-headed
Manakins, the White-bearded Manakin displays are rowdy and rambunctious.
The males are packed together, hopping and popping vigorously. White-
bearded Manakin males are like buff gymnasts, executing short flights and
rebounds with muscular precision.

Comparing the radically different display repertoires of just these two
manakin species introduces the central dilemma of their aesthetic evolution.
How did they evolve to be so different from each other? The true magnitude
of this mystery emerges when we realize that every one of the approximately
fifty-four species of manakins has evolved its own distinct repertoire of
plumage ornaments, display behaviors, and acoustic signals; that is fifty-four
distinctive “ideals” of beauty. Because nearly all species of the family are
lekking, we can be confident that all manakins evolved from a single lekking
common ancestor, which, we can infer from time-calibrated molecular
phylogenies, lived about fifteen million years ago. So, why did the females of
each manakin species evolve such highly diverse mating preferences—their
own Darwinian standards of beauty? And how did this aesthetic radiation
occur? Learning the answer requires that we explore the history of beauty
through the Tree of Life.
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A male White-bearded Manakin landing on a sapling on his display court with his
throat feathers erected.

There is a reason manakins are such a good example of the evolution of
beauty, and it has to do with family life. Over 95 percent of the world’s more
than ten thousand bird species are raised by two attentive, hardworking
parents. But not manakins. The British ornithologist and pioneering manakin
man David Snow first proposed an evolutionary explanation for their
distinctive breeding system in his enchanting 1976 book, The Web of
Adaptation. The book is an evocative account of his and his wife’s adventures



studying lekking manakins and cotingas in Trinidad, Guyana, and Costa Rica.
(I read the book with great excitement when I was in high school, and my still
vivid memory of it was one reason why I responded so positively to Kurt
Fristrup’s suggestion to go study manakins in Suriname.) Snow hypothesized
that eating a diet consisting largely of fruits, as manakins do, can rearrange an
animal’s family life and unleash a cascade of effects on its social evolution.

Imagine that you eat insects for a living. You are probably thinking that
this would not be an easy life, and you would be right. Insects make
themselves difficult to find, prickly, hard to handle, distasteful, and sometimes
even toxic. Living on a diet of insects is hard work quite simply because
insects do not want to be eaten. That’s why raising a family on insects is
almost always a two-bird job.

By comparison, feeding mostly on fruit is like a dream—a land of milk
and honey—because fruit wants to be eaten. Fruits are highly caloric,
nutritional bribes created by a plant to entice animals to swallow, transport,
and deposit their seeds far away from the parent plant. Fruit is the plant’s way
of seducing mobile organisms to do its bidding and disperse its young. As a
result, fruit advertises itself, is easy to find, often easy to handle, and
abundantly available. Fruit-eating animals, like manakins, oblige the plant by
regurgitating and defecating the seeds from the fruits they eat as they move
through the forest.

If the living is so easy for fruit eaters, why don’t they just use both
parents to raise lots more kids? The problem, Snow proposed, is predation at
the nest. Lots of chicks means lots of activity to attract predators and
therefore lots more risk of losing the whole brood. Snow argued that limiting
the clutch size—that is, the number of eggs laid in each bout of breeding—to
two allows a single female to raise the family safely and successfully all on her
own. By feeding mainly on abundant fruit, a single female manakin can build
her own nest, lay the eggs, incubate the clutch, feed the young until fledging
entirely by herself, and reduce predation at the nest.

Snow hypothesized that lek display in manakins evolved when an
evolutionary shift in diet to fruit meant males were “emancipated from
parental care.” Females used their capacity for mate choice to select among
available mates, and the result was tremendous aesthetic elaboration and
diversification of male display. Of course, Snow’s scenario for how this would



happen was incomplete because he did not yet have an understanding of
sexual selection. We now know that unconstrained opportunities for mate
choice will lead to the evolution of selective mate preferences—that is,
pickiness.

Lekking birds feature so prominently in this book because lek-breeding
systems create the strongest sexual selection forces in nature and give rise to
the most aesthetically extreme—and often enchanting—forms of sexual
communication.

I was excited by my sightings of Golden-headed and White-bearded
Manakin leks at the Brownsberg, and I did start to try to map out the male
territories within the leks, as Kurt Fristrup had suggested. However, I was
much more intrigued by the actual dances the males did than by the spatial
relationships of their territories. Besides, David Snow and Alan Lill had
already published extensively about these two common and broadly
distributed species. I wanted to focus on manakins that hadn’t been as well
studied.

My real intellectual goal was to find the virtually unknown White-
throated Manakin (Corapipo gutturalis) and the White-fronted Manakin
(Lepidothrix serena), which were both reported to occur at the Brownsberg.
The male White-throated Manakin is a deep, glossy iridescent blue-black
color with an elegant snowy-white throat patch that extends down the breast
in a pointed V-shape (color plate 8). The species was so poorly known that it
had been left out of Francois Haverschmidt’s Birds of Surinam, published in
1968, but birders had recently reported it from the Brownsberg. In contrast,
the male White-fronted Manakin is a velvety black with a royal-blue rump, a
snowy-white forehead, a banana-yellow belly, and an orange-yellow spot on
its black breast (color plate 9). Very little was known about the species in the
wild.

Finding a specific bird species among the hundreds of species in a
tropical rain forest is a real challenge. At the time, the songs of the White-
fronted and White-throated Manakins had not been described for science,
and no recordings were available. The only way to find these birds was to



persistently bird-watch my way through the entire avifauna until I found
them. This method consisted of going out every day, listening for new bird
songs, tracking them down, identifying them, learning them, and adding them
to my growing mental catalog of bird sounds that were not the manakins I
was looking for. Of course, this was still spectacularly exciting, because
virtually all the birds were new to me. Along the way, I would find legendary
neotropical birds like the Ornate Hawk-Eagle (Spizaetus ornatus), the
Crimson Topaz (Topaza pella) hummingbird, the Variegated Antpitta
(Grallaria varia), the Sharpbill (Oxyruncus cristatus), the White-throated
Peewee (Contopus albogularis), the Red-and-black Grosbeak (Periporphyrus
erythromelas), and the Blue-backed Tanager (Cyanicterus cyanicterus). But
the checklist of the birds of Brownsberg listed over three hundred species.
So, if I wanted to find the two manakins that were my focus, I had my work
cut out for me.

At the end of the first week, I found my first territorial male White-
fronted Manakin just off a trail on the flattop of the Brownsberg. The
advertisement song of this species turned out to be one of the least impressive
of all the manakins. It is a single, simple whreeep note with the casual,
rolling, froggy richness of a brief toot on a police whistle. In my notes from
that first day of discovery, I described the song as a “short, sporadic farty
trill.” The display repertoire of the White-fronted Manakin turned out to be
relatively simple, too—on the vanilla end of the diversity in manakin
aesthetics. The main male display consists of a series of to-and-fro flights
about two feet above the ground, which take him back and forth between
thin, vertical saplings that surround a central “court” about a yard wide.

These display flights were of two types. Some were direct “beeline”
flights between saplings, with the bird flipping around in midair so that when
he landed he would be facing inward toward the court for his return flight.
The series of beeline flights would continue for up to twenty seconds. During
these displays, the male sometimes perched momentarily on a sapling with his
azure-blue rump and white fore crown showing boldly. In the alternative
“bumblebee” flight displays, the male flew back and forth between two
saplings, springing off the branches as soon as he touched them and hovering
in the air with his body held nearly vertical, his wings beating in a rapid



whirr. This gave the rather eerie visual impression of a multicolored ball
hovering between the saplings at knee height above the ground.

In many days of observation, I saw two probable female visits. I say
“probable,” because all young male manakins have green plumage like the
females. In neither case was I able to observe a copulation, which would have
confirmed the sex of the visitor. Marc Théry made later observations of the
same species in French Guiana. He observed that females follow the male
around the court during several to-and-fro flights and then alight on a small
horizontal perch on the court edge. The male then flies up and mounts the
female in copulation.

After starting my observations of the White-fronted Manakin, I
alternated mornings of watching them at their leks with the search for other
manakin species elsewhere in the park. I soon found the male White-crowned
Manakin (Dixiphia pipra), which is coal black with a bright white crown and
bright red eyes, and I observed it for several days. It took a little longer to find
the Tiny-tyrant Manakin (7yranneutes virescens), a truly diminutive and
amazingly nondescript olive-green bird with an oft-hidden, tiny central yellow
crown stripe that weighs in at only seven grams—or about as much as one and
two-thirds teaspoons of salt. The male sings a soft, hiccuping little trill from a
thin branch about three to five yards high. The first time I found a male
singing, he was so motionless and inconspicuous that it took me ten minutes
to spot the bird, even though he was perched in plain sight.

I enjoyed my sightings of these birds, but because the display behaviors
of both the White-crowned and the Tiny-tyrant Manakin had already been
described by David Snow in the early 1960s, I was still determined to find the
mysterious White-throated Manakin.

The courtship of the White-throated Manakin was only known from a
brief note published in the British ornithological journal the Ibis in 1949,
which described a single anecdotal observation by T. A. W. Davis. One
morning in nearby British Guiana, Davis saw a group of males and “females”
consorting together. (Davis did not consider whether any of these green
“females” could actually have been young males.) He observed some



remarkable male displays and even saw a pair copulating on a mossy fallen
log on the forest floor. The displays included a posture with the bill pointed
upward, revealing the white throat, and another with the wings held open and
the male moving across the log in a “slow undulating crawl.” No one had ever
reported a display like this in any other manakin species, and I was desperate
to see it for myself.

One day in mid-October, I descended the slopes of the mountain to
lower-altitude forests along the Irene Val Trail, named for the lovely Irene
Waterfall. It was an active morning in a very birdy tropical forest. At one
point, I heard a whooshing sound immediately by my head. At first, I thought
I might have been dive-bombed by a hummingbird, but when I looked up, 1
was surprised to see a male White-throated Manakin perched on a branch
immediately above the trail. I then realized that I had just stepped over a large
log that was lying in the middle of the trail. Intrigued by the possibility that I
had interrupted him in mid-display, I backed off the trail to use the forest
foliage as a temporary blind. Immediately, the male flew back down to the log
in the trail with a rapid flurry of whirring wings, bounding leaps, popping
noises, and squeaky calls. The first male was soon joined by two other adult
males and two immature males—which were identifiable by their mostly
green, female-like plumage and black, Zorro-like face masks. Within the
space of a few minutes, I saw more White-throated Manakin displays than T.
A. W. Davis had in 1949, and I knew that I had a great scientific opportunity
ahead. In the months that followed, I would spend dozens of days observing
the White-throated Manakins and, in the process, get totally hooked on
studying lek behavior.

Although manakin display repertoires are usually dramatic, the displays
of the male White-throated Manakin had a degree of complexity that was
completely new to me, comprising an extraordinarily rich array of behavioral
elements. His advertisement song is a high, thin, whistled seeu-seee-ee-ee-ee,
sometimes shortened to seeu-seee. He sings this call quite calmly, only a few
times a minute at most, from a perch two to six yards high. The astounding
acoustic and acrobatic tour de force in his display repertoire is the log-
approach flight display. Starting from a perch five to ten yards away, the male
flies toward the log, giving a crescendo of three to five insistent seee notes as
he goes. In the air, about a foot above the log, the male suddenly stalls in mid-



flight with a prominent flap of his wings, producing a sharp pop, and drops to
the log. Immediately upon landing, he rebounds into the air, turns around in
mid-flight, gives a squeaky, raspy, cranky-sounding fickee-yeah call, and lands
about a foot and a half down the log. He lands instantly frozen in a crouching,
bill-pointing posture with his beak held straight aloft and his pointy, V-
shaped snowy-white throat patch exposed. I also observed an alternative log
approach—the “mothlike flight” in which a male fluttered slowly, undulatingly
down to the log with a series of labored, exaggerated wing flaps, all the while
holding his body in a vertical position.

Once on the log, the glossy blue-black male performs additional
displays. Sometimes, he crouches and lowers his beak to the log, holding the
wrists of the wings slightly shrugged above his back, while running back and
forth across the log. In the “wing-shiver” display, he holds his body horizontal
and opens and closes each wing in rapid, alternating succession, flashing the
brilliant white patches that are concealed when his wings are closed. With
each alternating wing opening, the male shuffles the foot on the same side to
creep backward along the log. This is Davis’s “slow undulating crawl.”

Each male displays at a few logs within a territory about twenty yards
wide. The display excitement within a male’s territory is occasionally
enhanced by the arrival of a rowdy, traveling band of two to six males of
mixed age that display together and with the territory holder. The groups
include both adult males that may have their own territories but have
temporarily joined the wandering, group display and young males in various
stages of preadult plumage, who apparently do not hold territories. These
group displays are not coordinated but more like a highly competitive form of
rabble-rousing. Males vie for access to the same display log, performing a
rapid flurry of log-approach displays one after another and frequently
displacing each other from the log. During the competition for control of the
log, males “strafe” each other by flying low over the log and producing only a
mechanical pop just over the male on the log, right at the nadir in flight. The
result can be an exciting flurry of pops and log-approach calls in rapid
succession by different males: POP-tickee-yeah—POP—POP-tickee-yeah—
POP!



The log-approach display of the male White-throated Manakin.

During months of observations at White-throated Manakin logs, I saw
only two female visits. One or two green-plumaged individuals perched on a
log and intently observed a displaying male while he performed a series of
log-approach displays or wing-shiver displays. Interestingly, when performing
the wing-shiver display for a visiting female, the male turned his back and
crawled backward toward the female. Even during the bill-pointing posture,
which displays his bright white throat, he turned his back on the female. With
his beak held high, he often peered nervously over his shoulder to monitor
how the visiting female was responding to his display. I myself saw no
copulations. But both T. A. W. Davis in British Guiana back in the 1940s and
Marc Théry in French Guiana many years later documented that copulation
takes place on the log after a series of these displays, with the male mounting
the female directly on the rebound from a log-approach display.



The bill-pointing (left) and wing-shiver (right) displays of the male White-throated
Manakin.

In November 1982, an unusual, and unusually talented, birder arrived at
the Brownsberg. Tom Davis was a lanky, six feet eight, foulmouthed
telephone company engineer and legendary New York birder from
Woodhaven, Queens, with great identification skills and an audiophile’s
obsession for recording bird song in the field. Through a series of birding
vacations, Tom had become an outstanding expert on the birds of Suriname.
When Tom arrived, he told me that during the previous year, while sitting on
a bench overlooking the forested valley where he had been birding for so
many years, he had discovered a spectacular above-the-canopy flight display
by White-throated Manakins.

In our very first day together in the field, Tom took me to a viewing
point from which he was able to show me this novel flight display, which took
place more than fifty to a hundred feet above the tallest trees in the forest.
After waiting for about thirty minutes, I saw a male ascending skyward while
vocalizing an emphatic series of SEEEE...SEEEEE.. SEEEEE notes that were
even louder, more intense, and more emphatic than the similar notes I'd heard
at the logs during log-approach displays. The ascending male flew in a bizarre
fluffed-out posture looking rather like a black-and-white cotton ball. After the
male reaches the apex of his flight, he suddenly plummets back down into the
forest. In the previous year, Tom had made a tantalizing observation; some of
the above-the-canopy flight displays end with a loud, mechanical Pop! note
after the male disappears back into the forest.



In the weeks that followed, I was able to piece together the entire display
sequence. One day during observations at a display log, I heard the especially
intense version of the SEEEE calls that the male makes during his above-the-
canopy flight from overhead and suddenly saw the male come careening
downward through a hole in the forest canopy toward the log and perform a
full log-approach display. Only then did I realize that I should have been
looking up! Within a few days, I made multiple observations of males
plummeting down through the forest canopy to the log after their above-the-
canopy flights.

I am sure that I would never have discovered these flight displays by
myself, given that I was spending all my time inside the forest at the display
logs themselves. So, Tom Davis’s fantastic observations were essential to the
story. The specific function of this especially extravagant behavior—
advertising to females over many acres of forest?—remains enigmatic.

My ornithological Wanderjahr in Suriname was a transformative
personal and intellectual experience. I had made it out of the university to a
distant and exotic corner of the world, and I had thrived. During my five
months there, I had used my birding skills to observe hundreds of species of
birds. I came away with unique scientific observations of previously unknown
lek behaviors, which were significant enough to constitute my first scientific
papers, published a few years later in the canonical ornithological journals the
Auk and the Ibis. I had also made good progress on devising a doctoral project
on the evolution of manakin behavior.

The next year, I had the opportunity to return to South America to work
as a field assistant to a Princeton graduate student, Nina Pierpont, who was
studying woodcreeper ecology at Cocha Cashu—a remote, Amazonian field
station in southeastern Peru. My research at Cocha Cashu proved to be
critical to my future life, for it was there that I met Ann Johnson, a Bowdoin
College student who was working as an assistant for a Princeton
undergraduate student, Jenny Price, on the social behavior of White-winged
Trumpeters (Psophia leucoptera). Ann and I became sweethearts that
summer, and we have been partners ever since. Ann is a producer and



cinematographer of nature and science documentaries for television. We have
three sons.

In the fall of 1984, I started graduate school in evolutionary biology at
the University of Michigan. Inspired by the diversity and complexity of
manakin displays from Suriname, I proposed for my dissertation a grand,
comparative analysis of the evolution of manakin behavior across the entire
family. I wanted to use manakin phylogeny—their family tree—to study the
evolution of manakin lek display behavior. This emerging scientific field
combined phylogeny with the study of animal behavior, called ethology, into
a vibrant new discipline—phylogenetic ethology. The goal was to investigate
the evolution of behavior comparatively through its history. Although I didn’t
realize it at the time, this was my first step into the study of aesthetic
radiation.

During my first year in graduate school, my office mate, Rebecca Irwin,
introduced me to the classic work of Ronald A. Fisher and to the
revolutionary new papers on mate choice by Russell Lande and Mark
Kirkpatrick. This was my first exposure to the science of mate choice and to
the deep intellectual conflicts between the aesthetic/Darwinian and the
adaptationist worldviews. But even then I could sense that the open-ended and
arbitrary qualities of the Fisher hypothesis looked a lot more like how nature
worked than the honest signaling theories did.

I was desperate to get back to South America and continue with my
manakin fieldwork. I did not know where to go, but I was particularly
intrigued by the idea of going to the Andes, which would provide so many
great birding experiences. So, for my first summer in graduate school in 1985,
I proposed that Ann and I would conduct field research in the Ecuadorean
Andes to discover the unknown lek display behavior of the nearly mythical
Golden-winged Manakin (Masius chrysopterus). 1 had no better justification
for the research than the fact that the bird was entirely unknown. I certainly
did not tell my advisers or the grant agencies that I had chosen this bird in
particular because it was beautiful and happened to live in the Andes, where
hunting for it would be so birdy, fun, and rewarding. But thanks in part to my
new track record of published manakin display descriptions, I managed to get
a few small grants to fund this high-risk project. Even the local camping
outfitter, Bivouac in Ann Arbor, agreed to subsidize the purchase of the



camping equipment that we would need for the fieldwork, which helped make
my few dollars go further.

By any measure, the Golden-winged Manakin is a strikingly gorgeous
bird (color plate 10). The male’s plumage is mostly velvety black with a
brilliant, plush yellow crown that extends slightly forward in a brushy crest
over the beak, like a 1950s greaser hairstyle. The hind crown is brilliant red
in the populations located on the east slope of the Andes and reddish brown
in populations on the west slopes. On either side of the crown, the male sports
two tiny, black, feathery horns. However, the truly stunning features of the
male’s plumage are usually discreetly hidden. The wing and tail appear
completely black when the bird is perched. But once in flight, the inner vane
of each wing feather is revealed to be a vivid golden yellow, the same color as
his crown. As we would discover, the sudden golden flash of his wings in
flight i1s a major feature of the male’s courtship display, producing a visual
effect that is as breathtaking as it is unexpected.

When Ann and I arrived in Ecuador, all that we knew about this bird
came from what we had learned from fifty-year-old museum specimens. In
1985, there were no recordings of the Golden-winged Manakin in the
collections of the Cornell Lab of Ornithology or the British Library of
Wildlife Sounds, so we didn’t know what the bird sounded like. We also knew
nothing about its breeding season, because this was among the many things
completely unknown about the species.

We started our search in Mindo, a little town on the western slopes of
the Andes at sixteen hundred meters in altitude, to the west of the capital of
Quito. Mindo has since become a bustling ecotourism destination, but in
1985 it was a sleepy village with only a few dozen houses lining its mud
streets. The forests around Mindo, however, were filled with diverse birdlife.
We were thrilled to find Golden-winged Manakins foraging for fruit among
flocks of brilliant 7Tangara tanagers. But we were unable to find any territorial
males or any evidence of song or display activity. When asked by the curious
locals if we had found the bird we were looking for, we had to explain, “La
epoca no estd buena.” It’s not the right season. Of course, we had no idea
what the right season was.



After a month in Mindo without success, we got a great tip from an
expatriate American ornithologist and bird artist, Paul Greenfield, who would
later co-author the excellent Birds of Ecuador with Robert Ridgely. Paul had
recently been birding along a mini railway line that ran parallel to the
Colombian border from the north Andean town of Ibarra down to San
Lorenzo on the Pacific coast. In the cloud forest around the tiny settlement of
El Placer, he had seen plenty of Golden-winged Manakins. Perhaps, he
suggested, if we went to a new locality with different geography, altitude, and
weather conditions, it would be breeding season there, and we would be able
to find the displaying males we were looking for.

We decamped to El Placer—literally “Pleasure”—via a train that
consisted of a single car, like a city bus with small-gauge railroad wheels.
This one car made a single round-trip to the coast and back each day. The
“town” of El Placer was really just a collection of about ten rough-hewn, tin-
roofed plank houses for the families of the workers who maintained that
stretch of the railroad track. Besides the houses there was nothing in El
Placer except an empty school, a railroad company office that doubled as a
small store, and a few muddy footpaths into the surrounding forest.

El Placer must surely rank among the rainiest places on earth. It rained
or drizzled continuously throughout the six weeks we were there. Even at the
quite low altitude of five hundred to six hundred meters, the forest was very
cool and mossy. The forest was second-growth cloud forest that had
regenerated since the construction of the railroad decades before. We found a
beautiful community of birds there, including Golden-winged Manakins, on
the very first morning.

The first Golden-winged Manakin we saw was perched calmly on a
branch about six feet above the ground, inside the dense mossy forest. In
these very low light conditions, his velvety black plumage was like a light
sponge, but his golden crown was brilliantly visible. He uttered a brief, low,
raspy, frog-like nurrt call about three times a minute, a vocalization that was
so underwhelming that we could easily have passed it off as the occasional
call of a frog or insect. Between displays, male manakins often look like idle
workers waiting out a long shift at a rather boring job. So, this male’s quite
sedentary and indolent attitude was an excellent indication that he was on
territory. My hunch was soon confirmed when we heard and located a second



calling male about twenty meters away across the trail. This was clear
evidence of a lek with multiple males and a great find after our weeks of
fruitless observations in Mindo.

Given the unpredictability of wild bird behavior, you can never really
know if the first moments of observation will be your last or the start of
months of subsequent study. So you must always proceed as if the first
sightings are the only opportunities you will ever have. We immediately
deployed tape recorders and notebooks to record the behavior and songs of
the two Golden-winged males, noting the qualities of the song, the rate of
counter-singing between them, and the positions of their song perches.

After an hour or so, I heard a remarkably familiar sound coming from
the area of the first singing male. It started with a high, thin descending
whistle and ended with an accelerated and syncopated riff—Ilike seeeeeeeeee-
eeeeeeee-tseet-tseee-nurrrt! 1 was immediately reminded of the log-approach
display flight song of the White-throated Manakin from Suriname. The
similarities were so strong that I became confused. We were thousands of
miles away from the range of the White-throated Manakin in northeast South
America; how could this be? The unexpected, even unimaginable solution to
this conundrum would soon become clear, but in my mind there was still a lot
of resistance to realizing it.

I returned to watch the first male Golden-winged Manakin in his
territory, and what I observed over the next few minutes was profoundly
surprising. Indeed, it was a scientific revelation. The male continued counter-
singing, trading nurrt calls with the neighboring male, but he then flew off his
habitual perch and into the dark forest. In a few moments, however, I heard
the long, thin, high-pitched, continuous, descending seeeeceeeeceee note
approaching through the air. I then saw the male Golden-winged Manakin
drop rapidly in flight to land on a large, exposed buttress root of a tree right in
front of me. As he landed, he immediately rebounded into the air, turning
around in mid-flight, vividly flashing his brilliant golden wing patches, and
landed back down on the root facing back in the direction of his first landing
position. As he landed, he froze in an elongate tail-pointing posture with his
beak held down against the surface of the root, his body plumage sleek, and
his tail held up at a forty-five- to sixty-degree angle in the air.



As rapidly as the brain converts an optical illusion from one image into
an entirely new picture that was previously imperceptible, a rich and highly
detailed set of scientific conclusions became immediately clear to me. The
calls that were surprisingly similar to the White-throated Manakin’s were the
log-approach display call of the Golden-winged Manakin. The host of
remarkable similarities between the display behaviors of these two species
were behavioral homologies—similar behaviors that they had both inherited
from an ancient, shared ancestor, a common ancestor that no one had ever
even conjectured might exist. Because the males of these two species look
completely different from each other and are in two different genera, no one
had ever before hypothesized that they were closely related to each other.
However, after I saw their displays, it was immediately and vividly clear to
me that the White-throated Manakin (Corapipo gutturalis) and the other
Corapipo manakins were the closest relatives of the Golden-winged Manakin.



The log-approach display of the male Golden-winged Manakin.

It is hard to express how astounded I was by this discovery. It was a true
epiphany, the culmination of weeks of futile searching, nine months of
planning for the trip to the Andes, five months of previous fieldwork in
Suriname, years of academic studies in ornithology and the sciences, and a
parallel life of birding. All these influences had coalesced in an instant to
reveal a heretofore entirely unsuspected connection. Never once during all my
planning for this Andean expedition for the Golden-winged Manakin had I
imagined such a possibility, that I could rewrite the phylogeny of the manakin
family. Nor could I have, in my wildest dreams.

Of course, the stunning result of the expedition was personal proof that
it really pays to listen carefully to the voice of one’s private ornithological
muse. It pays to be lucky, too, for obviously I could never have come to this
moment without my previous observations of the White-throated Manakin,
which I was among the very few people on earth to have seen. My
observations of White-throated Manakins in Suriname proved to be a unique
and essential preparation for understanding the evolutionary implications of
what I had witnessed in El Placer. What’s more, this newly revealed
evolutionary pattern also implied something fundamental about the process of



sexual selection by mate choice and the consequences for the assembly of
complex repertoires of ornamental traits and seductive signals. Thirty years
later, these discoveries still resonate in my work.

In the coming weeks, Ann and I would spend over 150 hours watching,
tape-recording, and filming the display behaviors of the Golden-winged
Manakin. It would take me much more analysis in order to establish the exact
details of the host of behavioral homologies shared between these species
since their common ancestor. It was obvious that long ago a common
ancestral species had evolved a unique display repertoire, elements of which
the Golden-winged and White-throated Manakins still exhibit in the present
day.

But it was also clear that over time parts of that repertoire had diverged
and transformed, with each species evolving its own unique display elements.
I discovered many such differences between them. For example, once on the
log, the Golden-winged males do not perform the bill-pointing posture and
the to-and-fro display like those of the White-throated Manakin. Nor do
Golden-wings perform anything like the wing-shiver display, even though
they have a glorious golden wing patch to show off during such a display.
Male Golden-winged Manakins do, however, have a unique display of their
own. Once on the log, the male performs an elaborate “side-to-side bowing
display,” in which he fluffs out his body plumage, cocks his tail slightly, and
erects the tiny black hornlets on either side of his golden crown. Then, with
the mechanical rhythm of a windup toy in a davening trance, he bows
forward, nearly touching his bill to the log, rises up, takes a few steps to the
side and rotates a bit, bows again, takes a few steps back in the original
direction, and bows, and so on. The males we observed continued this display
for ten to sixty seconds without interruption. Nothing remotely like this
occurs among the White-throated Manakins or any other manakin species.

These exciting discoveries helped establish that the aesthetic repertoires
of manakins are hierarchically complex. The visual, acoustic, and acrobatic
displays of manakins are composed of some behavioral elements that have
been handed down from their ancient common ancestors, and others that have
subsequently evolved in unique ways in each of those species. The beauty of



manakins cannot be understood solely in terms of the current environment or
population context, but is contingent upon phylogenetic history. The full
evolutionary history of beauty can only be understood in the context of
phylogeny. The history of beauty is a tree.

Fleshing out the details of what behaviors had changed evolutionarily on
what branching of the tree required my finding a third manakin species to
which I could compare the Golden-winged and White-throated Manakins. In
the same sense that it takes more than two data points to describe a statistical
trend, it is difficult to make conclusions about the details of evolutionary
history from a comparison of just two species. For example, spider monkeys
have tails, but humans do not. Clearly, some evolution in tails has happened
since these two species had a common ancestor, but which way did it go? Did
the spider monkey evolve a tail? Or did the humans lose one? Only by
looking at a third, more distantly related species—say, a lemur, tree shrew, or
dog—can we infer that the evolutionary event was the loss of the tail in an
ancestor of humans after shared ancestry with the spider monkey.



The tail-pointing (left) and side-to-side bow (right) displays of the male Golden-
winged Manakin.

So, what third species could I use to reconstruct the evolutionary history
of the Golden-winged and White-throated Manakins? It would have to be
closely related enough to Golden-winged and White-throated Manakins to be
useful. (In the example above, comparing primates with sea urchins, worms,
or jellyfish would not have helped me infer the evolutionary history of their
tails.) Luckily, in the fall of 1985, soon after my return from Ecuador,
Barbara and David Snow published a beautiful description of the poorly
known courtship display behavior of the Pin-tailed Manakin ({licura militaris)
from the lower montane forests of southeastern Brazil. The male Pin-tailed
Manakin has the bright, crisp, bold plumage color patterns of a toy soldier, as
the scientific name of the species suggests (color plate 11). The male is gray
below, black on the back and tail, green on the wings, with a red rump and a
bright red plush fore crown. The central feathers of the male’s black tail are
narrowly pointed and twice the length of the other tail feathers. The female is
olive green above, and dull greenish-gray below, with somewhat elongate
central tail feathers.

Because the male Pin-tailed Manakins look entirely different from the
male Golden-winged and White-throated Manakins, these three species had
never been hypothesized to be closely related. However, as I read the Snows’
descriptions of the display repertoire of the Pin-tailed Manakin, I could see
that many of its elements resembled the behaviors of Golden-winged and



White-throated Manakins, and I was certain that the Pin-tailed Manakin was
closely related to the Golden-winged and White-throated Manakins. By
including the Pin-tailed Manakin in my analysis, I was able to resolve many
outstanding questions about the evolution of the behavioral repertoires of the
Golden-winged and White-throated Manakins. By comparing all three
species, I could identify which display behaviors had evolved in the common
ancestor of all three species, which behavior novelties had evolved in the
exclusive ancestor of the Golden-winged and White-throated Manakins, and
which behavioral elements had evolved uniquely in each of the three species.

For example, I first considered the evolution of the male display sites.
Most manakins display on thin tree branches. Golden-winged and White-
throated Manakins are unique in the family in displaying on mossy fallen logs
on the forest floor. Pin-tailed Manakins, on the other hand, display on upper
surfaces of thick horizontal branches of trees, which are basically like living
logs up in the trees. So, it appears that displaying on thick branches evolved in
the common ancestor of all three species from the thin perches of ancestral
manakins. Then displaying on fallen logs or buttress roots evolved
subsequently in the exclusive common ancestor of the Golden-winged and
White-throated Manakins.

Another trait I examined was the tail-pointing posture. On their thick
display branches, Pin-tailed Manakins perform a tail-pointing posture that is
homologous with the Golden-winged Manakin’s but doesn’t resemble
anything the White-throated male does. Thus, I concluded that the tail-
pointing posture had evolved in the common ancestor of all three species but
was lost in the White-throated Manakin lineage and replaced by the novel
bill-pointing posture.



The tail-pointing display of the male Pin-tailed Manakin.

By thoroughly comparing the behaviors of all three species, I developed
a comprehensive hypothesis of the history of behavioral diversification in the
group. The display repertoires of each species had included physical, vocal,
and display elements and had evolved in many creative ways: by insertion of
entirely novel elements into the repertoire; by the elaboration of current
elements in new ways; and by the combinations of elements and the loss of
ancestral elements. I was able to propose an entirely new hierarchical view of
the coevolutionary history of manakin beauty.



For my doctoral dissertation, I went a step further, using new
information about manakin anatomy to produce a reasonably complete and
well-resolved phylogeny of the entire manakin family. This research involved
hundreds of dissections of the syrinx—the unique little gizmo the birds sing
with—of all manakin species. I then used this evolutionary tree to test my
hypotheses about behavioral homology. For example, I found common
features of syringeal structure that confirmed my hypothesis that the Pin-
tailed, Golden-winged, and White-throated Manakin genera had an exclusive
common ancestor. And, as I had proposed based on their display behavior,
these features also pointed to the Golden-winged and White-throated
Manakins’ being more closely related to each other than either was to the Pin-
tailed Manakin.
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display repertoires of each species and their shared ancestors. Based on Prum
(1997).

Today, what we know of the aesthetic radiation of manakins provides
many evolutionary lessons about how Beauty Happens over the Tree of Life.
We’ve learned that manakin aesthetic repertoires include many elements that
are older than the individual species themselves. We can see that each species’
display repertoire is contingent upon both the evolutionary legacy of that
species—what it inherited from its various ancestors—and any new display
elements—aesthetic elaborations, innovations, or losses—that have evolved in
that species alone.

How the elements of a given display repertoire come into being over the
course of time shows us the inherently serendipitous and unpredictable nature
of aesthetic evolutionary process. From a common history, sister species
evolve in many different and unpredictable aesthetic directions. Through each
aesthetic change, mate choice also creates new aesthetic opportunities, which
can unleash an evolutionary cascade of effects. These include the evolution of



further aesthetic extremity and complexity. As Beauty Happens, different
species evolve off in ever more different, arbitrary directions from their
shared ancestral repertoires. Especially when sexual selection is strong, as in
manakins and other lekking birds, Beauty Happening over the course of long
evolutionary timescales results in explosive aesthetic radiations.

My fieldwork in Suriname in 1982 launched me on a path of exploration
that I have continued to follow down to the present day (though with
diminished capacity in recent decades due to major hearing loss). In the
intervening decades, I have conducted ornithological research in twelve
neotropical countries and have had the good fortune to observe nearly forty
species of manakins in the wild. (I am still working eagerly to see the rest.)
For some of those species, I spent hours, days, or even months of observation
getting to know their habits, observing their daily rhythms, describing their
courtship songs and dances, and mapping out their social relationships. This
helped me to build a rich database of natural history knowledge about
manakin behavioral complexity and aesthetic diversity.

But my ever-expanding knowledge of manakin diversity also taught me
to ask bigger, more fundamental questions about the evolutionary workings of
the natural world. Early on, I had thought of manakins as colorful birds with
delightfully bizarre display and social behaviors. Later, I conceptualized the
manakins as a great example of how the complex mechanisms of mate choice
affect behavioral evolution among species. Most recently, I have come to
think of manakins as one of the world’s premier examples of aesthetic
radiation. And as we’ll see in a later discussion of manakins (see chapter 7),
the female manakins haven’t only transformed male display repertoires;
they’ve changed the very nature of male social relations. It’s an astonishing
story of the transformative power of female mate choice.

Manakins are just one small piece of a vast tapestry of avian beauty.
There are over ten thousand species of birds in the world, ranging from the
plainest of sparrows to the most exquisite of manakins. Because every single
bird species exhibits some specific sexual ornaments that are employed in
courtship communication and mate choice, it is clear that the capacity for
mate choice in birds originated in an ancestor common to all birds, perhaps
even in a lineage of feathered theropod dinosaurs dating all the way back to
the Jurassic. From this single common ancestor, the repertoire of aesthetic



traits and mating preferences has continued to coevolve and radiate into the
many thousands of distinct forms of avian beauty that exist today. On
different phylogenetic branches at different times, the pace of coevolutionary
change has slowed or increased as new ecologies have contributed to
variations in breeding systems and parental care arrangements, which in turn
have given rise to tremendous variation in the nature and strength of sexual
selection by mate choice. Along the way, mate preferences have continued to
evolve in various avian lineages, sometimes occurring in both sexes,
sometimes in females only, or, much less often, in males only, and the
aesthetic repertoires of the sexes have coevolved accordingly. Each lineage
and species has evolved along its own distinctive and unpredictable aesthetic
trajectory. The result has been the flowering of more than ten thousand
distinctive aesthetic worlds comprising over ten thousand coevolved
repertoires of displays and desires.

Something comparable has occurred on myriad different branches across
the entire Tree of Life. From poison dart frogs and chameleons to peacock
spiders and balloon flies, whenever the social opportunity and
sensory/cognitive capacity for mate choice has arisen, an aesthetic
evolutionary process has taken hold. This aesthetic evolutionary process has
arisen hundreds or thousands of times during the history of life, even in
plants that have evolved ornamental flowers of distinct shapes, sizes, colors,
and fragrances to seduce animal pollinators into dispersing their gametes (in
the form of pollen) to other flowers waiting to be fertilized.

Throughout the living world whenever the opportunity has arisen, the
subjective experiences and cognitive choices of animals have aesthetically
shaped the evolution of biodiversity. The history of beauty in nature is a vast
and never-ending story.






CHAPTER 4

Aesthetic Innovation and Decadence

In the understory of a mossy cloud forest in the western Andes of Ecuador, a
small cocoa-brown bird with a red fore crown sings from a slim perch. Bip-
Bip-WANNGG! The tonal sound rings like feedback from an elfin electric
guitar. Three other males within earshot call back in rapid response with
increasing excitement. These are territorial male Club-winged Manakins
(Machaeropterus deliciosus) at a lek displaying to attract mates. The strange
acoustic quality of their songs is associated with an even stranger movement.
Instead of opening their beaks to make their electronic-sounding songs, the
male Club-wings flick their wings open at their sides to make the initial Bips
and then snap their wings up over their backs to set their swollen and twisted
inner wing feathers into rapid sideways oscillation to produce the
extraordinary WANNGG sound (color plate 12). These male Club-winged
Manakins are singing with their wings.

We have seen that many other manakins make pop and snap sounds with
their wing feathers during courtship display. White-throated Manakins make
a loud pop as they stall in flight over their display logs. White-bearded
Manakins make their explosive snaps as they leap between the display court
and the surrounding saplings, and they produce a loud flatulent roll—a rapid
series of snaps—while perched above their courts. The many variations on
snap, crackle, and pop in the manakins are all feather sounds.

The existence of these nonvocal communication sounds is evolutionarily
baffling, because manakins all have perfectly good vocal songs that remain an
important part of their aesthetic repertoires. Why would any species—Iet
alone many separate species—evolve an entirely new way to sing when the
traditional avian vocal songs had been working fine, even gloriously, for over
seventy million years?

Like eyes, limbs, and feathers, the mechanical sounds of manakins are
examples of evolutionary innovations—entirely novel biological features that



are not homologous with any ancestral, or antecedent, feature. Evolutionary
innovations are intellectually exciting because they require more than simple,
incremental, quantitative change—more than mere evolutionary tinkering, if
you will. Innovations involve the evolution of genuinely new phenomena and
features, or qualitative evolutionary novelties.



The male White-bearded Manakin produces the roll-snap wing sound by clapping
its wings together rapidly over its back.

The evolution of limbs, eyes, and feathers is an important subject in
evolutionary biology. Indeed, I have worked a lot myself on the evolutionary
origin of feathers. But the mechanical sounds of manakins are distinct from
all of these evolutionary novelties because they are aesthetic innovations that
have evolved by mate choice. Aesthetic innovations provide us with a unique
opportunity to investigate both how sexual coevolution works and how



evolutionary innovations happen. In recent years, biologists have discovered
that adaptation provides at best an incomplete account of the process of
evolutionary innovation. I hope that by exploring aesthetic innovation here,
we will see that adaptive mate choice provides an insufficient explanation of
the origin and diversification of ornament as well.

So, how did the innovative mechanical sounds of manakins evolve? The
best hypothesis is that manakin display movements produced incidental
noises—the whirrs or shuffles or other sounds of moving feathers—in the
same way that running and dancing produce incidental noises as feet touch
the ground. However, through aesthetic coevolution, these incidental sounds
became subject to female preferences along with the rest of the display.
Consequently, distinct preferences for such sounds evolved and diversified,
until the sounds themselves became a distinct part of the aesthetic repertoire
of the species, much as tap dancing became its own genre of dance. Mating
preferences for mechanical wing songs probably evolved from earlier acoustic
preferences for vocal advertisement songs and became distinct, new
preferences over evolutionary time.

The Club-winged Manakin has gone in for innovation in a big way. Most
manakins, like tap dancers, are satisfied making percussive pops, snaps, and
riffles, but the male Club-winged Manakin really sings. Sings, perhaps, even
better than he flies. As we’ll see, the Club-winged Manakin is not only an
example of aesthetic innovation; it also shows us how adaptation and aesthetic
selection can be at odds with each other and how decadent beauty can win.

I first heard the wing songs of the Club-winged Manakin in 1985 on our
first morning at El Placer, where Ann and I discovered the lovely and
unexpected log dances of the Golden-winged Manakin. Among all the sounds
in the busy morning chorus coming from the mossy forest that day, I thought
at first that these odd electronic notes might be the musical musings of a
parrot—a brief, half-heard snippet of the highly variable, quiet, warbling
chatter that parrots sometimes sing to one another while perched in close-knit
groups. Later that day, I was stunned to discover that this sound came from
inside the forest understory and was made by the legendary, and poorly
known, Club-winged Manakin. In the coming weeks, during our searches for



additional Golden-winged Manakin territories, we found a few leks of Club-
wings in the same forests, and I gorged myself on watching them and tape-
recording their contorted musical performances. The wing songs are a major
component of the lek display of the species. Indeed, unlike other manakins,
male Club-winged Manakins have a greatly reduced vocal repertoire and no
vocal advertisement song. One very simple vocalization—a series of sharp
keah notes—is produced during its crouching display.

At El Placer, we caught Club-winged Manakins in the same mist nets we
used to capture the Golden-winged Manakins for color banding. The wing
feathers of female Club-wings were normal in every way, but the inner
secondary flight feathers of the adult males—the feathers that attach to the
trailing upper forewing bone called the ulna—were truly bizarre. Indeed, they
had been illustrated in 1860 by the British ornithologist Philip Lutley Sclater
in his description of the species. Sclater’s illustrations were reproduced by
Darwin in the section of his Descent of Man on the instrumental music of
birds, in which Darwin hypothesized that the mechanical sounds of manakins
and other birds evolved by mate choice. Specifically, the male Club-winged
Manakin’s fifth, sixth, and seventh secondary feathers (counting inward from
the wrist) have greatly thickened, swollen central shafts, or rachises. At the
tip, sixth and seventh secondaries form twisted knobs, like the handles on the
tops of tiny shillelaghs, or the tips of misshapen soft-serve ice cream cones.
In contrast, the fifth secondary feather has a sharp forty-five-degree bend near
its tip that creates a smooth blade pointing inward toward the body.

When I first saw these songs being produced, I struggled to imagine how
feathers could make such a sound—even the stiffened and twisted flight
feathers of male Club-winged Manakins. It would take another twenty years
to figure it out. This long delay had a few sources. The first problem was
technological. We had to wait until high-speed video technology was invented
and became rugged enough for use in a cloud forest. The second was
personnel. Eventually, in the late 1990s, I was lucky enough to recruit an
enterprising and ambitious graduate student, Kimberly Bostwick, to my lab
after her undergraduate work at Cornell University just as the first generation
of field-worthy, high-speed video cameras became available. As always,
perhaps the biggest barrier of all was infellectual. The sound production
mechanism the birds actually use turned out to be a mechanism that I had



considered and rejected immediately in El Placer in 1985 as ridiculously
outlandish. Luckily, Kim’s perseverance led both to discovering the answer
and to convincing me that I was totally wrong.



The secondary wing feathers of the male Club-winged Manakin.



The open wing viewed from below.
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The crooked, blade-like tip of fifth secondary feather. (Below right) The swollen tip
of sixth secondary with a row of prominent bumps. From Bostwick and Prum
(2005).

Kim Bostwick started her pioneering doctoral research on the functional
morphology of feather sound production with the “easy” manakins. For
example, using high-speed video cameras, Bostwick showed that White-
bearded (Manacus manacus) and White-Collared Manakins (Manacus
candei) make their snaps by slapping the upper surfaces of the wings together
over their backs. Likewise, their Bronx cheer “roll snaps” are made with an
incredibly rapid series of the same wing-slapping movements.



The Manacus wing sounds are certainly behavioral innovations, but the
sound production mechanism is quite simple. Wing snaps, pops, and clicks are
made by feather percussion, and these sounds are as acoustically sharp and
abrupt as the movements that make them. However, the ringing, musical wing
song of the Club-winged Manakin is unique. It has a genuine frequency,
pitch, or tone like a violin or the dial tone of a phone, and the longest note
rings for more than one-third of a second.

In 2002, Kim conducted weeks of fieldwork in northwestern Ecuador
and ultimately captured beautiful high-speed video sequences of Club-winged
Manakin males singing their wing songs. At five hundred or a thousand
frames per second, the videos revealed that during the production of the
sustained WANNGG sound the wing feathers oscillate from side to side in a
nearly vertical plane over the bird’s back and that these oscillations are driven
by tiny, rapid, side-to-side movements of the wrists. The flight feathers of the
left and right wings swing outward and then inward, in sync with each other.
At the end of the inward swing, the swollen flight feathers of the left and right
wings collide in the center over the male’s back and rebound outward again.
The feathery oscillations continue at the blistering rate of nearly one hundred
cycles per second for one-third of a second. The tiny pumping movements of
the wrists are among the fastest vertebrate muscle movements ever observed.

Bostwick’s beautiful videos answered lots of questions but also posed
new problems. The frequency of the wing oscillations is near a hundred cycles
per second, but the frequency of the wing song is around fifteen hundred
cycles per second. That is a pitch between high F-sharp and high G, or about
one musical fifth above high C (keys 70 or 71 on the piano). In other words,
the frequency of the sound was about fifteen times faster than the frequency
of the wing feather oscillations. How is the frequency of the movement
multiplied to produce the frequency of the sound? How could this work?
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Graphic model of sound production by the secondaries of the male Club-winged
Manakin. As the secondary feathers oscillate rapidly inward (top) and outward
(bottom) over the back of the bird at one hundred cycles per second, the blade on
the tip of the fifth secondary rubs against the bumps on the swollen sixth
secondary, inducing it to vibrate at the frequency of the sound (1500 cyles per
second). Based on Bostwick and Prum (2005).

Bostwick realized (and then convinced me!) that interactions among the
feathers were critical to producing the sound. With each oscillation, the sharp
blade on the bent end of the fifth secondary rubs up and down the swollen



knob on the sixth secondary. And the surface of the thickened sixth
secondary has a series of tiny ridges exactly on the surface that contacts the
blade of the fifth. Like bowing a violin or strumming your fingers back and
forth over the tines of a comb, the blade of the fifth secondary applies a series
of mechanical impulses into the sixth secondary, which drives the sixth and
seventh secondaries to resonate loudly at the frequency of a high F-sharp/G.

This mechanism of sound production, called stridulation, is the same
way that crickets, katydids, and cicadas make their chirps and whines.
Stridulation was the ridiculous hypothesis that I had rejected completely as
impossible from the very start while watching these birds twenty years before.
So much for scientific intuition.

Just as the pitch of a violin string is determined by its length, mass, and
tension, the frequency of sound produced by any resonator is determined by
its physical properties. In 1985, I just could not imagine a feather—even a
thick Club-winged secondary feather—as an effective resonator. However,
just as our analysis of the high-speed video predicted, Bostwick and other
collaborators later showed that the fifth, sixth, and seventh secondary feathers
of male Club-winged Manakins have extraordinary resonance properties at
fifteen hundred cycles per second, which other, normal manakin feathers
lack. Furthermore, the coupled oscillations among the secondary feathers
function to further amplify the volume of the sound. It is the acoustic
collaboration among the multiple feathers attached to the male’s ulnas that
gives the sound its distinctive harmonic structure and decidedly musical,
ringing, violin-like quality. Bostwick’s analyses showed that avian beauty can
be both innovative and almost ridiculously complex.

The Club-winged Manakin’s aesthetic innovations pose enormous
challenges to adaptive mate choice. It is possible that manakin wing songs
could be correlated with variation in male quality, but the vocal songs of birds
are also supposedly correlated with quality. If vocal songs are already robust
indicators of quality, then why would any species abandon one highly evolved,
honest indicator in favor of an entirely new and yet unproven sound
production technique? Adaptive mate choice explanations often seem like
Rudyard Kipling’s Just So Stories, in which the extraordinary features of



animals—the giraffe’s neck, the elephant’s trunk, and the leopard’s spots—are
explained with a set of outlandish events. However, in the case of the Club-
winged Manakin, the Just So Stories for vocal songs and wing sounds conflict.
They cannot both be entirely true.

Alternatively, it could be that Beauty Happens—that arbitrary mating
displays and preferences coevolve in the absence of natural selection on
preference for quality information or mating efficiency. According to this
hypothesis, the Club-winged Manakins’ stridulating wing songs are merely
another delightful and unexpected event in the marvelous aesthetic radiation
of the manakins.

If Beauty Happens, then sexual display traits do not always improve
survival, and can instead evolve to be highly costly to the individuals that have
them. Each display trait is predicted to evolve to an equilibrium between its
sexual advantage and its survival costs, and this equilibrium may be far from
the optimum preferred by natural selection for male survival and fecundity
alone. The sexual advantages of attracting mates can outweigh the survival
advantages of being well adapted. In other words, a handsome, reckless, die-
young James Dean—type may leave more offspring than a quiet librarian who
lives to be an octogenarian.

How far will beauty, and the preference for it, go to ensure sexual
advantage? Pretty far. In subsequent research on the Club-winged Manakin,
Kim Bostwick has provided a definitive scientific answer to an immortal
question. She documented that beauty is not only skin deep, and her discovery
provides profound insights into how aesthetic evolution works.

Making those unusual wing songs requires more than just unusual
feathers and movements. It requires major evolutionary changes in the shape
and composition of the wing bones and the sizes and attachments of the wing
muscles. Wing bones and muscles are surprisingly invariant among birds.
Bird flight places such precise functional requirements on the structure of the
wing that the birds of the world have evolved relatively minor changes to the
basic design. Birds have only tinkered with the highly functional design that
was perfected over 135 million years ago, when Mesozoic birds first evolved
the modern flight stroke.



X-ray tomography images of the ulnas of (left) a male White-crowned Manakin
(Dixiphia pipra), (center) a male Club-winged Manakin, and (right) a female Club-
winged Manakin. Scale bar equals 2 mm.

By comparison to other birds, the major changes in wing anatomy that
Bostwick discovered in Club-winged Manakins are truly startling. The ulnas
of other manakins are simple hollow, columnar tubes. But the ulnas of male
Club-winged Manakins are so wildly different they are nearly unidentifiable
as the same bone. They are four times wider and three times larger in volume
than those of other manakins, despite actually being shorter in length. The



upper surface of the ulna of male Club-wings also features a prominent, wide
shelf with deep sculpted grooves and peaks for ligamentous attachments to
the oscillating secondary feathers. There is nothing else like it in any other
bird in the world. Even more surprisingly, however, the ulnas of male Club-
winged Manakins are solid bone, and the calcium in these bones is two or
three times denser than in the wing bones of other manakins. In contrast,
more than half the volume of other manakin ulnas is occupied by a hollow
internal space. In fact, every other species of bird on the planet has hollow
ulnas. Even theropod dinosaurs like Tyrannosaurus rex and Velociraptor have
hollow ulnas! Thus, in order to sing their wing feather songs, male Club-
winged Manakins have dramatically transformed anatomical features of their
wings that have been consistently present for over 150 million years. Sexual
selection for these innovative wing songs has forced male Club-winged
Manakins to abandon a forelimb bone design that even predates bird flight
itself.

Kim Bostwick hypothesized that the broader, solid ulna and its complex
surface for attachment of feather ligaments function in two ways: to enhance
stridulatory sound production by providing a more substantial, fixed anchor
for the base of the feathers; and to enhance the resonance and coupling
among secondary feathers within the wing.

Clearly, the wings of male Club-winged Manakins have evolved to serve
two completely distinct functions—flight and tonal song production.
Apparently, their wing bones cannot do both jobs equally well with the
traditional anatomical design shared by all other flying birds (and even some
of their nonflying ancestors). Some anatomical compromise is necessary.
However, compromise in the design of wing morphology to accommodate
song production is highly likely to create new survival and energetic costs to
males. In the field, it is easy to see that male Club-wings fly awkwardly. There
are no data yet on how the bizarre ulna morphology of male Club-wings
affects their flight mechanics and energetics. But it is nearly impossible to
imagine that the multiple anatomical changes to flight feathers, wing bones,
and muscles necessary for singing these wing songs do not diminish male
flight capacity, maneuverability, flight performance, and energetic efficiency.

The overwhelming uniformity of wing anatomy of flying birds is
powerful evidence that this morphology has been maintained in all these



species by natural selection and that male Club-winged Manakins have
evolved far from the natural selection optimum for flight efficiency. If these
derived anatomical features do not impose any function or survival costs on
male Club-wings, then we would expect that many other bird species should
also have evolved similar variations in wing morphology. But they haven’t.

The Club-winged Manakin’s wing song provides a likely stark example
of evolutionary decadence—an evolved decrease in the overall survival
capacity and fecundity of a population through mate choice. It is this
discomfiting prospect of evolutionary decadence that was so threatening to
adaptationism that entertaining arbitrary sexual selection without abundant
proof was branded as “methodologically wicked.” According to the adaptive
mate choice theory, these costly wing bones are evidence that attractive males
are good enough to survive these extra physiological and functional
challenges. However, recall from chapter 1 that Zahavi’s original handicap
(that 1s, Smucker’s) principle does not actually work; if the costs of the
ornament are directly related to the benefits, there can be no payoff. The only
way to fix the handicap principle is to break it, by assuming that better males
get to cheat by paying relatively lower costs for each incremental advantage in
quality. There is no evidence of such costs in any organism, and certainly not
Club-winged Manakins. I think the aesthetically transformed wing anatomy
of male Club-winged Manakins is compelling and excellent evidence that
sexual decadence evolves in nature, but without physiological evidence about
the costs the case could still be considered inconclusive. To resolve this
deadlock, we will have to look even deeper.

Recently, I began to look for evidence of maladaptive and decadent
evolutionary consequences of mating preferences in female Club-winged
Manakins. The extraordinarily bizarre changes to the wing bones of Club-
winged Manakins are very likely to be detrimental to male flight function. But
what has happened to the wing bones of female Club-wings? These birds are
so rare in natural history museums that there are no skeletal specimens of this
species in any museum in the world. However, from X-rays and micro-CT
scans of museum study skins, I have discovered that ulnas of female Club-
wings have the same greatly distorted and highly derived size and shape as



males do. However, unlike the males’, the ulnas of the females are not solid
bone but hollow in the center.

How could this have happened? Apparently, in selecting on male wing
song production capacity through mate choice, female Club-winged
Manakins have evolutionarily transformed both the male’s wing morphology
and their own. Again, we do not yet have physiological evidence that these
morphological changes affect the female’s flight capacity or energetics.
However, the best explanation of why these wing bones are so invariant
across all of the rest of birds is that natural selection has maintained their
highly functional, tubular, columnar design to achieve optimal flight function
and capacity. In other words, the morphological consistency in wing bone
design among birds is strong evidence that other variations in wing bone
shape are functionally inferior and costly to survival and fecundity. Although
female Club-wings will never use their wings to sing a song, they appear to
incur at least some of the functional costs of the extraordinary wing bone
changes necessary for males to make these attractive songs. By not
completely ossifying these bones, as males do, and maintaining a hollow
space in the center, female Club-wings appear to avoid at least some of the
costs of growing extreme ulnas that males incur.

The observation that male Club-wings are likely made worse by the
action of female mate choice—Iless functional, capable, and efficient—could
still be rationalized as providing honest information about mate quality. But
the observation that female Club-wings have also likely made themselves less
functional, capable, and efficient at flight as a consequence of their mating
preferences for exotic male wing songs can only be described as decadent.

Interestingly, females will not be harming their own survival and
fecundity by preferring males that make attractive songs with extreme wing
bones. Rather, females with preferences for males with maladaptive wing
bones will only pay an indirect, genetic cost for their preferences, because
their daughters may inherit more awkward wing bones, which will interfere
with their daughters’ survival and fecundity. However, this indirect genetic
cost to mate choice can be outweighed by a simultaneous indirect, genetic
benefit of having sexually attractive male offspring. Because the maladaptive
costs of aesthetically extreme mate choices are deferred by each generation of
choosers, the whole population can ease further and further into decadence



and dysfunction generation by generation. The population will not be saved
from decadence by natural selection, because the maladaptive functional costs
are indirect and will be more than balanced by the advantages of having
beautiful, sexually attractive offspring. Nevertheless, the entire population
becomes increasingly maladapted because the fit between the organisms and
the environment gets worse and worse over time. The survival and fecundity
of all individuals—both males and females—suffers.

In Club-winged Manakins, the evolution of decadent wing bones has
apparently been facilitated by a quirk of avian biology. In all birds, the wing
bones begin to develop very early in the life of an embryo, around six days
after incubation begins, which is before the embryo has begun sexual
differentiation. In other words, the six-day avian embryo does not yet have a
sex. So, selection for evolutionary changes in the shape and size of male wing
bones will affect female wing bones, too. As a result, female mating
preferences that aesthetically transform males will decadently transform the
whole species. As soon as the embryo becomes sexually differentiated,
however, there is an opportunity for the sexes to diverge developmentally.
Events that happen later in development—Iike the full ossification of the wing
bones—can be sexually differentiated. This is why female Club-winged
Manakins do not have completely ossified, solid wing bones like the males.

The stridulating wing songs of the Club-winged Manakin are more than
just a bizarre, innovative way for one bird to sing. They demonstrate again
that natural selection is not a universally strong and deterministic force in
evolution. Some of the evolutionary consequences of sexual desire and choice
in nature are not adaptive. Some outcomes are truly decadent. Natural
selection is not the only source of organic design in nature.

How far can decadence go? New theoretical models being developed in
my lab show that decadence can indeed evolve through the indirect costs of
mating preferences. Mathematical genetic models of a similar evolutionary
process further imply that the costs of decadent display traits can lead to the
extinction of whole populations or species. This means that in addition to
recognizing the role of sexual selection in fostering the evolution of new
species, we should recognize that sexual selection may facilitate species
decline and extinction. Is it any wonder that many of the world’s most



exquisitely beautiful and aesthetically extreme creatures are so rare? I don’t
think so.

Once we clearly conceive of the possibility, we see that the phenomenon
of evolutionary decadence may not be rare or even unusual. There are many
other examples in which female mate choice has resulted in female versions
of male display ornaments that are useless to them. This phenomenon ignited
a big debate between Charles Darwin and Alfred Russel Wallace on the
nature of sexual difference in bird plumages. In retrospect, their heated
discussions of this topic were unproductive because neither one had any clear
notions about the mechanisms of genetics or inheritance. But the intensity of
their debate demonstrates that the topic is still central to the issue of whether
evolution by mate choice is necessarily an adaptive process, as Wallace
insisted.

The existence of useless ornament in females challenges the logic and
likelihood of honest advertisement. If male sexual ornaments are costly to
make, to maintain, or to survive with, and these costs are critical to ensure
ornament honesty, then how can females bear these costs when they cannot
benefit from them? On the contrary, if the ornaments are not costly to
females to make or survive with, then how can these traits be robust and
honest indicators of mate quality in males? It is a big conundrum for adaptive
mate choice, and evidence of this problem is abundant and largely ignored.

Like the decadent wing bones of the Club-winged Manakin, some of the
most conspicuous examples of this phenomenon come from other traits that
originate early in development. For example, the male Wilson’s Bird of
Paradise (Cicinnurus respublica) from western New Guinea has a bare,
brilliantly light blue crown that is crisscrossed by a pattern of narrow stripes
made of very short, very black feathers (color plate 13). His bizarre blue
tonsure is one of nearly a dozen colorful plumage ornaments that are featured
in his bizarre courtship displays, which females observe from a very close
distance. The male Wilson’s Bird of Paradise displays on the trunk of a small
sapling in a bare dirt court on the forest floor. When the female approaches
the male from above, he spreads his deep glittering green breast shield, cocks
his bright red tail with its twin green curlicue feathers, and draws his head in,



displaying his brilliant blue crown skin. Although they completely lack any
use for it, female Wilson’s Birds of Paradise also have the same bare crown
patches as the male, but in a slightly deeper shade of blue.

Likewise, the lek-breeding Capuchinbird (Perissocephalus tricolor)—a
fruitcrow (Cotingidae) from South America, closely related to manakins—
exhibits bald, ornamental bluish crowns in both males and females, even
though females will never use them in display.

Like the wing bones of manakins, the evolution of truly featherless,
ornamental, bare skin in birds requires evolutionary changes to the
distribution of feather follicles on the skin, which develop early in the life of
the embryo before it has begun sexual differentiation. The bare crowns of
Wilson’s Bird of Paradise and Capuchinbird require the suppression of
feather follicle development in these patches of embryonic crown skin. Thus,
female mate choice for males with sexy bald tonsures will result in the
correlated evolution of useless, or even decadent, female baldness.

Are blue crowns detrimental to the survival of female Wilson’s Birds of
Paradise or Capuchinbirds? Certainly, having a bright blue crown will not
help a female avoid predation as she solitarily incubates her eggs on her open
nest. So, there are very likely to be both survival and fecundity costs to the
females’ useless blue crowns. Regardless, they certainly cannot be called
adaptations, because they do not enhance the functional fit between the
female and her environment in any way.

The same phenomenon is evident in the brilliantly orange “Mohawk”
crest of the male Guianan Cock-of-the-Rock (color plate 14). Normally,
feathers on the crowns of birds grow out of their follicles toward the tail so
that they lie flat on the surface of the skull and create a smooth plumage
outline. However, in the curious crest of the male Guianan Cock-of-the-
Rock, the feathers on each side of the crown grow foward the midline of the
crown so that they stand up to create the elegant “Mohawk”™ effect. These
feathers do not bend toward the center. Rather, the orientation of the
individual feather follicles are rotated ninety degrees clockwise on the right
side of the crown, and ninety degrees counterclockwise on the left side of the
crown, so that the crown feathers grow inward. This is fancy stuff! And, like
wing bones and bald heads, the critical orientation of the feather follicles is
established with the origin of the feather follicles themselves around day 7 or



8 of development when the embryo has no sex yet. Again, as we would
predict, a close look at the drab brown female Guianan Cock-of-the-Rock
reveals that her dainty, little brown crown feathers are also reoriented ninety
degrees on either side of the midline, creating a subtle, discreet, little tufted
pleat on the top of her crown. Of course, the female has no use for even this
modest crown tuft.

The examples go on and on. Among polygynous bird species with
extraordinary ornaments, useless non-ornaments in females are very common.
Together, all these traits constitute more evidence of the decadent
consequences of Beauty Happening.

If you were educated to think that evolution is synonymous with
adaptation by natural selection and the persistent improvement of the species,
then the evolution of aesthetic decadence may seem troubling. Yet a simple
consideration of our own human capacity for irrational and impractical
desires should help us reconsider that simplistic view. Why should animals be
more rational than we are?

As the American Jazz Age poet Edna St. Vincent Millay wrote in her
poem “First Fig,”

My candle burns at both ends;

It will not last the night;

But ah, my foes, and oh, my friends—
It gives a lovely light!

As Darwin and Millay understood, survival is not the only priority in life
when sexual success is determined by mate choice. Sexiness can trade off
with survival and fecundity—natural selection with sexual selection—and the
frequent result is evolutionary decadence, the degradation of the adaptive fit
between the organism and its environment. In many species like the Club-
winged Manakin, the costs of sexual success may be very high indeed. Even
females can be made adaptively worse off—that is, lower in survival and
fecundity—through the evolution of their own aesthetically extreme sexual



desires. Yet the escape from adaptive constraint that makes evolutionary
decadence possible also facilitates aesthetic innovation and inspires the deep
creativity of avian beauty.

One day in 2007, the Yale paleontology professor Derek Briggs and his
graduate student Jakob Vinther walked into my office in New Haven. They
wanted to show me a picture that Jakob had taken—a scanning electron
microscope image of a feather at twenty thousand times magnification. The
grayscale image showed dozens of tiny, sausage-shaped objects lying roughly
parallel to one another. “What do these look like to you?” they asked. “Those
look like melanosomes,” I responded. “I told you so!” Jakob exclaimed
triumphantly to Derek. Apparently, something important was at stake here.

Melanosomes are the microscopic packages of melanin pigments that
give feathers their black, gray, or brown coloration. What Jakob and Derek
hadn’t told me at first was that the electron microscope image was taken from
the feather of a fossil bird from the Early Eocene Fur Formation in Denmark.
If these were melanosomes, they were about fifty-five million years old.

The melanin pigments in bird feathers are synthesized by special
melanin-producing pigment cells and packed into tiny membrane-bound
organelles, which are called melanosomes. Similar to the pigmentation of
human hair, in birds the melanin pigment cells transfer completed
melanosomes into individual feather cells during feather development. As the
feather cells mature, the melanosomes are walled into the hard beta-keratin
protein of the feather to produce the color of the mature feather. Melanins
are ancient pigments and are produced by almost all animals. Melanins are
also diverse in chemical structure. For example, the plumage colors of a black
American Crow (Corvus brachyrhynchos) and the color of human black hair
are made by eumelanin molecules. The rufous brown plumage color of a
Wood Thrush (Hylocichla mustelina) and the color of human red hair are
made by the distinctive molecule pheomelanin.

Paleontologists had been examining fossil feathers with scanning
electronic microscopes since the early 1980s. They had observed these
cylindrical objects and even confirmed that they were made of carbon-



containing organic molecules unlike the surrounding rock. However,
paleontologists are mostly bone people, and they have not traditionally
thought a lot about cell biology. So, based on the shape and size of these
objects, they concluded that these structures were fossil bacteria that had
consumed the feather during its fossilization. Because paleontologists are
keenly interested in the specific mechanisms by which different fossils are
preserved, this was treated like an important discovery. However, the
hypothesis never made a lot of sense. For example, why were bacteria more
commonly preserved while eating the dry, nearly indigestible feathers and
never found consuming all the juicy, appetizing bits of the decomposing
body? In any case, the bacterial hypothesis became an accepted fact in
paleontology. Jakob’s discovery presented an exciting opportunity to
challenge this dogma.

To test whether these microscopic fossil structures were indeed bacteria
or melanosomes, we needed an indisputable example of a fossil feather with a
melanin pigment pattern preserved. Luckily, Derek Briggs has an
encyclopedic knowledge of extraordinarily well-preserved fossils from the
museums of the world, and he remembered a gorgeous horizontally striped
fossil feather from the Crato Formation of Brazil, approximately 108 million
years old, in the geology museum of the University of Leicester. The fossil
preserved amazing details of feather structure, including the finest filaments
of the feather barbules. Furthermore, the striped color pattern on the feather
exhibited distinct characteristics of the natural pigment patterns of feathers
and could not be confused with fossil bacteria.

With an electron microscope, we confirmed that the black stripes on the
feather contained abundant tiny “sausages” a few microns long and about one
hundred to two hundred nanometers wide, which strongly resemble the
eumelanosomes from the feathers of living birds. In contrast, the white stripes
on the fossil feather were entirely devoid of any such structures at all. Clearly,
the best explanation is that the microscopic structures are preserved
melanosomes from the original feather itself. Somehow, under the right
conditions, melanosomes fossilize beautifully and can endure for hundreds of
millions of years, preserving aspects of the original color pattern of these
ancient animals.



Melanin pigmentation in fossil and living bird feathers. (a) A fossil feather from the
Crato Formation, Early Cretaceous, Brazil, showing black and light bands. (b) Dark
bands reveal melanosomes. (c) Light areas reveal only the rock matrix. (d)
Melanosomes from the feather of a modern Red-winged Blackbird (Agelaius
phoeniceus) are nearly identical in form to those preserved in the fossil. Scale
bars: (a) 3 mm, insert 1 mm; (b) 1 um; (c) 10 um; (d) 1 um. From Vinther et al.
(2008).

Our discovery of fossilized melanosomes has inspired an entirely new
generation of research on the coloration of fossil vertebrates, including their
feathers, hair, skin, scales, nails, and even retinas. Of course, the most
exciting possible question in this new field of color paleontology was, what
colors were the dinosaurs? Following our discovery, this question was no
longer the stuff of science fiction but actually an entirely plausible question to
investigate. Feathers first evolved in a lineage of meat-eating, bipedal



theropod dinosaurs before the origin of birds or the origin of flight. We had
shown, in principle, that we could reconstruct the melanin coloration of the
plumages of the non-avian dinosaurs. Indeed, the striped Brazilian feather
fossil 1s old enough that it might have been from the plumage of a non-avian
dinosaur! All we would need were tiny samples of dinosaur feather fossils for
electron microscopy. The feathered dinosaurs, which come mostly from early
Cretaceous and late Jurassic deposits in Liaoning, northeastern China, are
among the most exciting and revolutionary paleontological discoveries of the
last century. But reconstructing their plumage coloration would take the
excitement to a whole new level!

With an expanded team of collaborators, in the following year we
started research on a late Jurassic specimen of the raptor-like dinosaur
Anchiornis huxleyi from the Liaoning Formation in northeastern China at the
Beijing Museum of Natural History. Anchiornis was a small bipedal theropod
with a long bony tail, tiny teeth, and long, winglike feathers on both its
forelimbs and its hind limbs. Anchiornis is one of those enigmatic “four-
winged” dinosaurs, which are closely related to the raptor dinosaurs (like
Velociraptor, who chased the kids around the kitchen in the movie Jurassic
Park), to Archaeopteryx lithographica, the earliest bird fossil, and to the
ancestor of all living birds.

Although the Liaoning Formation is known for its exquisite preservation,
this particular specimen of Anchiornis did not look very promising. Actually,
it looked like Jurassic roadkill—all mangled, head removed and preserved on
another slab, and limbs splayed out in all directions—but it did have a thick
mat of dark feathers surrounding its bones. We ended up taking very tiny,
mustard-seed-sized samples from three dozen locations around the body for
electron microscopy. Given the poor appearance of the specimen, we were
just hoping to find any melanosomes at all.



Specimen of the theropod dinosaur Anchiornis huxleyi from the Beijing Museum of
Natural History (BMNHC PH828). Scale bar is 2 cm.

Back in New Haven, electron microscopy of the different samples
revealed that some had well-preserved melanosomes, others preserved
impressions of melanosomes, and some areas had no preserved melanosomes
at all. Our next innovation was to compare the size, shape, and density of the
melanosomes from the Anchiornis fossil with those of living birds. It turns out
that eumelanosomes from black and gray feathers tend to be long and sausage



shaped, whereas pheomelanosomes from rufous or red-brown feathers are
more rounded and jelly bean shaped. By comparing measurements from
Anchiornis melanosomes with those of living birds, we could diagnose the
color of the fossil feathers. Because we had sampled many places from all
across the specimen, we could reconstruct the color of nearly its entire
plumage.

One of the most exciting moments in my scientific career was watching
the plumage of Anchiornis come to life as I mapped the newly diagnosed
colors—black, gray, rufous brown, and plain white—from the sample
numbers back onto their anatomical positions in the animal’s plumage. The
resulting picture was more stunning than we could ever have imagined!

Describing the plumage coloration of Anchiornis huxleyi was like writing
the very first entry in the Field Guide to Jurassic Dinosaurs. As a child, I had
been inspired by field guides to go out into the world and study birds. Now, as
a scientist, I had the opportunity to reimagine them in an entirely new way.

What did Anchiornis huxleyi look like? Its body plumage was largely
dark gray with black on the forewings (color plate 15). The long crest feathers
on the top of the head were rufous brown. Most striking of all, the long
feathers on both its forelimbs and its hind limbs were white with black tips, or
spangles—Ilike the modern breed of Spangled Hamburg chicken. The effect
of these black spangled limb feathers was to boldly highlight the trailing edge
of the feather and to produce a series of black bars on the wings.

Interestingly, the long limb feathers on Anchiornis were not
asymmetrical in shape, like modern avian flight feathers. So, it is not clear
that this creature used its limbs as gliding “wings” at all. Furthermore,
Anchiornis was heavily feathered all the way down to its toes and lacked the
scaly legs and toes of most living birds.

Discovering the color of a dinosaur is more than just fun; it raises a host
of fundamentally new questions about dinosaur biology and about the origins
of what we think of as bird biology. The bold and complex plumage pigment
patterns of Anchiornis were obviously used as sexual or social signals. Thus,
the evolution of aesthetic plumage ornaments originated not within birds but
way back in terrestrial theropod dinosaurs. The dinosaurs coevolved to be
beautiful—beautiful to dinosaurs themselves—Ilong before one exceptional



lineage of dinosaurs evolved to become flying birds. The rich aesthetic history
of the birds goes all the way back to their theropod roots in the Jurassic age.

Even more important, is it possible that the evolution of beauty
contributed to the evolution of feathers themselves? Since the late 1990s,
another, previously unrelated area of my research has focused on the
evolutionary origin and diversification of feathers. Specifically, in 1999, I
proposed a model of the stages of feather evolution based on the details of
how feathers grow. This general area of research is called developmental
evolution, or “evo-devo” for short. Since then, the evo-devo theory of feather
evolution has been strongly supported by both paleontological data from fossil
theropod dinosaur feathers and experimental tests of the molecular
mechanisms of feather development.

Very briefly, my evo-devo theory of the origin of feathers proposed that
feathers originated as simple tubes—imagine hollow ziti pasta growing out of
the skin. In the next evolutionary stage, the tube was subdivided to produce a
downy tuft. Only then, in the subsequent stages, did feathers evolve the
capacity to create the planar surface—called the feather vane—that birds
ultimately evolved to use to create the physical forces for flight.

The evo-devo theory of feather evolution implies that feathers originated
and diversified in nearly all their morphological complexity prior to the origin
of birds and prior to the origin of flight. Thus, planar feathers evolved in
theropod dinosaurs for some other function and were later co-opted to
function in flight by the lineage of dinosaurs that gave rise to the modern
birds. In this way, the evo-devo theory of the origin of feathers and the new
paleontological finds of feathered dinosaurs overturned the century-old
hypothesis that feathers evolved through natural selection for aerodynamic
capacity—that is, gliding and flight. Saying that feathers evolved for flight is
like saying that digits evolved to play the piano. In truth, only the most
advanced structures could function in such a complex capacity.
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The hypothesized stages of the developmental theory of the evolution of feathers
(Prum 1999). Feathers evolved through a series of developmental innovations
starting with a hollow tube (Stage I) to a downy tuft (Stage Il) to greater and
greater complexity. The coherent planar vane (Stage 1V) may have first evolved to
provide a surface for the presentation of complex within-feather pigment patterns
that functioned in aesthetic social and sexual signaling.

The aerodynamic theory of the origin of feathers was an example of an
adaptationist approach to the origin of novelty. However, this big twentieth-
century intellectual project failed. During the hundred years in which
everyone was certain that feathers had evolved through natural selection on



scales for flight, we learned nothing about how feathers actually evolved. We
only made progress on the evolution of feather innovations by shelving the
questions of the selective function of each innovation and searching for
evidence and predictions concerning feather evolution within the details of
feather development. The advantage of this evo-devo approach is that we can
figure out what happened in feather evolution before we try to investigate why
it happened.

Once we understand the progress of feather evolution, we can return to
questions about the selective advantages of different stages in feather
evolution. Early tubular and tufty stages have been convincingly hypothesized
to have evolved for thermoregulation and water repellency. However, there is
still no accepted hypothesis for why tufty down feathers (stage II) evolved
into vaned feathers (Stage Illa to Stage IV). What evolutionary advantage
could the planar feather vane have provided prior to the evolution of flight? It
is clear that a plumage made up of downy feathers, like a modern chick,
would be warm enough or water repellent enough to provide any
thermoregulatory requirements. After all, baby ducklings manage to stay very
warm and very dry with downy plumages.

Is it possible that the original selective advantage of the planar vane was
actually aesthetic? Obviously, down is fuzzy. Although downy chicks are cute,
the plumage coloration pattern complexity that can be produced with fuzzy
down feathers is aesthetically quite limited. Just like hair, you can make
different down feathers different colors, and you have a limited ability to
make the tips and bases of down feathers different colors. But that’s it. The
innovative planar feather vane, however, creates a well-defined, two-
dimensional surface on which it is possible to create a whole new world of
complex color patterns within every feather. In aggregate, many planar
feathers can create complex plumage patches and a crisp, smooth, new
outline to the entire body plumage.

In other words, the planar vane of the feather might have evolved
through aesthetic selection to create a two-dimensional canvas upon which to
depict complex pigment patterns—including stripes, spots, dots, and spangles.
The key innovation of the planar feather vane might have evolved because it
provided a whole new way to be beautiful.



This is a really big deal, because birds later evolved to use these same
planar, vaned feathers to create aerodynamic forces required for flight.
Feathers did not evolve for flight; rather, flight evolved from feathers. And
among the best hypotheses for the key innovation that allowed birds to launch
into the air is the desire for beauty.

The elaborate aesthetic capacities of birds are more than a vivid
characteristic of living species. The coevolved desire for beauty might have
made the evolution of birds possible in the first place.

As spectacular as that realization may be, there is more! About sixty-six
million years ago, an enormous meteor hit the earth, leaving a crater 110
miles wide near what 1s now Chicxulub, Yucatan, Mexico. The cascade of
environmental and ecological changes that followed this impact led to a mass
extinction of terrestrial and aquatic life on earth including, most famously, the
dinosaurs. Of course, we now know that the dinosaurs did not go extinct.
Rather, three dinosaur lineages survived the mass extinction at the end of the
Cretaceous; they were the flying ancestors of the three main lineages of living
birds. These three lineages would later thrive, diversify (one explosively), and
evolve into more than ten thousand species of birds that inhabit the planet
today.

Why did birds survive the Cretaceous-Paleogene extinction event, and
other dinosaurs did not? This is a tough problem, but we can be certain that
merely having feathers was not enough, because there were many other
lineages of feathered theropods that did not survive the Cretaceous-Paleogene
boundary—including the fully plumaged raptor dinosaurs, like Velociraptor,
the ornithomimids, and the troodontids. In fact, the only lineages of dinosaurs
to survive the Cretaceous-Paleogene extinction were species that could fly
with their feathers. Perhaps the capacity to fly allowed these birds to escape
or avoid the worst ecological consequences of the Chicxulub impact or to
disperse rapidly and find ephemeral refuges in the ecological chaos that
followed. We don’t know for sure. However, were it not for their ability to fly,
the ancestors of the modern birds would likely have gone extinct along with
all the other dinosaurs. Thus, the potentially aesthetic innovation of planar
feathers facilitated the evolution of flight and the avian dinosaur survival of
the Cretaceous-Paleogene extinction. It’s harder to imagine a bigger possible
impact for the role of beauty and desire in the history of life.



Throughout this book, I have argued that most of the abundant beauty in
nature is likely to be meaningless and arbitrary and presents nothing to
choosers other than the opportunity to be admired and preferred. But the
investigation of the evolution of aesthetic complexity, innovation, and
decadence demonstrates that this perspective is not a bleak, frivolous, or
nihilistic view of the role of beauty in the natural world. In fact, the more we
investigate the history of life from an aesthetic perspective, the more we will
discover that aesthetic coevolution has had a powerful, innovative, and
decisive impact on the quantity and form of biological diversity. When
mating preferences are unconstrained by the narrow task of providing
adaptive advantages, beauty and desire are free to explore and to innovate,
and thereby transform the natural world. Thankfully, as a result, today we
have the birds.






CHAPTER 5

Make Way for Duck Sex

A few years ago my wife, Ann, and I attended a lovely dinner party in our
New Haven neighborhood with four other couples. We dined by candlelight
on a delicious meal at a table set with beautiful linens, crystal wineglasses,
and hefty heirloom silverware, while a passel of young children ate in front of
an animated cartoon in another room. Many of us were meeting for the first
time, so we engaged in the usual polite introductions and chitchat.

A short way into our meal, the mother of a few of the spaghetti-eating
children in the other room spoke to me from down the table. “Oh, you’re an
ornithologist! You're just the person I need to ask.” I expected to field another
of the innumerable identification questions that arise from people’s personal
encounters with birds, but her question proved to be much more thought
provoking. “The other day I was reading Make Way for Ducklings to my
kids.” T nodded in recognition of the classic story by Robert McCloskey, a
book that had been read to me as a child and that I in turn had read to my
three boys—so many times that I had nearly memorized it. “So, you know
when the pair of Mallards settles down and builds their nest, and she lays her
eggs? It seems that they’re just getting started with a nice family together, but
then he just takes off! What’s with that?”

Before I could even inhale, from the other side of the table Ann gave me
the anxious look we refer to in our house as the “hairy eyeball.” She
murmured the verbal warning shot “Don’t go there!” Soon, all attention was
on us, and everyone wanted to know exactly where it was I was not supposed
to go. As if to warn all involved, Ann asked the curious mom, “You didn’t
just ask my husband about duck sex, did you?”

From this casual inquiry into the family life of ducks, our conversation
veered into territory I knew in far greater depth than anyone might have
expected. Thanks to Dr. Patricia Brennan, who spent from 2005 to 2010 as a
remarkably enterprising postdoc in my lab at Yale, my research in those years



had taken an unexpected detour into the study of the sexual behavior and
genital anatomy of waterfowl. So, just as my wife feared, discussion of the
kinky qualities of duck sex came to dominate the conversation that evening.

Duck sex can be elaborately aesthetic or shockingly violent and deeply
troubling, but it is a fascinating topic. It may not be the best subject for dinner
table conversation among new acquaintances—perhaps that’s why we’ve never
again been in the company of the woman who asked the question—but after
all the disturbing details have been examined and understood, the story of
duck sex actually concludes with a rather redeeming insight into the
relationship between the sexes, the nature of desire, female sexual autonomy,
and the evolution of beauty in the natural world.

The drama of duck sex brings to mind the ancient Greek myth of Leda
and the Swan, in which Zeus took sexual possession of the lovely young Leda
after assuming the physical form of a swan. This mythic scene has attracted
the interest of artists ranging from the Greeks to Leonardo da Vinci to
William Butler Yeats. Although often referred to as “the Rape of Leda,” it
has usually been depicted with a note of sexual ambiguity, there being an
element of mutual desire mixed in with the suddenness of the act. Perhaps the
Greeks intuited that something about waterfowl sex is intriguing. If so, they
were right, for the full evolutionary implications of the social complexity of
duck sex are only beginning to be unpacked.

On a cloudy winter day in 1973, when 1 was twelve years old, I
embarked on one of my earliest birding trips to the ocean. I stood on the
banks of the Merrimack River in Newburyport, Massachusetts, just upstream
from where it widens out into the bay. With the proceeds from a paper route
and mowing lawns, I had just purchased my first spotting scope for watching
distant birds, and I was excited to be using it to observe ducks, gulls, loons,
and other waterbirds at this famous birding locality. It was a cold February
day, with chunks of ice on the riverbanks and in some of the calmer eddies,
but I was euphoric. I could see several dense flocks of ducks churning away
against a strong current on the falling tide.



In my very first scan with the scope, I landed on a lifer/—a flock of a
couple dozen Common Goldeneye (Bucephala clangula). The male ducks
were crisp black on the back, snowy white on the sides, belly, and breast, and
crowned with a shiny, iridescent green head. On each glittering green cheek
was a large round white spot. As advertised, their eyes were brilliantly golden
yellow. The females were drabber, with grayish sides and neck and a brown
head, but they shared the same yellow eyes.

For some reason—a reason that I would not understand until years later
—there were many more males in the flock than females. Among the two
dozen or so birds, there were only five or six females. I was enjoying the
scene, watching them as they dove underwater to feed and then popped back
up to the surface, when suddenly a male thrust his head upward and then
snapped it back to touch his rump—a display known as the head throw. With
his head in this awkward position, he briefly opened his beak toward the sky,
after which he brought his head back to its normal position with a slight side-
to-side waggle. Soon, other males joined in, and the males in the flock were
boiling over with bravado, jockeying for position around the females, and
chasing each other. If I had been closer to the action that day, I would have
heard the raspy two-note call the male Goldeneye makes during the head-
throw display. The male Goldeneyes performed various other displays, too,
which have been given suitably nautical names like the bowsprit and the
masthead. The bowsprit involves cruising around with the head and beak
pointed up and forward, while the masthead is performed with the head
raised, then lowered and cast forward along the surface of the water. Despite
the freezing weather, this gathering of Goldeneyes was engaged in courtship
displays. They would continue wooing the females with these displays
throughout the winter months, before returning to their nesting grounds on
wooded lakes in northern Canada.

That memorable outing was my introduction into the complex social
world of ducks. Across the entire waterfowl family, males engage in similarly
showy courtship behavior. The displays vary among species, but they
generally consist of a series of highly distinctive postures and gestures, each
lasting only a few seconds. The males may repeat them over and over, but the
basic elements are pretty simple, and because almost all duck displays take



place on the water, they always involve a lot of churning, cruising, and
splashing.



The head-throw display sequence of the male Common Goldeneye.

The display repertoires of some species of ducks are so outrageous that
they can be quite comical. For example, the male Ruddy Duck (Oxyura
Jjamaicensis) performs an especially impressive bubbling display. With his tail
cocked straight up in the air, and his neck and breast swollen from air
pumped into specialized pouches to either side of his esophagus, the male
lowers his head rapidly and beats his blue bill against his rufous breast to
make a low percussive pop sound. As he does so, his breast feathers create a
frothy wake of bubbles on the surface of the water. He rapidly accelerates
these chest-beating bill strokes in a crescendoing drumroll of ten or twelve
pops that ends in a flatulent, groaning call that sounds like a breaking spring
from a windup toy. The combination of feathers, postures, percussion,
vocalization, and frothy bubbles makes for a very attention-getting
performance.

A particularly extreme example of the duck display genre is that of the
lovely, diminutive male Mandarin Duck (Aix galericulata) of Eurasia. Many
ducks perform sham preening displays in which they ostentatiously preen their



back feathers. But the Mandarin Duck combines the sham preening with a
drinking display, which looks not so much like a courtship display as a
flamboyant demonstration of drinking incompetence characterized by copious
dribbling. The Mandarin Duck’s sham preening is made more dramatic by
the male’s uniquely shaped, brightly colored reddish-brown inner wing
feathers, which stand up vertically above the surface of his back. The
“purpose” of these unusual feathers only becomes evident during the male’s
sham preening display when he reaches his head over his back (always on the
side facing the female) and tucks his bright pink bill behind the upright planar
feather, through which his eye is just visible to the female, as in a coy
peekaboo game—or perhaps we should call it beak-a-boo.

I could go on and on. What all these rich and complex waterfowl
courtship displays have in common is that they have evolved through female
mate choice. Males go through all these antics in their quest to be selected as
mates by the extremely selective females. On the basis of her observations of
male display, the female duck makes her choice about which one she wants to
pair up with. In many species, like the Common Goldeneye, females choose
their mates on the wintering grounds, and after they form a pair, they remain
together for the rest of the winter months. There’s no copulation during the
winter months, because neither sex is ready. The annual cycle of sexual
development in birds is a wild hormonal roller coaster, whose ups and downs
are seasonally driven. Birds progress from completely asexual in the
nonbreeding winter season to having gonads thousands of times larger only a
few months later, in the spring, when it’s time to mate. As mating season
approaches, the pair migrates together to their breeding grounds. Once there,
the male will continue to display, as well as to defend the female from other
males. After much displaying, the pair will copulate on the water. The female
signals that she is ready for copulation with a distinctive solicitation display, in
which she extends her neck forward, holds her body horizontal, and raises her
tail.



The peekaboo sham preening display of the male Mandarin Duck.

Why are female ducks so picky about whom they mate with? Because
they can be. Remember how the female Common Goldeneyes I saw were
surrounded by males who greatly outnumbered them? In most duck species,
the sex ratio is highly skewed toward males, so females have plenty of mates
to choose from. Given such a wealth of options, female ducks have evolved
lots of elaborate mating preferences for colorful male plumage, extravagant
displays, and complex, funky acoustic stimuli. And because many ducks
begin courtship months before they reach the breeding grounds in spring,
female ducks have ample opportunity to put the males through their paces in
order to make a decision.

Sounds great for the females. Unfortunately, there is a dark side to duck
sex, too.

Although some waterfowl, like the Canada Goose, Tundra Swan, and
Harlequin Duck, form enduring, monogamous pairs in which both parents
help to defend an exclusive nesting territory and raise the young together,
most duck species, like the Mallards my fellow dinner guest was querying me
about, do not. What distinguishes them from the pair-bonding waterfowl is



that they are not territorial. They nest in habitats where their food supply is so
highly concentrated and the populations are so dense that an exclusive feeding
territory cannot be defended by any pair. And because they are non-
territorial, their sexual and social relationships are quite different from those
of the territorial species.

In these non-territorial ducks, the primary functions of the male of the
pair, once they arrive at the breeding ground, are to have sex with his mate
and to protect her from the sexual depredations of other males during the ten
to fifteen days she is laying her clutch of eggs. He has a strong evolutionary
incentive to do so, of course, because he is protecting his own paternity. But
once the eggs have been laid, there isn’t much for Papa Puddle Duck to do.
The mother duck doesn’t need him, because the building of the nest and
incubating of the eggs are done entirely by her. And their ducklings won’t
need him either, because they’ll be able to feed themselves soon after they
hatch. If males aren’t required to defend a territory against other members of
their species, or to help with feeding the young, parental care in waterfowl
consists mostly of trying to keep the ducklings from being eaten. This may
actually be done better by one parent than by two, because more parental
activity may only attract more predators, and the male’s bright plumage colors
act as a predator magnet. So just as McCloskey wrote in Make Way for
Ducklings, in many non-territorial waterfowl the male of the pair abandons
the female as soon as she begins incubating the eggs. At that point, with his
paternity guaranteed, the male duck can no longer benefit evolutionarily from
defending her, and she probably cannot benefit from his remaining with her.
Which answers my dining companion’s question: “What’s with that?”

But now comes the shocking part about duck sex, the part that wasn’t
included in McCloskey’s otherwise scientifically accurate children’s story
about puddle duck family life, the part that few would even think to ask
about. McCloskey said nothing about the challenges the father duck might
have faced in protecting his mate, or what might happen to her if his defenses
were unsuccessful. Or where the male duck goes after he leaves. And this is
where things can get very scary indeed in the world of the female duck.

Whenever there are a lot of ducks present in relatively small spaces, like

the high-density ecologies of non-territorial puddle ducks, there are lots of
opportunities for social interactions. For males, these social opportunities are



also sexual opportunities. Because of the excess males in the population,
many males end up unpaired. These unpaired males now have two
reproductive options: they can wait another year and hope they have better
luck; or they can try to coerce and force themselves on unwilling females.
Thus, forced copulations are an alternative male reproductive strategy. Males
whose mates have already begun to incubate may also pursue forced
copulations when they leave their mates, which creates even darker
implications to the Mallard drake’s casual departure in Make Way for
Ducklings.

“Forced copulations” is the term that ornithologists and evolutionary
biologists now use to refer to rape among birds and other animals. The use of
the word “rape” was routine in animal biology for over a century, but it was
largely abandoned in the 1970s in response to multiple avenues of feminist
critique. In particular, in Against Our Will, Susan Brownmiller built a
powerful and effective argument that rape, and the threat of rape, in human
societies functions as a mechanism for social and political oppression of
women. Human rape is an act with such great symbolic and social impact that
the term didn’t seem appropriate in the context of nonhuman animals. As the
ornithologist Patty Gowaty has written, “Because of the important differences
between rape and forced copulations, those of us who study animal behavior
agreed years ago to refer to ‘forced copulation’ in non-human animals, and to
reserve the term ‘rape’ for humans.”

I understand and agree completely with those concerns, but I think,
unfortunately, that the shift to the term “forced copulation” in biology has
contributed to a desensitization to the social and evolutionary impact of
sexual violence in animal behavior. It has obfuscated the fact that forced
copulation is a form of coercive sexual violence against the interests of many
female animals as well, and it may have stunted our understanding of the
evolutionary dynamics of sexual violence. (In chapter 10, I will further
explore how this missed intellectual opportunity has held back our
understanding of the impact of sexual violence in human evolution.)

Although I do not suggest that we return to the wholesale use of the
word “rape” in animal biology, I think that the phrase “forced copulation”
does an intellectual disservice to our understanding of sexual violence in
nonhuman animals. Certainly, in the case of female ducks, it is scientifically



critical to recognize that sexual coercion and violence are very much against
their wills too.

Forced copulations are pervasively common in many species of ducks,
which might suggest that there’s something routine and ordinary about them,
but they are also violent, ugly, dangerous, and even deadly. Female ducks are
conspicuous in resisting them and will attempt to fly or swim away from their
attackers; if they do not manage to escape, they mount vigorous struggles to
try to repel their attackers. This can be extraordinarily difficult to do, because
in many duck species forced copulation is often socially organized. Groups of
males travel together and attack a single female in a form of gang rape. By
attacking her in concert, males increase the chance that one of them will be
able to overcome her resistance, and thwart her mate’s attempts to defend her,
than if they acted alone.

The cost to females of forced copulations is very high. Females are often
injured, and not infrequently killed, in the process. So, why do female ducks
fight back so vigorously? Female ducks absorb greater direct harm to their
physical well-being by resisting forced copulations than if they acquiesced, so
the intensity of their resistance seems difficult to explain from an evolutionary
perspective. Nothing is more threatening to the ability to pass on one’s genes
than death, so why risk death by struggling?

This question delivers us to the crux of the complex interaction between
the female acting on her sexual desire for beauty and the male using sexual
violence to subvert her ability to choose her own mate. What is at stake in
these attempts at forced fertilization i1s more than just the direct cost to a
female’s health and well-being; forced fertilizations will also create indirect,
genetic costs to the female that may be even more important to the female.
Why? Because females that succeed in mating with the males they prefer will
likely have offspring that inherit the display traits that they, and other females
also, prefer. These females will have the benefit of greater numbers of
descendants through their sexually attractive offspring. This is the indirect,
genetic benefit of mate choice that drives so much of aesthetic coevolution.
Females that are forcibly fertilized, however, will have offspring that are sired
by males that have random display traits, or traits that have been specifically
rejected because they have failed to meet female aesthetic standards. Either
way, the resulting male offspring will be less likely to inherit genes for the



preferred male ornamental traits, and they will therefore be less sexually
attractive to other females and less likely to obtain mates, which will result in
fewer grandchildren for that female. This is the indirect, genetic cost of male
sexual violence.

At the heart of the complex breeding biology of ducks is sexual conflict
between males and females over who is going to determine the parentage of
the offspring. Will it be females through mate choice based on the coevolved
beauty of male plumage, song, and display? Or coercive males through
violent forced copulation? In 1979, Geofirey Parker defined sexual conflict as
a conflict between the evolutionary interests of individuals of different sexes
in the context of reproduction. Sexual conflict can occur over many aspects of
reproduction, including who gets to mate, how often sex occurs, and the
division of parental care investment and responsibilities. One of these sources
of conflict is critical to the evolution of sexual beauty: the conflict over who
will control fertilization, the purveyors of the sperm or the curators of the
eggs.

Duck sex provides a premier example of sexual conflict over fertilization
and allows us to investigate how Darwin’s proposed “taste for the beautiful”
creates the opportunity for the further evolution of sexual autonomy. A key
insight is that both fundamental mechanisms of sexual selection in waterfowl
—mate choice based on female aesthetic preferences for male displays, and
male-male competition for control over fertilization—are occurring and in
evolutionary opposition to each other.

This observation is actually quite subversive. As we’ve seen, ever since
Darwin’s publication of The Descent of Man, the mainstream, adaptationist,
Wallacean view has considered all forms of sexual selection as forms of
natural selection. Whether it’s elephant seals or birds of paradise, this view
holds that only the objectively “best” males will succeed at mating. But what
happens when female mate choice and male-male competition operate
simultaneously, and they are clearly running in different directions, as they do
in waterfowl? The winners of these two distinct competitions cannot all be
the “best.” If the most sexually aggressive males are actually the best, why



don’t females prefer them? Clearly, the winners in mate choice and male-
male competition cannot all be the same.

Rather, sexual violence is a selfish male evolutionary strategy that is at
odds with the evolutionary interests of its female victims and possibly with
the evolutionary interests of the entire species. By maiming and killing
females, such violence lowers the population size of the species. And by
further skewing the sex ratios, these violent deaths make sexual conflict even
worse, because there will be more males losing out in the mate choice
competition who will therefore be motivated to pursue this counterproductive
strategy. Thus, sexual conflict in ducks demonstrates yet again Darwin’s
insight that sexual selection is not equivalent to natural selection.

One reason why duck sex is so exceptional is that unlike 97 percent of
all bird species ducks still have a penis. The bird penis is homologous with
the penis of mammals and other reptiles, but somewhere along the way the
ancestor of most bird species lost his penis (more on that later in the chapter).
Ducks and the other bird species that still have penises—including the
nonflying birds the ostrich, emu, cassowary, kiwi, and rhea, and their close
relatives, the flying tinamous—belong to the oldest extant branches in the
avian Tree of Life. Among all the birds with penises, the ducks are the best
endowed, in terms of the ratio of penis size to body size. In fact, one duck
species is the best endowed of all vertebrate animals. In a 2001 paper in the
prestigious journal Nature, the ornithologist Kevin McCracken and colleagues
described the penis of the diminutive Argentine Lake Duck (Oxyura vittata).
A duck that was itself only about twelve inches long and a little over a pound
in weight had a forty-two-centimeter penis (about sixteen inches). The Nature
paper, now cited in the Guinness World Records, was titled “Are Ducks
Impressed by Drakes’ Display?” McCracken hypothesized that female ducks
may select their mates based on penis size. After all, what other possible
explanation could there be for such an extravagant genital endowment?

However, we now know that penis size is not important in mate choice
in most ducks because, believe it or not, the seasonal nature of the
reproductive cycle means that the superlong duck penis is almost nonexistent
during courting season, when the females choose their mates. The penis



regrows every year as mating season approaches, but once mating season is
over, it begins to shrink and regress, until it’s reduced to a small rudiment less
than a tenth of its full-grown size.
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The record-setting 42 cm penis of a male Argentine Lake Duck. Photo by Kevin
McCracken.

Alternatively, McCracken also hypothesized that the male somehow uses
his superlong penis to remove the sperm of other competing males from the
female’s reproductive tract. Proving once again that each scientific discovery
merely opens up other unsolved mysteries, the paper concluded with the
inquiry “How much of his penis does the drake actually insert, and does the



anatomy of the females’ oviducts [vaginas] make them unusually difficult to
inseminate?”

In 2005, this question resonated with the interests of my new colleague
Patricia Brennan. Brennan is Colombian but has lived in the United States for
more than fifteen years. She is vivacious, enthusiastic, and scientifically
unstoppable. She is not at all timid about working on, or talking about, avian
sex. With two young children and a bit of gray hair, she still looks like the
aerobics instructor she was during graduate school at Cornell. She is also a
mean salsa dancer, which is to say still una Colombiana. Her Ph.D. was on
the dinosaur-like, male nest care breeding system of the tinamous
(Tinamidae). In the tropical rain forests of Costa Rica, Brennan came to
know these extremely shy, chicken-like birds better than nearly anyone alive.

Once, when observing tinamous mating, Patty was shocked to see a
fleshy spiral dangling down from the male’s cloaca. The cloaca (a word that
memorably derives from the Latin for “sewer”) is the anatomical chamber
inside the avian anus, which is a kind of one-stop business rear end that
receives the outflow of the digestive, urinary, and reproductive tracts. In birds
without penises, insemination takes place with a “cloacal kiss”—a poetical
term for a chaste juxtaposition of orifices in which the male and female
anuses come into contact, the male releases his sperm, and the female takes it
up. The male does not enter the female, because he doesn’t have anything that
would allow him to. The tinamou penis had been described by Victorian
anatomists who had performed dissections on natural history museum
specimens, but these anatomical monographs were not inspiring enough to
keep the topic alive scientifically, and the existence of the tinamou’s penis had
been almost completely ignored for more than a century. So when Brennan
spotted the extrusion from the cloaca of the postcoital male tinamou, she was
stunned. Her sighting was probably the first-ever observation of the tinamou
penis in action.

When Patty first arrived in my lab in 2005, she was interested in
continuing her studies of the tinamous, focusing on the anatomy and function
of their penises. But tinamous are eminently edible, and they are heavily
hunted throughout their range, which is why they are among the shiest of all
the birds in the world, and therefore very hard to study in the wild. Whereas
ducks also have penises and are comparatively easy to work with. So, Patty



thought that ducks might provide an easier route to study the evolution of
genital anatomy and function in birds.

This interest ultimately led her to a duck farm in the Central Valley of
California in 2009. Although a duck farm is not an obvious place to pursue
new frontiers of evolutionary science, the farm Brennan went to had some
very special ducks. These drakes were trained to ejaculate semen into tiny
glass bottles. This was done not to satisfy some perverse interest in duck sex
but because the duck farmers wanted to create offspring that are a hybrid of
male Muscovy Ducks (Cairina moschata) and female Pekin ducks (a captive
breed of Mallard). In captivity, such hybrids show extraordinary vigor and put
on weight rapidly—two qualities that are very attractive to duck farmers. But
the Muscovy and Pekin ducks do not like each other, and if they are left to
their own devices in a common pen, they will not mate at high enough rates to
produce a commercially viable number of offspring. Modern agriculture’s
answer to this problem is artificial insemination, which requires some way of
collecting the sperm. Hence the use of the little glass bottles.

All of which explains why one day the Latino workers who collected the
sperm and performed the artificial inseminations at this farm were confronted
with a lovely, well-educated, wise, and wisecracking Latina toting a high-
speed video camera. As the videos showed, male Muscovy ducks will
perform on demand—despite the little glass bottles, the scrutiny of the
camera, and the glare of the lights.

The basic artificial insemination procedure goes like this: Male and
female Muscovys are kept in separate pens to increase their sexual
motivation. When it’s time for the sperm collection to occur, the pair of
ducks is placed in a narrow cage with their rear ends facing out of one open
side. The male rapidly mounts the female and begins to tread on her back.
The female becomes readily sexually receptive, as indicated by her reclining
precopulatory posture: her neck extended forward, head lowered, rear end
raised with the cloaca exposed, dilated, and secreting volumes of mucus.
Soon, the male begins to lower himself toward the female’s proffered rear.
And then it happens.

Normally, the erection of the drake would take place into the female
reproductive tract. During sperm collection, however, the farmworker
prevents the male from actually entering the female and places what looks



like a small glass milk bottle over the male’s cloaca at just the right moment.
The drake’s penis then erects and ejaculates into the bottle. As in a discreet
sperm bank, the sample is then passed through a little window into the hand
of another worker who prepares it for the Pekin females who are waiting in
the room next door. For Brennan’s research observations, the farmers still
prevented the male from entering the female but allowed him to erect and
gjaculate into the air, or into the special glass contraptions that Brennan
brought along on her next trip to the duck farm (more about those later).

Obviously, despite their ancient homology, the duck penis and the
human penis are very different from each other. Like other reptiles, the duck
penis is not external, but is stored, folded up, outside in, within the cloaca. It
only emerges from the cloaca during copulation. Another difference is that
unlike the erections of other reptiles, and of mammals, too, duck erections
are powered not by the blood-fueled vascular system but by the lymphatic
system. Inside his body on either side of the cloaca, the male duck has two
muscular sacs, called lymphatic bulbs. When these contract, lymph squirts
into the central hollow space within the penis, causing the penis to erect,
rapidly unfurling out of the male’s cloaca. It is difficult to envision, but the
process generally resembles a cross between using your arm to evert a sweater
sleeve that is inside out and unfurling the soft, motorized roof of a convertible
sports car with a hydraulic drive—but much, much faster! The first part of
the penis to be exposed is the base, and the rest unfolds in a wave toward the
tip, with sperm traveling along an external groove on the penis from base to
tip.

For ducks, the erection of the penis and its entry into the vagina are the
same event. The duck penis does not become stiff and then enter the female,
as in mammals and other reptiles. Rather, the penis is erected, or actively
everted, into the female reproductive tract, and it remains flexible throughout
the entire process. Furthermore, the duck penis is not straight, but spirals
counterclockwise from its base to its tip. Over its twenty-centimeter length,
the Muscovy Duck penis completes six to ten full twists.

The penises of ducks and other reptiles also lack an enclosed urethra, or
tube, for the flow of semen. Instead, the duck penis has a sperm-carrying
groove, called the sulcus, to transport semen. The sulcus runs along the entire
length of the duck penis, rather like the seam in a shirtsleeve. But because the



penis is coiled, the sulcus spirals counterclockwise as well. Those same
Victorian anatomists who had described avian penises derided the sulcus as
functionally ineffective—Ilike a leaky, dribbling pipe. But they had clearly
never watched the duck penis in action, and their armchair conjectures could
not have been more wrong. As the high-speed videos of flying duck sperm
would show, the avian sulcus may be a mere topological fold, but it works as
well as any mammalian urethra.

Like a selection of sex toys from a vending machine in a strange alien
bar (think perhaps of an X-rated Far Side cartoon by Gary Larson), duck
penises come in ribbed, ridged, and even toothy varieties. These surface
features point backward toward the base of the penis, and as the penis
unfolds, they are rapidly deployed into the walls of the female reproductive
tract to secure whatever inward progress the unfurling penis has made, like
the pitons a mountain climber uses to maintain progress up a forbidding cliff
face. Oh, and did I mention the duck penis’s spiral twist? I did? Okay, well,
there are so many odd things about a duck penis that it’s hard to keep them
all straight.

Although Brennan was well prepared by years of previous research on
duck anatomy, even she was stunned by the duck penis in action. To be blunt,
duck erections are “explosive,” the very word we used in the paper we
eventually published about our findings in Proceedings of the Royal Society of
London B: “Eversion of the 20 cm muscovy duck penis is explosive, taking an
average of 0.36 s, and achieving a maximum velocity of 1.6 ms-1.”

That’s nearly eight inches unfurled at three and a half miles an hour. In
about a third of a second, the entire event is over, the male ejaculates, the
penis begins to deflate, and the drake starts retracting it into his cloaca with a
series of muscular contractions (color plate 16). Brennan’s data show that it
takes an average of two minutes for a male to complete the process of
gathering his penis back inside his cloaca, or 190 times longer than it takes to
erect it in the first place. Brennan was able to make these observations about
speed because during her first trip to the California duck farm, she had filmed
the high-speed duck erections in the open air to document the process of an
unimpeded duck penile erection. This gave us the first measures of the
velocity of erection and the first observations of the efficacy of the sulcus—
the sperm-carrying groove that runs along the length of the penis.



After ejaculation and retraction, the farmers know that it will then be
hours before the male will be able to perform sexually again—perhaps
because that’s how long it takes for a sufficient quantity of lymph to build up
in the male’s lymphatic bulbs to fuel another explosive erection. Whatever the
reason, it takes a few hours for a drake to get his groove back.

When our duck-farm research was published, what was everyday
knowledge to the farm workers turned out to be both scientifically notable
and culturally irresistible. The videos themselves attracted tens of thousands
of YouTube viewers in just the first few days—a veritable explosion of
interest, shall we say.

Which brings us back to McCracken’s question: How does the explosive,
spiraling, ribbed, or even toothy duck erection function within the female
duck? Why do some males evolve a forty-two-centimeter penis to fertilize a
thirty-centimeter-long female duck? To find out, Brennan dissected the
reproductive tracts of female barnyard ducks. What she found was, at first,
wildly confusing. According to the textbooks, the avian vagina is a simple
thin-walled tube that runs from the single ovary to the cloaca. But the
textbook illustration didn’t match up at all with what Brennan saw in the
female duck’s reproductive tract. The duck vaginas she examined had
thickened, convoluted walls that were wrapped in a mass of fibrous
connective tissue. To Brennan, they seemed at first like a complete and
confusing mess. Then, surprisingly, in other specimens, she saw vaginas that
were simple, thin tubes, just like those in the textbooks. Eventually, Brennan
discovered that the simple tube specimens were from females outside the
breeding season and the more complicated structures were found in females
who were in breeding season. Turns out that the reproductive anatomy of the
female duck follows the same seasonal rhythms as that of the male duck, with
both of them redeveloping every year at breeding time.

Once Brennan was able to examine the vaginal anatomies of a number
of breeding ducks, what she found instead of simple tubes were vaginas that
had a series of dead-end side pockets, or cul-de-sacs, located near the cloaca
at the bottom of the reproductive tract. Further up the reproductive tract, she
saw a series of twists and turns in the vaginal tube. Interestingly enough, these



twists were clockwise spirals, in the opposite direction of the
counterclockwise-spiraling duck penis. Broadening the sample to include a
comparative analysis of fourteen waterfowl species such as puddle ducks,
diving ducks, mergansers, geese, swans, and “stiff-tailed” ducks, like the
Ruddy, Brennan showed that the longer and twistier the penis, the more
complex the vagina, with more dead-end pockets and upstream twists—and
vice versa: the shorter the penis, the simpler the vagina.

But what was the cause of all this anatomical variation? The key insight
was that there was a correlation between the more highly elaborated genital
structures and the social and sexual lives of the species who possessed them.
In monogamous, territorial waterfowl like swans, Canada Goose, and
Harlequin Duck, males have a very small penis (about one centimeter)
without any surface features, and females have simple vaginas without cul-de-
sacs or spirals. But in non-territorial species, which frequently engage in
forced copulations, like the Muscovy Duck, Pintail, Ruddy Duck, and, yes,
even the Mallards in Make Way for Ducklings, males have evolved longer,
intricately armed penises, and females have evolved increasingly complex
vaginal structures. A comparative analysis of penis and vaginal morphology
showed that these two features—the longer and more elaborately structured
penises and the more complex and convoluted vaginas—had clearly coevolved
with each other. But why?



Coevolution of male and female genital morphology in waterfowl. (Left) The male
Harlequin Duck has a very small, centimeter-long penis, and the female has a
simple, straight vagina with no elaborations. (Right) The male Mallard has a long,
corkscrew-shaped penis with hard ribs on its surface, and the female Mallard has
coevolved a convoluted vagina with multiple dead-end cul-de-sacs, and several
clockwise spirals. Photos by Patricia Brennan.

We hypothesized that the coevolutionary elaboration of the duck penises
and vaginas was the product of the sexual conflict between males and females
over who 1s going to determine the paternity of the offspring. In cases like
waterfowl, sexual conflict can create an ever-escalating war between the
sexes, which is called sexually antagonistic coevolution. This process results
in a kind of arms race between males and females, in which each sex evolves
successive behavioral, morphological, or even biochemical mechanisms to
overcome the evolved efforts by the other sex to assert control or freedom of
choice over reproduction. That is, each evolutionary advance by one sex
selects for a compensating counterstrategy by the other.



Male ducks had evolved penises that would enable them to force their
way into an unwilling female’s vagina, and the females in turn had evolved a
new way—an anatomical mechanism—to counter the action of the explosive
corkscrew erections of male ducks and prevent the males from fertilizing
their eggs by force. Remember the duck penis is never stiff but unfurls
flexibly in a counterclockwise spiral into the female’s reproductive tract. It
seemed to us that the cul-de-sac side pockets of the vagina, and its clockwise
corkscrewed shape, could be blocking the drake’s penis from progressing up
the female reproductive tract during forced copulations. If the evolutionary
advances in the female vaginal anatomy succeeded in foiling coercive
fertilization, then males would evolve to counter female defenses with bigger,
better-armed penises, and the females would in turn evolve ever more
complex evasive anatomical structures, and so on and so forth.

The selection mechanisms at work in this dynamic coevolutionary
process are complex. There is the sexual selection by mate choice that
produces coevolution between male display traits and female preferences. In
addition, male-male competition—another kind of sexual selection—is acting
in the evolution of the coercive male behavior and in the evolution of the
longer and more aggressively armed penis that allows males to succeed at
fertilizing the females by force. Further, in response to the indirect, genetic
benefit of autonomous mate choice (also a kind of sexual selection), female
behavioral and anatomical resistance mechanisms evolve. Any genetic
mutations that contribute to behaviors or vaginal morphologies that help
females avoid forced fertilizations will evolve because those mutations will
help females evade the indirect, genetic costs of sexual violence—that is,
having unattractive sons that other females will not prefer.

On the face of it, this is a pretty depressing picture of duck social
relations. It seems much more suitable for an apocalyptic dystopian sci-fi
novel than a Caldecott Medal-winning children’s bedtime story. The story,
however, is not all depressing. There have been both escalations and
reductions in this arms race in different lineages of ducks. Though some duck
groups have evolved ever-longer and more elaborately armed penises and
more complex vaginas, other lineages of ducks have essentially called off the
arms race and evolved smaller penises and simpler vaginas. These reductions
seem to be the result of external ecological factors that lower the density of



breeding individuals, favor exclusive territoriality, and eliminate the social
opportunity for male sexual coercion. In the absence of sexual conflict, both
sexes seem to evolve away from these complex structures.

We wanted to test our hypothesis that female vaginal complexity
functions in preventing forced fertilization. That required investigating
whether there was something about the cul-de-sacs and spiral twists of the
duck vagina that is specifically, mechanically designed to thwart the advance
of the duck penis.

How could we test this hypothesis? It is impossible to get internal
images of ducks during their sex act. Even if one could arrange for a male
duck to forcibly copulate with a female in an MRI machine with the capacity
to show a clear contrast between male and female tissues (and one definitely
cannot!), it would be impossible to complete the imaging in the few tenths of
a second during which penile erection is maximized and ejaculation takes
place. Testing this hypothesis about sexually antagonistic evolution would
take some creative thought.

Patty is nothing if not creative, however, and to test our hypothesis, she
came up with the idea of creating four glass tubes that would help us analyze
the interplay between the male and the female reproductive equipment. Two
of the tubes would be designed not to challenge the progress of the duck
penis in the vaginal tract. One would be straight; the other would be coiled
counterclockwise to match the spiral of the duck penis itself. The other two
tubes would be designed to act like a steeplechase obstacle course for the
avian penis, mimicking the shape of the female reproductive tract in breeding
season. One would be a tube with a hairpin turn similar to the female cul-de-
sacs near the cloaca, and the second a tube with a clockwise coil like the upper
reaches of the duck vagina. The diameters of all the tubes were to be the
same; they would differ only in the shape of the interior space. We
hypothesized that the duck penis would proceed without problems through
the straight and counterclockwise spiral tubes. Conversely, we hypothesized
that the tubes with the female-like hairpin turn and the clockwise spirals
could frustrate erection and prevent complete entry.



Although glass tubes are nothing like the real thing, they have the
advantage of providing a standard rigidity and uniformly smooth surface that
would control for all mechanical factors other than the shape of the tube,
which was the critical element of the hypothesis we wanted to test. The glass
tubes would be unnatural but objective and fair. Plus, glass is clear, so we
could observe and record on video the progress of the erecting duck penis
down the tube.

To find someone to make the glass tubes, Patty and I went to talk to
Daryl Smith at the Yale University Department of Chemistry Scientific
Glassblowing Laboratory. The motto over the door read, “If not for glass,
science would be blind.” The display cases in the hallway leading up to the
shop were filled with complex glass apparatuses with elaborate condensing
coils, leading to flasks and bulbs leading to tubes with charcoal filters, and so
on. Business was booming. Waiting outside the door was a line of students,
each holding drawings of new designs they wanted to be made for their
research, proof if any were needed that this classic art form is still a critical
part of the science of chemistry. When our turn came to talk to Smith, we
gave him a short introduction to the reproductive biology of ducks, to explain
why we wanted him to make artificial duck vaginas in various shapes. We
discussed the possible designs. Once we had decided on the final
specifications, I asked Smith, “So, is this the weirdest request you ever had?”
“Well,” he responded, “I've been asked to make artificial vaginas before, but
never for ducks!” We didn’t inquire further about this previous request.

Brennan returned to the duck farm with new glass tubes in the male-
friendly straight and counterclockwise spiral shapes and in the female-like
hairpin and clockwise spiral shapes. When she placed the straight and the
counterclockwise spiral glass tubes over the male Muscovy Duck cloacae, the
penises succeeded at erecting completely 80 percent of the time, and they
unfurled at the same velocity as a duck erection into open air. The few cases
that did not erect completely only failed to unfurl at the very tip of the penis.
In contrast, when faced with the hairpin and clockwise spiraled tubes, the
Muscovy Duck penises failed to erect 80 percent of the time. In each of these
cases, the erection failure was complete. The penis became bottled up in the
hairpin turn or in the first bend or two of the spirals and could not advance
further. Sometimes, the penis proceeded to unfurl backward toward the



opening of the glass vagina. These observations confirmed that the clockwise
spirals of the duck vagina literally function as an anti-screw device.

To those who may feel concern about the feelings of the male ducks,
they ejaculated just fine despite any and all mechanical challenges and
seemed not to mind in the slightest. Turns out that because sperm travels
down the sulcus, a duck penis can ejaculate regardless of how extensively it is
erected. This observation might suggest that all the female’s defensive
structures are for naught. From the female perspective, however, the earlier
the progress of the penis into the vagina can be impeded before ejaculation,
the farther away from the ova the sperm will be when they are deposited, and
the greater her chance of expelling the unwanted sperm with muscular
contractions and preventing sexually coercive fertilizations.

The data from Brennan’s glass tube experiments supported our
hypothesis that the convoluted vaginal morphologies found in some duck
species function to repel the explosively flexible duck penis during forced
copulations. Further supporting these conclusions are real-life genetic data
showing that these novel anatomical features are actually incredibly effective
at preventing fertilization by force. By doing genetic paternity analyses,
biologists can determine whether a female duck’s offspring were fathered by
her chosen male social partner or by other, extra-pair males. In several duck
species, including Mallards, in which the forced copulations are a stunning 40
percent of the total copulations, only 2—5 percent of the young in the nest are
sired by a male who is not the chosen partner of the female. Thus, the
overwhelming number of forced copulations are unsuccessful. As a
consequence of their elaborate vaginal morphologies, female ducks have
indeed succeeded in maintaining freedom of choice for 95 percent of
paternity despite persistent sexual violence.

But how is it, then, that the mate the female chooses can manage to
overcome the twists and whorls of her defensive anatomy? How does
voluntary sex differ from forced? We do not have any direct observations of
the inner workings—again, MRI technology would need to take a huge leap
forward and arrive in the barnyard to deliver such data. But, as mentioned
above, Patty’s duck-farm observations revealed that when female Muscovys
were actively soliciting copulations, they assumed the conspicuously
horizontal precopulatory display posture, dilated the cloacal muscles, and



released copious amounts of lubricating mucus. It seems clear that females
can make the reproductive tract a fully functioning and welcoming place
when they want to.

To return once again to McCracken’s question—what are the
ridiculously long penises of these ducks doing inside the female’s body? The
answer turns out to be, “It depends.” If the copulation is solicited, then clearly
the female is in for the full ride. These penile structures can easily penetrate
to the upper reaches of her reproductive tract if only momentarily. However,
if the copulation is resisted by the female, then the penis’s length and surface
features are designed, evolutionarily speaking, to try to overcome the barriers
imposed by female vaginal complexity. In the text above, I didn’t use the
metaphor of the forbidding cliff face lightly. It’s clear that the ridges and
hooks on the penis have evolved precisely for the purpose of helping it to
claw its way through the various structures within the duck’s vagina that are
designed to keep it out. However, by being overwhelmingly successful at
bottling up the penis during forced intromission, and preventing the vast
majority of attempts at forced fertilizations, female ducks have managed to
maintain the advantage in this sexual arms race. Even in the face of persistent
sexual violence, female ducks have been able to assert and advance their
sexual autonomy—their individual freedom to control paternity through their
own mate choices.

This is a dark evolutionary tale with an amazing and profoundly
redemptive outcome. What we learn from our investigations into duck sex is
that despite the ubiquity of sexual violence in these breeding systems, female
mate choice continues to predominate. Consequently, male plumages, songs,
and displays continue to evolve. Beauty continues to thrive, even in the face
of pervasive, violent attempts to subvert the freedom of mate choice that
creates it. However, female sexual autonomy is not a form of female power
over males. It is merely a mechanism for the assurance of freedom of mate
choice. Female ducks do not exert sexual control over males, and they can
always be turned down by the mates they prefer. Females do not, indeed
cannot, evolve to assert power over others in response to sexual violence.
Rather, females can only evolve to assert their own freedom of choice.

In this way, the concept of a sexually antagonistic coevolutionary arms
race 1s really misleading because the “war of the sexes” is highly



asymmetrical. Males evolve weapons of control, while females are merely
coevolving defenses that create opportunity for choice. It’s not a fair fight,
because only males are really at war. However, as ducks show, female sexual
autonomy can still win.

In March 2013, shortly after Barack Obama was inaugurated for his
second term, negotiations between congressional Republicans and the White
House over the U.S. federal budget broke down once again, and Republicans
turned their attention to one of their favorite subjects: wasteful government
spending. And that’s how the research that Patty Brennan and I had done on
sexual conflict and the evolution of duck genital anatomy became the focus of
a mini-scandal about government excess, which propelled the topic of duck
sex into the maelstrom of the political news cycle, where it was catchily
dubbed Duckpenisgate by Mother Jones.

Our duck genital evolution research had been funded by a 2009 grant
from the National Science Foundation (NSF), with money coming from the
aptly named “stimulus” package—the American Recovery and Reinvestment
Act (ARRA). For purposes of transparency, ARRA established an
independent website, Recovery.gov, which allowed citizens to “track the
money” and see where their stimulus tax dollars were going. This is how, as I
imagine it, some enterprising intern at Cybercast News Service (CNS), a
conservative news website, came across our grant just a few months before it
was due to expire. When a CNS news story describing our grant was posted
on its blog, a conservative Twitter storm of outrage ensued. For example, the
columnist Michelle Malkin tweeted, “Pass me the mind bleach. Blech.” (Of
course, why would you retweet a story you were supposedly so eager to
forget?) The CNS story was quickly followed up on by Fox News, and the
story went into heavy rotation for the week.

The Fox News anchorwoman Shannon Bream introduced a weeklong
series of investigations into federal government waste with the following
question:



Did you know that $385,000 of your tax dollars were being
spent to study duck...anatomy? You heard that correctly—
$385,000 of your money to study the private parts of ducks. It’s
part of President Obama’s stimulus plan, and it’s just one
example of the kind of spending decisions that have added up to
massive debt and deficits.

The three-minute piece that followed was a tour de force of the tired
genre of big-government lament. I never imagined it could be possible to
combine quotations from Ronald Reagan (“Government is not the solution to
our problems. Government is the problem!”), images of the Twin Towers
burning, Barack Obama’s teleprompter, and America’s housing foreclosure
and banking crises into an attack on our animal genital coevolution research
program, but Fox News managed to accomplish just that. Never one to shy
away from any antigovernment cause, Sean Hannity discussed the validity of
federal funding of a Yale University study on duck genital evolution with
Tucker Carlson and Dennis Kucinich later in the week in a segment titled
“D.C. Wasteland.”

Our duck penis research did have its strong defenders in the media,
among them Chris Hayes on MSNBC, the science writer Carl Zimmer,
Mother Jones, the Daily Beast, Time, and PolitiFact. After Patricia Brennan
wrote an awesome defense of basic science research and funding for
Slate.com, the storm appeared to be over.

Eight months later, however, when Senator Tom Coburn of Oklahoma
published his Wastebook for 2013 and included our $385,000 grant as
number 78 among the top 100 examples of federal government waste, the
irresistible story of Duckpenisgate roared back to life. The New York Post
headline read, “Government’s Wasteful Spending Includes $385G Duck Penis
Study.”

Out of the $30 billion of waste reported in Wastebook, the Post headline
focused on the 0.001 percent that went to our study. Somehow, the
combination of money, sex, and power—your tax money, duck sex, and
Yale’s Ivy League prestige—made the story irresistible. And so it went, as the
right-wing news outlets sought new ways to inspire the outrage that in an



earlier era was reliably engendered by Ronald Reagan’s Cadillac-driving
“Welfare Queen” and the Defense Department’s $700 toilet seats.

When repeddling this old story of government profligacy, news
programs inevitably mentioned our research with a veneer of sexual titillation.
So, when Sean Hannity sarcastically asked Tucker Carlson on Fox News,
“Don’t we really need to know about duck genitalia, Tucker Carlson?” his
question belied the genuine human fascination with the topic. Like all the
other attackers, he ignored the fact that we actually do have a tremendous
amount to learn from the study of duck sex. There are important evolutionary
findings, and perhaps even some of immediate practical value. If the
pharmaceutical industry thought that Viagra was a big deal, just wait until
duck developmental biologists unlock the secrets of the stem cells that allow
the duck penis to regenerate itself every spring and to get bigger each year
(which I think I might have forgotten to mention)!

Furthermore, our research has discovered that what the 2012 Missouri
Republican Senate candidate Todd Akin said about rape in humans—that
“the female body has ways to try to shut that whole thing down”—is actually
true of ducks, but the reason it is true tells us something deeply important and
new about the evolution of sexual autonomy in nature.

This chapter, like the research grant that had its fifteen minutes of
infamy back in 2013, has focused on a group of birds in which female mate
choice is threatened by male sexual coercion. What happens when mate
choice is constrained, prevented, or denied by physical force? we asked. And
as we have seen, the female ducks do not simply cave under the threat of
violence or even death. Rather, their shared standards of beauty—even
meaningless, arbitrary beauty—provide them with the evolutionary leverage
to fight back against sexual coercion and reassert their freedom of choice over
fertilization. Female ducks teach us a great lesson about the unexpected
power of female sexual autonomy. In the words of the Eurythmics and Aretha
Franklin song, they teach us that “Sisters are doin’ it for themselves!” By
doing so, females together become the agents of choice and the guarantors of
their own freedom of choice. The evolutionary advantages of obtaining the
mates they prefer—male offspring that will possess the traits they and other



females have agreed are attractive—are so strong that they have reshaped
female internal anatomy. Expanded sexual autonomy allows female waterfowl
to continue to select for beauty in the form of male sexual display and
everything that that involves—sounds, colors, behaviors, plumage, and so on.
Even in the face of unrelenting sexual attack, female ducks have found a way
to maintain the beauty in their world.

It is not an accident that these discoveries are consequences of the
aesthetic view of mate choice. Only when we recognize that mate choice is a
form of individual agency can we conceptualize sexual violence as a
disruption of that agency. To paraphrase Susan Brownmiller, sexual violence
1s against the will of female ducks too.

The revelation of an aesthetic mechanism for the evolution of female
sexual autonomy in waterfowl is a profoundly feminist scientific discovery. It
1s not feminist by accommodating the science to any contemporary political
theory or ideology. Rather, it is a feminist discovery in that it demonstrates
that sexual autonomy matters in nature. Sexual autonomy is not merely a
political idea, a legal concept, or a philosophical theory; rather, it is a natural
consequence of the evolutionary interactions of sexual reproduction, mating
preferences, and sexual coercion and violence in social species. And the
evolutionary engine of sexual autonomy is aesthetic mate choice. Only by
acknowledging that these are real forces in nature can we make progress
toward a complete understanding of the natural world. Of course, this should
not be too surprising. As Stephen Colbert on The Colbert Report has
observed, “Reality has a well-known liberal bias.”

This discussion of duck genital evolution raises a broader question: Why
do most birds lack a penis entirely? How did this happen? And what are the
evolutionary and aesthetic consequences of the loss of the bird penis? Once
again, the concepts of aesthetic evolution and sexual autonomy can provide
interesting new insights.

Birds originally inherited the penis from their dinosaurian ancestors, but
then it was lost some sixty-six to seventy million years ago in the most recent
common ancestor of the group known as the Neoaves, which includes over 95



percent of the world’s species of birds. We do not know anything about the
ecology or morphology of the ancestral neoavian bird in which the loss of the
penis occurred, so investigating this kind of event is difficult. But that doesn’t
mean we can’t make some progress in thinking about it.

The penis could have been lost because it was no longer useful—like the
eyes of cave fishes. But copulation is pretty important to reproductive success,
so we have to ask what kind of selection could possibly select against the
penis?

It’s possible that the neoavian penis was lost because females explicitly
preferred males without penises. Why? If one of the primary functions of the
penis is to subvert female mate choice through forced copulations, as it is in
waterfowl, then female mating preferences against intromission could have
evolved to reduce the threat to female sexual autonomy. The next two
chapters will focus in detail on how females can use mate choice itself to
change males both physically and behaviorally in ways that advance female
autonomy. But whatever the evolutionary mechanism, the loss of the penis
has had distinct consequences for sexual autonomy in birds.

Going penis-free means that active female participation is virtually
required for the intake of sperm into the female cloaca. Although even in the
absence of the penis males can mount a female and forcibly deposit sperm on
the surface of her cloaca, they cannot deposit sperm within the female nor
force her to uptake their sperm by dilating her cloaca. In the more than 95
percent of bird species that are penis-free, females can eject/reject unwanted
sperm. For example, barnyard hens can eject sperm after coerced copulations
with unwanted males. Attempts at sexual harassment and intimidation do still
exist in birds without a penis, and the female birds may still suffer injuries by
resistance, but the loss of the penis has resulted in a nearly complete end to
forced fertilizations. Through the loss of the penis, female neoavian birds
have essentially won the battle of sexual conflict over fertilization.

What are the evolutionary consequences of this expanded sexual
autonomy? Interestingly, we can return to Darwin’s observation in The
Descent of Man with an entirely new perspective: “On the whole, birds appear
to be the most aesthetic of all animals, excepting of course man, and they
have nearly the same taste for the beautiful as we have.”



Given that birds are among the few groups of animals that have evolved
a combination of complex sensory systems, cognitive capacities, and
expanded opportunities for mate choice thanks to the loss of the penis, I do
not think it an accident that birds have also evolved into the “most aesthetic
of all animals, excepting of course man.” The irreversible advance in avian
female sexual autonomy that occurred because of the disappearance of the
penis may be the most powerful explanation of the aesthetic evolutionary
extravaganza among birds.

This evolutionary extravaganza, which is predicted by the Beauty
Happens hypothesis, might in turn have contributed to birds’ explosive
speciation and aesthetic radiation, which could help to explain why penis-free
birds are the most successful group of terrestrial vertebrates in terms of the
number of species. Of course, there are many other factors contributing to
avian evolutionary success, rapid speciation, and diversification, including the
capacity for flight, their capacity for ecological diversification, migration,
song, and song learning. But any future investigation into the question of the
evolutionary success and diversity of birds should include the role of aesthetic
evolution and the evolutionary loss of the neoavian penis.

Another striking observation about female sexual autonomy in penis-
free birds 1s that it is strongly correlated with social monogamy, in which both
the male and the female make substantial reproductive investments of time,
energy, and resources into raising their offspring. The traditional explanation
for the evolution of monogamy in these birds is that it was a “nonnegotiable”
feature of neoavian biology. Unlike most other reptiles, neoavian birds have
offspring that are helpless and entirely dependent on their parents when they
hatch. These helpless baby birds—what ornithologists call altricial young—
are so vulnerable to predation that they must grow up very fast to minimize
the risk of being eaten in the nest before they learn to fly. Having two parents
helping to raise them will protect them during this vulnerable period and will
also speed their development and help them to fledge faster.

Intriguingly, however, we may have this evolutionary logic completely
backward. Rather, the loss of the avian penis and the expansion of female
autonomy might have had a decisive impact on the evolution of avian
development, physiology, and social behavior, so that altricial young may be
the result, not the cause, of the evolution of avian monogamy. All species of



birds with penises have offspring that can feed themselves soon after hatching
—ornithologists call them precocial young—who can be safely raised and
guarded by only one parent. (Two-parent care may evolve in precocial bird
species if territorial defense is required.) However, once the penis was lost,
female birds might have evolved to use their expanded sexual autonomy to
require more parental investment from males. Because penis-free male birds
cannot force copulation, they are basically required to fulfill female mating
preferences in order to reproduce. If females evolve to require greater
investment in reproduction from their mates, then males will soon evolve to
compete with one another to do a better job of providing resources for the
offspring of those choosy females! The result will be evolution of a stronger,
more extensive pair bond in which males are active participants and investors
in parenting. This expansion of male reproductive investment could in turn
have facilitated the evolution of helpless young, whose upbringing requires
the kind of substantial investment that males evolved to make. Thus,
expanded sexual autonomy that resulted from the loss of the penis has
allowed neoavian birds to advance in their sexual conflict with males over
parental investment, too.

The concept of sexual autonomy provides insights not only into the
evolution of defenses against sexual violence and coercion but into the
evolution of other, distinct paths to advance against sexual conflict. We will
explore these ideas further, in birds in the next two chapters, and in humans
too, in chapters 10 and 11.

So what have the females in the more than 95 percent of bird species
that lack a penis done with all the sexual autonomy they have won? As our
observations of bowerbirds and manakins in the next two chapters will reveal,
they have pursued their aesthetic, and frequently arbitrary, mate choices, and
by doing so have contributed to the nearly infinite varieties of colorful,
tuneful, and exuberant avian beauty in the world.






CHAPTER 6

Beauty from the Beast

No description can really prepare you for the extraordinary architecture of
the aesthetic structures created by male bowerbirds to use as their courting
arenas. Few creatures on earth lead a life that is as thoroughly shaped by
aesthetics as these birds, and their bowers are their masterpieces, created with
as much care, attention, and discernment as any artwork.

The aesthetic extremity of bowerbirds is the product of the same
evolutionary force we have been examining throughout—female mate choice.
We’ve seen how mating preferences exert evolutionary pressure on ornaments
and coevolve along with the ornaments they prefer. And as we saw so vividly
in the case of ducks, when mate choice is infringed upon by sexual coercion,
the evolutionary advantages of maintaining freedom of mate choice can drive
the evolution of defensive strategies—including behavioral and even
anatomical mechanisms of resistance. In the ducks, sexual conflict has
resulted in a violent, costly, and self-destructive antagonistic arms race
between the sexes. Both sexes invest heavily in arms and defenses, many
females are killed or die young, the sex ratio of males to females becomes
more uneven, so the sexual competition and coercion get worse, and the
population size suffers as a result. Of course when ecological conditions
change, and make coercion less profitable, then sexual conflict is alleviated,
and neither sex has to make these costly investments anymore.

But in the bowerbirds, we find a different and distinctive evolutionary
response to sexual coercion. Instead of evolving separate evolutionary
mechanisms for aesthetic mate choice and resistance to coercion, female
bowerbirds have used the power of mate choice itself to transform male
sexual behavior in ways that enhance and expand their sexual autonomy. As a
result, females get the highly stimulating, exciting, and active males they
prefer, but in a behavioral context that allows them nearly complete control
over their mating decisions.



Bowerbirds provide us with a particularly vivid example of what I call
aesthetic remodeling—the coevolution of female aesthetic preferences and
male traits that enhance female autonomy. The result is a sexual partner that
i1s both more pleasing to females and more amenable to female choice—in
other words an attractive male that has to take no for an answer if the female
prefers not to mate with him.

I vividly remember my personal introduction to the bowerbird clan on
my first trip to Australia, when I traveled there with my wife, Ann, in 1990.
Walking around the edge of the campground in Lamington National Park,
which is located midway down the east coast of the continent near Brisbane,
we encountered a male Satin Bowerbird (Ptilonorhynchus violaceus). The
chunky male is the size of a small crow with a stout ivory-yellow beak,
exquisite violet-purple irises, and a deep, lustrous blue plumage.

What makes the aesthetic expression of the Satin Bowerbird truly
extraordinary, however, is not his plumage but his bower. Like the males of
almost all the other species of the bowerbird family, the male Satin
Bowerbird creates a courtship structure—a kind of bachelor pad, or crib—to
attract mates. As Henry Alleyne Nicholson clarified in the first published use
of the word “bowerbird” in his Manual of Zoology in 1870, the bowerbird’s
bower is not a nest but an entirely distinct structure built by a displaying male
for the sole purpose of attracting mates. The bower has no function beyond its
use as a seduction theater—an ornamental stage for male sexual display.
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Types of bower architecture in Bowerbirds. Display court of Tooth-Billed Bowerbird
ornamented with green leaves and no bower.



Avenue bower of Great Bowerbird.



Maypole bower of MacGregor’s Bowerbird.



Double-maypole bower of Golden Bowerbird.



Hut bower variation of the maypole bower of Vogelkop Bowerbird.

Prior to the ornithological exploration of Australia and New Guinea by
Western explorers and colonists in the mid-nineteenth century, the word
“bower” referred only to a simple dwelling or hut (like a lean-to); to an
interior chamber within a home, especially a lady’s bedroom or boudoir; or to
a shady recess with overarching branches and vines. As it happens, all of
these traditional meanings seem happily appropriate when applied to the
bowers created by male bowerbirds; however, bowerbirds extend these
meanings in a whole new direction.

The male Satin Bowerbird’s bower is located in a small clearing on the
forest floor and consists of two parallel walls made of dry, upright twigs,



branches, and straw, with a narrow passageway running down the middle of it
(color plate 17). Hence the name given this kind of mating structure, the
avenue bower, which 1s one of the two main forms of bowerbird architecture.

In addition to building the bower structure, the male Satin Bowerbird
gathers objects with which to decorate it, all of them royal blue, and he piles
them on a bed of straw in the courtyard area located at the front of the bower.
Given his proximity to the trash from the campground in the national park,
the first male that Ann and I saw had assembled a hoard of objects that
included not just wild fruits, feathers, berries, and flowers but a mixture of
man-made and relatively durable items like milk jug tops, pen caps, snack
food wrappers, and other plastic packaging—all of them, from flowers to
food wrappers, in the preferred shade of a medium royal blue. Though the
Satin Bowerbird is highly discriminating in the color of the items he gathers
for his bower, so long as they are of an appropriate blue, he is completely
unpicky about the material properties or provenance of such items. A blue
soda cap is just as pleasing as far as he’s concerned as the most exquisite blue
feather. The male attends his bower, keeps it in good order, gathers and
curates his hoard of blue items. He also defends it from other males, who will
take any chance they can get to pull his bower apart and rob him of his prized
blue trinkets.

Of course, the entire function of this piece of architecture is to seduce a
female to visit and to mate. Although I was never privileged (or patient)
enough to observe a female visit, the display behaviors of the Satin Bowerbird
have been well described. When a female arrives, she steps into the avenue
between the bower walls and peers out at the male and his gathered materials.
Like the horse stall at the starting gate of a race, the passage between the
bower walls is narrow, affording her only enough room to face forward, where
she can see the male, waiting for her. Once he has her attention, the male
performs a series of highly energetic displays in which he suddenly fluffs out
his body feathers and wings. He punctuates these displays with loud vocal
squawks, bizarre, pulsating, buzzy electronic noises, and dead-on imitations
of other local bird songs including that of the Laughing Kookaburra (well-
known to us from Hollywood jungle sound tracks). Ultimately, the male will
pick up an item from his collection of blue materials, or a twig or a green
leaf, conspicuously display it to the female, and then replace it on the ground



as he continues his vocal performance. If the female prefers him, she signals
her interest with a low, crouching copulation solicitation posture. The male
then enters the bower from behind and mounts her while she remains in the
bower. If, however, the male attempts to copulate when the female is not
receptive, then she can escape out the front of the bower and fly away to avoid
his advances. In other words, the walls of the bower protect her from being
jumped by the male.

Avenue bowers can differ quite substantially from each other. The
simple avenue bower of the Satin Bowerbird consists only of a pair of parallel
stick walls with a narrow pathway, or avenue, between them. But among other
species, there are much more elaborate avenue “bower-plans” as well,
including the double-avenue bower made by Lauterbach’s Bowerbird
(Chlamydera lauterbachi), which has two parallel paths on a raised platform,
and the grand “boulevard” bower built by the Spotted Bowerbird
(Chlamydera maculata), in which the central pathway is especially wide and
the side walls are a transparent screen rather than a solid mass of sticks.

The decorations assembled by the male bowerbirds in the areas in front
of or behind the bowers also vary tremendously among species and
sometimes even among populations within a species. In some species, the
decorative objects are fruits, flowers, or leaves, while in others they include
bones, shells, insects, or feathers. Different colors may also be preferred,
depending on the species or population. Often the materials are laid on a bed
of moss, straw, or pebbles.

Another avenue builder, the Great Bowerbird (Chlamydera nuchalis),
has a wide distribution in dry open woodlands across the northern third of the
Australian continent. In most Great Bowerbird populations, males collect and
display light-colored pebbles, bones, and snail shells for their bowers. But the
males of one population of Great Bowerbirds are particularly original in their
choice of decorations, as I had occasion to observe in 2010, when I visited
the Broome Bird Observatory in the northwestern corner of Australia. This
preserve sits on the shores of Roebuck Bay, which is lined by steep, five- to
twenty-meter-high cliffs of red clay and stratified rocks. About half a
kilometer from the ocean cliff face, I observed a Great Bowerbird avenue
bower with a surrounding courtyard decorated at both front and back with a
vast pile of bleached, brilliantly white fossil clam shells (color plate 18). This



bird’s bower was a virtual paleontological museum, displaying fascinating
examples of the earth’s extinct biodiversity to attract prospective mates. Quite
literally, this male’s territorial calls meant “Do you want to come over and see
my fossil collection?” The shells were so distinct in shape and color that it
was easy to identify their source. At certain places along the red cliffs that
tower over the bay, a brilliantly white layer of material about a foot thick is
exposed. Closer inspection revealed that this was a layer of white fossil
bivalves that had been deposited in abundance during an earlier epoch in the
geological history of this corner of the ancient continent. As a museum
curator myself, I felt a certain affinity with this bowerbird’s paleontological
passion.

The second major architectural style made by bowerbirds is the maypole
bower, which consists of a pile of horizontal sticks placed around a central
support, usually a sapling or a small tree. The stack of brown sticks is cone
shaped, broadest at the base, and narrowing at the top to form a structure that
is like a bottlebrush, or a bizarre, minimalist, postmodern Christmas tree. At
the base of the maypole, the male clears a circular path, or runway, which
allows the male and the female to run a rapid circuit around the maypole
during the courtship maneuvers. The court, which is located outside this
circular runway, is decorated with materials the male has gathered, which can
include flowers, fruits, beetle and butterfly parts, and even fungus. Some
bowerbird species also adorn the twigs and branches of their Christmas-tree-
like structure with decorative materials, such as regurgitated fruit pulp.
(Okay, so maybe that’s not so much like a Christmas tree.)

The first time I saw a maypole bower was during the same trip to
Australia. A week after our sighting of the Satin Bowerbird, Ann and I
traveled to the rain forest in the Atherton Tablelands in northern Queensland,
where we hoped to see the Golden Bowerbird (Prionodura newtoniana) and
its famous double-maypole bower. The Golden Bowerbird is the smallest of
the bowerbird species. The male has dull olive-green body plumage and
bright yellow patches on his crown, upper back, throat, and belly. I was
familiar with its bower from a classic, multi-panel black-and-white drawing
illustrating the diversity of bowerbird architecture that has appeared in every
ornithology textbook since, apparently, the dawn of time. The double-
maypole bower of the Golden Bowerbird was depicted in a panel adjacent to



the simple avenue bower of the Satin Bowerbird and appeared to be about the
same size. It never occurred to me to consider whether or not the structures in
the two panels were drawn to the same scale. So, as Ann and I headed down
the rain forest trail scanning the forest floor for signs of the bower, I
cautioned her in a whisper, “We have to be careful not to step on it!” In a few
hundred meters, we rounded a bend in the trail and saw an enormous
structure that was nearly waist high and more than a yard wide. It would have
taken quite an effort to step over it, let alone step on it accidentally as I had
feared.

After recovering from my shock at its size, I was equally stunned by the
complexity of the structure. The double maypole consisted of two huge piles
of horizontal sticks piled around a pair of saplings but oriented in various
directions. The two conical mounds merged together in the middle to create a
saddle of sticks. The Golden Bowerbird decorates the bower structure itself
but not the courtyard around it. This male had adorned one side of his bower
with many dozens of small flowers of an exact shade of buttery forsythia
yellow, and he had decorated the other side with myriad tiny threads of a
vivid fluorescent-green lichen. The transplanted lichen threads were growing
happily in their new home, and the flowers were as fresh looking as those in a
florist’s bouquet. Even at this cooler altitude, these flowers would clearly not
last for more than a few days, so the absence of any brown or wilted petals
was testimony to the male’s constant and attentive curation of his display.

Fifteen years later, I had the pleasure to visit Brett Benz, then a
University of Kansas undergraduate student, at his field site near the village of
Herowana in the central highlands of Papua New Guinea where he was
studying the MacGregor’s Bowerbird (Amblyornis macgregoriae), which
builds a single-maypole bower. The maypole bowers of MacGregor’s
Bowerbird are situated high up on ridges that descend sharply under the dense
forest canopy. The male decorates his court and bower with a remarkably
diverse set of ornaments that includes fruits of various colors, a brownish
fungus, and tiny, extraordinarily brilliant, iridescent fragments of blue
Entimus weevils. Brett had recorded video of a male returning to his bower
with a living blue weevil. The male brutally pulled apart the writhing beetle
on the court floor and carefully placed pieces of it in his bower arrangement.
Stepping back after every such placement, he regarded each decorative



possibility with a little cock of his head, like a fussy florist checking on the
arrangement he was creating. Perhaps the most curious ornaments of all were
the numerous stringy, threadlike blackish clumps hanging near the tips of
various horizontal sticks in the bower structure itself, which turned out to be
caterpillar frass—or droppings. The list of found ornaments in the collages
assembled by this species was eclectic in the extreme.

Like other Amblyornis maypole builders, the male MacGregor’s
Bowerbird is mostly drab brown like the female, but unlike other Amblyornis
the MacGregor’s male has a long, erectable crest of deep umber-orange
feathers. During the courtship display, the male and the female stand on
opposite sides of the circular runway, with their view of each other obscured
by the maypole between them. Peering around the runway at the object of his
desire, the male suddenly erects his brilliant orange crest feathers and flashes
them at her, then quickly reverses course and peers at her around the opposite
side of the maypole, and he continues to engage in a rapid succession of
alternating glimpses in what is essentially an elaborate game of peekaboo.
Sometimes the male makes a running dash toward her around his runway. If
he approaches her too aggressively, however, she can scuttle to the side,
keeping the maypole between her and her overeager prospective mate—or fly
away.

There are several unique features of male bowerbird courtship behavior
that require specific evolutionary explanation: the existence of the bower; the
radical diversity of its architecture, which I’'ve only begun to hint a