
		
			
				
				
			
		

	
	
		
			The Wild Life of Our Bodies

			Predators, Parasites, and
Partners That Shape Who
We Are Today

			Rob Dunn

			[image: Harper_Logo.jpg]

		

	


	
		
			Dedication

			for Monica, my favorite wild life

		

	


	
		
			
			Contents

			
				Dedication

			
            
				Introduction

			

			
				Part I: Who We All Used to Be

			
  
				1: The Origins of Humans and the Control of Nature

			

			
				Part II: Why We Sometimes Need Worms and Whether or Not You Should Rewild Your Gut

			
  
				2: When Good Bodies Go Bad (and Why)

			

			
				3: The Pronghorn Principle and What Our Guts Flee

			

			
				4: The Dirty Realities of What to Do When You Are Sick and Missing Your Worms

			

			
				Part III: What Your Appendix Does and How It Has Changed

			
  
				5: Several Things the Gut Knows and the Brain Ignores

			

			
				6: I Need My Appendix (and So Do My Bacteria)

			

			
				Part IV: How We Tried to Tame Cows (and Crops) but Instead 
					They Tamed Us, and Why It Made Some of Us Fat

			
  
				7: When Cows and Grass Domesticated Humans

			

			
				8: So Who Cares If Your Ancestors Sucked Milk 
					from Aurochsen?

			

			
				Part V: How Predators Left Us Scared, Pathos-ridden, and Covered in Goose Bumps

			
  
			
				9: We Were Hunted, Which Is Why All of Us Are Afraid Some of the Time and Some of Us Are Afraid All of the Time

			

			
				10: From Flight to Fight

			

			
				11: Vermeij’s Law of Evolutionary Consequences and How Snakes Made the World

			

			
				12: Choosing Who Lives 

			

			
				Part VI: The Pathogens That Left Us Hairless and Xenophobic

			
  
				13: How Lice and Ticks (and Their Pathogens) Made Us Naked and Gave Us Skin Cancer 

			

			
				14: How the Pathogens That Made Us Naked Also Made Us Xenophobic, Collectivist, and Disgusted   

			

			
				Part VII: The Future of Human Nature

			
  
				15: The Reluctant Revolutionary of Hope 

			

			
				Acknowledgments

			

			
				Notes

			

			
				Index

			

			
				About the Author

			

			
				Also by Rob Dunn

			

			
				Credits

			

				Copyright

			

			
				About the Publisher

			

				Footnotes

			

	



		
			
				Introduction

				Some night,
					when the moon sneaks through your curtains and finds you still awake in bed,
					look beside you at your companion. (If you are alone, look at yourself.) Look at
					the fingernails, smooth beside the rougher skin, not unlike claws. Look at the
					hands, full of bones strung together by strings of tendons. Follow the bones
					just below the skin of the arm to the elbow and up along the beautiful shoulder
					to the neck that, at this moment, might seem to be the loveliest thing you have
					ever encountered. This body, composed of flesh and desires, evolved in the trees
					in Africa and Asia, where those nails helped cling to a branch to keep from
					falling to predators on the ground. You find yourself at this moment beside an
					animal that was, very recently, wild.

				Some days we remember and feel our connection to
					what came before us. As we watch a chimpanzee on TV and see its gestures,
					kindnesses, and cruelties, we feel empathy. As we pick up a turtle in the road,
					we notice its legs, strange eyes, and a body not so unlike ours. We feel it
					moving in our hands like some deep muscle of life. But most days we are less
					aware of being part of a broader community of living species. We no longer see
					ourselves as part of nature.

				Yet our history clings to us, whether we notice or
					not. In the last several years, dozens of new and separate discoveries by
					researchers in anthropology, medicine, neurobiology, architecture, and
					ecology—especially ecology—have made that much clear. The more we distance
					ourselves from our evolutionary history, the more we seem to feel the pull of
					uncut strings of our heritage. There are metaphorical or even spiritual ways in
					which we might ache for the past, but I mean something much more physical. I
					mean the ache that our bodies feel in being removed from the ecological context
					in which they existed for millennia. In being separated from the web of life
					with which we evolved, we are feeling effects, some good, others bad, but nearly
					all consequential, not just for how but even who we are.

				We take our modern rituals of work and leisure for
					granted, and yet for nearly every bit of our history we lived outside, naked or
					nearly so. We sat, when we dared, on branches. We slept in nests made of sticks,
					mud, and smooth leaves. We roamed and foraged and knew about the landscape that
					was around us because we had to, because from its colorful fruits and treasures
					we ate and either lived or did not. In our transition to modern life, one can
					make long lists of the things our bodies might miss. It was not long ago that we
					still walked on four legs. Our bodies remain awkward standing straight. We run
					fast, but not so fast, and we do it by leaning forward toward that older gait.
					Our backs, as we sit all day, every day, pain us with our four-footed history.
					And as the eminent scientist Paul Ehrlich, author of The
						Population Bomb, put it, standing up also made it harder for us to
					sniff each other. So much for the good old days.

				Biologists and philosophers have pondered for
					generations the ways in which our modern lives may be disconnected from our
					pasts, out of synch. We are haunted by this dissonance, as many have
					acknowledged, but what seems to have been relatively missed is the origin of the
					ghosts. They arise from changes in the species with which we interact. When you
					look beside you in bed, you notice no more than one animal (alternative
					lifestyles and cats notwithstanding). For nearly all of our history, our beds
					and lives were shared by multitudes. Live in a mud-walled hut in the Amazon, and
					bats will sleep above you, spiders beside you, the dog and cat not far away, and
					then there are the insects beating themselves stupid against the dwindling
					animal-fat flame. Somewhere near you, perhaps hanging in the palm roof, would be
					the drying herbs of medicine, a cooked and salted monkey hanging on a stick, and
					whatever else is necessary, all gathered or killed, all local, all touched and
					held and known by name. In addition, your gut would be filled with intestinal
					worms, your body covered in multitudes of unnamed microbes, and your lungs
					occupied by a fungus uniquely your own. Beyond the edge of the village, past the
					darkness between houses, would be an even wilder nature filled with insects
					flexing and scraping their parts together in song, trees falling to the ground,
					bats fighting among the fruit, and then, of course, the predators who walk
					silently along our paths, waiting to pounce.

				So it is that the biggest difference between our
					modern human lives and the way we used to live is not the difference of housing
					styles and convenience (the transition from outhouse to penthouse). It is
					instead the change in our web of ecological connections. We have gone from lives
					immersed in nature to lives in which nature appears to have disappeared. Our
					disconnection from the nature in which we evolved is unprecedented in its extent
					and in its consequences.

				We may love our new way of living, the bright
					lights and clean counters, the delicious food and the air-conditioning—at least
					our conscious brains may. Meanwhile, our bodies continue to act as though they
					expect to meet our old companions, the species with which they tangled,
					generation upon generation, for tens of millions of years. Some of the ways we
					have distanced ourselves from other species are good; I do not miss smallpox.
					Other changes are neutral. They affect who we are, but not necessarily for the
					better or the worse. Many changes, though, are clearly bad. In recent years, for
					example, a new suite of diseases has begun to plague us. Sickle cell anemia;
					diabetes; autism; allergies; many anxiety disorders; autoimmune diseases;
					preeclampsia; tooth, jaw, and vision problems; and even heart disease are all
					becoming more common. More and more, these modern problems seem to be the
					consequence of changes not in levels of pollution, globalization, or even health
					care systems, but instead of changes in the species we interact with. It is not
					that we have lost particular species as much as that we have tried to remove
					whole kinds of life—parasites, bacteria, wild nuts and fruits, and predators, to
					name a few. The loss of intestinal worms seems to be making many of our bodies
					ill, just as the circuits in our brains that evolved to deal with predators are
					now causing us to lose our minds. Our conscious brains have led us to clean our
					lives of the rest of nature, but the rest of our body, from our guts to our
					immune system, is having second thoughts.

				The researchers studying different aspects of our
					disconnection from nature are in different fields. They do not tend to talk to
					one another, yet they have come to parallel conclusions about the extent of the
					consequences of our disconnection. An immunologist holds up our intestines and
					sees the consequences of having removed our worms. An evolutionary biologist
					looks at the appendix and notices what it had been doing in our bodies all along
					without being noticed. A primatologist looks at the neurons in our brain and
					sees the vestiges of predators. Psychologists look at our fears of strangers and
					our wars and see in them a mark, a kind of stigma, of changes in our exposure to
					disease. Each thinks they have discovered something important. They have—here I
					attempt to bring these stories together, weaving through them the common reality
					that our past haunts us. As I do, I try to step back to reveal the elephant in
					the room, or rather the effects of having removed the elephant from the room,
					along with worms, microbes, birds, fruit, and the rest of the most readily
					apparent life.

				We all know about the biodiversity crisis, but the
					related crises resulting from changes in the kind of nature we interact with is
					similarly immediate. Whether lying in bed or sitting in front of your computer,
					when you ache, you ache with the history of your origin. You ache with the
					context you miss. The savannas and forests of our ancestry are still with you.
					They come to you, like the pain of a missing limb, when you sneeze, when your
					back aches, or when you are scared. They even come to you each time you choose
					what to plant, eat, or buy. This history comes to some more than others, but in
					one way or another, it comes to us all.

				In the pages that follow, I tell the story of the
					consequences of our changing relationships with the rest of nature. I begin with
					our parasites and then discuss, in turn, the species we depend on directly (our
					mutualists), our predators, and then our diseases. I conclude by considering the
					crossroads at which we find ourselves. We have options. One, the one we are
					headed toward, is a world in which our daily lives are more removed from nature
					(which is itself increasingly impoverished) and we are sicker, less happy, and
					more anxiety-ridden for it. In this world, we treat our problems with more and
					more medicines in an attempt to use chemicals to restore what we miss from other
					species. We live in a bubble from which we look out at the rest of life. The
					other options are more radical, but no less possible. Through the stories of a
					handful of half-wild visionaries, I will consider some of these radical options
					that include giant living buildings, predators in our cities, and the
					restoration of parasitic worms to our guts’ wild plains.

				In the end, what we need in our daily lives is not
					quite wilderness. Wilderness is what we did away with to allow ourselves to live
					free of malaria, dengue, cholera, and large carnivores eating our loved ones. We
					need a nature managed so as to complement our happy lives, a kind of wildness,
					perhaps. It is taboo to say that we should manage the nature closest to us for
					us, but ever since we first started to farm or control pests that is what we
					have always done. The step we must take now is to manage with more care and
					nuance. We can favor good bacteria in our mouths, and discourage bad bacteria.
					We have just chosen not to. We can introduce harmless nematodes into our bodies
					to restore our immune system. We can expose ourselves to the species in which we
					find joy, curiosity, and happiness. We can even, more ambitiously, create green
					cities, cities more revolutionary than just buildings with green rooftops,
					cities in which entire walls are built out of life. Imagine butterflies emerging
					from cocoons on flowers growing out of high-rise apartment balconies. Imagine
					predators diving on prey on street corners—hawks in Manhattan, bears in
					Fairbanks. Imagine all the species—or if not all of them, more of them—and their
					wild calls, back outside our doors.

				In the last century, we used antibiotics to kill
					all of the bacteria in our guts in order to get rid of a single problematic
					species. It was the century in which we killed all of the insects in our fields
					in order to control the few pest species. It was the century in which we killed
					wolves everywhere to save sheep in some places. It was the century in which we
					scrubbed our counters clean to “get rid of germs.” All these actions saved
					tremendous numbers of lives but also left us with new more chronic problems and
					a nature devoid of its richness. We know more now and can act more wisely to
					create for ourselves more natural and healthier lives. The solution to the
					problems caused by our “clean living” is not as simple as just playing in the
					dirt. Our task is to create a new kind of living world around ourselves, one
					that we interact with in many different ways, a living world that is not just
					the species that survive deforestation, antibiotics, and disturbance, but
					instead some more intelligent and lush garden.

				Let our lives again be where the wild things
					are.

			

		

	
	
		
			Part I

			Who We All Used to Be

		

	


		
			1

				The Origins of Humans and
						the Control of Nature

				In the
					summer of 1992, Tim White saw the remains that changed his life. The first thing
					he saw was a tooth, a single molar. And then as he approached the spot in the
					clay bed, there was more. He could not be sure what he was looking at. They
					could have been the remains of a dog almost as easily as those of a teenage
					girl. He could not even be sure whether there was just one body or several. A
					search party was staged and every bit of potential evidence began to be
					collected. Soon, a little farther away, other clues were discovered—more teeth,
					and an arm bone. The flesh was long gone, yet in their precise geography, these
					parts seemed to tell a story.

				White stepped back from the bones and walked around
					them to gain perspective. The more he looked, the more he was able to sort out
					what he was seeing. But it took time. It was not until 1994, two years later,
					that enough bones turned up to reconstruct the body, or at least more of its
					parts. Ultimately, several individuals would be discovered, but it was this
					first one that called to him. All these years removed from her last breath, she
					still commanded attention. He could scarcely look away. She stirred a feeling in
					him—maybe it was the heat mixing with his ego, a kind of psychological
					indigestion—yet he began to imagine it was something else. Every scientist who
					studies fossils hopes that one day his walk in the desert will be interrupted by
					a find everyone else missed, a find so important that the desert itself seems to
					increase in worth. With time, White began to believe that this was what had
					happened to him.1

				Tim White, a professor of biological anthropology
					at the University of California, Berkeley, has been working with the bones of
					human ancestors and other primates for decades. He knows the bones of monkeys,
					apes, and men as intimately as anyone knows anything. He has run his fingers
					over millions of bones, drawn them, tapped them, dug them out. Time and
					intuition suggested to White that these bones in the sand were not quite a
					woman. Nor were they quite an ape. White could not prove where they belonged on
					the tree of life, not as they lay disordered in the desert, but he felt in some
					deep and primitive part of his brain that they were significant. Not the missing
					link connecting humans and apes, but something more. Perhaps they were the bones
					that made the entire search for a missing link irrelevant. So much of fossil
					work has to do with native intuition, sorting the ordinary from the
					extraordinary upon a quick glance or a feel. White’s gut knew this was
					extraordinary. The skull was unusual. The feet were unusual. And when White and
					his colleagues looked at the sediment in which they were found, it was a thin
					layer sandwiched between two volcanic events, events of known ages, between
					which played out the life of their quarry, a life whose date of birth was 4.4
					million years ago.2 The bones had been left
					there long before the origin of humans or that famous fossil Lucy, on which so
					much of our existing understanding hinged. If White was right, this find would
					immortalize him. If he was wrong, well, he might be just one more anthropologist
					left half mad in the dust of his own imagination.

				Certainly there were things that pointed to White’s
					madness. The odds of finding a fossil as unique and important as he thought this
					one might be were extraordinarily low, a billion to one, if not worse. Yet, if
					White was looking for affirmation, he could also find it. The context of this
					discovery alone suggested he could be on to something. He and his colleagues
					were working in Ethiopia’s Afar desert. Their site, called Aramis, was not far
					from a place where other early-hominid bones had been found in 1974. Nor was it
					far from where he and colleagues had discovered the very earliest bones of
					humans, some 160,000 years ancient.3 If White
					was going to excavate these bones, he wanted to do it right. “Right,” though, is
					expensive in both time and money. The temptation to do it quickly, to make a
					surgical but dirty strike, would have been great. He resisted. Credibility in
					the study of human evolutionary history is hard to come by but easy to lose.
					What would come next—the many tiny bones and fragments of bones, each one picked
					from the ground, treated, and pieced together slowly and carefully—would have to
					be done perfectly. A single fragment of jaw would come to occupy months of an
					anthropologist’s time. A shard of pelvis, weeks more. And there were just so
					many bones. It seemed as if this body had been trampled on by ancient hippos,
					only to be punished a little more each year by the grinding movement of the
					earth, the tunneling of termites and ants and, more simply and less forgivingly,
					the passage of time.* These bones had 4.4 million years to
					fall apart. He hoped it would not take quite that long to put them back
					together. All of Tim White’s assistants and all of his colleagues struggled. It
					was not just that the bones had been smashed to pieces. The pieces themselves
					were brittle. When handled incautiously, they would turn to dust. A few did.

				One hopes for a breakthrough, a great and leaping
					moment of “Aha!” None came. White published a small paper on the find in 1994,
					more to spray his territory than as a revelation.4 At that point, nothing yet seemed done. What seemed particularly
					unresolved was the broader story of who these bones belonged to—what she ate,
					how she moved, and, more generally, how she lived. White and his colleagues
					would have to have all the bones in place to see that. Once they did, they would
					be able to compare this skeleton to other younger ones and, of course, to their
					own bodies. What White and company wanted to see were the differences. Some
					things in particular would be telling: the size of the skull and hence the
					brain, the shape of the hips and thus how this woman walked, and the feet. (It
					could be said that biological anthropologists have a thing for feet; the point
					of a toe can mean the difference between a foot that clings to a branch and one
					that sprints.) Nor were the intricate bones all that White and his crew sought.
					They also gathered the other fossils they found around this woman, all of
					them—other animals, even the remains of plants. They wanted to see this whole
					world for what it was, whatever that might be. Jamie Shreeve, a National Geographic editor, has described White as
					being “hard and thin as a jackal,”5 but maybe
					he is more like a hyena, an animal that gathers all that it can from each
					broken-down piece of bone.

				White and his team scarcely talked to anyone about
					what they were doing. No one outside the group knew exactly what had been
					discovered. Details were leaked one year to the next, but the details seemed to
					conflict, almost as though false clues were being left intentionally. Meanwhile,
					what White was beginning to think was that the woman in the sand—Ardi, as he
					would affectionately come to call her—was the earliest complete skeleton of a
					human ancestor.6 If so, hers would arguably be
					the most important hominid fossil ever discovered. This was enough to keep White
					ardently at his work. In fact, ardent does not begin to be a strong enough
					word.

				As White and his team worked, it was clear that the
					bones they were assembling looked, in many ways, human. The differences between
					what White and his team had found and the bones of modern humans were, in the
					broader context of evolution, tiny. She may have been 4.4 million years old, but
					much of her was like a human child. The same would have been true for her organs
					and cells, had they lasted. She was like us for the simple reason that the main
					features of our bodies evolved far earlier than the earliest hominid or even the
					earliest primate. To find the bones of animals with much different parts, you
					must go far deeper into the layers of dirt. By the time Ardi was born, we were
					almost completely who we are today, minus a few bells and whistles, or perhaps
					better said, big brains, tools, and words.

				Most of our parts evolved in some context not only
					different from that in which we use them today but different even from that in
					which the fossil woman discovered by White would have used them. We share nearly
					all our genes with chimpanzees and, even more, Tim White would come to argue,
					with the bearer of the bones he discovered. But we also share most of our traits
					and genes with fruit flies, a fact upon which modern genetics depends for its
					succor and funding. We even have many genes in common with most bacteria, genes
					that exist in each of our cells.

				The layer in which Tim White was studying his
					fossil find was, at its deepest, about two feet beneath the surface of the
					desert sand and sediment. Two feet is the depth of sediment that built up across
					4.4 million years, sometimes a few grains at a time, sometimes more. The layers
					of sediment in which fossils and history are trapped are not laid down evenly,
					but if they were, the layer in which the story of life begins would be nearly
					half a mile in the earth. At the bottom of that sand pile, one can find the era
					of the first living cell. Already it was a little bit like each of us. It had
					genes that we still have, genes necessary for the basic parts of any cell.
					Between that moment and Ardi was the origin of the mitochondria, the tiny organs
					in our cells that render energy from non-energy, the first nucleus in a cell,
					the first multicellular organisms, and the first backbone. When primates show
					up, just thirty feet below the surface, the depth of a well, they were small,
					runty even, and, no offense, not very smart, but they were already nearly
					identical to us genetically.

				When the individual that White found had evolved,
					our hearts had been beating, our immune systems had been fighting, our joints
					clicking and clacking, and our parts otherwise being tested in our vertebrate
					ancestors against the environment for several hundred million years. Across
					these vast stretches of time, climates waxed and waned, continents moved against
					each other. Yet a few realities remained unperturbed by these machinations of
					dirt and sky. The sun rose and fell. Gravity pulled every action and inaction to
					the earth. Parasites attached themselves. No animal has ever been free of them.
					Predators ate everything; no animal has ever been free of them either. The
					pathogens that cause disease were common, though perhaps less predictably
					present than parasites and predators. Every species existed in mutual dependency
					with other species, in relationships that evolved essentially with the origin of
					life. No species was an island. No species had ever, in all of that time, gone
					it alone.

				All these things were true not just across most of
					Ardi’s life, or most of primate evolution, but since the very first microbial
					cells evolved and another cell realized the possibility of taking advantage of
					them. The interactions among species are life’s gravity, predictable and
					weighty. Beginning in the layers of earth in which Tim White was digging, or
					perhaps slightly more recently, these interactions would begin to change. For
					the first time in the entire history of life, our lineage began to distance
					itself from other species on which it had once depended. This change would make
					us human. We were not the first species to use tools or to have big brains. We
					were not even the first species to be able to use language. But once we had big
					brains, language, culture, and tools, we were the first species that set out to
					systematically (and at least partially consciously) change the biological world.
					We favored some species over others and did so each place we raised a home or
					planted a field. Anthropologists have been arguing for a hundred years about
					what makes a modern human, but the answer is unambiguous. We are human because
					we chose to try to take control. We became human when the earth and all of its
					living things began to look like wet clay, when our hands, meaty with flesh,
					began to look like tools.

				When
					five years had passed and Tim White still had not published any more results
					from his find, rumors circulated that he had gone a little mad. One can imagine
					the scenario. After piecing together thousands of bones, White could have easily
					become obsessed with going back to find those last missing pieces out in the
					sand. So White might have dug and dug until he spent his life out in the desert,
					in a hole. Then, in 2009, Tim White came out of his hole and submitted, along
					with his tribe of colleagues, eleven separate papers to the prestigious
					scientific journal Science, all of which were
					published. In the papers, White and his colleagues introduced the young female
						Ardipithecus ramidus they called Ardi. To White,
					it was as if he had made Ardi and her kin. She stood at about four feet. Her
					nose was flat, and in the reconstruction, she gazes permanently ahead. Her
					fingers are long and her big toe sticks out to the side like a thumb. She was
					not quite beautiful and yet to White she was lovely.

				When the results were published, Ardi was on the
					front pages of newspapers around the world, always looking out wide-eyed, as if
					she had just been surprised. White may or may not have been immortalized, but
					Ardi was. National Geographic prepared a full-color
					series on her. She is the new Lucy, though both older and, at least in White’s
					telling, more significant. Her body seemed to be an ancestor of our lineage or
					at the very least close kin, and she is unlike anything else that has ever been
					found. She seems to have traits, splayed toes for example, for walking
					four-legged among trees, and other traits for walking two-legged on the ground,
					although even that much is speculative. What is not speculative is that these
					bones are the most complete reconstruction of an early humanlike creature.

				Nor are her circumstances debatable. She was found
					among other bones and evidence that, when pieced together, clearly show that she
					and her kin were living in a damp, tropical woodland, not a desert. Based on the
					animal bones and other evidence found around her, there would have been
					antelopes, monkeys, and palm trees. Ardi’s bones indicate that they were
					nourished on figs and other fruits and nuts, but also some meat, both of insects
					and other animals. She would have once stood on a branch not far from where
					White found her, nibbling at figs and perhaps even wondering about her place in
					the broader scheme of things.* She used sticks as tools to help her
					eat when she was hungry, but she had no fire, no stone tools. She had not yet
					tried to take control of the land. She was like the other species, still wild,
					still covered in microbes and worms, and still more likely to die in a large
					cat’s mouth than of old age.

				With White’s publications, Ardi went from unknown
					to famous in a remarkably short time. It is unknown where Ardi’s reassembled
					remains will end up. In the standard arrangement, she would be placed in the
					lineup of our ancestors, the one that starts out with a microbe or a fish and
					then culminates with a man typing on a computer. In such an arrangement, Ardi
					would be presented looking forward. Given, though, that she was found with her
					bones pointed in many directions, it isn’t any more right or wrong to think of
					her as lying on top of her own (and our) long history and looking up from that
					point of view. She would stare up at the shallow sand above her. In those few
					feet of dirty history modern humans evolved. As they did, the enduring presence
					of parasites, pathogens, predators, and mutualists was about to change, for the
					very first time.

				Initially, the layers of sediment and bone laid
					down over Ardi’s body were essentially unchanged from the one in which she was
					born and died. The forests persisted for generations, replete with monkeys and
					palms. It took 2 million years for big changes to happen. By the time the grains
					of those years had fallen over Ardi, the first tools were being made by our
					ancestors, perhaps her descendants. They were crude—pounding rocks, sharp-edged
					stones, scrapers, and diggers—but useful and used. Ardi was a million years deep
					before the next stage began. It was a stage during which hominids such as Homo erectus, who used these crude tools, would give
					way to those who used hand axes—larger blades with a tear-drop shape—to chop up
					bodies, though perhaps still not yet to kill them. Amazingly, six more inches of
					sand would accumulate, 500,000 years, before anything really changed. Across
					these generations, hand axes were made a 100,000 times in as many places, nearly
					always in exactly the same way.

				Two hundred thousand years ago, with just an inch
					or so of sand left to accumulate before the modern age, Neanderthals and early
					humans began to tie their stones to sticks. Tying stones to sticks was
					brilliant, at least from the perspective of our ability to kill other animals.
					When you had to run up to a lion and hit it with a hand ax, the odds were
					stacked against success. But with a stick attached to that sharp rock, the odds
					looked at least a little bit better. One imagines that there was, when our
					ancestors first figured out how to tie sticks to rocks, a high demand for long
					sticks. These tools were clumsy but served their purpose. With them, we began to
					kill animals, many of them. Their bones piled up in our early caves, but we had
					not yet caused the extinction of any other species. We were still just one
					species among many, although starting to get some attitude and starting to see,
					perhaps, the possibility of getting some more.

				Twenty-eight thousand years ago, all that was left
					to lay down was a layer of sand and sediment as thin as powdered sugar. In that
					sprinkling of time would come everything else that has happened to us—you, me,
					and the rest of humans. If we want to look for what makes us different as
					humans, it comes in this slice of time during which Neanderthals, that last
					holdout of what were once many species of hominids, went extinct. Twenty-eight
					thousand years ago, we found religion. Stone beads start to accumulate in the
					sediment, as do grave sites. Statues of women with big butts and breasts become
					all the rage, early evidence that old preferences have a way of repeating
					themselves, or perhaps they never go away. We developed a more “sophisticated”
					culture, and as we did, we began to take control of the land. The moment that
					made us human in that series of happenings was not the language, the gods, or
					even the ability to draw Rubenesque women in stone. It was when we decided that
					when a leopard stalked the cave, we ought to go after it and kill it. When we
					decided to kill a species not for food or in self-defense, but instead in order
					to control what lived and did not live around us, when we did that, we were then
					fully human.

				The extent to which we have changed the earth
					around us in the meager years we have been a species is astounding, but may have
					been inevitable, a consequence of our attempts, however bumbling, to survive.
					The ability to kill animals with pointy stones and sticks changed us, as did
					fire. We burned to cook. We burned millions of acres, but crudely. We burned
					forests and grasslands without particular preference. We burned what would
					ignite, when we pleased. The abilities to build our own dwellings, kill large
					animals, and transform landscapes with fire combined with a peripatetic urge
					that would come to transform not just parts of tropical Africa and Asia, but the
					world. Humans arrived in Australia roughly 50,000 years ago, and not long after,
					all the biggest animals went extinct. Humans arrived in the New World 20,000 to
					13,000 years ago, and with their arrival, mastodons, mammoths, dire wolves,
					saber-toothed tigers, and more than seventy other large mammal species went
					extinct.

				The extinctions of the megafauna of Australia and
					the Americas were hardly the end of the story. As our populations grew denser,
					we outstripped the ability of the land to provide for us through meat, nuts, and
					fruit alone. What had long been a kind of informal planting of favorite things
					became more formal. We tamed plants and then also wild beasts, cows, pigs,
					goats, and more. Farming arose and spread. With farming, our lifestyles
					transformed and our impacts magnified. We burned lands to make them clear for
					farming. We killed the wild animals that might compete with our cows and
					goats.

				In addition to all of our many intentional effects,
					we also wrought unintended effects. Among them were those brought about by the
					species we carried with us from place to place. Some of those species—pigs and
					goats and chickens—were things we brought, like fire, to make each new place
					more like the last one. Others species were accidental, stowaways that were
					either invisible or sneaky. Rats moved with us, as did flies. Species that could
					not live with us went extinct. Spared were only those species resistant to our
					spears and fire, and then some of those species went extinct owing to the rats,
					pigs, goats, or one of the other species we were moving around.

				After each of these changes, we made the world
					different from what it had been. We did so by making simple changes that favored
					whole habitats and suites of species that our eyes perceived as good, and
					disfavoring species we thought were bad. In essence, we created a few new kinds
					of habitats that we then re-created wherever we went. All of this continued at
					increasing rates, as populations expanded and our ability to invent new tools
					increased. Bigger guns let us kill more things faster. DDT let us kill pests
					from planes. Antibiotics let us kill bacteria. This killing became more
					necessary as we changed our landscapes. Without it, diseases had become rampant
					in our new, more populous centers. Without it, pests had grown thick on our
					monocultures of food. Without the killing, everything we have achieved would
					revert to the entangled bank we started in, and so we kneel and spray.

				Forty years ago, when people wrote about Lucy, they
					described her lifestyle as primitive. Now, further into our experiment as modern
					humans, when one looks at Ardi and her lifestyle (or for that matter Lucy) it is
					hard not to use the word “idyllic,” perhaps as a function of a change in
					perspective about our own “success.” Four million years ago, life in Aramis,
					Ethiopia, was, of course, not idyllic. Yet elements of Ardi’s simple, besieged
					life can seem, if not good, whole, as though they fit together, each piece of
					her ecological puzzle connected with its counterpiece. Ardi lived as animals
					have always lived, with parasites, predators, and little control of the rest of
					nature. She picked at fleas and dreamed of the leopard’s footsteps. We live
					today in vast areas rebuilt by our own hands to exclude predators, to grow our
					few grasses (wheat, corn, rye) instead of forests; areas where pests, parasites,
					and pathogens are cleaned away. We have lived like this for just a tiny slice of
					history, a scratch of footprints in the loosest sand. In living this way, one
					can see us from two perspectives. From a great distance, we still look tiny
					before the magnitude of nature. Up close though, one sees something of the
					opposite. We have exerted incredible control over nature. We have warmed the
					entire earth, even as it rotates and circles the sun. We have tried to take
					control in order to improve our lot, but that control has brought us to a
					relationship with the rest of the living world far different from that which any
					species has ever lived.

				Right now, you are at almost no risk of predation.
					No tigers lurk in your kitchen or yard. You are at a low risk of encountering a
					parasite. But you are also likely to struggle to see, around you in your life,
					anything resembling a wilderness devoid of the impact of humans. These realities
					have consequences, more than we have realized. You might call them side effects,
					except that they seem to be right in front of us, knocking on our door. They are
					the ghosts of our ecological history. They knock softly but carry the weight of
					life’s billions of years.
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				When Good Bodies Go Bad
						(and Why)

				We expect
					few things more eagerly than progress, progress since Ardi, but also since
					yesterday. Among the simplest measures of our progress is the quality and length
					of our lives. It was not long ago that we were covered in hair and could expect
					to live fewer than forty short years between birth and predation. By the turn of
					this last century, life expectancies in developed countries had inched past
					eighty years. For most (though not all, a point to which we will return) of
					human history we have lived longer than the generation that preceded us. In
					1850, life expectancy in the United States was forty years, in 1900 forty-eight
					years, in 1930 sixty years, and so on, and it was easy to imagine it would go on
					like this forever, with each generation living longer than the one preceding
						it.1 That is, it was easy to imagine until
					recently, when projections of life expectancies in many of the “civilized” parts
					of the world began to plateau or even, in some places, decline in longevity and
					also, some might argue, quality.2 In the
					wealthiest countries our older, healthier, happier future is coming into
					question. Our children may expect to live more afflicted and perhaps even
					shorter lives than we do. That much is clear. Less clear is why. Here then is a
					murder mystery in which we are nearly all the victims.

				We should be living longer, healthier lives. We
					have figured out ways to kill more and more of the species that once tried to
					live at our expense. If some creature clambers into your orifices or through
					your skin, there is a pill for it, a spray, or maybe a salve. Got germs? Use an
					antibacterial wipe. Got tapeworms? Take a pill. Most of our long-standing ills
					can be remedied, at least with enough money. But just as we seem to be getting
					better at ridding ourselves of the old threats, a set of “new”
					diseases—including Crohn’s, inflammatory bowel disease, rheumatoid arthritis,
					lupus, diabetes, multiple sclerosis, schizophrenia, and autism, among others—has
					become more and more common, and these diseases appear to be, at least in part,
					what is plaguing us. These diseases, contrary to our standard ideas about
					progress, have become most common precisely in those countries where we spend
					the most on health care and public health. Whether American, Belgian, Japanese,
					or Chilean, we in the “modern world” are getting sick in new ways.

				One can imagine many reasons for why people in
					developed countries might suffer from problems that those in developing
					countries do not. Nearly everything that differs between developed and
					developing countries might be the culprit. The difference could be pollution,
					pesticides, or “in the water.” It could be diet or our social interactions.
					Beginning between 1900 and 1950 and continuing on until the present day, a
					variety of these new diseases, many of them autoimmune and allergic in nature,
					have become more and more common. During this same time, nearly everything about
					our lives changed. We began to travel more. We vacuumed instead of swept. We
					started living in suburbs. Toothpaste with fluoride came into common usage, as
					eventually did pogo sticks, nose-hair clippers, double lattes, electronic dogs,
					childproof caps, and, of course, those damn Buns of Steel videos. Any of these
					could contribute to the problem, and the truth is, it may be more than one
					problem, each with its own cause.

				Perhaps it is useful to start with a more specific
					mystery. Among the most vexing of the new diseases is Crohn’s disease. You
					probably know someone with Crohn’s disease. It is characterized by a suite of
					problems associated with attacks by the immune system on the gut, an internal
					turf war in which the immune system always wins. These attacks cause abdominal
					pain, skin rashes, arthritis, and even, in some cases, odd symptoms including
					inflammation of the eye. In the disease’s most severe forms, Crohn’s sufferers
					face years of vomiting, weight loss, debilitating cramps, and intestinal
					blockages. In these cases, sufferers often quit work to sit at home and force
					themselves to eat. Existing treatments are only sometimes effective. When
					individuals are badly afflicted, lengths of the intestine and colon are
					surgically removed, which, while it can be necessary in the short term, makes
					things progressively worse in the long term. Crohn’s is rotten and debilitating
					and, except in rare cases, never goes away. It is also, rather suddenly,
					common.

				In the 1930s, Crohn’s was so rare that it was
					mostly undetected. Then, between 1950 and the mid-1980s, its incidence began to rise. In Olmstead County, Minnesota, the
					number of cases of Crohn’s was ten times higher in 1980 than in 1940. The
					incidence of the disease has also risen precipitously in Nottingham, England,
					and Copenhagen, Denmark, and nearly all of the other places in the developed
					world for which the data are good. Today, roughly 600,000 people have Crohn’s
					disease in the United States—accounting for some unnoted cases, about one in
					every 500 people. Similar proportions of people in much of Europe, Australia,
					and the more developed countries in Asia are also affected. From the perspective
					of the number of cases, Crohn’s is a global epidemic, or at least an epidemic of
					developed countries.

				Other than its consequences—the fates of the
					afflicted—just two things about the disease were, until very recently, certain:
					it has a genetic component (though weakly and inconsistently so) and is more
					common in smokers. But neither of these factors causes Crohn’s disease. The
					average Kenyan can smoke all she wants and even if her brother in the United
					States has Crohn’s, she still stands almost no chance of “catching” it. The gene
					variant that seems to predispose some individuals to Crohn’s, CARD15, is not a
					requirement, nor is smoking, which seems to make the disease worse rather than
					actually triggering its onset. Somehow, economic development and what we tend to
					think of as modernity—affluence, urbanization, wealth—are prerequisites. It is
					as though progress itself makes us sick. For many years, inhabitants of India
					and China were unaffected, but now as India and China have become more
					successful, or at least some Indians and Chinese have become more successful,
					Crohn’s disease has shown up there as well.

				It may seem unusual that such a common disease is
					still poorly understood. The truth is that the causes of most diseases that
					afflict humans are not yet understood. More than 400 diseases that commonly
					affect humans have been named, and the unnamed diseases undoubtedly number in
					the hundreds. Perhaps a dozen of the named diseases—polio, smallpox, and malaria
					among them—are relatively well understood, but the vast majority, those other
					hundreds, are not. Though we may know how to treat the symptoms or kill the
					offending pathogen (if there is one) of the less well-understood diseases,
					precisely what happens in diseased bodies is, more often than not, a kind of
					corporeal mystery. What these poorly understood diseases almost inevitably have
					in common, though, is a few scientists dedicated to them, scientists who wake up
					thinking they finally understand what in the body is going on. In the case of
					Crohn’s, one of those researchers is Jean-Pierre Hugot.

				Hugot, a researcher at the Hôpital Robert Debré in
					Paris, thinks that the bacteria that live in refrigerators are to blame. Some
					evidence supports his theory and no evidence really contradicts it, but all he
					has to date is evidence that refrigerator bacteria are frequently found at the
					crime scene, a necessary but insufficient piece of evidence.3 A recent study found that having a refrigerator
					in the home is indeed correlated with one’s chance of developing Crohn’s. But
					the study also found that having a TV, car, or washing machine was correlated
					with the probability of developing Crohn’s. Another study found that Crohn’s
					disease is less common where tuberculosis is more common. It is also more common
					where it is colder and where days are shorter. But a correlation between two
					things is no guarantee that one causes the other. There needs to be some kind of
					causal link and a demonstration of that link; one needs to show that A leads to
					B. Hugot had the A and the B, but not the “leads to.” And so, although the
					refrigerator bacteria are found with Crohn’s, they could just as easily be
					bystanders as villains. If it is not refrigeration, what is it?

				Some biologists suggested pollution, others
					toothpaste or sulfur intake. Perhaps the measles vaccine? Or maybe Crohn’s is
					psychosomatic. Maybe people in developed countries have idle minds prone to
						hypochondria.4 The pattern in the
					distribution of where Crohn’s does and does not occur seemed, like similar
					patterns for type 2 diabetes or schizophrenia, to invite wild ideas.

				Whether or not one believes Hugot’s speculation,
					one thing he said was right. Some species were favored and others disfavored by
					modernity. Hugot had focused on the species that were favored. But is it
					possible that Crohn’s and other diseases of modernity have more to do with which
					species were disfavored? This was what Joel Weinstock, a medical researcher now
					at Tufts University and formerly at the University of Iowa, began to wonder. It
					was 1995 and he was on a flight to his home in Iowa from a meeting at the
					headquarters of the Crohn’s and Colitis Foundation of America in New York.5 He had just completed editing a book on
					parasites of the liver and intestines and was writing a review article on
					inflammatory bowel disease—a kind of medical catchall of diseases that includes
					Crohn’s and other diseases that result from the immune system’s attacks on the
					gut. Reading these two sources together made him conscious of the ways that
					parasites can harm their hosts, but also the ways in which they can help them,
					if only to ensure their own survival. In this light, it occurred to him that
					there was one thing that the family in Mumbai and the family in Manhattan shared
					besides refrigerators, TVs, and idle time. They were both missing something,
					namely experience with those species we had shed in our trip to the modern
					world, in particular our intestinal parasites—our worms. The germ theory of
					disease is based on the idea that we get sick when new species invade our
					bodies. Weinstock was thinking the opposite. Maybe some diseases are caused by
					taking species away.

				It does not take much affluence to be wealthy
					enough to avoid intestinal worms. All you really have to do is wear shoes and
					use an indoor toilet. In the 1930s and 1940s, nearly half of American children
					had worms, whether big, twisty worms like Ascaris,
					tapeworms, or more delicate beasts like the small whipworm (Trichuris trichuria). Now worms are all but a thing of the past in
					the United States. Nor is the United States unusual. The places where Crohn’s
					was becoming common seemed to Weinstock like the places where intestinal worms
					were known to have become rare. What if the absence of intestinal parasites was
					causing Crohn’s disease? At that moment, Weinstock’s idea was like so many other
					theories (albeit a little more unruly) in that it was simply correlative.
					Granted, it might be true that there were fewer parasites where Crohn’s was more
					common, but as we’ve already seen, there were also more TVs and refrigerators.
					Yet Weinstock, thousands of feet in the air, felt confident, at least initially,
					that his speculation was right.

				Wild speculation can be important to science,
					particularly in the early stages of a new field, when nearly anything is
					possible. In the early days, it seems as though anyone can solve the problem, so
					everyone tries. This stage of science can go on for decades, if not longer. It
					is from the initial blossoming of wild ideas that the truth is to be winnowed.
					But even if one accepts the fact that wild ideas are useful, some stretch the
					limits of well-behaved science. For, as strange as the refrigerator hypothesis
					seems, it was traditional medicine. In essence, the refrigerator hypothesis was
					based on the idea that some new species was infecting us and doing us harm.
					Hugot thought it was the cold-tolerant bacteria causing the disease. Other
					researchers have suggested that any of twenty other bacteria might be to
					blame.

				What had occurred to Weinstock was something
					entirely different. His idea began with the observation that as we moved to
					cities and modernity, our bodies had lost rather than gained something. He
					thought it was the absence of parasites rather than the presence of a particular
					assailant that was hurting us. Our bodies, he imagined, missed their worms so
					badly that they were destroying themselves, eating their guts out in longing. As
					he sat cramped in his airplane seat, everything about Crohn’s seemed clearer.
					Blue-collar workers were less likely to get Crohn’s than people who sat all day
					at desks. They were also more likely to work in the dirt and to get parasitic
					worms! Suddenly this and a dozen other observations made sense. Weinstock had
					barely left the East Coast, but intellectually he felt as though he had just
					traveled a thousand miles. Everyone around him grumbled about their seats, the
					smell on the plane, and the surliness of the flight attendants. Oblivious to all
					of this, Weinstock was content.

				There
					was precedent for the idea that one species, such as a human, might miss another
					species, even one such as an intestinal worm that had done it harm. The
					precedent involved pronghorn. The story of the pronghorn is relevant to Crohn’s,
					and may be an answer where Crohn’s and many of our modern chronic diseases are
					the question.

				Pronghorn (Antilocapra
						americana) are small, goat-sized animals. Though they are sometimes
					called antelope, they are not precisely antelope and not precisely deer either.
					They are unique. Their branch on the tree of life has been separate from other
					branches for much longer than humans have been separate from other primates.
					Once there were many kinds of pronghorn but now there is just a single lithe
					species. The pronghorn’s body is tan on the back and white on the belly. It has
					a dark black nose and dark black two-pronged antlers. Compared to elk, to moose,
					or even to true antelopes, pronghorn are dervishes—light and muscular. A
					pronghorn can run a hundred kilometers an hour. One scientist chasing pronghorn
					in the short grass of Colorado watched a few individuals run three kilometers
					and then put on a burst of speed. With that burst, they outran him, even though
					he was pursuing from a plane traveling 72 km per hour.6 Even after running fast and long, they can run faster and longer,
					not faster than a speeding bullet, but faster, yes, than a pursuing plane.

				Once, tens of millions of pronghorn thrived from
					Canada to Mexico. Then came the guns and greed of westward expansion. Pronghorn,
					like bison, were killed for food and sport until there were just a few million
					and then a few hundred thousand and then, finally, just thousands, a rare mother
					left here and there in the grass. Eventually, slowly, those thousands begat more
					thousands until, helped by land conservation, the pronghorn began to rebound.
					Today, 10 to 12 million pronghorn are alive at any one moment, scattered among
					the grasslands that remain. There, they bow to the ground to feed and then, at
					the slightest provocation, they run.

				Counting pronghorn is difficult, like counting
					crows or clouds. They are suddenly everywhere and then, just as suddenly,
					nowhere. In most of the places they live, they remain unstudied, nameless, and
					totally wild. But there exists a grassland in the National Bison Range of
					Montana where the pronghorn are well-known. There the grass grows until it is
					about halfway up their backs and then stops. It bends in the wind to reveal
					them, in groups, looking back with their big brown eyes. The National Bison
					Range is still wild enough that things can live, mate, and die without ever
					being noticed, but it is defined enough, a world unto itself, that a man and a
					woman might hope to watch a few animals live out their lives and in doing so
					learn broader truths. So it was that in 1981, the zoologist John Byers took it
					upon himself to be such a man, and his wife, Karen, would be such a woman. John
					and Karen moved from Chicago to Moscow, Idaho, where he would begin as a new
					professor. From Moscow, when summer came, they would migrate to the Bison Range
					in an RV named Bucky. Rough but well loved, Bucky would launch them into the
					next phase of their lives.7

				As John and Karen made their way toward the
					grasslands, the landscape opened up. It looked like any grassland, as open and
					tanned as the savannas of Africa. Driving into it had the feeling of coming
					home, to a place where things are right and meaningful. They drove into the
					green-gray fescue, sage, and wheatgrass, and the forest disappeared behind them,
					and along with it, their daily existence. The space was wide open and yet
					complex. John would later write of it as the “floor of the sky.”8 It would hold them up for the summer or maybe
					even their lives.

				When the Byerses arrived, they found the pronghorn.
					They watched them run until, at each fuzzy margin of visibility, they
					disappeared. The Byerses’ first task was to catch these animals. Each captured
					individual would be tagged and then studied for as long as it or the couple
					might persist, years to be certain, maybe longer. But the catching was not easy.
					The adults were too fast and the fawns were, at least at first, difficult to
					find. But John and Karen persevered. Eventually, they found a mother with her
					two fawns hidden among the bladelike leaves of grass. As John approached, the
					mother fled, but the fawns froze. John reached down and picked them up in his
					big hands. They would be measured, weighed, and then tagged. They were, in their
					smallness, like birds, as at home in the air as on the ground. John and Karen
					hoped to follow these two and the others they would soon catch. Each fawn’s
					heart pounded against the cage of its ribs until, into the air, it was
					freed.

				John and Karen Byers settled into the grasslands
					with the idea of planting observations about the movements of pronghorn, their
					diet, mating, and everything else. Like any scientists, they hoped to watch one
					thing in order to understand others. They wanted to look to the pronghorn for
					broader truths. The pronghorn leaped and ran, and John and Karen saw in their
					running every living thing that runs. John and Karen lifted up the bodies of
					animals that they had caught and felt an example of any animal body.

				Yet for as much as John and Karen thought they
					might find universal stories among the pronghorn, they kept finding ways in
					which the pronghorn seemed exceptional rather than general. One exception in
					particular had already plagued other scientists who had studied the pronghorn,
					or even just seen them—their speed. Audubon noted it, but so did everyone else
					who watched them for more than a few minutes. The pronghorn are faster at medium
					distances than cheetahs. They are twice as fast as wolves and faster than a
					safely driven camper van. It turns out they are even faster than an unsafely
					driven camper van. At medium distances, they may well be the fastest animal ever
					to have lived. That speed comes not from any particular biochemical magic, but
					instead from long thin legs, tiny near-featureless feet, an abundance of
					fast-twitch muscles, and hard-charging lungs. The pronghorn invest in speed at
					the expense of making bigger bodies or producing more young. They seem
					overbuilt, as though they evolved speed simply because it was possible. One
					scientific publication after another remarked on the pronghorn’s speed.9 Each one concluded it was anomalous,
					interesting, and just a little bit strange. Nor do the pronghorn simply run
					alone. They run and flee in tight groups more like schools of fish or flocks of
					birds than like anything on land, groups that move synchronously, their many
					legs in step, at high speed. The big question, aside from how, was why?

				According to Darwin’s rules, evolution does not
					overdesign. Natural selection is scrupulous in its editing. No material is
					wasted and no animal is taller, faster, or stronger than it needs to be in order
					to do better than its competitors. Were all the animals on Earth tortoises,
					there would be no advantage to being a hare, just the fastest tortoise. Yet the
					pronghorn, in their sinuous groups, outrun everything. In the thousands of hours
					the Byerses, other researchers, hunters, and locals have observed pronghorn,
					there are few recorded instances of adults being caught by predators. This is
					true even though many adult pronghorn have been dressed in radio collars and
					followed out across the plains and even though predation on fawns can be easily
						observed.10 The fawns are eaten by eagles,
					coyotes, and other predators. But the fawns do not run in defense. They freeze.
					The adults are the ones that run and when they do, bears do not come close to
					catching them, nor do gray wolves or even coyotes. When the Byerses first saw
					the pronghorn’s speed, it seemed like an affront to natural selection, a kind of
					gaudy exception flaunted at each opportunity.

				John Byers was thinking about this exceptional
					speed when he started seeing phantoms. He saw animals chasing the pronghorn,
					sprinting after them. They caught them by their ankles. They took them down, one
					by one in among the lolling seed heads of the tallest grasses. They were not
					real, he knew that, but he could see their evidence, the way one might notice
					wind by seeing what it moves. In a landscape where the biggest predator is a
					bear, Byers saw the spoor of cheetahs and lions. If he squinted when he watched
					the pronghorn, he could even see these predators giving chase. He could see them
					manifest in the pronghorn’s every action. Byers came to believe these ghosts
					were an answer to the question of the pronghorn’s speed, and to other questions
					too.

				As recently as 10,000 years ago, just as cows were
					beginning to be domesticated in Asia, the pronghorn lived on the plains with the
					gray wolf, black bear, grizzly bear, and coyote, but also with other large
					predators. When humans first arrived in the Americas, they found the pronghorn
					and alongside them a much greater variety of other herbivores, but, in addition,
					an even greater variety of predators. The American grasslands were more wild and
					ferocious than the African plains. The predators that the earliest immigrants to
					North America found as they colonized the continent fourteen or more thousand
					years ago were bigger, badder, and faster than anything we know today. There
					were plundering dogs (Borophagus spp.), short-legged
					dogs (Protocyon spp.), dire wolves (Canus dirus), giant cheetahs, giant cave lions (Panthera atrox), several kinds of saber-toothed cats,
					giant short-faced bears (Arctodus simus), and other
					toothy monsters, many of them fast. The cave lion grew to twelve feet in length.
					The saber-toothed cat could weigh 1,000 pounds and the giant short-faced bear as
					much as 2,500 pounds. Most relevant to the story of the pronghorn, though, was
					the American cheetah (Miracinonyx trumani), a big,
					long, fast cat built to chase and catch at high speeds.11 Analogies with modern African cheetahs suggest that the American
					cheetah would have loved to eat pronghorn the way African cheetahs love
					antelope. And so it was in this context that Byers began to imagine that the
					pronghorn’s speed and its swarm-running evolved in response to now-extinct
					predators. The pronghorn once had something to flee. American cheetahs evolved
					to be faster to pursue faster pronghorn and pronghorn evolved to be even faster
					in return. Then humans arrived in the Americas and, one way or another, killed
					off sixty large mammal species, including the cheetah, but also lions, mammoths,
					mastodons, and even camels. The extinction of these great beasts and, in
					particular, of the American cheetah left the pronghorn anachronistically and
					irrelevantly fast.

				Once Byers had this insight (which seems correct,
					in the hindsight provided by more data and analysis), much of the pronghorn’s
					life seemed to make more sense. All of their biology, but particularly that of
					females, was built around escaping predators that were no longer present.
					Females chose fast males so that their children would stand a chance of being
					fast enough to escape. Even their double-horned uterus and compressed spine
					seemed a function of their past. They were not an exception, but instead a
					powerful manifestation of natural selection’s rules. They were, in a way, the
					rule. What is more, it seems as though the pronghorn’s speed and the traits
					related to it may be costly. If they are, and if, as time passes, the pronghorn
					become more abundant or their habitat more rare, the pronghorn may get slower.
					The individuals that run the fastest may die younger, exhausted from fleeing
					ghosts but unable to slow down. Given time, each generation of pronghorn might
					become slower and, in its more ordinary speed, less extraordinary.12

				Here was what scientists all search for, a general
					result derived from the study of something very specific. Because the more Byers
					talked to other scientists, the more he realized that his case of pronghorn was
					not unique. His was one well-studied example of the consequences that result
					when one species misses another with which it had been linked for millennia.
					Years earlier, in Costa Rica, the tropical biologist and conservationist Dan
					Janzen had argued that the biggest fruits, those that now sit unmoved beneath
					their shady mothers, evolved to be dispersed by the now-extinct megafauna,
					species that disappeared along with the pronghorn’s predators. Janzen’s idea
					arose from his observations in 1979 of the three-foot-long pods of the Cassia grandis tree. Thirty years later, Janzen seems
					just as right and those fruits remain just as unmoved. To paraphrase the
					paleontologist Paul S. Martin, we live in a time of ghosts, their prehistoric
					presence hinted at by the largest sweet-tasting fruits.13 Many of the fruits that humans have come to favor seem to have
					evolved to be carried from one place to another in the temporary vehicle of a
					giant mammal’s guts—papayas make the list, as do avocados, guava, cherimoya,
					osage oranges, and the foul-smelling but delicious durian.14 Elsewhere, biologists found long flowers
					without obvious pollinators, flowers that had evolved, they argued, in response
					to the long tongue of a now-extinct pollinator. With time, more cases like these
					have been noted, more examples of the consequences of losing partners
					middance.

				But the pronghorn example was different. Giant
					fruits once benefited from being dispersed by giant fruit-eating mammals, sloths
					bigger than elephants and their kin. The pronghorn did not benefit from being
					eaten by a giant cheetah any more than you might benefit from getting eaten by,
					say, a bear. Yet without the cheetah, the pronghorn’s lifestyle, its leaps and
					sprints, no longer makes complete sense. The pronghorn suffered from the
					American cheetahs that were their predators, but in a way the pronghorn may now
					suffer without their longtime foe present to give chase. They run for no reason.
					They waste energy, when they might do just as well to stand still. They run from
					ghosts.

				We all do.
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