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Praise for First Steps

‘A book that strides confidently across complex terrain, laying out what we know about how walking works, who started doing it and when … DeSilva is a genial companion on this stroll through the deep origins of walking … Illuminating’

New York Times

‘This is breezy popular science at its best, interweaving anecdotes from the field and lab with scientific findings and the occasional pop culture reference. DeSilva gets extra credit for naming oft-overlooked experts who made key discoveries … [and] makes a compelling case overall.’

Science News

‘Before our ancestors thought symbolically, before they used fire, before they made stone tools, or even entered the open savanna, our ancestors walked upright. In one way or another, this odd locomotory style has underwritten the whole spectrum of our vaunted human uniquenesses, from our manual dexterity to our hairless bodies, and our large brains. In the modern world it even influences the way other people recognise us at a distance, and it is crucial to our individual viability. In this authoritative but charmingly discursive and accessible book, Jeremy DeSilva lucidly explains how and why.’

Ian Tattersall, author of Masters of the Planet and The Strange Case of the Rickety Cossack

‘Master anatomist and paleontologist Jeremy DeSilva makes no bones about the fact that when looking at fossils “I let myself be emotional …” Thus does this world expert and gifted story teller take us on a tour through the sprawling, complicated, saga of human origins. Drawing on his personal knowledge of topics ranging from sports medicine to childcare and his acquaintance with a host of colourful characters – whether lying inert in museum drawer, sitting behind microscopes or feuding with one other – DeSilva adds flesh and projects feelings onto the bones he studies, a tour de force of empathic understanding.’

Sarah Blaffer Hrdy, author of Mother Nature and Mothers and Others: The Evolutionary Origins of Mutual Understanding

‘A brisk jaunt through the history of bipedalism … DeSilva’s ability to turn anatomical evidence into a focused tale of human evolution and his enthusiasm for research will leave readers both informed and uplifted.’

Publisher’s Weekly

‘DeSilva makes a solid scientific case with an expert history of human and ape evolution … Accessible, valuable popular anthropology’

Kirkus Reviews

‘DeSilva has a gift for identifying important but often overlooked observations … While the subject of human evolution might seem daunting – especially discussions of the relationships between ape and hominin ancestors – DeSilva uses personable language and always keeps it interesting.’

Library Journal

‘DeSilva has written one of the most interesting science books I’ve read in the last five years and one of the most interesting walking books over the same span.’

First Things

‘DeSilva takes us on a brilliant, fun, and scientifically deep stroll through history, anatomy, and evolution, in order to illustrate the powerful story of how a particular mode of movement helped make us one of the most wonderful, dangerous and fascinating species on Earth.’

Agustín Fuentes, Professor of Anthropology, Princeton University and author of Why We Believe: Evolution and the Human Way of Being
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For Erin and the steps still to come
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ONE INTERPRETATION OF THE HUMAN FAMILY TREE

Paleoanthropologists have discovered and named over twenty-five different kinds of fossil human ancestors and extinct relatives (hominins). Throughout this book, you will meet many of these—presented here by their names and representative fossils. While we know when these hominins lived in time (shown as “Millions of Years Ago” vertically), exactly how they were related to one another remains unclear. Possible relationships are proposed by this tree, though recent fossil and genetic evidence has revealed parts of the human family tree to be an entangled snarl of interconnected branches. Future discoveries are certain, in some ways, to complicate this picture and, in other ways, to simplify it.




AUTHOR’S NOTE
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As I write this from my home in Norwich, Vermont, a social media poll is circulating in which people report what career they have now compared to what they dreamed of doing at ages six, ten, fourteen, sixteen, and eighteen. Mine looks like this:


	Age 6	Scientist

	Age 10	Center fielder for the Red Sox

	Age 14	Point guard for the Celtics

	Age 16	Veterinarian

	Age 18	Astronomer

	Now	Paleoanthropologist



Paleoanthropology is the study of fossil (paleo) humans (anthropology). It is a science that asks some of the biggest and boldest questions humans have ever dared wonder about themselves and their world: Why are we here? Why are we the way we are? Where did we come from? But it was not always my path. I didn’t even discover this science until the year 2000.

That year, I was working as a science educator at the Boston Museum of Science. I was making $11 an hour, George W. Bush was elected the next U.S. president, and the Red Sox had wrapped up their eighty-second season since last winning a World Series championship. My museum coworker was a brilliant science educator with the best and most contagious laugh I had ever heard. Four years later, she said yes when I asked her to marry me.

In late 2000, however, it was not love on my mind, but a terrible gaffe in the halls of the museum. Positioned within the walls of the dinosaur exhibit, way too close to the life-size Tyrannosaurus rex, was a fiberglass replica of footprints made by ancient humans 3.6 million years ago at Laetoli, Tanzania.

Like the prehistoric animal toy sets that include dinosaurs, woolly mammoths, and cavemen, positioning these footprints next to dinosaur fossils that were twenty times older might unwittingly promote the misconception that ancient humans and dinosaurs coexisted. Something had to be done.

I approached my boss—the great science educator Lucy Kirshner—and she agreed that the ancient human footprints should be displayed in the newly rebuilt human biology exhibit. But first she wanted me to go to the museum library and learn all I could about the Laetoli footprints and about human evolution. I devoured books on the subject and soon I was hooked. I had, as they say, caught the hominin bug. “Hominins” are what we call extinct human relatives and ancestors. The timing could not have been better. In the following two years, the oldest members of the human family tree were discovered—mysterious apelike ancestors with names like Ardipithecus, Orrorin, and Sahelanthropus.

In July 2002, I stood on a presentation stage at the museum with Dr. Laura MacLatchy, then a paleoanthropologist at Boston University (BU), and discussed with a fascinated public the implications of a newly discovered 7-million-year-old hominin skull in Chad, Africa. I was giddy. Here was a real paleoanthropologist talking with me about the oldest human fossil ever found.

To me, hominin fossils didn’t just reveal the physical evidence for our human evolutionary history; they also contained extraordinary, personal stories of past lives. The footprints at Laetoli, for example, were a snapshot in the life of upright walking, breathing, thinking beings who laughed, cried, lived, and died. I wanted to learn how scientists squeeze information out of these ancient bones. I wanted to tell evidence-based stories about our ancestors. I wanted to be a paleoanthropologist. Just over a year after standing with Laura MacLatchy on the museum stage, I started graduate school in her paleoanthropology lab at BU and, a short time later, the University of Michigan.

Today, I teach in the anthropology department at Dartmouth College in the woods of New Hampshire and travel to Africa for my research. For nearly two decades, I have searched for fossils in caves in South Africa and throughout the ancient badlands of Uganda and Kenya. I have dug through the ancient volcanic ash at Laetoli, Tanzania, searching for more footprints made millions of years ago by our upright walking ancestors. I have followed wild chimpanzees through their jungle habitat. In African museums, I have closely examined the foot and leg fossils of extinct human relatives and ancestors. And I’ve wondered.

I’ve wondered about our large brains, sophisticated culture, and technological know-how. I’ve wondered why we talk. I’ve wondered why it takes a village to raise a child and if it has always been that way. I’ve wondered why childbirth is so difficult and sometimes even dangerous for women. I’ve wondered about human nature and how we can be virtuous one moment and violent the next. But, mostly, I’ve wondered why humans walk on two, rather than four, legs.

In doing so, I’ve realized that the many things I wonder about are all connected, and at the root of it all is the unusual way we move. Our bipedal locomotion was a gateway to many of the unique traits that make us human. It is our hallmark. Understanding these connections requires the question-driven, evidence-based approach to the natural world that I’ve embraced since the age of six: science.

This is the story of how walking upright made us human.


   


INTRODUCTION
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There’s an old story about a centipede who was asked which particular set of legs he used to start walking. The question took him by surprise. What had seemed a perfectly normal means of progression became a wholly perplexing problem. He could scarcely move. I’m faced with a similar difficulty when I try to account for—not how I walk, but why.

—John Hillaby, explorer



The year 2016 set a record for kills in the annual hunt to cull the swelling population of black bears roaming free in rural and suburban New Jersey. Of the 636 taken, 635 were dispatched with only a few howls of protest from animal lovers. But when news broke that one particular bear was dead, there was outrage.

The killing was called “an assassination.” The hunter thought to be responsible received death threats. Some advocated that he, too, should be hunted and killed. Others called for his castration. Why such fury over one dead bear?

Because he walked on two legs.

Since 2014, New Jersey residents had occasionally seen the young male bear strolling down suburban streets and through backyards on two legs—a form of locomotion called bipedalism. Although he fed on all fours, an injury prevented him from putting weight on his front limbs, so to move, he reared up and walked upright.

They called him Pedals.

I never saw Pedals walk when he was alive, but as a scientist fascinated by upright walking in my own species, I wish I had. Fortunately, there are YouTube videos of him. One has over a million views; another over 4 million.

At first glance, he looked like a man in a bear suit, but once he started moving, the differences between his gait and a human’s were clear. Pedals’s back legs were much shorter than mine. He shuffled in quick, short steps, remaining rigid from hips to shoulders as his clawed feet skimmed the ground. It reminded me of a panicked person desperately searching for a toilet. Pedals couldn’t walk upright for long before dropping down on all fours.

We are drawn to animals when they behave like us. We post videos of goats yelling like humans and Siberian huskies howling “I love you.” We are amazed by crows sledding down rooftops and chimpanzees giving hugs. They remind us of our kinship with the rest of the natural world. Perhaps more than any other behavior, though, we are awestruck by bouts of bipedalism. Plenty of animals rise on two legs to scan the horizon or strike an intimidating pose, but humans are the only mammals that walk on two legs all the time. When another animal does it, we are mesmerized.

In 2011, news spread that a male silverback lowland gorilla named Ambam at the Palace of the Apes at Port Lympne Reserve occasionally walked on two legs around his Kent, England, enclosure. Soon, he was featured on CBS, NBC, and the BBC. Upright-walking-gorilla mania struck again in early 2018 when Louis, a large male gorilla, began walking around his Philadelphia Zoo enclosure on two legs because, according to many, he didn’t like to get his hands dirty.

Faith the dog was born without one front limb and had the other amputated when she was seven months old. Thanks to a dedicated family that used treats to entice her to hop, she became a capable biped. She visited thousands of wounded soldiers and appeared on Oprah.

And in 2018, a video of a bipedal octopus circulated on social media. It used just two of its legs to propel itself along a sandy seafloor.

By our surprised reactions to upright walking in bears, dogs, gorillas, and even octopuses, we reveal how human this behavior is. When humans do it, it is ordinary. It is, you might say, pedestrian. We are the only striding bipedal mammals on Earth—and for good reason.

In the following pages, these reasons will become clear. It is a remarkable journey, which I’ve organized along these lines.

Part I investigates what the fossil record tells us about the origin of upright walking in the human lineage. Part II explains how it was a prerequisite for changes that define our species, from our large brains to the way we parent our children—and how those changes allowed us to expand from our ancestral African homeland to populate the Earth. Part III explores how the anatomical changes required for efficient upright walking affect the lives of humans today, from our first steps as babies to the aches and pains we experience as we age. The conclusion examines how our species managed to survive and thrive despite the many downsides of walking on two, rather than four, legs.

Come, take a walk with me.


   


PART I
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The Origin of Upright Walking

WHY THE FAMILIAR CHIMPANZEE-TO-HUMAN IMAGERY OF BIPEDAL EVOLUTION IS WRONG


All other animals look downward; Man,
 Alone, erect, can raise his face toward Heaven.

—OVID, METAMORPHOSES, AD 8



    
   


CHAPTER 1
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How We Walk


Walking is falling forward. Each step we take is an arrested plunge, a collapse averted, a disaster braked. In this way, to walk becomes an act of faith.

—Paul Salopek, journalist, at the start of his ten-year, 20,000-mile journey in the footsteps of our early ancestors from their African homeland to the ends of the Earth, December 2013



Let’s face it: humans are weird. Although we are mammals, we have comparatively little body hair. While other animals communicate, we talk. Other animals pant, but we sweat. We have exceptionally large brains for our body size and have developed complex cultures. But, perhaps oddest of all, humans navigate the world perched on fully extended hind limbs.

The fossil record indicates that our ancestors started walking on two legs long before they evolved other uniquely human features including large brains and language. Bipedal walking on the ground started our lineage on its unique path shortly after our apelike ancestors split from the chimpanzee lineage.

Even Plato recognized the uniqueness and the importance of upright walking, defining the human as a “two-footed, featherless animal.” According to legend, Diogenes the Cynic was not pleased with Plato’s description and, with a plucked chicken in hand, he disparagingly revealed “Plato’s man.” Plato responded by tweaking his definition of humans to include “with flat nails,” but held fast to the biped part.

Bipedalism has since made its way into our words, expressions, and entertainment. Think of the many ways we describe walking: we stroll, stride, plod, traipse, amble, saunter, shuffle, tiptoe, lumber, tromp, lope, strut, and swagger. After walking all over someone, we might be asked to walk a mile in his shoes. Heroes walk on water while geniuses are walking encyclopedias. To humanize animated television characters, cartoonists draw them standing and walking on two legs. Mickey Mouse, Bugs Bunny, Goofy, Snoopy, Winnie the Pooh, SpongeBob SquarePants, and Brian the dog from Family Guy all walk bipedally.

In a lifetime, the average, nondisabled person will take about 150 million steps—enough to circle the Earth three times.

But what is bipedalism? And how do we do it?

Researchers often describe bipedal walking as a “controlled fall.” When we lift a leg, gravity takes over and pulls us forward and down. Of course, we don’t want to fall on our faces, so we catch ourselves by extending our leg forward and planting our foot on the ground. At that point, our bodies are physically lower than they were at the start of our journey, so we need to raise ourselves upward again. The calf muscles in our legs contract and raise our center of mass. We then lift the other leg, swing it forward, and fall again. As primatologist John Napier wrote in 1967, “Human walking is a unique activity during which the body, step by step, teeters on the edge of catastrophe.”

The next time you look at a person from the side as he or she walks, notice how the head dips and then rises with each stride. This wavelike pattern characterizes our controlled-fall form of walking.

Of course, walking is not this clunky, and it’s not this simple. To get technical for a moment, when we raise our center of mass by contracting our leg muscles, we store potential energy. When gravity takes over and pulls us forward, it converts the stored potential energy into kinetic energy, or motion. By taking advantage of gravity, we save 65 percent of the energy we would use otherwise. This ticktocking of potential energy to kinetic energy is how pendulums work. Human walking can be thought of that way—as an inverted pendulum that resembles a metronome.

Is this any different from how other animals walk when they rear up on two legs? It turns out, the answer is yes.

As a Ph.D. student, I spent a month with wild chimpanzees in Kibale Forest National Park in western Uganda. There, I met Berg. He was a large male in the Ngogo community of chimpanzees that numbered about 150—an unusually large group of apes. He was on the older side, his head hair receding a bit and his black coat flecked with patches of gray on his lower back and calves. Berg was not a high-ranking male, but occasionally he experienced a surge of testosterone, his hair puffed out, and he gave a booming pant-hoot that echoed through the forest. When he did this, it was best for humans to step out of his way.

Berg would grab a branch from the forest floor or tear one from a nearby tree, stand upright, and walk through the understory on just two legs. But he didn’t move like I do. Instead, his knees and his hips were bent—the crouched kind of walk comically performed by Groucho Marx in A Day at the Races and other Marx Brothers films. Unable to balance on a single leg, Berg wobbled from side to side as he gracelessly crashed through the forest. It was an energetically expensive form of travel, and he tired quickly, dropping to all fours after about a dozen steps.

Humans, in contrast, are not crouched over. We stand with extended knees and hips. Our quadriceps muscles do not have to do as much work as a chimpanzee’s when they walk on crouched legs. Muscles positioned on the sides of our hips allow us to balance on a single leg without tipping over. We walk gracefully and with much more energetic efficiency than Berg did.

But why did these changes to our anatomy happen? Why did this unusual form of locomotion evolve?

Let’s start our journey by considering bipedalism in the fastest human on the planet. In 2009, Jamaican sprinter Usain Bolt set the men’s world record in the one-hundred-meter dash at 9.58 seconds. Between the sixty- and eighty-meter mark, he maintained a peak speed of nearly twenty-eight miles per hour for about 1.5 seconds. But by the standards of other mammals in the animal kingdom, this human speed demon is pathetically slow-footed.

Cheetahs, the fastest land mammals, exceed sixty miles per hour. Cheetahs do not typically hunt humans, but lions and leopards, who occasionally do, top out at fifty-five miles per hour. Even their prey, including zebras and antelopes, can flee snapping jaws at fifty to fifty-five miles per hour. In other words, the predator-prey arms race in Africa currently stands at no less than fifty miles per hour. That’s how fast most predators run, and how fast most prey try to escape. Except for us.

Usain Bolt not only could not flee from a leopard, he couldn’t catch a rabbit. The fastest among us runs at half the speed of an antelope. By moving on two legs rather than four, we’ve lost the ability to gallop, making us exceptionally slow and vulnerable.

Bipedalism also makes our gait somewhat unstable. Sometimes our graceful “controlled fall” is not controlled at all. According to the U.S. Centers for Disease Control and Prevention, more than 35,000 Americans die annually from falling—nearly the same number who die in car accidents. But when’s the last time you saw a four-legged animal—a squirrel, dog, or cat—trip and fall?

Being slow and unstable seems like a recipe for extinction, especially given that our ancestors shared the landscape with the large, fast, hungry ancestors of today’s lions, leopards, and hyenas. Yet here we are, so surely there must be advantages to bipedalism that outweigh the costs. The great film director Stanley Kubrick thought he knew what these were.

IN KUBRICK’S 1968 film 2001: A Space Odyssey, a group of hairy apes gather around a watering hole on a dry African savanna. One of them looks inquisitively at a large bone lying on the ground. He picks it up, holds it like a club, and gently taps the scatter of bones around him. Strauss’s 1896 Also sprach Zarathustra, Op. 30, begins to play. Horns: dah, dahhh, dahhhhh, DAH-DAH! Bass drum: dum-dum, dum-dum, dum-dum, dum. The ape imagines wielding the bone as a tool—a tool to kill. The furry beast rises on two legs and slams the weapon down, shattering bones and symbolically clubbing a meal, or an enemy, to death. That’s how Kubrick imagined the Dawn of Man. He and his cowriter Arthur C. Clarke were dramatizing what was then a widely accepted model for human origins and the beginning of upright walking.

This model is still with us, and it is almost certainly wrong. It postulates that bipedalism evolved in a savanna environment to free the hands to carry weapons. It asserts that humans are, and always have been, violent. These ideas go all the way back to Darwin.

Charles Darwin’s On the Origin of Species (1859) is one of the most influential books ever written. Darwin didn’t invent evolution; naturalists had been discussing the changeability of species for decades. His great contribution was to present a testable mechanism for how populations changed and continue to change over time. He called this mechanism “natural selection,” although most of us know it as “survival of the fittest.” More than 150 years later, there’s ample evidence that natural selection is a strong driver of evolutionary change.

Almost from the beginning, skeptics howled at the implication that human beings descended from apes, but in Origin, Darwin had written almost nothing about the evolution of his own species. He simply wrote on the penultimate page of the book that “light will be thrown on the origin of man and his history.”

Nevertheless, Darwin was thinking about humans. Twelve years later, in The Descent of Man (1871), he hypothesized that humans possess several interrelated traits. He asserted we are the only apes that use tools. We know now he was wrong, but Jane Goodall’s observation that chimpanzees at Gombe Stream National Park in Tanzania make and use tools was still ninety years away. However, Darwin correctly posited that humans are the only fully bipedal ape, and that we have unusually small canine, or fang, teeth.

To Darwin, these three human attributes—tool use, bipedalism, and small canines—were linked. As he saw it, individuals who moved on two legs could free their hands for tool use. Thanks to tools, they no longer needed large canine teeth to compete with rivals. Ultimately, he thought, this suite of changes led to an increase in brain size.

But Darwin was working with a handicap. He had no access to firsthand accounts of wild ape behavior, data that didn’t start trickling in until a century later. Furthermore, in 1871 there wasn’t a single known early human fossil from the African continent—the place of origin for our lineage as we understand it now, and even as Darwin predicted a century and a half ago. The only premodern human fossils known to Darwin were a few Neandertal bones from Germany misidentified by some scholars at the time as diseased Homo sapiens.

Without the benefit of a fossil record or accurate behavioral observations of our closest living ape relatives, Darwin did the best he could in proposing a testable scientific hypothesis for why humans walk on two legs.

Data required to test his idea started surfacing in 1924 when a young Australian professor named Raymond Dart, a brain expert at the University of the Witwatersrand in South Africa, obtained a crate of rocks from a mining operation near the town of Taung, nearly three hundred miles southwest of Johannesburg. He opened the crate and noticed that one of the rocks contained the fossilized skull of a juvenile primate. Dart used his wife’s knitting needles to extract the skull from the surrounding limestone. As he did, he saw that the skull belonged to a strange primate. For one thing, the Taung child, as it would come to be known, had tiny canine teeth quite unlike those in baboons and apes. But the real clues were lurking in the child’s fossilized brain.

My primary research interests are the foot and leg bones of our ancestors, but historically and aesthetically, no other fossil can match the Taung child’s skull. In 2007, I traveled to Johannesburg, South Africa, to examine it. The curator there is my friend Bernhard Zipfel, a former podiatrist who became a paleoanthropologist after he “grew tired of fixing people’s bunions.” One morning, he retrieved a small wooden box from the vault. It was the same box Dart used to house his precious Taung nearly a century earlier. Zipfel carefully removed the fossilized brain and placed it in my hands.

After this little hominin died, the brain decayed and mud filled the skull. As millennia passed, the sediment hardened into an endocast, a replica of the brain. It faithfully duplicated the size and shape of the original brain and even preserved details of the folds, fissures, and external cranial arteries. The anatomical detail is exquisite. I carefully turned the fossil brain over to reveal a thick layer of sparkling calcite. Light reflected from it as if it were a geode, not an ancient human fossil. I hadn’t expected Taung to be so beautiful.

The preservation of the folds and fissures of the brain was a remarkable stroke of luck because Dart knew brain anatomy as well as anyone in the world. He was, after all, a neuroanatomist. His studies revealed that the Taung child’s brain was about the size of an adult ape’s but had lobes organized more like a human’s.

The endocast fit perfectly, like a puzzle piece, into the backside of Taung’s skull. I turned the skull slowly to peer into this 2.5-million-year-old child’s eye sockets, the closest I could come to seeing an ancient hominin eye to eye. When I rotated the skull to examine the underside, I saw what Dart had observed in 1924. The foramen magnum—the hole through which the spinal cord passes—was located directly under the skull as it is in humans. When alive, little Taung held its head atop a vertical spine.

In other words, Taung was bipedal. In 1925, Dart announced that the fossilized skull was from a species brand-new to science. He called it Australopithecus africanus, meaning “southern ape from Africa,” following the traditional way in which scientists classify and name animals by genus and species. Domestic dogs, for instance, are all members of the same species, but they are also part of a larger group, or “genus,” of related animals including wolves, coyotes, and jackals. All the members of that genus are part of a still larger and more distantly related group, or “family,” that includes wild dogs, foxes, and many species of extinct wolflike carnivores.

We and our ancestors are classified in the same way. Modern humans are all members of the same species, but we are also the lone survivors of a genus that once included other humanlike groups such as Neandertals. Our genus, Homo, which made its first appearance about 2.5 million years ago, evolved from a species that was part of another genus, called Australopithecus. All members of Homo and Australopithecus, in turn, are hominids, the name for a family of related animals that includes many of the existing and extinct great apes, such as chimpanzees, bonobos, and gorillas.

Animals are referred to by their genus name followed by their species name. For example, humans are Homo sapiens, dogs are Canis familiaris, and the Taung child is Australopithecus africanus.

More important than the name, though, was Dart’s interpretation of this fossil. He hypothesized that it was not an ancestral chimpanzee or gorilla but rather an extinct relative of humans.

While the scientific community debated the importance of the Taung discovery, another South African paleontologist, Robert Broom, searched for more Australopithecus fossils in caves northwest of Johannesburg in an area known today as the Cradle of Humankind. Throughout the 1930s and late 1940s, he used dynamite to blast through the hard cave walls. He then picked through the rubble, searching for the remains of our ancestors. Today, there are still large piles of cave debris—many chunks containing fossils—at the openings of these caves. They are called Broom piles.

While paleoanthropologists today cringe at his crude approach, Broom discovered dozens of fossils from two different kinds of hominins. One form, which he called Paranthropus robustus, had large teeth and bony attachments for enormous chewing muscles. The other, a slender form with smaller teeth and smaller chewing muscles, appeared to match Dart’s Australopithecus africanus.

In a cave called Sterkfontein, Broom recovered a fossilized vertebral column, a pelvis, and two knee bones that demonstrated that Australopithecus africanus walked on two legs. We now know, from radiometric dating techniques on the uranium trapped in the limestone of the cave, that these fossils are between 2.0 and 2.6 million years old.

Meanwhile, Dart was excavating fossils at a Makapansgat cave northeast of the Cradle of Humankind. There, he discovered a small number of ancient human fossils that he regarded as different enough from his precious Taung child to be named a new species. He called the Makapansgat hominin Australopithecus prometheus after the Greek Titan responsible for bringing fire to humankind, because many fossilized animal bones discovered near the human fossils were charred and appeared to have been deliberately burned.

Furthermore, Dart discovered a peculiar damage pattern on the animal fossils. They had been shattered. Leg bones from large antelopes were broken in a manner that made them sharp and daggerlike. Jaws were broken in a way that one could imagine them being used as cutting tools. Dart found antelope horns that could be gripped and used as weapons. Scattered throughout the Makapansgat cave were dozens of smashed antelope and baboon skulls—seemingly the victims of a violent encounter with Australopithecus.

In 1949, Dart published his findings, proposing that Australopithecus had developed a culture that he eventually called Osteodontokeratic, combining Greek words for bone, tooth, and horn. Expanding on Darwin’s ideas, he argued that the inventors of this culture used these weapons to attack other animals and one another.

Before joining the University of the Witwatersrand faculty, Dart had been a medic in the Australian army. He had spent much of 1918 in England and France, witnessing the final year of World War I. He likely had cared for soldiers with bullet wounds and burned lungs from exposure to mustard gas. Two decades later, Dart could only watch as the world around him burned again. It is no wonder that after witnessing two world wars, Dart reasoned that humans must have had violent origins and believed he had found evidence of that at Makapansgat.

Dart’s ideas about human violence and the origins of upright walking were popularized by author Robert Ardrey in his 1961 international bestseller African Genesis. Just seven years later, Kubrick’s ape-men were smashing bones to the tune of Strauss’s Also sprach Zarathustra, Op. 30. Dart’s former student Phillip Tobias was even on the set of 2001, directing humans in ape costumes to act like a violent Australopithecus.

But quietly, in a laboratory in the Ditsong National Museum of Natural History in Pretoria, South Africa, Dart’s ideas were unraveling.

Charles Kimberlin “Bob” Brain was a young scientist with an exquisite eye for detail. In the 1960s, he reexamined some of Dart’s “tools” and found that they matched bones that had been naturally damaged or broken by the powerful jaws of leopards and hyenas. It appeared that Dart had misinterpreted these fossils. They had not been deliberately smashed by early humans.

Furthermore, the burned animal bones turned out to have been charred by a brushfire before a rainstorm washed them into the Makapansgat cave to be fossilized. Dart’s Australopithecus prometheus was not the fire-bringer after all. Scientists also could not find enough anatomical differences between Australopithecus prometheus and africanus to justify calling them two distinct species, so prometheus was absorbed into africanus.

Meanwhile, Brain resumed excavations begun years earlier by Broom at a cave called Swartkrans in the Cradle of Humankind. There, he discovered a juvenile Australopithecus skull fragment that was given the catalogue name SK 54.

A few days after seeing the Taung child, I traveled to the Ditsong museum in Pretoria to study fossils from Swartkrans Cave. The collections manager, Stephany Potze, took me into the Broom Room, a small, red-carpeted space lined with glass cases that hold some of the most important human fossils ever discovered. The Broom Room has the feel of a quaint antiques shop.

There, Potze placed SK 54 in my hands. It is a thin and delicate fossil, light brown in color with occasional black patches of manganese. I was immediately struck by two circular holes about an inch apart in the back of the skull. Inside, the bone is twisted as if it had been punctured by a can opener.

Potze then handed me the lower jaw of an ancient leopard also recovered at Swartkrans.

“Go ahead,” she said.

As many have done before me, I gently placed the leopard’s fangs against the holes in the back of SK 54’s skull. They were a perfect match.

These ancestors of ours were not the hunters. They were hunted.

In the last few decades, a host of early human fossils with bite impressions left by ancient leopards, saber-toothed cats, hyenas, and crocodiles have been discovered. A reanalysis of the Taung child found that Dart’s famous discovery has talon marks in its eye sockets. A bird of prey, probably a crowned eagle, must have plucked the Taung child from the ground and carried it off to be eaten.

As so often happens in science, even the most elegant and accepted ideas wither in the face of new evidence. Even though it persists in popular culture, “Man the Hunter,” who needed free hands for tools and weapons, no longer explains our bipedal origins.

Why, then, did this strange form of locomotion first evolve?

Some scholars doubt we can ever know. The fact that we are the only mammal that walks upright, it turns out, makes the mystery especially difficult to solve, but all the more fascinating.

Here’s why.

Lots of animals, from sharks and trout to squid and dolphins, swim. Even extinct reptiles called ichthyosaurs swam. Yet, these animals aren’t closely related at all. A dolphin is more closely related to you and me than to these other animals, and an ichthyosaur was more closely related to a falcon than to a fish. Yet, their body shapes are stunningly similar.

Why? Because it turns out that there’s a “best way” to swim. The ancestors of those sharks, ichthyosaurs, and dolphins with shapes best suited for moving through water swam faster, ate more fish, and had more offspring. How could unrelated aquatic animals have such similar shapes? Because, through natural selection, a streamlined body—the best solution for moving rapidly in the water—evolved multiple times.

This is something that has happened over and over again in nature. For example, bats, birds, and butterflies all “invented” wings. Neurotoxins for poisoning prey evolved independently in snakes, scorpions, and sea anemones. Scientists call this “convergent evolution.”

Can convergent evolution help us explain bipedalism? If we rely just on mammals living today, then the answer is no because we’re the only mammals that do it. If other mammals regularly walked on two legs, we could study them to figure out how bipedalism helps them survive. Does it make it easier for them to gather food? Did it provide some advantage in the long-ago habitats they lived in? Could it have been some sort of mating strategy? Answering these questions on hypothetical bipedal mammals would provide some important clues for why ancient humans evolved this form of locomotion. But because there aren’t any other upright walking mammals to study, weeding out the reasonable hypotheses from the outrageous ones is especially difficult.

Perhaps, then, we should peer deeper into the past—to the time of the dinosaurs. When we do so, it turns out that bipedalism is not so rare after all.


   


CHAPTER 2
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T. rex, the Carolina Butcher, and the First Bipeds


Four legs good, two legs better! Four legs good,
 two legs better! Four legs good, two legs better!

—The sheep, Animal Farm, George Orwell, 1945



As a kid, I used to watch Land of the Lost reruns with my brother and sister. I was always scared of the Sleestaks—reptilian creatures who spoke in hisses and were always trying to kidnap members of the Marshall family. They were very tall, had freakishly large eyes, and walked on two legs. A young Bill Laimbeer was one of the Sleestaks, which explains both their height and perhaps why I hated them. Laimbeer was six feet eleven and played professional basketball for the Detroit Pistons. I was a Boston Celtics fanatic.

Land of the Lost was, of course, made up. But bipedal reptiles were real.

As the Pyeongchang Winter Olympics were wrapping up in 2018, South Korean scientists announced the discovery of a magnificent, 120-million-year-old trail of footprints made by an upright running lizard. Perhaps to escape a predator, the lizard had reared up on two legs and sprinted across a mudflat, leaving behind impressions of bipedal locomotion. The mudflat hardened under an intense sun and was buried under years of sediment. Geological uplift and erosion eventually uncovered this moment in one ancient lizard’s life, and fortunately scientists were there to discover it before the prints crumbled.

While ancient footprints are rare finds, the discovery of a bipedal lizard should not be surprising. Even today, the South American basilisk lizard can rise on two feet and run for its life. This small lizard runs so quickly that it even skips bipedally across small stretches of water. That explains the basilisk lizard’s other name, the Jesus Christ lizard.

Additional discoveries make clear that speedy reptiles have been moving on two legs for quite a while. Twenty years ago, University of Toronto paleontologists discovered the skeleton of a small bipedal reptile preserved in ancient fossilized swamps of central Germany. They called it Eudibamus cursoris, which translates to “original runner on two legs.” Its long legs and hingelike joints are clues that this extinct animal was bipedal.

Surprisingly, Eudibamus was old—really old. It lived about 290 million years ago, not long after the origin of reptiles themselves and tens of millions of years before the first dinosaurs evolved. At this age, Eudibamus is one of the earliest known animals in the history of the Earth to move on two, rather than four, legs. Although this speedy little reptile could escape from predators by dashing away on its hind legs as the Jesus Christ lizard does today, Eudibamus was an evolutionary dead end.

In other words, the first known terrestrial bipedal lineage was a failure. It went extinct without leaving any modern descendants. But the golden age of bipedalism was just around the corner.

OUTSIDE MY WINDOW, a little bipedal animal is skipping through a greening spring lawn searching for worms. She is adorable. No, I’m not referring to my daughter, but to an American robin. She hops from spot to spot on the lawn, occasionally jabbing her beak into the soil for a worm. Something eventually spooks her, and she uses her feathered front limbs to fly into a nearby tree.

All birds, from robins and eagles to ostriches and penguins, are bipedal. When did birds evolve bipedalism? And why? Perhaps understanding bird bipedalism can help us understand upright walking in humans.

One approach that scientists use to understand the evolutionary origins of a particular feature is to examine the anatomy of close relatives, looking for similarities and differences. We do this all the time, comparing ourselves to our ape cousins. Who, then, are the closest living relatives to birds? The answer to this question is clear but shocking.

By studying the anatomy and DNA of birds, scientists have confirmed that our feathered friends are most closely related to crocodilians—crocodiles, alligators, and caimans. DNA and fossils can reveal not only which animals are closely related but when they last shared a common ancestor. For instance, the common ancestor of humans and chimpanzees lived a mere 6 million years ago. But the last common ancestor of all birds and crocodilians lived much farther back in time—more than 250 million years ago.

Kirk Cameron, the teen star of the 1980s comedy Growing Pains, appears in an online video in which he presents the bird/crocodile genetic relationship as evidence that evolution is a made-up fairy tale: “This is what evolutionists have been searching for … the crocoduck?”

But evolution does not work the way Cameron imagines. The last common ancestor of any two animals is not some Island of Dr. Moreau hybrid of two existing forms. Rather, it is usually a more generalized form from which the modern specialized animals independently changed and evolved over time as they adapted to their particular environments.

The last common ancestor of birds and crocodiles wasn’t a crocoduck, but a group of animals called archosaurs. We know this because they left us fossils. Early archosaur fossils can be found in rocks dated from 245 to 270 million years ago, a time called the early Triassic. Some archosaurs ate plants. Others ate small reptiles and primitive protomammals that looked superficially like furry lizards. Some archosaurs were tiny. Some were huge. One kind, called Postosuchus, which easily could be mistaken by museumgoers for a miniature Tyrannosaurus rex, was occasionally bipedal.

Archosaurs were not dinosaurs—not yet. Around 245 million years ago, for reasons still unclear, the archosaur lineage split, and two dominant forms evolved. One eventually led to modern-day crocodiles and alligators. The other became dinosaurs and eventually birds.

At the base of both lineages stood bipeds.

IN 2015, LINDSAY Zanno of the North Carolina Museum of Natural Sciences described the remains of a Triassic crocodilian in 230-million-year-old sediments just west of Raleigh. She called it Carnufex carolinensis—the “Carolina Butcher.” It stood nine feet tall, had a mouthful of razor-sharp teeth, and occasionally moved on two legs. We often think of crocodiles as living fossils, as though they haven’t changed at all since the time of the dinosaurs. But in contrast to the sprawling, somewhat slow crocodiles of today, the earliest crocodile ancestors were lightly built, speedy animals with upright posture, and even—at times—bipedal gaits.

Zanno’s paleontology lab is located on the second floor of the Nature Research Center in downtown Raleigh. Built in 2012, it is a modern facility designed to engage the public in the process of science. Behind a panel of glass, on full display to visitors, are not just fossils but the paleontologists who discover and study them. A Triceratops skull sits in the center of the lab, waiting to be cut from its protective plaster jacket and cleaned. The air is filled with the buzz of air scribes slowly removing ancient soil clinging to the mineralized bones of long-extinct animals.

“I always wanted to be a paleontologist,” Zanno told me. In elementary school, she had dinosaur erasers that she meticulously arranged on her desktop. She had a passion for science but didn’t think studying dinosaurs was a realistic career option, so, at first, she enrolled as a premed major at a community college.

That was when she read From Lucy to Language by Don Johanson, the discoverer of the famous early human fossil called Lucy. Zanno was hooked again on fossils but was discouraged by the field of human paleontology.

“It was clear at the time that there were more researchers than fossils,” she said.

Zanno turned instead to vertebrate paleontology—to the world of dinosaurs and their relatives—and has never looked back.

She removed the Carnufex fossils from a cabinet for me and carefully placed them on a sheet of protective padding. The 230-million-year-old fossils are light orange. The skull fragments are thin and delicate. Zanno assembled them, revealing a head the size of an adult alligator’s. Then she took out the arm bone found next to the skull. It was tiny. Having such a small arm suggested to Zanno that Carnufex may have occasionally moved on two legs, perhaps having the flexibility to transition between quadrupedal (four-legged) and bipedal gaits. But, as she pointed out, no leg bones have yet been recovered. One way to deal with missing information is to compare Carnufex to other crocodilelike archosaurs that lived around the same time. Ancient relatives of crocodiles, with names like Poposaurus, Shuvosaurus, and Effigia, have been discovered in Texas and New Mexico. These ancient beasts also had large heads and small arms. The most complete fossils reveal that they had long, powerful legs. From the hingelike shape of their preserved ankles and their large heels, researchers can tell that they all moved on two legs.

The Carolina Butcher was discovered in a rock quarry just south of the town of Moncure in Chatham County, North Carolina. Mudstone exposed to high levels of oxygen in the atmosphere during the Triassic rusted the rocks, turning them red and orange. Today, they are ripped from the ground and made into bricks, destroying any fossils preserved in the mudstone sediments. The fossils survived what the Earth has thrown at them for 230 million years. Until now. Quarry workers sometimes give scientists just days before bones are pulverized by heavy machinery. For paleontologists, then, this is a salvage operation.

I drove across the Deep River bridge on old Route 1 and entered Chatham County on a sunny March afternoon. In a seven-mile stretch, there are six churches, four of them Baptist. Daffodils were in bloom, and streets with small, single-family houses were lined with flowering dogwoods, the state flower. Many of the homes are made of Triassic mudstone bricks. Some of these bricks undoubtedly contain fossils.

But 230 million years ago, when a monster walked here, the landscape looked very different. There were no dogwoods; flowering plants had not evolved yet. The roadside grasses hadn’t evolved yet either. The plant life was dominated instead by ferns and mosses. Ancient ancestors of longleaf pine trees were joined by thick-trunked, fifty-foot cousins of today’s tiny princess pines. There was no roadside trash. No cars. No people. And nowhere to pray if you happened to come across the Carolina Butcher.

A bipedal crocodile sounds like something that could have been an evolutionary success, but bipedalism ultimately was not the favored form of locomotion in the crocodile lineage. Instead, these reptiles gradually evolved quadrupedal locomotion. Occasional bipedalism may have helped the Carolina Butcher, but its croc relatives that relied more on quadrupedal locomotion were the ones that survived the test of time, perhaps because they were better suited for ambush hunting in shallow bodies of water.

Once again, bipedalism failed.

IF WE HEAD down the other path in the archosaur fork in the road, we eventually arrive at modern-day birds. At the base of this lineage stood the earliest dinosaurlike archosaurs—and the very first dinosaurs themselves. The first dinosaurs did not plod on four legs like Stegosaurus. They stood on their hind legs and sprinted like another later dinosaur, Velociraptor. They were bipedal.

As with the crocodiles, bipedalism was not a successful locomotion for many dinosaur lineages, and quadrupedalism evolved over and over again. Think of the long-necked Brontosaurus and the horned Triceratops, for example. However, one lineage of dinosaurs maintained a bipedal posture and locomotion. The fearsome Allosaurus patrolled the Jurassic on two legs; Tyrannosaurus rex ruled the Cretaceous. They were both bipedal killing machines.

Zanno doesn’t just find fossils of ancient crocodiles. She spends her summers digging through Cretaceous sediments across the American West, searching for the ancestors of T. rex and for its bipedal cousins, called therizinosaurs. In dinosaurs, bipedalism freed the arms from the responsibilities of travel, and when that happened, extraordinary variation evolved.

My dinosaur-loving son has a sticker on his door with a picture of T. rex. The caption reads, “If you’re happy and you know it, clap your … oh.” The little arms of T. rex are the butt of many dinosaur jokes, and researchers have debated whether they served any function. But T. rex’s arms looked like Arnold Schwarzenegger’s compared with poor Carnotaurus, which looked as if someone playing dinosaur Mr. Potato Head stuck a Tyrannosaurus head on bipedal legs, added horns, and forgot about arms entirely. Atrophy, it appears, was one option evolution had for the arms of bipedal dinosaurs.

Opening her computer screen, Zanno said, “Look at all of the amazing things that can happen to arms in bipedal dinosaurs.” She showed me a reconstruction of Alvarezsaurus, a specialized insect-and-termite feeder whose hand bones fused together to form a pair of large digging claws. And Deinocheirus, a bipedal dinosaur that evolved enormous, eight-foot-long arms tipped with three long claws. Despite intimidating forelimbs that gave the species its name, which means “horrible hand” in Greek, this beast was probably herbivorous. It presumably used those claws to pull branches to its toothless beak. She also showed me Therizinosaurus, which, like Deinocheirus, had enormous arms, but this time tipped with long, flattened claws. It also had a huge belly and may have just sat while feeding. “Worst biped I’ve ever seen,” she said.

Therizinosaurus likely possessed what many other bipedal theropods, like Velociraptor and Oviraptor, also had: feathers. Once freed from the work of locomotion, arms could be used for a variety of things. They could be used to gather food. They could be used as ornamentation to help attract a mate. Oviraptor likely used its feathered arms to shelter eggs in its nest. Feathers may have kept other dinosaurs warm. Over time, the feathers were co-opted for gliding and then for powered flight. Sixty-six million years ago, most dinosaurs went extinct, but some feathered, bipedal ones survived.

Dinosaurs tell us at least one thing about ourselves—bipedalism frees the arms from weight-bearing, and when that happens, innovations can evolve. In birds, of course, the arms are still used primarily for locomotion—for flight. But some birds, such as emus, ostriches, rheas, and cassowaries, don’t use their arms to move. These flightless birds use their legs. Like humans, they are striding bipeds. Unlike humans, they are fast.

Ostriches can run more than forty miles per hour, while the fastest humans are lucky to sprint half that speed. These large birds have no muscles in their feet and ankles, only long tendons that stretch, store elastic energy, and recoil to propel the bird forward. Their muscles are positioned high up on their hips, like a metronome with the weight positioned far from the swinging end. With this anatomy, these birds can swing their legs very fast, roadrunner-style. While humans have longer tendons in their feet and legs than apes do, we have much more muscular feet and legs than emus and ostriches. That’s why we can’t swing them as rapidly.

Human and ostrich feet differ in one other important way. Human heels touch the ground; we heel strike. But the large, flightless birds walk on their toes with their
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