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PRAISE FOR BETH SHAPIRO


‘A brilliant combination of science, natural history, and first-person experience, Life as We Made It shows how our species has been manipulating nature for nearly as long as we’ve been around. Anyone who wants to better understand the future of life – human and otherwise – should read this book.’


Jennifer Doudna, winner of the 2020 Nobel Prize in Chemistry


‘For the past two decades, Beth Shapiro has pioneered using ancient DNA to understand the diversity of life. In Life as We Made It, her twin passions for cutting-edge science and natural history leap from every page. This book will entertain and challenge you to think in new ways about our role in the future of life on Earth.’


Neil Shubin, evolutionary biologist and author of Your Inner Fish


‘In this brilliant new book, biologist Beth Shapiro tells the incredible story of how we’re remaking much of nature and lays out a thoughtful path for how we can survive and thrive by learning to more wisely apply our god-like powers.’


Jamie Metzl, author of Hacking Darwin


‘Shapiro chronicles the many ways humans have influenced the evolutionary trajectories of other species, from prehistory through the present day. Tools like CRISPR are just the latest way we have shaped the life on this planet. She effectively makes the case that our use of evolution as a tool is ethically acceptable, if done carefully and with informed consent.’


Emma Marris, author of Wild Souls


‘In this excellent summary of the most exciting parts of 21st-century biology, Beth Shapiro shows how we have inadvertently shaped the natural world, producing extinctions and slowly altering domestic animals. Above all, she optimistically describes how we might be able to use our new conscious ability to engineer genomes to save species and deliberately change the world for the better.’ 


Professor Matthew Cobb, University of Manchester


‘An engaging account of how our ancestors’ actions, over tens of thousands of years, ended up modifying our genomes and those of countless other species, a thanksgiving for the beauty and bounty wrought by these changes, and a thoughtful, refreshingly optimistic anticipation of what is to come as we, one way or another, exert ever greater control over evolution.’ 


Professor Austin Burt, evolutionary geneticist, Imperial College London 


‘Shapiro does an excellent job of showing that the realities of genuine science can be as exciting as the fantasies of science fiction.’


Daily Mail on How to Clone a Mammoth


‘Her book, then, is at once an account of the state of the technology, a sketch of how to proceed, a barrage of as-yet unanswerable questions and a manifesto… The science is fascinating.’


Financial Times on How to Clone a Mammoth


‘A thrilling tour of the science that might – might – recreate lost worlds from the not-too-distant past… Sharp, witty, and impeccably-argued.’


National Geographic on How to Clone a Mammoth


‘Bringing a lost species back to life is an exciting prospect and also a scary one. No one is better able to explain the challenges and the potential of the enterprise than Beth Shapiro… An engaging, rigorous, and deeply thoughtful book.’


Elizabeth Kolbert, author of The Sixth Extinction, on How to Clone a Mammoth


‘A fascinating book… As she explores the possibility of de-extinction, Shapiro gives her readers a remarkable education in a number of fields of cutting-edge research.’


Wall Street Journal on How to Clone a Mammoth
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— PROLOGUE —


Providence


DEEP IN THE HEART OF THE AMERICAN WEST, AN OLD BISON plucks a mouthful of young grass. As her teeth grind the blades, a wolf’s howl interrupts the gentle din of the nearby Snake River. The bison raises her head and pauses, suddenly focused. Her ears twitch as she sniffs the air. A quiet moment passes while a mosquito buzzes aimlessly around her head. Sensing no imminent danger, she resumes chewing and returns her gaze to the ground. As she propels herself toward a fresh patch of grass, her movement stirs the several dozen other bison nearby and, together, the herd begins to move slowly southward, silently grazing an unhurried path toward the mountains.


The scene is tranquil, even comforting. A herd of wild bison flourishes in one of the last wild places on Earth, unfettered by all of the stuff that exists outside that wild place. The scene is also hopeful. While it’s true that we humans have made a hot mess of our planet, patches of habitat survive where bison can roam, separated from all the world’s unnatural tendencies. More importantly, the scene is inspirational. These bison exist because we saved them. By the late 1800s, the millions of bison that once roamed the plains were nearly gone. But bison did not become extinct. Instead, people created safe spaces for their herds to chew cud and raise calves, and designed and passed laws to protect those safe spaces from hunters, poachers, and other threats. Thanks to us, more than 500,000 bison live today in herds across North America.


Above all else, though, the scene is natural. The image of American bison sheltered within the boundaries of North America’s first national park is a portrait of unspoiled wildness. This is the way the natural world should be, because this is the way the natural world has always been.


Except for when it wasn’t.


THE LAST DECADE HAS SEEN DEVELOPMENT OF POWERFUL BIO-technologies that are at the same time astonishing, encouraging, and pretty scary. Cloning, genome editing, synthetic biology, gene drives—these are words and phrases that promise a different kind of future, but is it a welcome future? On the one hand, technological advance is a good thing. Biotechnology stops us from getting sick, cures diseases that we already have, and makes our food taste better and stay fresh longer. On the other hand, biotechnology creates things that feel weirdly unnatural, like corn with embedded bacterial genes and chickens that lay eggs out of which ducklings hatch.* In fact, it is increasingly difficult to find anything that hasn’t been sullied by people in some way. And while scientists race to protect the natural things and spaces that remain, crises like offshore oil spills, rising extinction rates, and emerging infectious diseases demand solutions beyond what our existing technologies can achieve. Should we dig in, embrace the power of modern science, and look ahead to a future where bacteria clean up our messes and where hairy elephants roam Siberian fields while sterilized mosquitoes buzz overhead? Or should we resist this future and stop messing with things before it is too late?


For many, a future filled with human-modified plants and animals is bleak. Engineered microbes, mammothified elephants, and mosquitoes that can’t transmit disease would probably benefit people in some way, but creating them just isn’t right, and a world that includes them is somehow false. To those who feel this way, there is a tendency to blame science. Thanks to scientists and their twenty-first-century technologies, our world is on the precipice of a metamorphosis beyond which lies a new nature, one created entirely by and for people, and one that is anything but natural. This nervous narrative assumes, however, that humans have only just begun to meddle with nature—that the border between natural and unnatural is obvious and unblurred. History, however, and archaeology and paleontology and even genomics, tells a different story. In studying the past, we learn that people have been shaping the evolution of the living things around us throughout our history. Within the last 50,000 years, our ancestors hunted, polluted, and outcompeted hundreds of species to extinction. They turned wolves into Boston terriers, teosinte into popcorn, and wild cabbage into kale, broccoli, cauliflower, brussels sprouts, and collard greens (to name a few). As our ancestors learned to hunt, to domesticate, and to travel, their actions and movements created opportunities for species to adapt and evolve. Some species survived their encounters with humans, but many did not, and all were transformed in some way. Living things today are as we made them, shaped in part by the randomness of evolution and in part by less random human intent.


Let’s consider again the American bison. When people first set foot more than 20,000 years ago on what we now call the North American continent, they may have done so while following these delicious-looking beasts. As time passed, these people developed sophisticated technologies for hunting bison, some of which could kill thousands of animals in a single assault. Only those bison that avoided predation survived. The climate cooled, their habitat deteriorated, and bison populations crashed. 


When the ice age came to an end around 12,000 years ago, bison-friendly habitats reexpanded and the herds rebounded. The warmer climate was also good for people, whose populations grew. Vegetation became denser, and people started to use fire to reshape the landscape. They learned to funnel bison into habitats in which the animals could be more easily harvested. Bison adapted to these changes and thrived. People adapted too. Human life came to revolve around the seasonal dynamics of the bison herds. People used bison meat, hides, poop, and bones for food, clothing, fuel, and tools. Trading networks emerged, connecting human populations across the continental expanse. 


When Europeans arrived in North America around half a millennium ago, they too developed a taste for bison. As European immigrants pushed westward, the sizable bison herds began to fracture and collapse, divided this time by a growing railway infrastructure and even more people. Wars over ownership of bison and bison ranges intensified, and many people, and many more bison, died. Treaties were signed and then broken and Native Americans suffered disproportionately. Cattle ranching expanded and began to compete with bison for food, space, and water. This time, the changes happened too quickly for bison to adapt. By the turn of the twentieth century, a few bison had been captured and moved to captivity and another few remained in the wild, but the once-massive herds were gone. 


Then, around a century ago, people realized that bison were in trouble. Conservation-minded officials passed laws to prevent bison slaughter. Wildlife managers constructed barriers to keep bison safe and, within the confines of these barriers, chose which bison contributed to the next generation. The optimal strategy for bison was no longer to escape, but instead to somehow impress their human captors. Bison adapted and thrived.


Today’s biotechnologies allow us to meddle with species like bison more quickly and with higher precision than our ancestors could. Artificial insemination, cloning, and gene editing improve our control over what DNA is passed to the next generation, further heightening the power of human intent as an evolutionary force. To date, these biotechnologies have had the most impact in agriculture. One hundred years ago, a farmer who noticed a piglet that grew larger than its siblings might breed only this more efficient pig, shifting, gradually and over many generations, the efficiency of his drove. Fifty years ago, this same farmer might have collected semen from his fastest-growing boar and used that semen to impregnate his sows, increasing the number of offspring that inherit the fast-growing trait. Today, that farmer could sequence the pigs’ DNA to learn what genetic variants distinguish faster-growing piglets from their slower-growing brothers and sisters. The farmer could collect cells from the best of the bunch and clone them, creating embryos that all have the fast-growing DNA variants and transferring these into surrogate sows. The farmer could edit these embryos’ DNA directly to create DNA combinations that make his pigs grow even more quickly. The end product of all this meddling is the same: larger pigs and a more favorable bottom line. But today’s technologies pay off in years rather than in decades or centuries.


Some new biotechnologies give us powers that our ancestors did not have, and this is where it starts to get tricky. The Enviropig is a pig, and its DNA is mostly pig DNA. But its genome also includes a gene from a microbe and a gene from a mouse. No amount of careful breeding could create the Enviropig, but our technologies can. The Enviropig solves a specific problem in agriculture. The watersheds around pig farms are often badly polluted with phosphorus, a crucial nutrient that farmers add to pig feed and that is mostly excreted in their waste. The two extra genes in the Enviropig’s DNA express a protein in pig saliva that breaks phosphorus down into usable form. Enviropigs can be fed less phosphorus than non-engineered pigs (which would save farmers money) and use the phosphorus in their feed more efficiently (which would save the watershed). In 2010, when the Enviropig was submitted for regulatory approval, no one was sure how to proceed. The approval process stalled, and the project eventually ran out of money. Enviropigs solve a problem plaguing one of the largest agricultural industries in the world, but our discomfort with the technologies that created them thwarts the breakthrough that they could bring.


The Enviropig exposes both our uneasiness with transitioning to the next phase of our relationships with other species and the high cost of this uneasiness. Our reluctance has slowed research into both the safety and wider potential of these technologies. We’ve missed opportunities to adopt bioengineered solutions that might have removed pollutants from habitats, saved populations from extinction, and increased agricultural yield. Our reluctance is, however, understandable. Many of the earliest uses of bioengineering technologies were marred by a lack of transparency, with little or no effort to describe, for example, how bioengineered crops were created or how they differed (and did not differ) from traditional crops. This lack of transparency created opportunities for a handful of vocal extremists to spread misinformation, taking advantage of our natural aversion to risk. Poorly aligned regulatory frameworks and battles over intellectual property have continued to obstruct open discourse about the science behind bioengineered crops. This has left many would-be consumers with an entirely reasonable sour taste when it comes to bioengineered foods.


While bioengineered foods have been on at least the theoretical menu since the mid-1990s, these technologies have more recently been targeting another crisis: the global loss of biodiversity that has occurred as people have taken over the planet. The rate of species extinction today is many times higher than the background rate of extinctions in the fossil record. This is our fault, due to the gradual erosion of the quantity and quality of habitat available to species other than us and our domesticates. While most people agree that we should do something about the extinction crisis, not everyone agrees about what that something should be. Some people want to preserve nature intact by isolating as much as half of the planet from any human inputs. Others believe that direct intervention is the only way to slow the rate of human-caused extinctions. For decades biologists have been removing invasive species by hand, moving individuals between populations and habitats, and introducing proxy species to fill crucial but vacant (usually because of extinction) ecological niches. But today’s biotechnologies make it possible to do more. We could, for example, engineer species’ genomes to help them adapt to drier soils, more acidic oceans, and more polluted streams. We could create gene drive systems that wipe out invasive species. We could even resurrect extinct species to restore missing ecological interactions and improve ecosystem health. These bioengineered interventions have tremendous potential for conservation but come with additional risks.


In 2017, Helen Taylor and her colleagues surveyed conservation practitioners in Aotearoa/New Zealand to find out how they feel about using genetic engineering as part of their on-the-ground conservation work. The country’s government had announced a year earlier an ambitious goal to rid the islands by 2050 of introduced rats, Australian possums, and stoats, all of which are devastating native fauna. The project’s timeline is ambitious, and many have looked to bioengineering as a possible route to success. Taylor and colleagues’ survey showed, however, that willingness to adopt such strategies depended on which species would be manipulated. For most survey respondents, it was fine to modify the DNA of invasive species, but not OK to manipulate native species in this way. In fact, many respondents admitted that they would rather see native species become extinct than use bioengineering to save them. Their discomfort? They would be playing God. They would be changing deliberately the course of evolution, and they just didn’t feel good about taking on this role. Except in the case of invasive species.


Such attitudes are the providence of caretakers. It’s time to embrace this role.


IN THE CHAPTERS THAT FOLLOW, I’VE DIVIDED THE STORY OF OUR species’ changing relationships with other species into two parts that separate roughly the time before and after the advent of genetic engineering technologies, which many people see as a turning point in our capacity to manipulate nature. Part I, “The Way It Is,” progresses through three chronological stages of human innovation: predation, domestication, and conservation. Chapter 1, “Bone Mining,” describes my journey from student to professor and the growth of ancient DNA as a research field, introducing how I and others have used DNA preserved in fossils to reconstruct evolutionary history. Chapter 2, “Origin Story,” explores what ancient DNA has revealed about our species’ origins, including how encounters with our archaic cousins shaped our own evolutionary path. Chapter 3, “Blitzkrieg,” describes the gradual spread of humans across the globe and our species’ role as a dominant predator, exploring the temporal coincidence of human arrival in an as yet uninvaded habitat and the extinctions of local fauna. Chapter 4, “Lactase Persistence,” chronicles our ancestors’ transition from hunters to farmers, beginning with the discovery that extinction is not inevitable. To improve the reliability of their next meal, our ancestors developed herding and breeding strategies and began to clear forests to make way for farms. Chapter 5, “Lake Cow Bacon,” describes our species’ next transition from farmers to managers, which began as booming populations of people and domesticated animals consumed wild habitats and drove to extinction many species within them. This was the birth of the conservation movement.


Today, we rely on the technologies that our ancestors developed during these first three stages of human innovation. Our meddling, however, continues to reshape every living thing around us. Industrialized agriculture is helping to meet the needs of the nearly 9 billion of us alive today, and international laws protect Earth’s oceans, air, land, and freshwater ecosystems. But our planet is again reaching a breaking point. There are more of us today than we can feed using existing technologies and, thanks to how we’ve altered the planet, habitats are changing too quickly for species to adapt and extinction rates are soaring. Once again, however, we have new tools at our disposal, and these new tools allow us to manipulate species at unprecedented rates and in unprecedented ways.


Part II, “The Way It Could Be,” explores the biotechnologies of this next stage of human innovation. Chapter 6, “Polled,” focuses on how biotechnologies like cloning and genetic engineering impact plant and animal agriculture by allowing us, for example, to engineer domesticated species without the messiness of traditional breeding. Chapter 7, “Intended Consequences,” considers how new biotechnologies can protect endangered species and habitats. From cloned mammoths to transgenic ferrets to self-limiting mosquitoes, biotechnologies could speed up the process of adaptation and, in doing so, slow the rate of biodiversity loss and restore stability to declining habitats. Finally, Chapter 8, “Turkish Delight,” speculates about what else we might do with our new biotechnologies. No longer limited by traditional species boundaries, will we stick with what we know and continue to make our food, pets, and crops better versions of themselves, or will we reach beyond what is currently imaginable to invent something even better? 


Today’s biotechnologies differ from those of the past, and this requires us to treat them differently. Our power to change species is greater than it ever has been, and we must recognize, accept, and learn to check these powers. This will not be easy, but it is possible. After all, we are also different today than we were in the past. We have a much greater understanding of how the world works. We have deep knowledge of biology, heredity, and ecology, and we are capable of evaluating risks, communicating across cultures and languages, and sharing intellectual and economic burdens. Critically, we also have tens of thousands of years of experience manipulating nature with the same motivation as today: to create organisms that more efficiently do what we want them to do.


It is a mistake to think of today’s biotechnologies as a sudden shift into the realm of controlling nature. We have, after all, been in this role for some time. 


_________________


* This is true! It is possible to inject primordial germ cells—the cells that will eventually become either sperm or egg germ cells—extracted from developing duck eggs into chicken eggs. When the chick hatches and reaches sexual maturity, she will have two types of egg cells: some that developed from her own primordial germ cells and others that developed from the injected duck primordial germ cells. If she is artificially inseminated with duck sperm, these will fertilize the duck eggs (they are too evolutionarily different to fertilize the chicken eggs, so no duck/chicken hybrids will form). When those eggs hatch, a baby duck will emerge.




— PART I —


The Way It Is




— CHAPTER 1 —


Bone Mining


IN CANADA’S YUKON, IT TAKES LESS THAN AN HOUR IN A four-wheel drive truck to get from the coffee shop on Dawson City’s Front Street to the last ice age. Located about 500 kilometers (330 mi) northwest of Whitehorse, Dawson City is a rugged northern town of dirt roads and wooden sidewalks, swinging-door saloons, and rickety buildings heaved onto jaunty angles by the melting earth beneath them. Today, tourism is the chief economic activity in Dawson City. But this has not always been the case. Since the discovery of gold there in 1896, an estimated 15 million troy ounces (which is more than 460,000 kg) have been mined from the nearby Klondike region’s extensive creek and river system.


Gold, however, is not the only precious commodity unearthed by Klondike miners. Each year, thousands of ice age fossils wash out of the Klondike’s frozen soil during the search for gold, among them remains of mammoths, mastodons, bison, horses, willows, ground squirrels, wolves, camels, spruce trees, lions, lemmings, and bears. The sticks, seeds, bones, teeth, and sometimes entire mummified bodies represent plants and animals that lived in the Klondike at some point during the most recent million or so years.


Since the beginning of the gold rush, scientists have collected and scrutinized the Klondike’s fossils, hoping to use them to reconstruct the climate and communities of the recent ice ages. Today, these fossils are a mainstay of my own research, and I try to spend at least a few weeks there every summer. Today, I can point to which of the Klondike’s dusty roads are most likely to wash out, which creeks cut through the most productive (for bones) soils, and which layers of volcanic ash can tell us how old a particular fossil is. But on the warm summer day of 2001 when I drove out to the mines for the first time, I knew nothing. 


Three of us went out from Dawson City into the Klondike that day: me, and two friends and colleagues, Duane Froese and Grant Zazula. We were all graduate students at the time and each of our research relied on data from the region, but I was the only one of us who’d never been out to the mines. We were in Dawson City for a conference, which meant learning about science during the day and exploring the town’s nightlife when the talks were over. We’d been exploring a dingy bar the night before that the locals call “The Pit” when we ran into a miner friend of Duane’s who, after several Yukon Golds, invited us out to his place the next day to check out his bone cache. The next morning, as we abandoned the conference and left Dawson City for the mines, I was prepared for the sun. I was prepared for the Klondike’s ubiquitous mosquitoes, and for the possibility of running into a bear. I was not, as it turns out, prepared for the muck.


About 20 minutes outside town, we turned off the main highway and began winding along the dusty mining roads in Duane’s rental truck. I was struck by the contrast between the Klondike’s natural and human worlds. One minute we’d be passing through pristine spruce forest or making our way gingerly over a hopefully not too deep creek, and the next we’d be in the middle of a denuded landscape where bulldozers were scraping away chunks of frozen earth. The road was curvy and washboard-riddled, and my stomach churned as our pickup fishtailed around the turns. When we finally turned onto a long driveway of sorts and slowed down, I was desperate for fresh air. Having been given the middle seat, I reached over Grant to roll down the window, and that is when I learned my first lesson about the Klondike: It stank. I gasped as the foul air hit me and, defeated, sank back into my seat. Grant and Duane didn’t seem to notice the smell.


A short moment later, we pulled up beside the mine’s main shop and parked. Grant and Duane jumped out, but I stayed behind. The stink seemed to be getting worse. I contemplated remaining in the truck while they checked out the bones. But I’d come out because I wanted to see the bones—and the mine—for myself, so I shook the thought. I inhaled one last breath of truck air, opened the door, and emerged into the stench.


As my feet hit the gravel, I steadied myself and looked around. To my right were the shop and a few outbuildings, to my left an outhouse (maybe the source of the foul smell?), a couple of trucks, and what I assumed would amount to several large dumpster-fills of rusty metal contraptions. In the distance, I saw several people, presumably miners, fiddling with what looked like a firehose mounted onto a stabilizing platform. Duane had already started toward them, so I followed, keen to distance myself from whatever was creating that smell.


Oddly, the closer we got to the miners the more intense the stench became. I looked at Grant and pinched my nose in disgust. Ahead of us, a powerful generator kicked on, assaulting yet another of my senses. I groaned audibly and kicked a large rock, which hit Duane on the back of his boot.


Duane looked back at me. “What?” he yelled over the generator, seemingly oblivious to the smell.


Grant laughed. “It’s her first time!” he reminded Duane.


“Ah,” nodded Duane, who’d turned back around and was now squinting into the sun, trying to see whether his friend was part of the group by the firehose. “The smell, eh? What do you think this muck is made of?” he asked of no one in particular.


“That’s dead mammoths,” Grant instructed, smirking. “And dead trees and grass and other shit that’s been rotting since the last ice age.”


That made sense. Frozen organic debris tens of thousands of years old, exposed suddenly to the summer sun, could certainly generate an unpleasant odor.


“And glacial silt,” added Duane. “You’ll want to be careful.”


The three of us continued in the direction of the now-running firehose contraption, me acclimating to the smell and the noise, and Duane waving his arms over his head and shouting. The miners spotted us and reduced the flow of the water, causing the generator to change pitch. Interpreting this as an invitation, Duane hurried toward them for a chat. Grant and I waited where we were, scanning the freshly exposed muck for signs of ice age life.


Almost immediately, I spotted the tip of a bison horn sticking out of the frozen soil near the base of the exposure. I jabbed Grant in the ribs and pointed to it excitedly. He smiled, impressed (I assumed) with my bone-mining skills, and motioned for me to go grab it. Stoked to have found my very first ice age fossil, I headed toward the bluff. I tiptoed over a shallow stream of water running from the blasting site and leaped over a puddle that had formed in a small depression. That was when I learned my second lesson about the Klondike: One must tread delicately. As yet unaware of this rule, my indelicate landing left me ankle-deep in the muck and sinking. I panicked. I yanked one foot upward. While that foot didn’t move, the other, thanks to the extra pressure, sank deeper into the muck. I yanked my foot upward again. This time the foot came up, but the boot stayed behind. I teetered, my socked foot hovering above the wet muck, then lost my balance and fell backward. With both feet, both hands, and my bum planted in the stinky quicksand, I looked back to Grant for help, only to find him doubled over laughing at the predicament he’d gotten me into.


“I told you to be careful!” Duane shouted from beside the firehose, where he and the miners were all watching me, smiling, and shaking their heads.


After I finally unstuck myself from the muck (an endeavor that involved removing both boots, losing one sock, and becoming one with the stench of decaying dead things thousands of years old; also, I now know, a rite of passage for working in the region), we made our way back to the mining shop to look through their cache of bones. They were mostly bison bones, which pleased me as I was currently studying ice age bison, but there were also horse bones, mammoth bones and bits of tusks, caribou bones and antlers, and the odd bear and cat bones. We were told to take the bones back to the museum in Whitehorse, so we labeled each bone and recorded in our field books what species they were, the date of collection, and the name of the mine. Using a battery-powered drill, I took small samples from several of the bison bones, from which I would extract DNA after returning to my lab in Oxford. Then we thanked the miners, packed up our notes, and loaded the bones into Duane’s truck, readying them for transfer to Whitehorse.


HOW IT ALL STARTED (FOR ME)


When I began my graduate research in 1999, I hadn’t intended to study bison. I wasn’t thinking about bison as I slipped nervously through the halls of Oxford University’s zoology department for the first time. No thoughts of bison surfaced when I found the desk at which I would sit for the next five years. I had no particular interest in bison as a child, nor would I meet a bison until several months later, when I used a Dremel saw to cut into a 30,000-year-old bison bone (yes, that counts). I’m ashamed to admit, in fact, that my first bison-related thought was not particularly bison-friendly, but instead an awkward mental race to imagine an appropriately kind but negative response to my soon-to-be supervisor’s suggestion, “Why don’t you work on bison?” Fortunately for my career, he followed up with “If you take this project, you can go to Siberia.” How could I say no?


These were early days of the scientific field known as ancient DNA. The field had been born some 15 years earlier, when scientists working in Allan Wilson’s research lab at the University of California, Berkeley, recovered and sequenced DNA from a small piece of muscle tissue snipped from 100-year-old preserved remains of a quagga, which is an extinct type of zebra. Their discovery that DNA was sometimes preserved in dead organisms ignited a scientific frenzy. Teams aiming to sequence DNA from other extinct species formed in labs around the globe, racing to recover preserved DNA from mammoths, cave bears, moas, and Neanderthals. As competition raged to publish the oldest DNA and DNA from the most unusual specimens, little attention was paid to authenticating the most spectacular results. By the mid-1990s, dinosaur DNA and DNA attributed to insects entombed in fossilized amber had been published in reputable scientific journals. The excitement was palpable, but there was a problem. While some published ancient DNA sequences could be validated, none of the extremely old DNA sequences were real. In fact, most (but not all) DNA sequences purportedly older than a few hundred thousand years have since been identified as contaminants, sometimes from microbes, sometimes from people, and sometimes from what the researchers had for lunch. These were the dark days of ancient DNA.


In 1999 as I began my career in ancient DNA, the field was beginning to find its footing as a serious scientific discipline. Scientists had learned that ancient DNA tends to be broken down into tiny, chemically damaged fragments, and that ancient DNA experiments are often contaminated with undamaged DNA from living organisms, such as from the person doing the work. A few institutes and universities had invested huge sums of cash during the late 1990s to develop meticulously clean labs for ancient DNA research. The scientists leading these labs proposed strict protocols for performing ancient DNA research, including working only in these sterile environments, soaking everything in bleach to destroy potentially contaminating DNA, wearing sterile suits, booties, gloves, hairnets, and face masks to avoid contaminating ancient samples, and distrusting results produced by competitor labs. These measures had the secondary effect of limiting the number of labs that could compete in the quest for the most interesting, most ancient DNA.


When I toddled into Oxford and ancient DNA, blissfully unaware of the emulous world into which I was stepping, the lab there was only beginning to take shape. Alan Cooper, its director and my soon-to-be boss, had just arrived from Allan Wilson’s group in Berkeley, where he and many influential early figures in ancient DNA were trained. Alan had secured a clean space for ancient DNA research at the Oxford University Museum of Natural History and hired Ian Barnes to work in the lab as a postdoctoral scholar. When I agreed to join them, we were three.


One might imagine that in a relatively new research field in which only a few labs were participating, I might have my choice of research topics. Not so in ancient DNA. By 1999, all the taxa had been divided up among labs, and the most exciting ones—carnivores, ancient humans, and anything else likely to pique the interest of scientific editors and journalists—had been claimed. Svante Pääbo (also from Allan Wilson’s group) and Hendrik Poinar, at the newly established Max Planck Institute for Evolutionary Anthropology in Leipzig, Germany, claimed mammoths, giant ground sloths, humans, and Neanderthals. Bob Wayne at University of California, Los Angeles, claimed dogs, wolves, and horses. Ross MacPhee at the American Museum of Natural History claimed muskoxen. Alan claimed bears and cats, which had been subsequently subclaimed by Ian, and bison, which nobody seemed too bothered about.


Although I wasn’t exactly enamored with bison, I found ancient DNA to be unambiguously appealing. During an undergraduate summer field program in geology, I’d become fascinated by how Earth processes shaped living systems. I was particularly intrigued by the visible scars on the landscape from successive advances and retreats of massive glaciers during the Pleistocene epoch—the geological period of time that spanned most of the last several million years. I imagined how each advancing glacier must have reset the living systems in its path, driving extinctions, creating new combinations of species, and providing opportunities for evolution. The most recent ice age also coincided with the first major influx of people into North America, which no doubt added to the slow-motion biological upheaval precipitated by glacial retreat, not dissimilar to the slow-motion biological upheaval taking place today. In fact, I had chosen Oxford precisely to study this connection between the past and the present—to learn paleontology and evolutionary biology, two of the university’s strengths, and to combine these with my training in geology and ecology. Until meeting Alan, I had not heard of ancient DNA, but its potential to reveal how recent ice ages affected the evolution of life on Earth was immediately obvious. If I could learn to extract and analyze ancient DNA, then I could trace evolutionary changes as they were recorded in DNA during past periods of biological upheaval. I could learn lessons from the past that would be relevant to protecting species and ecosystems today. Yes, I was a bit giddy with enthusiasm, but ancient DNA was so cool.


There were problems with this plan. I had a sum total of zero experience in molecular biology. I’d never handled a pipettor or extracted DNA. I had no idea what particular bits of DNA I should study. I didn’t know where or how to get fossils from which I might extract DNA. And I knew nothing about bison.


Not to be deterred, I decided to begin in the library. I swore an oath to neither drink tea in the stacks nor set fire to the library’s books (as required to get my Oxford University library card) and set out to learn about bison. I found a surprising number of relevant books, few of which appeared to have ever been opened. For several weeks, I sat in the dark damp cold of the library’s basement, resisting the surprisingly potent lure to get warm by drinking hot tea or setting books on fire, and learning about bison, which turned out to be way more interesting than I’d imagined them to be.


WHAT IS A BISON?


Known as tatanka or pte in the Lakota language, tł’okįjeré in Dene, and many other names in the languages of the people who lived with them for millennia, the animals now best known as bison were given their first English name by sixteenth-century Europeans, who called them buffalo. Today, the word buffalo connotes unflappability and intimidation, which seems appropriate for these hulking and headstrong animals. In the sixteenth century, though, it referred to a puffy leather coat, or buffe, that the colonists envisaged making from the animal’s hide. As if being named for outerwear weren’t bad enough, buffalo wasn’t even a unique moniker, but one that Europeans ascribed to all kinds of newly discovered (by them) animals that they imagined turning into coats. The so-many-buffalos problem caused consternation among European taxonomists, who as a profession demand meticulous curation when it comes to names. By the middle of the eighteenth century, wrangling over taxonomic priority was infused with a touch of common sense and the number of buffalo was reduced to three: North American buffalo, African buffalo, and Asian buffalo. Then, in 1758, Carl Linnaeus officially designated the American buffalo Bison bison, and taxonomists breathed a collective sigh of relief. The American buffe, they declared, should officially be called a bison. And sometimes we remember to call them that.


Bison are relative newcomers to North America. While mammoths and horses have been part of the North American fauna for millions of years, bison, which evolved in Asia some 2 million years ago, appeared in the local fossil record more recently. They entered North America by crossing the Bering Land Bridge, which is named for the Bering Sea under which the bridge is currently submerged, which is itself named for Vitus Jonassen Bering, a Danish explorer and mapmaker who made the same voyage some hundreds of thousands of years later by boat.


While nineteenth- and early twentieth-century paleontologists did not know precisely when bison crossed the Bering Land Bridge, they did have some clues. They knew, for example, that the land bridge was available only during the coldest parts of the Pleistocene ice ages when, because much of the planet’s fresh water was frozen into ice, the sea level was lower than it is today. When exposed, the Bering Land Bridge formed a continuous corridor of unglaciated habitat through which animals could move freely. Although not on the same schedule or in the same direction, mammoths, lions, horses, bison, bears, and even people all used the Bering Land Bridge to disperse between continents. Because the land bridge was only exposed intermittently, paleontologists knew that bison must have entered North America during a cold stage. They knew that bison must have made the voyage relatively recently. Most bison bones found on the continent are not yet mineralized, which means they are probably not very old. A few from warmer climates where mineralization happens more quickly, however, are partially mineralized, which confused things. What paleontologists needed was a way to measure the age of the bison fossils directly. This became possible in the 1950s with the advent of a new technology called radiocarbon dating.


Radiocarbon dating can reveal how long ago an organism died. The technology takes advantage of the fact that organisms take up carbon from the atmosphere as they grow and use it as a building block for making bones, leaves, and other body parts. In fact, they take up two different isotopes of carbon: carbon-12, which is stable, and carbon-14, which is a radioactive isotope created when cosmic rays hit Earth’s upper atmosphere. Carbon-14 is unstable and decays back to carbon-12 with a half-life of 5,730 years. After an organism dies, that organism stops taking in new carbon from the atmosphere but the carbon-14 in the biological remains continues to decay to carbon-12. This means that the ratio of carbon-14 to carbon-12 in the remains will decrease at a known rate over time. By measuring this ratio, we can learn how many years it has been since the organism stopped taking in new carbon-14. This tells us when the organism died and therefore how old the fossil is.


Radiocarbon dating revolutionized paleontology, but the method has limitations. Most importantly, radiocarbon dating can only be used to learn the ages of relatively young ancient remains. After 50,000 years or so, too little carbon-14 is left to measure accurately, and the approach can only reveal that the sample is older than this limit.


When radiocarbon dating was used to estimate the ages of the oldest bison bones in North America, most were younger than 50,000 years but some were too old to date. This meant that bison entered North America sometime prior to 50,000 years ago. And that was where things stood for more than half a century, until ancient DNA finally solved the mystery, with the help of a volcano.


In 2013, Berto Reyes, a geologist from the University of Alberta, was working in the far north of Canada’s Yukon when he found a frozen bison foot bone sticking out of an equally frozen cliff. The cliff was part of Ch’ijee’s Bluff, a geological exposure near the remote settlement of Old Crow. The bone was wedged just above a thick volcanic ash called the Old Crow Tephra, in a prominent layer of dark brown soil filled with sticks, plant roots, and other organic debris—the type of deposit that forms during the warm periods between ice ages. Above the thick dark layer in which the bone was wedged was a layer of fine gray silt—the kind of deposit that accumulates during ice ages. Because geological layers accumulate over time, Berto knew that the bone was from an animal that lived during a warm period before an ice age. This was a clue as to how old the bison foot bone was. But there have been as many as twenty warm periods and ice ages during the Pleistocene, so how could he know which of these warm periods he had discovered?


This is where the volcano comes in.


When a volcano erupts, fragments of rocks, crystals, and glass are ejected into the upper atmosphere as ash. The ash is swept into wind currents and carried away from the volcano, sometimes as far as thousands of kilometers. Eventually the ash falls to the ground, settling like snow across the landscape into layers that range from microscopic to several meters thick. These ash layers are gradually covered by sediment that builds up over time, swept around and deposited by wind and rain and other normal processes. Many thousands of years later, a river might cut through the accumulated earth, exposing a canyon wall that looks as if a white blanket has been accidentally sandwiched between layers of otherwise normal-looking soil. That white blanket is the ash and a marker in time: everything below the ash—all the soil and any bones, trees, or other organic material—was deposited before the volcano erupted, and everything above the ash was deposited after the eruption.


Layers of volcanic ash, also called tephra, are common in ice age deposits in Alaska and Yukon. Two nearby volcanic fields, the Aleutian arc/Alaska Peninsula region and the Wrangell Volcanic Field in southeastern Alaska, are sources of tephra-producing eruptions. Because each volcano has a slightly different elemental signature, the tephra falls produced when they erupt provide geological fingerprints that can link ash discovered across the region to the same eruption. Importantly, the glass particles within the ash can also reveal when each eruption occurred, thanks to a method similar to radiocarbon dating that measures the radioactive decay of uranium-238, which, because it has a longer half-life, can provide dates for eruptions that happened as long as 2 million years ago.


The Old Crow Tephra (the tephra above which Berto’s bison foot bone was found) was estimated by geologists to have been deposited around 135,000 years ago. We knew from the composition of the soil layers above the tephra that the bison lived during a warm period before a more recent ice age. And we knew from the geological record that there was only one window of time between 135,000 years ago and the most recent ice age during which the climate of the northern Yukon was sufficiently warm to support woody plants: around 119,000 to 125,000 years ago. This must have been when Berto’s bison lived.


This foot bone that Berto found is the oldest plausibly dated bison fossil in North America. We and others have looked for bison in lots of older deposits, including several fossil sites that sit below (and are therefore older than) deposits of Old Crow Tephra. Horse bones, mammoth bones, and bones from other ice age animals are common in these older sites, but none of these sites include bison. When we extracted ancient DNA from Berto’s bison bone, we found that it fell within the genetic diversity of all extinct and living North American bison, indicating that all these bison are part of that same Bering Land Bridge–crossing lineage. Berto’s bison was among the earliest bison to live in North America.


Bison probably dispersed across the Bering Land Bridge around 160,000 years ago, when the bridge was exposed during the cold period that predated Berto’s bison. As the climate warmed and grasslands expanded, bison dispersed eastward and southward and spread throughout the continent. This spread is documented as tens of thousands of bison fossils of various shapes and sizes found from Alaska to as far south as present-day northern Mexico and from west to east across nearly the entire continent. The most extreme of these was the aptly named giant long-horned bison, Bison latifrons, which had horns that spanned more than 210 centimeters (nearly 7 ft) from tip to tip. Long-horned bison were more than double the size of their northern contemporaries and, judging from their co-occurrence with other species that thrived during the warm interglacial period, were at least 125,000 years old. In fact, long-horned bison were so distinct from other bison that some paleontologists believed they were a different species that separately crossed the land bridge. Oddly, however, no long-horned bison fossils have been found north of the midcontinent despite the exceptional fossil record in that part of the world. If they were descended from a separate invasion across the Bering Land Bridge, long-horned bison must have run across the northern continent too quickly to be recorded in the fossil record.


As a graduate student, I knew that I could answer this question if I could extract DNA from a giant long-horned bison. Unfortunately, long-horned bison lived both very long ago and during a warm period, both of which are bad for DNA preservation. For years, I tried and failed to recover ancient DNA from remains of long-horned bison. I graduated, moved on to other projects, and gave up on the idea. Then, on October 14, 2010, Jesse Steele accidentally ran over a mammoth with his bulldozer, and I was presented an opportunity.


Steele was part of a crew expanding a water reservoir serving the community of Snowmass Village, Colorado, which is known for its proximity to some of the best skiing in the Rockies. When he plucked the odd giant rib from his bulldozer’s teeth, Steele had no idea that he had just discovered one of the richest deposits of ice age fossils in North America. Work on the reservoir halted temporarily as a team led by the Denver Museum of Nature and Science and the United States Geological Survey descended on the site. For eight weeks during the summer of 2011, hundreds of museum staff and volunteers and dozens of scientists who, like me, couldn’t stay away donned bright yellow safety vests and gleaming white hard hats and began to excavate. In the end, we collected more than 35,000 plant and animal fossils. We recovered dozens of long-horned bison, as well as mastodons, mammoths, ground sloths, camels, horses, and smaller animals like salamanders, snakes, lizards, river otters, and beavers. Preservation was exceptional. Leaves from 100,000-year-old sedges and willows were still green as they were removed from the mud. Pieces of ancient driftwood were recovered that were up to 20 meters (65 ft) long. Shells from beetles, mollusks, and snails retained many of their original bright colors. I had every reason to be hopeful for preserved long-horned bison DNA.


In the end, though, we were able to recover DNA from only one long-horned bison bone. This best-preserved bison was in a layer of the ancient lake that was deposited around 110,000 years ago. Its DNA was badly degraded, but we painstakingly pieced together a sequence to add to our larger data set. When we ran the new analyses, the result was unambiguous: long-horned bison were not genetically different from other bison, despite their distinctive morphology. Giant long-horned bison were not a different species but instead an ecomorph—a lineage that looks unique because of adaptations to a different environment. Their near doubling in size compared to the Chi’jee’s Bluff bison was presumably thanks to ample resources in the North American midcontinent during the warm interval in which they lived.


As the planet cooled and the grasslands disappeared, so did the long-horned bison. By 90,000 years ago, all bison were small and North America was again plunging into an ice age. At one of our field sites in Yukon, we’ve found thousands of bison bones associated with a different volcanic ash layer, the Sheep Creek Tephra, which was deposited around 77,000 years ago. The abundance of bison at this site, in terms of both the absolute number of bones and their commonness relative to other animals like mammoths and horses, suggests that bison populations in Yukon were massive at this time. In fact, the period from 77,000 years ago until the onset around 35,000 years ago of the coldest part of the last ice age should probably be renamed “peak bison.”


Throughout the peak bison period, bison continued to disperse between the cold habitats in the North and the warmer American midcontinent. Migrating herds would have encountered and bred with other herds, generating new morphological and ecological diversity. This diversity was a professional playground for nineteenth- and early twentieth-century paleontologists, who relied on the tiniest of details—slight differences in horn curvature, distance between horns, or shape of the eye socket—to declare a fossil a Never Before Seen And Therefore Obviously New Species. Remains, especially skulls, were measured, sketched, and measured again. These measurements were the tea leaves through which new species were identified, scientific papers written, and paleontological fame achieved.


I love stories about this period of the bison bone rush. My friend Mike Wilson, an expert on bison taxonomy, shared many amusing stories about dodgy taxonomical goings-on around this time. His stories all convey a sort of paleontological rule-oriented laissez-faire. For example, to decide whether a bison fossil represented a new species (yay!) or an already named species (boo!), a paleontologist might take the skull and place it on the ground with the nose pointing forward and the horns to the left and right, and then measure the ratio of the length to width of the skull at the base of the horns. This measurement would then be compared to measurements from already described bison species to determine whether this bison could be something never before seen. One might imagine that as more and more fossils were measured the number of new species discoveries would slow down. Not so. In fact, at some point during the bison bone rush, people started documenting horn position with the nose of the skull pointing to the left rather than to the front, such that what was once length was now recorded as width,* presumably to maintain the high rate of new species “discoveries.”


As a consequence of the bone rush, bison from this period have been assigned dozens of scientific names: Bison crassicornis, Bison occidentalis, Bison priscus, Bison antiquus, Bison regius, Bison rotundus, Bison taylori, Bison pacificus, Bison kansensis, Bison sylvestris, Bison californicus, Bison oliverhayi, Bison icouldgoonforeveri, Bison yougetthepointus. However, by the end of the twentieth century, some paleontologists were convinced that there was in fact only one bison species in North America, and so I set about to test this hypothesis using ancient DNA. With the permission and assistance of many patient museum curators, I collected tiny pieces of bones from fossils that had been assigned these and other names. I visited museums across North America, spending days at a time in behind-the-scenes rooms packed with movable shelving units onto which thousands of fossils were stacked, finding, identifying, and drilling small chunks out of hundreds of bones. On breaks, I would emerge, disoriented, into brightly lit exhibit halls, clutching my temporary security pass. Museum visitors who happened to be nearby were no doubt amused by the sudden sighting of a captive scientist, deep-red creases on my face delineating my temporarily shed dust mask and white streaks of bone dust in my hair. I also never seemed to emerge into the same part of the museum, as if my hosts were using me to enhance their visitor experience. I was happy to oblige.


I brought these bits of bison bone back to Oxford, where I extracted and sequenced their DNA, and then compared the recovered DNA sequences to one another and to sequences from living bison. The ancient bison were genetically different from present-day bison. Specifically, their genomes harbored much more diversity than persists today. This told me that ancient bison populations were enormous. However, I found no evidence that ancient bison genetic diversity was partitioned among the species to which the fossils had been assigned. There was, according to the DNA, only one bison species in North America. So what should this species be called? The answer to that question is surprisingly easy. The rules of taxonomy (of which there are many) dictate that if a single species has been assigned multiple names, then the first name that they were assigned has priority. North American bison are therefore Bison bison. All of them.


A TURN FOR THE WORSE


Things began to go badly for North American bison around 35,000 years ago. Until then, the ice age had been pretty mild as far as ice ages go. In Beringia, which is the name given to the geographic region that extends from the Lena River in western Siberia to the Mackenzie River in Canada’s Yukon and includes the now-submerged Bering Land Bridge, bison habitat had been plentiful. Annual rainfall was too low for the region to become glaciated but sufficiently high to support a rich steppe grassland that was ideal for bison. But as the climate cooled and rainfall decreased, grasses began to be replaced by less nutritious shrubs. Horses, which could get by eating shrubs, boomed temporarily as they outcompeted grass-dependent bison. Their success was also short-lived, however, as the climate continued to deteriorate and even the shrubs began to disappear.


By 23,000 years ago, around the peak cold period of the last ice age, both bison and horses in Beringia were in serious trouble. Habitat was scarce, and two massive glaciers, the Cordilleran ice sheet along the eastern foothills of the Rocky Mountains and the Laurentide ice sheet across the Canadian shield, had merged in present-day western Canada, cutting off movement between Beringia and potentially better habitat to the south. This ice barrier remained in place for nearly 10,000 years.


The coldest part of the last ice age was not a bison-friendly time anywhere in North America. Not only did the grassland habitat nearly disappear, but a new predator appeared with sights firmly fixed on bison. This predator, which had more recently crossed the land bridge from Asia, walked upright on two legs and could fling sharp points over long distances. These were the first people to set foot on the continent, and bison had never before encountered predators that hunted as they did. The usual predators of bison—wolves or bears or big cats—might take one or two animals, probably the youngest, oldest, or sickest, in a single successful hunt. People, however, worked together, and could take dozens of animals or more at a time. Rather than target the weakest in the herd, people took the largest, the healthiest, and the fattest bison. As human populations grew and the hunt for bison intensified, bison herd structures were disrupted. Breeding seasons came and went and fewer cows meant fewer calves, and bison populations began to decline. At the same time, bison habitat was becoming increasingly sparse, and surviving herds were forced into isolated and shrinking patches of grassland. Unfortunately for the bison, people also knew where those patches of habitat were.


While paleontologists can infer the ice age decline in bison by counting the number of bison bones that date to this period, much stronger evidence of their slow demise comes from ancient DNA. By the time the ice age came to an end and the world started to warm up, the once large and connected Beringian bison population had been reduced to several small and geographically isolated herds, each eking out a separate living in the patches of grassland that remained. These remnant populations hung on, a few of them for thousands of years, but the time of plenty was over. Individuals living in these patches were genetically similar to one another—a sign that the populations were very small—and rarely moved between patches. By 2,000 years ago, the last of the northern populations of bison was extinct.


Bison that had been trapped to the south of the ice when the Laurentide and Cordilleran glaciers merged were also in trouble. Humans were there, too, at least toward the end of the ice age, living in scattered populations and developing new tools, some of which were designed specifically to kill bison. By 13,000 years ago, bison south of the ice were reduced to just one or perhaps a few surviving herds. Today, all living bison descend from this southern population. If it hadn’t been for the survival of a few bison to the south of the ice sheets, bison, like mammoths, giant bears, North American lions, and so many other charismatic ice age animals, would be extinct.


TEMPORARY RECOVERY


As the climate warmed out of the last ice age and today’s warm period—a new geological epoch called the Holocene—began, the grasslands returned to the North American midcontinent in full force. Mammoths and horses were already or about to be extinct, which meant that bison had less competition for this expanding ecological niche, and by 10,000 years ago bison were back and thriving. Millions of (closely related) bison had expanded across the plains (these would later be called plains bison) and into forests farther north (these would later be called wood bison). The Early Holocene was an ideal time to be a bison in North America.


People were doing well, too, of course. By the time the grasslands returned fully to the North American plains, humans were settled nearly everywhere across the continent. These early people of North America were exceptionally creative when it came to killing bison. Armed with spears and bows and arrows, people drove bison into snowdrifts, backed them into canyons and corrals, and ambushed them as they tried to cross rivers and lakes. They chased bison into frozen water, attacked them at drinking holes, and forced them to run off the edges of steep cliffs, with death or serious injury resulting either from the fall or from being crushed as animals fell on top of one another. At these mass kill sites, called “buffalo jumps,” it was not unusual for several hundred animals to be run off a cliff in a single drive.


Communal bison hunting was an important part of the social lives of early North American people. Communal kills meant communal harvests, bringing normally dispersed groups together to make the most of the (sometimes literal) mountains of dead bison. During these communal harvests, families were reunited, achievements were celebrated, marriages were arranged, and political decisions were made. Bison leather was shaped into footwear, canoes, and teepee covers, and horns were made into rattles and cups. These physical items, as well as songs, stories, dances, and art, preserve memories of the more than 14,000 years of interactions between people and bison in North America. People relied on bison, and bison helped to shape human evolutionary history.


Bison, too, were adapting to life with humans. By the Early Holocene, bison were smaller in size than their ice age ancestors. In his book Frozen Fauna of the Mammoth Steppe, Dale Guthrie, a paleontologist from the University of Alaska, Fairbanks, attributed the reduction in bison size to interactions with people. The main ice age predators of bison were lions, giant bears, and saber-toothed cats, which hunted alone or in small groups. To avoid being eaten, a bison might confront the attacker, or even mount a counterattack using his large sweeping horns. After these animals went extinct, gray wolves and humans became the main predators of bison. When a wolf pack or communal hunting party attacks, the best survival strategy is to run away. These new hunting pressures would have favored the evolution of smaller nimbler bison. Canadian biologist Valerius Geist agrees, pointing out that humans probably also imposed strong selection pressures against large and brave bulls, as these would have been the most likely bison to confront a spear-wielding human and therefore the most likely to be killed. By around 5,000 years ago, which was probably 15,000 or so years after they first encountered humans, North American bison looked pretty much as they do today, with a body mass of around 70 percent that of their ice age ancestors.


Humans may also have driven the reduction in bison size indirectly. Sustained by an endless supply of bison meat, humans established their permanent settlements in the best habitats; after all, an armed human will always win a territorial battle. Bison were banished to the sidelines where the vegetation was not as abundant or nutritious, and where smaller bison that required fewer resources had an advantage over their larger brothers and sisters. Bison adapted and hung on, although in smaller bodies and numbers than before.


Then there was a respite, at least for bison. Around 500 years ago, Europeans arrived in North America, and smallpox, whooping cough, typhoid, scarlet fever, and other diseases swept across the continent, ravaging indigenous populations. With so much death, many of the long-established human settlements disappeared, reducing hunting pressure on bison. By the middle of the eighteenth century, historical records count as many as 60 million bison in the North American plains. This final success would not last.


In addition to diseases, Europeans brought horses back to North America. Horses evolved in North America millions of years ago but went extinct on the continent at the end of the last ice age, surviving only in Europe and Asia. The reintroduction of horses by Spanish explorers in the sixteenth century was bad news for bison. By the eighteenth century, everybody—colonists and indigenous people—had discovered horses to be particularly handy for rounding up and killing bison. Europeans also brought guns, which were second to horses in their contribution to the increased speed and accuracy with which bison could be slaughtered.


The pace of European colonization quickened in the early 1800s, and along with it the bison hunt. Waves of westward-expanding colonists identified bison as good to eat and easy to sell. Trappers and traders sent hundreds of thousands of bison hides back to the East Coast each year. Train companies offered the nineteenth-century version of in-flight entertainment, which was to allow riders to shoot at bison as the cars passed through the plains. Most unfortunately, bison came to be seen by government and military leaders as resources of the enemy, where the enemy was any Native American who refused to give up hunting bison, be relocated to reservations, and take up farming. Military leaders and politicians viewed the complete destruction of bison as the only solution to this intractable “problem,” and encouraged the killing of any and all bison, regardless of how many treaties were broken in the process. The dozens of large herds of the mid-eighteenth century declined to just two by 1868, one in the northern plains and another in the southern plains, divided by the railroad. An economic downturn in 1873 compelled more trappers, or buffalo runners, to the prairie, hoping to turn bison hides into cash. Their success flooded the market, reducing the value of each dead bison, making it necessary to kill even more bison to make a living. Herds disappeared from the plains, leaving in their place piles of bones and rotting unused carcasses (minus the hide). By 1876, bison had disappeared entirely from the southern plains. By 1884, fewer than 1,000 bison were alive in North America.
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