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To Ray—

Just two words,

because a thousand would not be enough



No wonder they disagreed so endlessly;

they were talking about different things.

—ROBERT L. HEILBRONER
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[  PROLOGUE  ]

All parents must remember the moment when they first held their children—the tiny crumpled face emerging, an entire new person, from the hospital blanket. I extended my hands and took my daughter in my arms. I was so overwhelmed that I could hardly think.

After the birth, I wandered outside for a while so that mother and child could rest. It was three in the morning, late February in New England. There was ice on the sidewalk and a cold drizzle in the air. As I stepped from the curb, a thought popped into my head: when my daughter is my age, almost 10 billion people will be walking the earth.

I stopped in midstride. I thought: How is that going to work?

Like other parents, I want my children to be comfortable in their adult lives. But in the hospital parking lot this suddenly seemed unlikely. Ten billion mouths, I thought. How can they possibly be fed? Twenty billion feet—how will they be shod? Ten billion bodies—how will they be accommodated? Is the world big enough, rich enough, for all these people to flourish? Or have I brought my children into a time of general collapse?

When I began as a journalist, I envisioned myself, romantically, as an eyewitness to history. I wanted to chronicle the important events of my time. Only after I began work did the obvious question occur: What are those important events? My first article, essentially the caption for a photograph of a bad automobile accident, certainly didn’t document one. But what was the standard? Hundreds of years from now, what will historians view as today’s most significant developments?

For a long time I believed that the answer was “discoveries in science and technology.” I wanted to learn about the curing of diseases, the rise of computer power, the unraveling of the mysteries of matter and energy. Later, though, it seemed to me that what was important was less the new knowledge than what it had enabled. In the 1970s, when I was in high school, about one out of every four people in the world was hungry—“undernourished,” to use the term preferred by the United Nations. Today, the U.N. says, the figure is one out of ten.1 In those four decades, the global average life span has risen by more than eleven years, with most of the increase occurring in poor places. Hundreds of millions of people in Asia, Latin America, and Africa have lifted themselves from destitution into something like the middle class. In the annals of humankind, nothing like this surge of well-being has occurred before. It is the signal accomplishment of this generation, and its predecessor.

This enrichment has not occurred evenly or equitably; millions upon millions are not prosperous, and millions more are falling behind. Nonetheless, on a global level—the level of 10 billion—the increase in affluence is undeniable. The factory worker in Pennsylvania and the farmer in Pakistan may both be struggling and angry, but they are also, by the standards of the past, wealthy people.

Today the world has about 7.3 billion inhabitants. Most demographers believe that around 2050 the world’s population will reach 10 billion or a bit less. About this time, human numbers will probably begin to level off—as a species, we will be around “replacement level,” each couple having, on average, just enough children to replace themselves. All the while, economists say, the world’s development should continue, however unevenly, however slowly. The implication is that when my daughter is my age a sizable percentage of the world’s 10 billion souls will be middle class. Jobs, homes, cars, fancy electronics, a few occasional treats—these are what the affluent multitudes will want. (Why shouldn’t they?) And though the lesson of history is that the great majority of these men and women will make their way, it is hard not to be awed by the magnitude of the task facing our children. A couple of billion jobs. A couple of billion homes. A couple of billion cars. Billions and billions of occasional treats.

Can we provide these things? That is only part of the question. The full question is: Can we provide these things without wrecking much else?

As my children were growing up, I took advantage of journalistic assignments to speak, from time to time, with experts in Europe, Asia, and the Americas. Over the years, as the conversations accumulated, it seemed to me that the responses to my questions fell into two broad categories, each associated (at least in my mind) with one of two people, Americans who lived in the twentieth century. Neither is well known to the public, yet one man has often been called the most important person born in that century and the other is the principal founder of the most significant cultural and intellectual movement of that time. Both recognized and tried to solve the fundamental question that will face my children’s generation: how to survive the next century without a wrenching global catastrophe.

The two people were barely acquainted—they met only once, so far as I know—and had little regard for each other’s work. But in their different ways, they were largely responsible for the creation of the basic intellectual blueprints that institutions around the world use today for understanding our environmental dilemmas. Unfortunately, their blueprints are mutually contradictory, for they had radically different answers to the question of survival.

The two people were William Vogt and Norman Borlaug.

Vogt, born in 1902, laid out the basic ideas for the modern environmental movement. In particular, he founded what the Hampshire College demographer Betsy Hartmann has called “apocalyptic environmentalism”—the belief that unless humankind drastically reduces consumption its growing numbers and appetite will overwhelm the planet’s ecosystems. In best-selling books and powerful speeches, Vogt argued that affluence is not our greatest achievement but our biggest problem. Our prosperity is temporary, he said, because it is based on taking more from Earth than it can give. If we continue, the unavoidable result will be devastation on a global scale, perhaps including our extinction. Cut back! Cut back! was his mantra. Otherwise everyone will lose!
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William Vogt, 1940



Borlaug, born twelve years later, has become the emblem of what has been termed “techno-optimism” or “cornucopianism”—the view that science and technology, properly applied, can help us produce our way out of our predicament. Exemplifying this idea, Borlaug was the primary figure in the research that in the 1960s created the “Green Revolution,” the combination of high-yielding crop varieties and agronomic techniques that raised grain harvests around the world, helping to avert tens of millions of deaths from hunger. To Borlaug, affluence was not the problem but the solution. Only by getting richer, smarter, and more knowledgeable can humankind create the science that will resolve our environmental dilemmas. Innovate! Innovate! was Borlaug’s cry. Only in that way can everyone win!

Both Borlaug and Vogt thought of themselves as environmentalists facing a planetary crisis. Both worked with others whose contributions, though vital, were overshadowed by theirs. But that is where the similarity ends. To Borlaug, human ingenuity was the solution to our problems. One example: by using the advanced methods of the Green Revolution to increase per-acre yields, he argued, farmers would not have to plant as many acres. (Researchers call this the Borlaug hypothesis.) Vogt’s views were the opposite: the solution, he said, is to get smaller. Rather than grow more grain to produce more meat, humankind should, as his followers say, “Eat lower on the food chain.” If people ate less beef and pork, valuable farmland would not have to be devoted to cattle and pig feed. The burden on Earth’s ecosystems would be lighter.

I think of the adherents of these two perspectives as Wizards and Prophets—Wizards unveiling technological fixes, Prophets decrying the consequences of our heedlessness. Borlaug has become a model for the Wizards. Vogt was in many ways the founder of the Prophets.

Borlaug and Vogt traveled in the same orbit for decades, but rarely acknowledged each other. Their first meeting, in the mid-1940s, ended in disagreement. So far as I know, they never spoke afterward. Not one letter passed between them. They each referred to the other’s ideas in public addresses, but never attached a name. Instead, Vogt rebuked the anonymous “deluded” scientists who were actually aggravating our problems. Meanwhile, Borlaug derided his opponents as “Luddites.”
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Norman Borlaug, 1944



Both men are dead now, but their disciples have continued the hostilities. Indeed, the dispute between Wizards and Prophets has, if anything, become more vehement. Wizards view the Prophets’ emphasis on cutting back as intellectually dishonest, indifferent to the poor, even racist (because most of the world’s hungry are non-Caucasian). Following Vogt, they say, is a path toward regression, narrowness, and global poverty. Prophets sneer that the Wizards’ faith in human resourcefulness is unthinking, scientifically ignorant, even driven by greed (because remaining within ecological limits will cut into corporate profits). Following Borlaug, they say, at best postpones an inevitable day of reckoning—it is a recipe for what activists have come to describe as “ecocide.” As the name-calling has escalated, conversations about the environment have increasingly become dialogues of the deaf. Which might be all right, if we weren’t discussing the fate of our children.

Wizards and Prophets are less two ideal categories than two ends of a continuum. In theory, they could meet in the middle. One could cut back here à la Vogt and expand over there, Borlaug-style. Some people believe in doing just that. But the test of a categorization like this one is less whether it is perfect—it is not—than whether it is useful. As a practical matter, the solutions (or putative solutions) to environmental problems have been dominated by one of these approaches or the other. If a government persuades its citizenry to spend huge sums revamping offices, stores, and homes with the high-tech insulation and low-water-use plumbing urged by Prophets, the same citizenry will resist ponying up for Wizards’ new-design nuclear plants and monster desalination facilities. People who back Borlaug and embrace genetically modified, hyper-productive wheat and rice won’t follow Vogt and dump their steaks and chops for low-impact veggie burgers.

Moreover, the ship is too large to turn quickly. If the Wizardly route is chosen, genetically modified crops cannot be bred and tested overnight. Similarly, carbon-sequestration techniques and nuclear plants cannot be deployed instantly. Prophet-style methods—planting huge numbers of trees to suck carbon dioxide from the air, for instance, or decoupling the world’s food supply from industrial agriculture—would take equally long to pay off. Because backtracking is not easy, the decision to go one way or the other is hard to change.

Most of all, the clash between Vogtians and Borlaugians is heated because it is less about facts than about values. Although the two men rarely acknowledged it, their arguments were founded on implicit moral and spiritual visions: concepts of the world and humankind’s place in it. Entwined with the discussion of economics and biology, that is, were whispers of “ought” and “should.” As a rule, these views were articulated more explicitly by those who followed Vogt and Borlaug than by the two men themselves. But they were there from the beginning.

Prophets look at the world as finite, and people as constrained by their environment. Wizards see possibilities as inexhaustible, and humans as wily managers of the planet. One views growth and development as the lot and blessing of our species; others regard stability and preservation as our future and our goal. Wizards regard Earth as a toolbox, its contents freely available for use; Prophets think of the natural world as embodying an overarching order that should not casually be disturbed.

The conflict between these visions is not between good and evil, but between different ideas of the good life, between ethical orders that give priority to personal liberty and those that give priority to what might be called connection. To Borlaug, the landscape of late-twentieth-century capitalism, with its teeming global markets dominated by big corporations, was morally acceptable, though ever in need of repair. Its emphasis on personal autonomy, social and physical mobility, and the rights of the individual were resonant. Vogt thought differently. By the time he died, in 1968, he had come to believe that there was something fundamentally wrong with Western-style consumer societies. People needed to live in smaller, more stable communities, closer to the earth, controlling the exploitative frenzy of the global market. The freedom and flexibility touted by advocates of consumer society were an illusion; individuals’ rights mean little if they live in atomized isolation, cut off from Nature and each other.

These arguments have their roots in long-ago fights. Voltaire and Rousseau disputing whether natural law truly is a guide for humankind. Jefferson and Hamilton jousting over the ideal character of citizens. Robert Malthus scoffing at the claims of the radical philosophers William Godwin and Nicolas de Condorcet that science could overcome limits set by the physical world. T. H. Huxley, the famed defender of Darwin, and Bishop Samuel Wilberforce of Oxford, contending whether biological laws truly apply to creatures with souls. John Muir, champion of pristine wilderness, squaring off against Gifford Pinchot, evangelist for managing forests with teams of experts. The ecologist Paul Ehrlich and the economist Julian Simon betting whether ingenuity can outwit scarcity. To the philosopher-critic Lewis Mumford, all of these battles were part of a centuries-long struggle between two types of technology, “one authoritarian, the other democratic, the first system-centered, immensely powerful, but inherently unstable, the other man-centered, relatively weak, but resourceful and durable.” And all of them were about, at least in part, the relationship of our species to Nature—which is to say they were debates about the nature of our species.

Borlaug and Vogt, too, took sides in the dispute. Both believed that Homo sapiens, alone among Earth’s creatures, can understand the world through science, and that this empirical knowledge can guide societies into the future. From this point, though, the two men diverged. One of them believed that ecological research has revealed our planet’s inescapable limits, and how to live within them. The other believed that science could show us how to surpass what would be barriers for other species.

Who is right, Vogt or Borlaug? Better to have your feet on the ground or live, however chancily, in the air? Cut back or produce more?

Wizard or Prophet? No question is more important to our crowded world. Willy-nilly, our children will have to answer it.

What this book is not: a detailed survey of our environmental dilemmas. Many parts of the world I skip over completely; many issues I do not discuss. The subjects are too big and complicated to fit in a single book—at least, not a book that I can imagine anyone reading. Instead I am describing two ways of thinking, two views of possible futures.

Another thing this book is not: a blueprint for tomorrow. The Wizard and the Prophet presents no plan, argues for no specific course of action. Part of this aversion reflects the opinion of the author: in our Internet era, there are entirely too many pundits shouting out advice. I believe I stand on firmer ground when I try to describe what I see around me than when I try to tell people what to do.

In the first chapter I step back to consider what biology suggests about the trajectory of any species—that is, why one would imagine that Homo sapiens actually has a future. Biologists tell us that all species, if given the chance, overreach, overreproduce, overconsume. Inevitably, they encounter a wall, always to catastrophic effect, and usually sooner rather than later. From this vantage, Vogt and Borlaug were equally deluded. Here I ask here whether there is reason to believe the scientists are wrong.

Next I turn to Vogt and Borlaug themselves. I follow Vogt from his birth in pre-suburban Long Island to his near death from polio to his ecological conversion experience off the coast of Peru. I close the first part of his story with the publication of his tract The Road to Survival (1948), the first modern we’re-all-going-to-hell book. Road was meant as a warning bell, based on objective science, but it was also an implicit vision of how we should live: a moral testament. Vogt was the first to put together, in modern form, the principal tenets of environmentalism, the twentieth century’s only successful, long-lasting ideology.

Borlaug’s tale begins with his birth into a poor Iowa farming community. Borlaug was released from what he saw as endless toil by the great good fortune of having Henry Ford invent a tractor that could be built and sold cheaply enough to replace his labor on the farm. Allowed to attend college, he labored through the Depression until a concatenation of accidents put him into the research program that led to the Green Revolution. In 2007, when Borlaug was ninety-three, The Wall Street Journal editorialized that he had “arguably saved more lives than anyone in history. Maybe one billion.”

In the middle section of this book, I invite the reader to put on, as it were, Vogtian and Borlaugian spectacles and look at four great, oncoming challenges: food, water, energy, and climate change. Sometimes I think of them as Plato’s four elements: earth, water, fire, and air. Earth represents agriculture, how we will feed the world. Water is drinking water, as vital as food. Fire is our energy supply. Air is climate change, a by-product, potentially catastrophic, of our hunger for energy.

Earth: If present trends continue, most agronomists believe, harvests will have to rise 50 percent or more by 2050. Different models with different assumptions make different projections, but all view the rise in demand as due both to the increase in human numbers and the increase in human affluence. With few exceptions, people who became wealthier have wanted to consume more meat. To grow more meat, farmers will need to grow more grain—much more. Wizards and Prophets have radically different ways of approaching these demands.

Water: Although most of Earth is covered by water, less than 1 percent of it is accessible freshwater. And the demand for that water is constantly increasing. The increase is a corollary of the rising demand for food—almost three-quarters of global water use goes to agriculture. Many water researchers believe that as many as 4.5 billion people could be short of water by as early as 2025. As with food, the disciples of Borlaug tend to react in one way to this worry; those of Vogt, in another.

Fire: Predicting how much energy tomorrow’s world will need depends on assumptions about, for instance, how many of the roughly 1.2 billion people who do not have electricity will actually get it, and how that electricity will be provided (solar power, nuclear power, natural gas, wind, coal). Still, the main thrust of every attempt to estimate future requirements that I am aware of is that the human enterprise will require more energy—probably quite a lot more. What to do about it depends on whether you ask Borlaugians or Vogtians.

Air: In this list, climate change is odd man out. The other three elements (food, freshwater, energy supply) reflect human needs, whereas climate change is an unwanted consequence of satisfying those needs. The first three are about providing benefits to humankind: food on the table, water from the tap, heat and air-conditioning in the home. With climate change, the benefit is invisible: avoiding problems in the future. Societies put their members through wrenching changes and then, with a bit of luck, nothing especially noteworthy occurs. Temperatures don’t rise much; sea levels stay roughly where they are. Little wonder that Wizards and Prophets disagree about what to do!

Climate change is different from the others in a second way, too. It is rare to encounter people who don’t accept that the world’s increasingly prosperous population will ratchet up demand for food, water, and energy. But a significant minority believe that climate change is not real, or is not attributable to human activity, or is so minimal as to be not worth bothering about. The disagreement is so passionate that it’s easy for one side to say, “Well, if he gives any credence to this claim, then he belongs on the other team, and forget about anything else he reports!” Hoping to avoid this fate, I split the discussion of climate change in two. In the first section, I ask the skeptics to accept—just for the moment—that climate change is a real future problem, so I can look at how Borlaugians and Vogtians would address it. In an appendix, I address in what ways some of the skeptics could be correct.

The question this book asks is not “How will we resolve these four challenges?” but “How would a Vogt or Borlaug approach them?” I close with the last years of both men, melancholy in both cases. Tying up a loose philosophical end, an epilogue returns to the discussion of why one might believe that our species could succeed, and even thrive.

The Wizard and the Prophet is a book about the way knowledgeable people might think about the choices to come, rather than what will happen in this or that scenario. It is a book about the future that makes no predictions.

In college I read two Vogtian classics: The Population Bomb (1968), by the ecologist Paul Ehrlich, and The Limits to Growth (1972), by a team of computer modelers. Famously, The Population Bomb begins with a thunderous claim: “The battle to feed all of humanity is over.” Matters go downhill from there. “Sometime in the next fifteen years, the end will come,” Ehrlich told CBS News in 1970. “And by ‘the end’ I mean an utter breakdown of the capacity of the planet to support humanity.” The Limits to Growth was a bit more hopeful. If humankind changed its habits completely, it said, civilizational collapse could be avoided. Otherwise, the researchers argued, “the limits to growth on this planet will be reached sometime within the next one hundred years.”

The two books scared the pants off me. I became a Vogtian, convinced that the human enterprise would fall apart if our species didn’t abruptly reverse course. Long afterward, it occurred to me that many of the Prophets’ dire forecasts had not come true. Famines had occurred in the 1970s, as The Population Bomb had predicted. India, Bangladesh, Cambodia, West and East Africa—in that decade all were wracked, horribly, by hunger. But the death tally was nowhere near the “hundreds of millions” predicted by Ehrlich. According to a widely accepted count by the British development economist Stephen Devereux, starvation claimed about 5 million lives during that period—with most of the deaths due to warfare, rather than environmental exhaustion. Compared to the past, in fact, famine has not been increasing but has become rarer. Nor did anything like Ehrlich’s planetary breakdown occur by 1985, though there have been awful losses that will not be easy to set right. Similarly, pesticides did not lead to lethal epidemics of heart disease, cirrhosis, and cancer, a prospect Ehrlich warned of in 1969. Farmers continued to spray their fields, but U.S. life expectancy did not fall to “42 years by 1980.”

In the mid-1980s I began work as a science journalist. I met many Wizard technologists and grew to admire them. I became a Borlaugian, scoffing at the catastrophic scenarios I had previously embraced. Cleverness will get us through, I thought, as it had in the past. To think anything else, given recent history, seemed foolishly pessimistic.

Nowadays, though, worrying about my children, I am waffling. My daughter, in college as I write, is headed into a future that seems ever more jostling and contentious, ever closer to overstepping social, physical, and ecological margins.

Ten billion affluent people! The number is unprecedented, the difficulties like nothing before. Maybe my optimism is as ill-founded as my previous pessimism. Maybe Vogt was right after all.

Thus I oscillate between the two stances. On Monday, Wednesday, and Friday, I think Vogt was correct. On Tuesday, Thursday, and Saturday, I go for Borlaug. And on Sunday, I don’t know.

I wrote this book to satisfy my own curiosity, and to see if I could learn something about the roads my children could take.
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ONE LAW
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[  ONE  ]

State of the Species

Special People

Begin with an image, a man alone on a tract of land near a city. The man is thirty years old and just beginning to discover his own ambition. His name is Norman Borlaug, the Wizard of my title. His greatest advantage is a remarkable capacity for hard technical work. The land, on the periphery of Mexico City, is badly damaged; Borlaug has been assigned the task of coaxing something to grow on it. To most of the people whom Borlaug is likely to know, the task and place seem remote and inconsequential. Borlaug, the Wizard, will change that view.

It is April 1946, the perfervid months after the end of the Second World War. Most people in North America and Europe are wholly caught up in the shocking changes that follow the conflict—the onset of the atomic age, the beginning of the Cold War, the disintegration of colonial empires. Borlaug, the hardworking man, is not. Newspapers and radios are not readily available where he works. He spends his days staring at dying plants. Years later, some people will say that the work he began there was more important than any of the occurrences in the newspapers.

Now on this land appears a second man. This second man, the Prophet of my title, is twelve years older, light-haired and blue-eyed. He walks with a pronounced limp, the legacy of polio. His name is William Vogt. He, too, is discovering the extent of his ambitions—maybe it would be better to say that he is at last admitting them.

Borlaug’s project is housed at a university in Chapingo, a settlement east of Mexico City. Built in a former hacienda, the university has been transformed from a private rural backwater into a crowded expression of the contemporary state, desperately sought after and grossly underfunded in the modern mode. Among its glories is a set of huge, brilliantly colored murals by the celebrated Mexican painter Diego Rivera. Vogt is on his honeymoon; he and his wife visit the murals. But Vogt is also traveling in his official capacity, as the head of the Conservation Division of the Pan American Union. He is deeply interested in agriculture and its effects on the landscape.

At this time, Borlaug and three Mexican assistants are the only people working on the land. Vogt spends a big chunk of his daylong visit there. Inquisitive and gregarious, he surely walks to the sweating people in their dusty khakis and boots and asks what they are doing with this 160 acres of starveling wheat and maize at the edge of campus.2 Vogt has no idea that this plain-faced man, lean and taciturn, will become an enduring international symbol of technical prowess and a way of thinking that Vogt will come to regard as dangerous to human survival. Borlaug does not guess that the visitor, this limping man with his wife in tow, will spark a movement that Borlaug will come to regard as blinkered, when not duplicitous, effectively an enemy to human well-being. From the evidence left behind, Vogt doesn’t say much during his visit. One imagines him watching and listening as Borlaug explains his ideas.

This is the beginning, these two men looking over the parcel of damaged land near the city. All the rest of their lives begin at this place, in what they see and how they choose to think about it. Things skirl out from Chapingo, they sprawl across the world and pass decades into the past and future, they involve millions upon millions of people who have never heard the names of Borlaug or Vogt. But always it opens here: two men, a parcel of bad soil, the nearby city.

Before the Spanish conquest, Chapingo, and Mexico City were on opposite sides of a lake that was more than thirty miles wide, rich with fish, and lined with prosperous villages. On the fringes of this great lake were hundreds of small artificial islands called chinampas. Made by piling up lake muck, chinampas were used as farms. Yielding multiple harvests in a year, they were among the most productive farms in the world. All this is gone. Persistent mismanagement has over the generations drained the lake and wiped out the chinampas and turned the good soil into something that is cracked and lifeless.

Vogt and Borlaug have the same mission: to use the discoveries of modern science to spare Mexico from a future of poverty and environmental degradation. But prospects are unlikely, in Mexico in 1946, for this to happen; indeed, Vogt and Borlaug believe that the situation grows direr by the day.

Not much later both men will realize that the challenges they see before Mexico actually confront all of humankind. Vogt and Borlaug are among the few who have some glimpse then of the magnitude of the tests that face our species today, as we move ever closer to 2050, when the world will hold 10 billion souls. But their understanding of how to resolve them differs, as do their views on their causes.

Vogt sees the city reaching across the dry lake bed to engulf the last fields and streams and says: Hold it back! We cannot let our species overwhelm the natural systems on which we all depend! Borlaug sees the pitiful scrim of wheat and maize on the tract of land and says: How can we give people a better chance to thrive? Vogt wants to protect the land; Borlaug wants to equip its occupants.

Which is correct? To Vogt, the fields of maize and wheat throughout the dry hills of central Mexico are a plague that will lead in the end to destruction. He calls for more sustainable, land-sparing agriculture, to keep people from trying to use this fragile, depleted soil. One can imagine his reaction to learning that Borlaug hopes to develop new strains of maize and wheat that will better allow humans to exploit that land. It is, from Vogt’s perspective, like trying to fight arson with gasoline.

Later critics will call Vogt and people like him names like “tree-hugger” and say they are apostles of a new religion, an irrational cult that fetishizes Nature. In Vogt’s assessment he is simply speaking from the tradition of ecology (or what he understands to be ecology)—a holistic view that seeks to place humanity within a framework of overarching natural law. It asks: How can we best fit into the world, and not overstep our bounds? Even to ask such a question calls for a reordering of society.

Borlaug, by contrast, speaks from the point of view of genetics—an effort that seeks to break organisms into their smallest components so that they can be harnessed for human benefit. Of Vogt’s natural bounds, it asks, How can we leapfrog them altogether? Critics will call this “techno-optimism,” an advocacy of “salvation by technical advance,” and accuse its Wizard advocates of being apologists for economic systems that are fundamentally at odds with the ability to sustain life on Earth. Nature knows best! Anything else is hubris and folly.

One wants the two men to have a ringing debate, like Abraham Lincoln and Stephen Douglas. That doesn’t happen. Instead, a few months after his trip to Mexico, Vogt tries to get Borlaug shut down.

Largely as a result of Vogt’s advocacy, the Mexican government has adopted new soil and water conservation laws. But there is more to be done, he thinks, and his money is running out. Vogt works for the Pan American Union, but his work in Mexico is supported by several small, poorly funded conservation groups, including the New York Zoological Society, the International Committee for Bird Preservation, and the American Wildlife Institute. Saving the world, he thinks, will require deeper pockets.

Borlaug, by contrast, is supported by the Rockefeller Foundation, based in New York City, long the world’s biggest private charity. The Rockefeller Foundation in 1946 is like the Bill & Melinda Gates Foundation today—an international symbol of largesse. Vogt seems to spend his life scrambling after pennies to fund his world-important tasks. How it must have haunted him to see Borlaug treading into his terrain, concerned about the right problem, backed by powerful money—and proceeding, in Vogt’s opinion, in exactly the wrong way!

Even as Vogt and his wife spend a month in Guatemala and then travel to El Salvador and Venezuela, he drafts and redrafts a letter to the Rockefeller Foundation. It finally goes out on August 2, 1946. It bears the signature of L. S. Rowe, director general of the Pan American Union, but Vogt has written every word. The letter has a delicate task: to say, tactfully but clearly, that Rockefeller (1) is doing everything wrong and (2) should put Vogt in charge of doing it right. Graciously it salutes the foundation’s history of fighting disease, then turns in a different direction. “Millions of dollars, from [the foundation], are being used to reduce mortality rates—in other words, to increase populations. Little thought is being given to the feeding of those populations.” In Mexico, Rockefeller is backing efforts to grow more wheat and maize. But, the letter says, boosting agriculture and industry is not the answer, because the resources necessary for both “are being wiped out through destruction of watersheds, raw materials, and purchasing power.” Simply giving people better tools, Vogt believes, will only help people hit limits faster. If just ten fish remain in a pond, the solution to running out of fish is not more efficient nets.

Instead, what is needed, above and beyond all else, is a change in our relationship with Nature. If people understood the value of the ecosystems in which they are embedded, society would be profoundly different. In the past, Mexico could exist with this incorrect understanding of the world, but soon there will be no more margin for error. The city is rushing in to cover the land. Matters must change in the next few decades. “It is doubtful that in the entire Western Hemisphere there exists a problem that is more important or more pressing,” Vogt says.

His letter to the foundation begins a long argument that continues to the present day.

The World Is a Petri Dish

Nonsense! I hear Lynn Margulis say. Poppycock! Or, rather, I hear her say something more pungent.

A researcher who specialized in cells and microorganisms, Margulis was one of the most important biologists in the last half century—she literally helped to reorder the tree of life, convincing her colleagues that it did not consist of two kingdoms (plants and animals), but five or even six (plants, animals, fungi, protists, and two types of bacteria).3 Until her death in 2011, she lived in my town, and I would bump into her on the street from time to time. She knew I was interested in environmental issues, and she liked to needle me. Hey, Charles, she would call out, are you still all worked up about protecting endangered species?
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Lynn Margulis, 1990



Margulis was no apologist for unthinking destruction. Still, she couldn’t help regarding conservationists’ fixation on birds, mammals, and plants as evidence of their ignorance about the greatest source of evolutionary creativity: the microworld of bacteria, fungi, and protists. More than 90 percent of the living matter on Earth consists of microorganisms, she liked to remind people. Heck, there are as many bacterial cells in our body as there are human cells!

Microorganisms can do things undreamed of by clumsy mammals like us; they can form giant super-colonies, reproduce asexually, swap genes with wildly different species, and accomplish all sorts of chemical feats that human beings can only do in big laboratories—the list is as endless as it is amazing. Microorganisms have changed the face of the earth, crumbling stone and even giving rise to the oxygen we breathe. Compared to this power and diversity, Margulis liked to tell me, pandas and polar bears were epiphenomena—interesting and fun, perhaps, but not actually significant.

I never told her of my image of the two men in Mexico, but I am quite sure what she would have said about it. Homo sapiens, she once told me, is an unusually successful species. And it is the fate of every successful species to wipe itself out—that is the way things work in biology. By “wipe itself out” Margulis didn’t necessarily mean extinction—just that something comprehensively bad would happen, wrecking the human enterprise. Borlaug and Vogt might have wanted to stop us from destroying ourselves, she would have said, but they were kidding themselves. Neither conservation nor technology has anything to do with biological reality.

Margulis explained these ideas to me while talking about one of her scientific heroes, the Russian microbiologist Georgii Gause. Born in 1910, Gause was a prodigy: he published his first scientific article at the age of nineteen (it appeared in Ecology, the premier journal in the field). Like Vogt, Gause looked with envy at Rockefeller’s funds, so much greater than anything available to him in the Soviet Union. Hoping to impress the foundation, he decided to perform some experiments and include the results in a grant application.

Gause knew just what to do. In 1920, two Johns Hopkins biologists, Raymond Pearl and Lowell Reed, had published a mathematical formula that described the rate at which the population of the United States grew over time. Their argument was almost completely theoretical. They imagined what the rate of growth should look like, given their knowledge of biology, and sought to match their hypothetical curve to the actual population of the United States as recorded in census data. The two matched well enough that Pearl and Reed believed they were on to something. Pearl was especially excited; he had been conducting parallel research with fruit flies, locking a male and female in a bottle full of food and observing how many flies would be produced in the next few generations. The results looked so similar to his U.S. Census data that he was convinced that he had found a universal law, applicable to fruit flies in bottles and humans in North America alike. “The growth of populations of the most diverse organisms,” he said, “follows a regular and characteristic course.”

An expert in self-publicity, Pearl proclaimed the new law in a dozen articles and three books. But the onslaught failed to prevent critics from attacking his ideas. Pearl had begun, the critics said, by assuming his hypothesis might be true, then looking for a match in his data; when he found one, he claimed that the match proved him correct. Pearl’s detractors argued that this procedure missed an essential step: demonstrating that no other hypotheses also fit the data. Worse, the law didn’t work very well—Pearl had to wave his hands at the numbers to make them come out right.

To win Pearl’s support for a Rockefeller grant, Gause decided to try to nail down the case with a series of experiments on fruit flies. He soon discovered that the flies moved around so much that they were hard to count. To obtain better results, Gause decided to work with microorganisms. These could be spread across a microscope slide and counted.

By today’s standards, his methodology was simplicity itself. Gause placed half a gram—that is, just a pinch—of oatmeal in one hundred milliliters (about three ounces) of water, boiled the results for ten minutes to create a broth, strained the liquid portion of the broth into a container, diluted the mixture by adding water, and then decanted the contents into small, flat-bottomed test tubes. Into each he dripped five Paramecium caudatum or Stylonychia mytilus, both single-celled protozoans, one species per tube. He stored the tubes for a week and observed the results. The conclusions appeared in a 163-page book, The Struggle for Existence, published in 1934.

Today The Struggle for Existence is viewed as a scientific landmark, one of the first successful marriages of experiment and theory in ecology. But it was not enough to get Gause a fellowship; Rockefeller turned down the twenty-four-year-old student as insufficiently eminent. Gause did not visit the United States for another twenty years, by which time he had indeed become eminent. But he had also left microbial ecology and become an antibiotics researcher.

What Gause saw in his test tubes—and what Pearl had theorized before him—is often depicted in a graph, time on the horizontal axis, the number of protozoa on the vertical. By squinting a bit, it is possible to imagine that the curve forms a kind of flattened S, which is why scientists often refer to Gause’s curve as an “S-shaped curve.” At the beginning (that is, the left side of the S-shaped curve), the number of protozoans grows slowly, and the graph line slowly ascends to the right. But then the line hits an inflection point, and suddenly rockets upward—a frenzy of growth. The mad rise continues until the organism begins to run out of food, at which time there is a second inflection point, and the growth curve levels off again as protozoa begin to die. Eventually the line descends, and the population falls toward zero.
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One of Gause’s diagrams of his S-shaped curve, with labels modified by the author



Years ago I watched Margulis demonstrate Gause’s conclusions to one of her classes with a time-lapse video of Proteus vulgaris, a bacterium that resides in the intestinal tract. To humans, she said, P. vulgaris is mainly notable as an occasional cause of hospital infections. Left alone, it divides about every fifteen minutes, producing two individuals where before had been one. Margulis switched on the projector. Onscreen was a tiny dot—P. vulgaris—in a shallow, circular glass container: a petri dish, its bottom covered with a layer of reddish nutrient goo. The students gasped. In the time-lapse video, the colony seemed to pulse, doubling in size every few seconds, rippling outward until the mass of bacteria filled the screen. In just thirty-six hours, she said, this single bacterium could cover the entire planet in a foot-deep layer of single-celled ooze. Twelve hours after that, the ball of living cells would be the size of Earth.

Such a calamity cannot happen, Margulis said, because rival organisms and lack of resources prevent the vast majority of P. vulgaris from reproducing. This is natural selection, Darwin’s great insight. All living creatures have the same purpose: to make more of themselves, ensuring their biological future by the only means available. And all living creatures have a maximum reproductive rate: the greatest number of offspring they can generate in a lifetime. (For people, she told the class, the maximum reproductive rate is about twenty children per couple per generation. The potential maximum for dachshunds is around 330: eleven pups per litter, three litters a year, for roughly ten years.) Natural selection ensures that only a few members of each generation manage to reach this rate. Many individuals do not reproduce at all; blocked, they fall by the wayside. “Differential survival is really all there is to natural selection,” Margulis said. In the human body, P. vulgaris is checked by the size of its habitat (portions of the human gut), the limits to its supply of nourishment (food proteins), and other, competing microbes. Thus constrained, its population remains roughly steady.

Things are different in the petri dish. From P. vulgaris’s position, the dish initially seems limitless, a boundless ocean of breakfast, no storm on the horizon, no competition for sustenance. The bacterium eats and divides, eats and divides. Racing across the nutrient goo, it passes the first inflection point and hurtles up the left side of the curve. But then its colonies slam into the second inflection point: the edge of the petri dish. When the food supply is exhausted, P. vulgaris experiences a vest-pocket apocalypse.

By luck or superior adaptation, a few species manage to escape their limits, at least for a while. Nature’s success stories, they are like Gause’s protozoans; the world is their petri dish. Their populations grow at a terrific rate; they take over large areas, engulfing their environment as if no force opposed them. Then they hit a barrier. They drown in their own wastes. They starve from lack of food. Something figures out how to eat them.

When I lived in New York City, zebra mussels invaded the lower Hudson River, the western boundary of Manhattan island. An inch or two long, their shells patterned with wriggly bands of brown and white, zebra mussels are capable of spitting out a million eggs a year apiece. The species originated in the Azov, Black, and Caspian seas on Europe’s Russian- and Turkic-speaking periphery. Globalization has been good to it. Escaping their native waters, zebra mussels hitchhiked around the world in ship bilges and ballast water. They have been recorded in Europe since the eighteenth century. The Hudson first saw them in 1991. Within a year zebra mussels constituted half the mass of living creatures in the river. In some places tens of thousands carpeted every square foot. They covered boat bottoms, blocked intake tubes, literally smothered other species of shellfish with a blanket of striped shell. Zebra mussels were shooting up the S-shaped curve.

Bust followed boom; the population collapsed. In 2011, two decades after the mussel was first sighted in the Hudson, its survival rates were “1% or less of those in the early years of the invasion” (the quote is from one long-range study). Unlike Gause’s protozoa, the mussels had not run into a physical wall—the physical world is always more complex than a test tube. They did exhaust their food supply, but they also were attacked by a local predator, the blue crab, which had learned to eat the newcomers. Their S-shaped curve wiggled more than those in Gause’s book, but the result was the same. Fifteen years ago, when I went to a park at the edge of the Hudson, I couldn’t step into the river—the sharp edges of open mussel shells were too thick underfoot. Nowadays at the park the creatures are mostly gone. Children splash happily in the shallows. Crumbled shells lie in the sediment, testament to the mussel’s collapse.

Humans are no different, Margulis believed. The implication of evolutionary theory is that Homo sapiens is just one creature among many, no different at base than P. vulgaris. We and they are controlled by the same forces, produced by the same processes, subject to the same fate. When Borlaug and Vogt stood on the tract of bad land, looking at the city, they were on the edge of the petri dish. Wizard or Prophet, it didn’t matter. Homo sapiens, in Margulis’s eyes, was just another briefly successful species.

Of Lice and Men

Why and how did humankind become “successful”? And what, to an evolutionary biologist, does “success” mean, if self-destruction is part of the definition? Does that self-destruction include the rest of the biosphere? What are human beings, anyway? With more than 7 billion of us crowding the planet, it’s hard to imagine more vital questions.

One way to begin answering them came to Mark Stoneking in 1999, when he received a notice from his son’s school warning of a lice outbreak in the classroom. Stoneking was a researcher at the Max Planck Institute for Evolutionary Biology, in Leipzig, Germany. He didn’t know much about lice. As a biologist, it was natural for him to noodle around to find information about them. The most common louse to afflict humans, he learned, is Pediculus humanus, an insect that lives on human bodies, as its name suggests. P. humanus has two distinct subspecies: P. humanus capitis, head lice, which feed and live on the scalp; and P. humanus corporis, body lice, which feed on skin but live in clothing. In fact, body lice are so dependent on the protection of clothing that they cannot survive more than a few hours away from it.

It occurred to Stoneking that the difference between the two subspecies could be used as an evolutionary probe. P. humanus capitis, the head louse, could be an ancient annoyance, because human beings have always had hair for it to infest. But P. humanus corporis, the body louse, must not be especially old, because its dependence on clothing meant that it could not have existed when humans went naked. Humanity’s great cover-up had created a new ecological niche, and some head lice had rushed to fill it. Natural selection thereupon did its magic; a new subspecies arose. While Stoneking couldn’t be sure that this scenario had taken place, it seemed likely. If his idea was correct, then discovering when the body louse diverged from the head louse would provide a rough date for when people first wore clothing.

With two colleagues, Stoneking measured the difference between snippets of genes in the two louse subspecies. Because genetic material picks up small, random mutations at a roughly constant rate, scientists use the number of differences between two populations to tell how long ago they diverged from a common ancestor—the more differences, the longer the separation. In this case, the body louse seemed to have separated from the head louse about 107,000 years ago. This meant, Stoneking hypothesized, that clothing also dated from about 107,000 years ago.

The subject was anything but frivolous: donning a garment is a complicated act. Clothing has practical uses—warming the body in cold places, shielding it from the sun in hot places—but it also transforms the appearance of the wearer, something of inescapable interest to a visually oriented species like Homo sapiens. Clothing is ornament and symbol; it separates human beings from their earlier, unself-conscious state. (Animals run, swim, and fly without clothing, but only people can be naked.) The arrival of clothing was a sign that a mental shift had occurred. The human world was becoming a realm of complex, symbolic artifacts.

It was not only clothing. As scientists have painstakingly established, a host of innovations were occurring around that time. Human beings were engraving pieces of ochre and ostrich shells in southern Africa. They were carving elegant harpoons from bone in central Africa. They were making ornamental beads in northwestern Africa. They were burying the dead with care in the Levant, just across from northeast Africa. They were, in sum, becoming human.

In these discussions “human” has many meanings. One is scientific: relating to or characteristic of our species, Homo sapiens, a bipedal primate. A second, somewhat different meaning is also scientific: relating to or characteristic of our genus, Homo. (A genus is a group of closely related species.) Today there is little distinction between the two meanings, because the genus Homo contains only one species, H. sapiens. But 300,000 or so years ago, when Homo sapiens emerged, the meanings were different. Several species of Homo—the exact number is as uncertain as the next archaeological find, as the next anthropological quarrel over taxonomy—were scattered around the world. Homo sapiens (us), Homo neanderthalensis (Neanderthals), Homo denisova (Denisovans), Homo naledi, Homo heidelbergensis, Homo floresiensis (nicknamed “hobbits,” because of their small stature). All were human. Nobody knows how all these humans behaved when they met, whether they were amicable, antagonistic, or aloof. At least some of those ancient types of humans bred with our ancestors—Homo sapiens with Homo neanderthalensis, for example—leaving scattered traces of their coupling in our genes. But whatever the sequence of interactions, we do know the outcome. For better or worse, only one species of human now walks the planet.

But there’s a third sense of “human,” one captured in the phrase of “being human.” Human-ness is the quality—a mix of creativity, drive, and moral awareness—that transforms humans into persons. It is a special spark or spirit, unique among living creatures, a flame possessed in abundance by our heroes, possessed in small amounts by all. It is what makes Homo sapiens want to believe they are special, to believe they are unlike the other members of the genus Homo.

Humans weren’t always human in this third sense, as far as we can tell. In the beginning, Homo sapiens seems not to have created art, played music, invented new tools, worked out the motions of the planets, or worshiped gods in the celestial sphere. These capacities accumulated slowly, over tens of thousands of years. Sometimes a new trait—a new kind of art, a new kind of construction—arose, only to fade out. But over the long run, as the other human species disappeared, these attributes built up in us, until perhaps fifty thousand years ago something resembling modern humankind—“behaviorally modern” humans, in the jargon—was loose in the world. Only as humans were reduced to humankind did humans gain their humanity. And only then did we truly leave Africa, a conquering horde, carrying our lice into every corner of the world.

This army, the human army, was an army of similars, its soldiers remarkable in their genetic uniformity. DNA, the material of which genes are made, consists of long, skinny, string-shaped molecules. Each molecule is composed of two chains that are twisted around themselves to create the famous double helix. Individual links in the chains are called “bases” or “nucleotides.” Arrays of links—segments of the DNA chain, so to speak—form individual genes. The totality of the genetic information in an individual or species is that individual or species’ “genome.” The lineup of bases and genes in one person—that person’s genome—is barely distinguishable from the lineup in the next person. This similarity is striking to geneticists but hard to describe exactly. Roughly speaking, two peoples’ genomes differ in only about one out of every thousand bases. This is like having two pages in two different books differ by a single letter. The equivalent figure for two Escherichia coli, the most common bacterium in the human gut, might be one out of fifty. By this measure, the bacteria in people’s intestines are twenty times more diverse than their hosts.

These comparisons are incomplete. In addition to differences in single bases, organisms also vary in terms of duplicated or deleted segments of DNA. These disparities are larger than single bases and usually more important. They are also hard to quantify: if one member of a species has ten copies of a particular gene variant and another has twenty copies of that variant, are they alike because they have the same gene variant or different because they have different numbers of it? Still, the overall point remains: compared to bacteria, humans are genetically similar to the point of tedium. Bacteria may not be the best comparison. They are so diverse genetically that researchers into the microworld often object to classifying them as a “species,” because that implies they share single, identifiable pools of DNA. It may be better to look at mammals, which are closer to us. In general, apes are far on the low end of mammal diversity, and humans are less diverse than almost all other apes. The genetic differences between one chimpanzee and its neighbor on a single hillside in central Africa can be greater than those of two humans in central Asia and Central America. When scientists list mammals in order of their genetic diversity, humans are at the bottom, along with endangered species like wolverines and lynxes.

Genetic uniformity is usually a legacy of small population size—the descendants of a small group have only the genes bequeathed to them by their few founders. Reasoning backward from humankind’s sparsely filled genetic larder, some researchers have argued that at some point our numbers must have fallen dramatically, perhaps to a breeding population of as few as ten thousand people—the size of a midsize university. (The actual population would have been bigger; this estimate is of the number of people who successfully produced children.)

When a species shrinks in number, chance can alter its genetic makeup with astonishing rapidity. New mutations can arise and spread; a snippet of scrambled DNA in a single gene in a single member of the small group that populated Ice Age Europe apparently led to the blue eyes that predominate in most of Scandinavia. Rare genetic variants that are already present can suddenly become more common, effectively transforming the species within a few generations as once-unusual traits proliferate. Or common genetic variants can, by chance, fall to the wayside. For these and other reasons, researchers have often speculated that in the short span of some tens of thousands of years—a lightning flash in the history of life—something happened in our DNA, something unprecedented, something special, something that made us human. Changes accelerated. And about seventy thousand years ago, perhaps a bit less, our species took a fateful step.

One way to illustrate the impact of this change is to consider Solenopsis invicta, the red imported fire ant. Geneticists believe that S. invicta originated in southern Brazil, an area with many rivers and frequent floods. The floods wipe out ant nests. Over the eons, these small, furiously active creatures have evolved the ability to respond to rising water by knitting their bodies together into floating swarm-balls—workers on the outside, queen in the center—that can ride on the flood for days. Once the waters recede, colonies swarm back onto previously submerged land so rapidly that S. invicta can use the devastation to increase its range. Like criminal gangs, fire ants thrive on chaos.

In the 1930s Solenopsis invicta was transported to the United States, probably in ship ballast, which often consists of haphazardly loaded soil and gravel. An adolescent bug enthusiast named Edward O. Wilson, later a famous biologist, spotted the first colonies in the port of Mobile, Alabama. From the ant’s vantage, it had been dumped onto an empty, recently flooded expanse. S. invicta took off, never looking back.

More than likely, the initial incursion seen by Wilson was just a few thousand individuals—a number small enough to hint that random, bottleneck-style genetic change played a role in what happened next. (The evidence is not yet conclusive.) In its homeland, fire ant colonies constantly fight each other, reducing their numbers and creating space for other types of ant. In North America, by contrast, the species forms cooperative super-colonies, linked clusters of nests that can spread for hundreds of miles, wiping out competitors along the way. Remade by chance and opportunity, new-model S. invictus needed just a few decades to conquer much of the southern United States.

A primary obstacle to its expansion is another imported South American ant, Linepithema humile, the Argentine ant. After escaping its natal territory more than a century ago, L. humile formed its own super-colonies in the United States, Australia, New Zealand, Japan, and Europe (the European colony stretches from Portugal to Italy). In recent years researchers have come to believe that these huge, geographically separate ant societies in fact may be part of a single intercontinental unit, a globe-spanning entity that exploded across the planet with extraordinary speed and rapacity, and is now the most populous society on Earth.

Homo sapiens did something similar as it became human. Our species first clearly appears in the archaeological record about 300,000 years ago (though we may well have emerged before then). Until about 75,000 years ago—that is, for the majority of our existence on Earth—humankind was restricted to Africa, though we sent out occasional forays into the rest of the world, almost all unsuccessful, all limited in scope. Around 70,000 years ago, everything changed. People raced across the continents like so many imported fire ants. Human footprints appeared in Australia within as few as ten thousand years, perhaps within four or five thousand. Stay-at-home Homo sapiens 1.0, a wallflower that would never have interested Lynn Margulis, had been replaced by aggressively expansive Homo sapiens 2.0. Something happened, for better and worse, and we were born.

No more than a few hundred people initially left Africa, if geneticists are correct. And for a long time their geographic expansion was not matched by an increase in population. As recently as ten thousand years ago we numbered perhaps 5 million, about one human being for every five square miles of Earth’s habitable surface. Homo sapiens was a scarcely noticeable dusting on the surface of a planet dominated by microbes.

At about this time—10,000 years ago, give or take a millennium—our species swung around the first inflection point, with the invention of agriculture. The wild ancestors of cereal crops like wheat, barley, rice, and sorghum have been part of the human diet for almost as long as there have been humans to eat them. (The earliest evidence comes from Mozambique, where researchers found tiny bits of 105,000-year-old sorghum on ancient scrapers and grinders.) In some cases people may have watched over patches of wild grain, returning to them year after year. Yet despite the effort and care, the plants were not domesticated. As botanists put it, wild cereals “shatter”—individual grain kernels fall off as they ripen, making it impossible to harvest the plants systematically. Only when an unknown genius discovered naturally mutated grain plants that did not shatter—and purposefully selected, protected, and cultivated them—did true agriculture begin. Planting great expanses of these altered crops, first in southern Turkey, later in almost a dozen other places, early farmers created landscapes that, so to speak, waited for hands to harvest them.

Farming transformed our relationship to nature. Foragers manipulated their environment with fire, burning areas to kill insects and encourage the growth of useful species—plants we liked to eat, plants that attracted the other creatures we liked to eat. Nonetheless, their diets were largely restricted to what the world happened to provide in any given time and season. Agriculture gave humanity the whip hand. Instead of natural ecosystems with their haphazard mix of species, farms are taut, disciplined communities dedicated to the maintenance of a single species: us. Before agriculture, the Middle West, Ukraine, and the lower Yangzi Valley had been sparsely populated domains of insects and grass; they became breadbaskets, as people scythed away suites of species that used soil and water we wanted to control and replaced them with maize, wheat, and rice. To Margulis’s bacteria, a petri dish is a uniform expanse of nutrients, all ready for the taking. For Homo sapiens, agriculture transformed the planet into something like a petri dish.

As in a time-lapse movie, we divided and multiplied across the newly opened land. It had taken Homo sapiens 2.0, aggressively modern humans, barely fifty thousand years to reach the farthest corners of the globe. Homo sapiens 2.0A—A for agriculture—took a tenth of that time to subdue the planet.

Since the beginning of agriculture, farmers have plowed manure and compost into their soil to promote plant growth. They didn’t know it, but the chief reason manure and compost helped their crops was that they replenished a key plant nutrient, the nitrogen in the soil. But this method of recharging the soil had drawbacks. In most places, the supply of manure and compost was limited; importing them from elsewhere was impossibly expensive.

In the early twentieth century, two German chemists, Fritz Haber and Carl Bosch, discovered the key steps to making synthetic fertilizer. Suddenly farmers could go to a store and buy all the fertilizer they wanted—factory-made, cheap, and plentiful. Haber and Bosch are not nearly as well known as they should be; their discoveries, linked into what is called the Haber-Bosch process, have literally changed the chemical composition of the earth. Farmers have injected so much synthetic fertilizer into their fields that soil and groundwater nitrogen levels have risen worldwide. Today, almost half of all the crops consumed by humankind depend on nitrogen derived from synthetic fertilizer. Another way of putting this is to say that Haber and Bosch enabled our species to extract an additional 3 billion people’s worth of food from the same land.

Synthetic fertilizer is not alone in its impact. The improved wheat, rice, and (to a lesser extent) maize varieties developed by Borlaug and other plant breeders in the 1950s and 1960s drove up yields greatly. Antibiotics, vaccines, disinfectants, and water-treatment plants pushed back humankind’s bacterial, viral, fungal, and protozoan enemies. All allowed humankind ever more unhindered access to the planet.

Rocketing up the growth curve, humankind every year takes ever more of the earth’s richness. An often quoted estimate by a team of Stanford biologists is that humans grab “about 40% of the present net primary production in terrestrial ecosystems”—40 percent of the entire world’s output of land plants and animals. This assessment dates from 1986. Ten years later, a second Stanford team calculated that the figure had risen to “39 to 50%.” (Others have suggested a figure closer to 25 percent, still very high for a single species.) In 2000, the chemist Paul Crutzen and the biologist Eugene Stoermer awarded a name to our time: the Anthropocene, the era in which Homo sapiens became a force operating on a planetary scale.

Lynn Margulis, it seems safe to say, would have rolled her eyes at these statements, which in every case that I am aware of do not take into account the enormous impact of the microworld. But she would not have disputed the central idea: Homo sapiens has become a successful species.

As any biologist would predict, this success led to an increase in human numbers—slow at first, then rapid, tracing Gause’s S-shaped curve. We began rising up the steepest part of the slope in the sixteenth or seventeenth century. If we follow Gause’s pattern, growth will continue at delirious speed until the second inflection point, when we have exhausted the global petri dish. After that, human life will be, briefly, a Hobbesian nightmare, the living overwhelmed by the dead. When the king falls, so do his minions; it is possible that in our desperation we might consume most of the world’s mammals and many of its plants. Sooner or later, in this scenario, Earth will again be a choir of microorganisms as it has been through most of its history.

It would be foolish to expect anything else, Margulis thought. More than that, it would be strange. To avoid destroying itself, the human race would have to do something deeply unnatural, something no other species has ever done or could ever do: constrain its own growth (at least in some ways). Brown tree snakes in Guam, water hyacinth in African rivers, rabbits in Australia, Burmese pythons in Florida—all these successful species have overrun their environments, heedlessly wiping out other creatures. Not one has voluntarily turned back. When the zebra mussels in the Hudson River began to run out of food, they did not stop reproducing. When fire ants relentlessly expand their range, no inner voices warn them to consider the future. Why should we expect Homo sapiens to fence itself in?

What a peculiar thing to ask! Economists talk about the “discount rate,” which is their term for the way that humans almost always value the local, concrete, and immediate over the faraway, abstract, and distant in time. We care more about the broken stoplight up the street now than social unrest next year in Chechnya, Cambodia, or the Congo. Rightly so, evolutionists say: Americans



OEBPS/xhtml/docimages/img2.jpg





OEBPS/xhtml/docimages/img3.jpg





OEBPS/xhtml/toc.xhtml






    		Cover



    		Title page



    		Dedication page



    		Epigraph page



    		Contents



    		Prologue



    		ONE LAW



    		1 State of the Species



    		TWO MEN



    		2 The Prophet



    		3 The Wizard



    		FOUR ELEMENTS



    		4 Earth: Food



    		5 Water: Freshwater



    		6 Fire: Energy



    		7 Air: Climate Change



    		TWO MEN



    		8 The Prophet



    		9 The Wizard



    		ONE FUTURE



    		10 The Edge of the Petri Dish



    		Appendix A: Why Believe? (Part One)



    		Appendix B: Why Believe? (Part Two)



    		Acknowledgments



    		Abbreviations



    		Notes



    		Works Cited



    		Index



    		Map and Illustration Credits



	

    		Praise for the author



    		About the Author



    		Also by Charles C. Mann



    		Copyright page











Guide





    		Cover



    		Title page



    		Contents



    		Prologue











OEBPS/xhtml/docimages/img1.jpg





OEBPS/xhtml/docimages/img4.jpg





OEBPS/xhtml/docimages/page35.jpg
NUMBER OF INDIVIDUALS

K+d=156

Second Inflection Point

First Inflection Point

DAYS





OEBPS/xhtml/docimages/line.jpg





OEBPS/xhtml/docimages/page17.jpg





OEBPS/xhtml/docimages/page32.jpg






OEBPS/xhtml/docimages/cover.jpg
‘Compelling’ ‘Indispensable’

WASHINGTON POST / WALL STREET JOURNAL

‘Unmatched’ ‘Necessary’
NEW YORK TIMES BOSTON GLOBE





OEBPS/xhtml/docimages/page16.jpg





OEBPS/xhtml/docimages/title.jpg
WIZARD

PROPHET

SCIENCE AND THE FUTURE OF OUR PLANET

Charles C. Mann

PICADOR





