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There is a fascinating group of religions unique to the South Pacific and Papua New Guinea known as cargo cults. These religions arose independently on a number of islands when Japanese and American forces set up bases during the Second World War. The islanders were struck by the huge volumes of “cargo” these strange new people repeatedly received. Planes that appeared to have been summoned from the skies flew down to land on flattened strips beside mysterious towers. They watched their odd new neighbors perform even stranger rituals: marching in step, carrying weapons, saluting one another, wearing matching clothing, and the like. And the cargo kept coming, in great volumes, delivered by an invisible hand.

The islanders concluded that the strangers had summoned the cargo from their gods with these rituals, and so they set out to summon their own cargo. They prepared landing strips in clearings in the jungle and erected replica control towers and even mock planes. They marched carrying sticks and waited for the gods to deliver. That the cargo never arrived proved only that their rituals were inadequate and their faith imperfect, and so they persisted.

Cargo cults exist to this day, and there are a number of variations on the theme. The largest cult awaits the return of the prophet John Frum, who was probably an American airman posted on the island of Tanna, Vanuatu, during the war. Another group on Tanna reveres Prince Phillip (yes, Queen Elizabeth's bloke). The honored greeting he received as he descended from his plane on a royal visit in 1974 made it abundantly clear that he was a prophet of high standing.2

It's tempting to giggle, but lacking knowledge of the outside world, the concept of divinely supplied cargo is not completely unreasonable. That it is flat wrong is only clear to those who presume to know how the world works. But ask your average American or Brit where their last meal came from. When they flick on a light switch, ask them who or what supplied the electricity. Where does the water come from that fills your glass? And what about the glass? These questions are surprisingly difficult to answer in full. The modern world has become so complex that most of us have a very limited understanding of how it works. Every time I hear somebody “say grace” to thank God for a meal, I secretly hope they don't really mean it.

None of this may matter as long as there is food in the grocery, electricity at the flick of a switch, and clean freshwater to pour into a waiting glass. The problem comes when things start to go wrong. When they do, we will need to try harder, have more faith, and convince the gods to send more cargo.

EXISTENTIAL THREAT, ROOT CAUSE, CORE PROBLEM

We seem to have quite a few problems: global climate change, peak oil, overpopulation, collapsing fisheries, desertification, wealth inequality, species extinctions, freshwater shortages, hapless governments, deforestation, disease epidemics, and agricultural failures top the list. These problems are occurring either globally or regionally, and each is severe in its own right. The fact that they are all accumulating at the same time makes them significantly more dangerous. They represent a serious challenge—but do they represent an existential threat?

The threat is real, imminent, and largely unavoidable. It is not a threat to the existence of our species, but it is a threat to our societies. What's more, our civilizations have been in similar situations before. Facing rising populations, environmental degradation, and resource depletion, a long list of civilizations from the Maya to the Romans all collapsed. The precedent is set—and it is not an encouraging one.

The problems we face interact in many different ways, making analysis of the potential outcomes confusing. Declining rainfall can threaten forests, and this might be one consequence of global climate change. Deforestation, meanwhile, can inhibit cloud formation and decrease rainfall, magnifying the impacts of climate change. Desertification and freshwater depletion are accelerated by overpopulation, and the pressure on collapsing fisheries is exacerbated by agricultural failures. Disease epidemics are closely linked with poverty, and biodiversity loss is linked to urbanization and deforestation. The massive collection of problems we face appears to paint a picture too complex to fully comprehend, but, in many ways, the situation is rather simple, and a few rules render analysis more straightforward. As complex as the dangerous, interacting impacts may be, they are all connected to a recent change in the ways societies function—a root cause-and an inherent failing in human societies—a core problem.

Humans have trodden the pathway of development since we chipped our first stone tools out of the rocks of Olduvai Gorge millions of years ago. For the first million years or so, progress was painstakingly slow: better tools and the taming of fire were our great accomplishments. We shifted up a gear when we began to farm about ten thousand years ago. Thousands of years of grand experiments in civilization followed, leaving some of the most enduring monuments to the power of our innovation—the Moai of Easter Island, the Great Pyramid at Giza, the hieroglyphic stairway at Copán, and the Roman Colosseum—but all those civilizations failed. But then, little more than two centuries ago, the pathway of civilization took a sudden turn, and who would have guessed that it would happen on a rather small, cold island at the western edge of the known world?3

A dramatic chain of events was set in motion when the British Empire began to burn coal. Coal was the catalyst for the Industrial Revolution, and the Industrial Revolution launched the modern world. We tend to think of the Industrial Revolution as an era of machines, and it was, but it was much more fundamentally the era of coal. Coal was the fuel for a new type of machine that ran on a new, external power source, and none of these machines could have been invented and developed until this new energy-dense fuel was tapped.

The importance of coal is hard to overstate: its adoption did nothing less than change the thermodynamics of civilization. Here, suddenly, was not just a powerful new fuel but a fuel that did not need to be made. Coal did not need to be planted and grown. It could be simply dug out of the ground and burned, and there were vast reserves. A source of energy that had been stored underground for millions of years could now be unleashed, and civilization embarked on a new energy-input model.

While the first fossil fuel propelled us along our path toward this glittering modern world, it also propelled our environmental decline. This new energy source spewed pollutants and spawned polluting industries. Forests could be logged faster, goods could be transported more rapidly, and more and better steel could be smelted. Populations began to grow, and societies were reorganized under industrialization.

And then, while the coal era was in full swing, another energy input eclipsed it. The second fossil fuel was more energy-dense than coal and much more versatile. Its power to create and destroy was even greater than coal's, and so, barely a century ago, the Industrial Revolution morphed into the petroleum interval. We have spent the last two centuries building a civilization on coal and the last century building it bigger still on oil. Fossil fuels have been the wellspring of this massive, complex, glorious modern world. Fossil fuels are also the root cause of the biggest problems we face.

But coal and oil are finite resources, and they will run out. This is very dangerous because our civilization is highly dependent on them. On the other hand, it may also be viewed as encouraging because our destruction of the natural world has been accelerated by the use of fossil fuels. We don't know exactly when our fossil fuels will run out, but we can predict it to within a few decades. By the end of this century, our oil and natural gas supplies will be virtually nonexistent, and limited coal supplies will be restricted to only a handful of countries.

Even more important than the end of oil is the point at which its production goes into decline, and this peak of oil production is upon us. Our supply of fossil fuels-oil first, then natural gas, and then coal—will go into decline over the next few decades. We are at the peak of a remarkable two-hundred-year glitch in the history of civilization and are about to embark on the descent. The coming changes will be earth-shattering.

But it's foolish to blame fossil fuels for all this-they are rocks, oils, and gases. We are to blame. We have chosen to burn these fuels to power our civilization, and so, beyond this root cause, the core problem is our failure to see that this model of civilization would lead us into danger and then, when we can see, it is our failure to act.

FAILURE TO SEE, FAILURE TO ACT

“What you see is what you get” is a favorite truism, but, like most truisms, as an Ames room at any decent children's museum will ably demonstrate, it's not entirely true. An Ames room is misshapen room with misshapen furnishings adjusted to match. When we look into the room from the outside, our brains recalibrate the scene so that we “see” a regular room that has square tiles on the floor, a round clock face, and a normal-looking sofa in front of a rectangular television. Nothing seems strange until two people walk in. Although the two people may be of equal stature, the person standing at one end of the room looks tiny and the other looks huge. Our brain tells us that the room should be a set of regular geometries, and we therefore conclude that the people must be different sizes. Wow, that is one big guy, we say, but he's simply standing at the end of the room with a five-foot ceiling. The little midget at the other end of the room is no such thing; he's simply under a fifteen-foot ceiling. As the two subjects look at the clock face from inside the room, they see that it's not round at all but oval, and they no longer want to sit on the crazy-looking sofa or watch anything on the rhomboid television.

This doesn't mean that we can't trust what we see at all. Trees look as though they grow upward because they do, and elephants look bigger then mice because they are; but the example of the Ames room is a good way of reminding us just how reliant we are on our sight. It's also a good reminder that while we can depend on most of what we see, we can't trust it entirely. What you see is not always what you get.

The dominance of our sense of sight enables us to respond rapidly to our environment, and this has been entirely adequate for millions of years. However, it is no longer adequate. There has been little need to plan more than a year into the future through virtually the entire history of our species, but there is a great need for planning now. Our brains have perceived and processed the environment in the same way since our hunter-gatherer days.

A key part of the brain responding to fear is the amygdala, which responds quickly to potential danger before more cognitive parts of the brain can add reason. A sudden noise might be an onrushing predator; a movement in the grass might be a snake. In these cases, a rapid response is essential, and so we have evolved an extremely efficient mechanism for coping with immediate dangers. Evolution under response to environments that are visible and immediate, such as an attack by a lion, are useless for understanding the depletion of an underground aquifer or the enrichment of the atmosphere with an invisible gas that creeps up on you and is impossible to “see.” Our mechanism for coping with abstract, slow-developing dangers is not hardwired. We need to learn and then teach it.

Another way to consider this is through the eyes of Louis Pasteur. In the middle of the nineteenth century, people still believed that food spoilage and disease were caused by the spontaneous alteration of the nature of materials—a classic nonscientific phenomenological explanation. It had entered the human psyche as fact simply because it seemed to fit with what people could see. A glass of milk is liquid, white, and has little smell. Leave it a while, and it transforms into something more solid, colorful, and stinky.

Pasteur disproved the theory of spontaneous generation in a simple and elegant experiment. He put broth in flasks, sterilized them, and then drew out the necks of the flasks into a long curve. Microbes could not pass the curve in the neck to contaminate the broth, so it remained sterile: it never spontaneously altered. Tipping the broth into the curved neck brought it into contact with microbes, and it spoiled. The spoilage was no mysterious phenomenon. It was caused by living things too small to see. What was particularly brilliant about Pasteur's experiment was that he was able to expand people's vision through science. Suddenly, microbiology had a scientific basis on which to operate, and it developed by leaps and bounds.

The intuitive, obvious-seeming explanation for a particular phenomenon is not always the right one. Science methodically unravels counterintuitive phenomena, finds ways to understand the workings of the natural world, and draws back the curtain on the invisible hand of nature.

At the beginning of the Industrial Revolution, nobody could have predicted that there would be cheap transatlantic flights, that their great-grandchildren would be buying their toys from China, or that a population of seven billion would be inhabiting what is now a warming world. We see it now, however, and so we have made a major step. But seeing a problem and acting on it are two very different things.

The sirens have been blaring for years, and yet change does not seem to be coming. There has been a substantial change in awareness and attitude, and many people have responded in small ways, but the roller coaster surges forward. Populations still climb, the destruction of natural systems continues unabated, the planet warms, and coal and oil continue to be sought and burned. In fact, despite our professed concern and protestations, our consumption of resources and our destruction of the environment have not only failed to stabilize but have continued to accelerate. The willingness to act is not translated from individuals to groups of people. It is becoming clear that what is needed is not only motivated people but also motivated communities.

The failure of communities to motivate and enable people to live up to their capabilities comes in a number of forms. One is explained by social psychologists such as Stanley Milgram and Phil Zimbardo, who demonstrated that individuals can be very weak-minded in coercive social settings.4 Another is the tragedy of the commons, explained by Garrett Hardin, which shows how nonfunctional communities can rapidly destroy their own resource base.5

Milgram demonstrated the horrendous things that regular people can do in their unthinking obedience to authority. He led Yale University students to deliver what they thought were fatal electric shocks to people just because they were told to do so by a scientist in a lab coat. Zimbardo randomly assigned Stanford University students6 to serve as guards or prisoners in a mock prison. It may have begun as a mock prison, but a very real prison was what it became when the “guards” started to torture their “prisoners.” Lacking support from a supportive community, individuals can behave in disastrous ways. These experiments shed light on the unthinkable atrocities perpetrated by the hitherto regular folks that became monsters when they contributed to the extermination of millions in Nazi concentration camps or took up machetes to hack their neighbors to death in the Rwandan genocide.

Hardin's tragedy of the commons describes how good, rational people can form destructive communities. Finding themselves in an environment with limited resources, people need to form functional communities that can preserve those resources. In this they frequently fail. Instead of protecting their long-term future by conserving resources, they protect their short-term gains by competing, deplete their resources to the point of collapse, and bring about the failure of the community. This occurs again and again, even when everybody in the community recognizes the risk. Forming cohesive communities that can cooperate on the commons is no easy task.

Our values and ideologies often get in the way as well. When it comes to how the world works, we become fixated on ideas. The Inuit of the Canadian Arctic believed that the seals they hunted were replaced by the spirits each season. Their misunderstanding was not important until they acquired guns, but no number of spirits could replace the seals once the shooting began. We used to think the earth was flat and that the sun revolved around it—and it was heresy to think otherwise. We become deeply attached to beliefs that cause us to veer away from a logical understanding of the living world, and it can get us in trouble.

We also become deeply fixated on ideologies, and these can cause trouble too. Communism seemed like a good idea until the first major communist government took over in Russia and swallowed its neighbor states. The Soviet Union attempted to spread its utopian dream around the world, but, as it began to fail, it increasingly repressed the very people it had sought to save. It is very dangerous for a society to become too attached to an ideology because it can be tempted to defend that ideology beyond any point of reason.

ADAM SMITH WAS WRONG

 …  by directing industry in such a manner as its produce may be of the greatest value he intends only his own gain and he is [ … ] led by an invisible hand to promote an end which was no part of his intention. By pursuing his own interest he frequently promotes that of the society more effectually than when he really intends to promote it. I have never known much good done by those who affected to trade for the public good. It is an affectation, indeed, not very common among merchants, and very few words need to be used in dissuading them from it.

Adam Smith, An Inquiry into the Nature
and the Causes of the Wealth of Nations7

Adam Smith was way ahead of his time, his economic theories were visionary, and his basic premise is true. Markets, left to their own devices, operating under conditions of unconstrained free trade and competition, do appear to be controlled by an invisible hand. Supply and demand set the ideal price for a commodity without intervention. Seeking only their own self-interest by buying and selling the best products at the best possible price, merchants spur innovation and create a level, fair marketplace. But there are problems with free-market capitalism.8

The first problem is that free-market economics has been elevated from the status of an economic theory to that of an ideology, sometimes fraught with religious obsession. The Cold War demonstrated the superiority of the capitalist economy of the United States over the centrally controlled economy of the Soviet Union, and we seem to have concluded that capitalism is the only viable economic system. It is considered heresy in some quarters to question this.

The ultimate problem with free-market economics, however, is that while the price of products is controlled by the invisible hand of the markets, the relationship of the economy to the environment is largely ignored. Impacts that occur outside the boundaries of a specific economic transaction are considered irrelevant to it and are brushed aside as externalities.

In the short term this may be true, but in the long term it is false. Externalities have a nasty habit of accumulating and then coming back to bite us. The price of resources is also regulated by the invisible hand of nature. Global warming is the simplest measure of this. While it is uncertain that any given economic transaction will generate some measure of “progress,” it is quite certain that it will release some carbon dioxide. The carbon dioxide released is completely irrelevant to the transaction at hand, has no short-term impact, and is discounted from the economic calculus. In the long term, however, global warming may become one of the biggest economic factors of all.

The invisible hand of nature is much more powerful than the invisible hand of the market, but since it operates on much longer timescales, we fail to include it in our economic models or even to acknowledge its existence. Nature dictates that externalities will accumulate, that finite resources will eventually be exhausted, and that renewable resources must be harvested no faster than they can renew themselves. Our failure to understand that ecology is the foundation of economics has led us, as it led many civilizations before us, to the brink of disaster.

There are four fundamental laws of ecology that cannot be violated in the long term:


	
Energy can neither be created nor destroyed. All energy enters the biosphere from the sun and is transferred to other forms thereafter.9 This law also applies to fossil fuels that were formed over millions of years underground. When energy is transferred from one form to another, it gradually degrades, releasing wastes and ending up as dissipated heat.

	
You can never do one thing. Ecological systems are complex, and one impact is certain to cause others. The secondary impacts may be small, changing the functioning of the system very little, or they may be large with far-reaching consequences. Activities such as the harvesting of resources from the environment and the combustion of fossil fuels should be expected to have multiple unintended consequences. Systems that are tightly interdependent lack resiliency, and the impacts upon them are more likely to spread.

	
Diverse systems are more stable than simplified systems. The simplification of ecological systems makes them vulnerable. Agriculture, for example, is a simplified ecosystem in which the dominance of a single species—the crop—is artificially supported. Dramatic population impacts, such as plant disease epidemics, are much more likely in a wheat field than in an unmanaged grassland. This law extends to human cultures, communities, and economies, which are more robust when they are diverse than when they are simplified. One weakness of the global economy is the “one size fits all” ideology of free-trade economics that simply does not work the same way in all countries.

	
All organisms, including humans and their societies, are subject to the laws of ecology. Nature is not only those wild places absent of humans but also the primary realm within which humans live. Humans cannot control nature, nor can they escape it.




The laws of ecology have never changed. All civilizations, as they have prospered and grown, have repeatedly violated the laws of ecology and failed. We seem to feel that with our modern world of abundant energy, sophisticated communications, and political freedoms that we have broken the mold: but we have not. We are violating the laws of ecology on the grandest scale ever, and it puts us in great peril.

WHAT SHOULD WE DO? WHAT SHOULD WE SAVE?

[ … ] Grant me the serenity to accept things I cannot change, the courage to change the things I can, and the wisdom to know the difference.

Alcoholics Anonymous10

Are we trying to save the world? There is a huge new green movement afoot (although it sometimes looks more like a big green party). There are lots of books available telling us how to save the world: How to Save the World; 365 Ways to Save the Earth; How to Save the Planet; 1,001 Ways to Save the Earth. We can even Serve God, Save the World in an environmentally conscious way.11 Surely everything will be fine now that we have this new awareness and mobilization of human ingenuity, right?

I think we have passed the tipping point and can no longer prevent a major economic collapse. Our society has grown too large, has depleted too many resources, and has caused too much environmental degradation, and—as our fossil fuel supplies go into decline—we will not be able to maintain this overburdened colossus of a society. The world cannot be saved as it is. The combined impacts of two centuries of fossil fuel-powered civilization building, pollution, and resource depletion will finally overwhelm our support systems. The time has passed for trying to prevent the inevitable; it is time to prioritize the retreat. What should we put on the priority list for saving? What do we have that is irreplaceable? What things will be the most valuable in the generations to come?
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It's quite ironic that we are concerned about changes in the concentration of gases in the atmosphere. The composition of the earth's atmosphere has undergone much bigger upheaval than the meager increases in greenhouse gases that are currently getting us all excited. The planet has been much hotter than it is now. It has also been much colder. The very early earth had no oceans, had an atmosphere devoid of oxygen, was scorching hot, and was frequently bombarded by debris left over from the formation of the solar system. The “first atmosphere,” primarily hydrogen and helium, was lost to space; and the “second atmosphere,” formed by the release of gases from volcanoes and asteroid impacts, was a toxic brew of ammonia, methane, water vapor, carbon dioxide, and nitrogen. Nonetheless, it was in this seemingly inhospitable environment that life arose.

Molecules that could copy themselves were eventually formed, and these replicators became increasingly common in the primordial soup.2 The replicators were organic, digestible, and devoid of structural strength, yet they have turned out to be longer-lived than diamonds or granite. One of these replicators has copied itself through the ages and now finds itself in every living thing as DNA.3 It has survived for four billion years.

The natural selection of variant forms—evolution—resulted in replicators that could consume their counterparts and protect themselves from being consumed. Replicators interacted as predator and prey, as parasite and host, and formed the bodies and behaviors of the diaspora of life on earth. Humans are just one form in which those ancient replicators live out their primordial game of thermodynamics; but what a game of thermodynamics it has become: humans now seek control over the energy of the biosphere. So it is also ironic that we are nervous about descending into a global energy crisis. We are bathed in, and surrounded by, more energy than we could ever need.

Earth's “third atmosphere” was formed by the first global polluters, a group of microbes that had evolved an ingenious method of harnessing the energy of the sun. These organisms—photosynthesizers—consumed carbon dioxide to build their bodies, and the concentration of this gas gradually declined. Oxygen, which had been virtually absent from the atmosphere until then, was slowly released as their waste.

The atmosphere is now 20 percent oxygen: all of it made by photosynthesizing bacteria, protists, and plants. The first photosynthesizers were horrendous polluters that changed the climate of the planet and caused the extinction of untold numbers of species. We tend to think of them in a kind light because, by releasing copious volumes of oxygen into the atmosphere, the first global polluters paved the way for the evolution that led to us. The atmospheric concentrations of oxygen and carbon dioxide have remained more or less constant for the last few million years; the amount of oxygen released in photosynthesis balanced by the amount consumed in respiration.

Until recently, that is.

At the end of the Jurassic period, sixty-five million years ago, a massive asteroid smashed into the shallow sea between the continents of North and South America, where now sits the town of Chicxulub, Mexico. Two geological findings converge on this date. First, the fossil record of the dinosaurs ceases suddenly and completely. Indeed, fully two-thirds of the species of life on earth became extinct at that time, not just the dinosaurs. Second, rock strata of the same age show a flush of the heavy metal iridium. Iridium is very rare on earth but is found in asteroids and other space debris. The Chicxulub asteroid created a huge pall of dust in the atmosphere that blocked out the sun and threw the planet into a short but deep winter. The poor, old, cold-blooded dinosaurs froze and starved. The dust pall, as it settled, left a layer of iridium to mark the event.

The rest is history. Cute, little, recently evolved, warm-blooded mammals made it through the postimpact winter, evolved into less-cute mammals, and finally evolved into us. It's interesting to imagine what the world would have been like had the Chicxulub asteroid missed. Would cold-blooded reptiles be living in cities, playing sports, writing books, fretting about the future of a planet they were destroying? Tyrannosaurus Beck? A scary thought.

The asteroid that ended the dinosaurs was only one of a number that have struck our planet. An even more dramatic event took place two hundred million years earlier when nearly 95 percent of the earth's species were suddenly extinguished in an event known as the Great Permian extinction. NASA scientists estimate that significant asteroid impacts may occur every hundred thousand years or so. In fact, bad news might be coming soon. Astronomers declare it a 250,000:1 chance that the asteroid Apophis will strike the earth on April 13, 2036.4

No matter how patient you are, it's hard to sense the movement of the continents (unless you are unfortunate enough to witness a tsunami or an earthquake). Billions of years our ancestry may be, but our spheres of influence and experiences are short-term. We now know that the continents drift around the planet like dinner plates floating on a sea of syrup. In its lifetime, the earth has spawned and swallowed entire continents. In only the last hundred and fifty million years (the last thirtieth of the planet's lifetime), the supercontinent of Pangaea split and its shards scattered across the oceans. South America and Africa were riven apart and then separated by the Atlantic Ocean, as Australia drifted lazily (do Aussies move any other way?) northeast across the Indian Ocean. India, meanwhile, was sprinting northward for Asia and the great collision that formed the Tibetan plateau and the Himalayas.5 The drifting continents have created oceans, land bridges, and inland seas, have baked the planet in prolonged tropical periods and plunged it into ice ages.

Global climate change is one of the great concerns of our time, but it is nowhere near the scale of the dramatic climate changes that have been brought about by natural processes; so if climate change is a bad thing, watch out: there's plenty more where that came from. Over the next fifty million years or so, as the earth's dinner plates continue to meander, California will drift away from the rest of America (geographically as well as politically), Australia will finally make formal ties with Asia, and Africa will smash through the Mediterranean, crushing Europe into another massive range of mountains; a fitting, albeit belated, revenge for centuries of colonial exploitation.

How will life on earth fare as the continents continue their hustle and bustle? As usual, we should expect winners and losers, but it's really no big deal. The planet will be fine. Life will go on.

Relatively humanlike, upright apes have been in existence for only about three million years, but even in that short time, our ancestors have lived on a capricious planet. Although we have known the continents only in their current positions, and an atmosphere only of its current composition, humans have lived through dramatically changing times and survived. Why, then, are we concerned with change in the modern world? Does it really matter that the concentration of carbon dioxide in the atmosphere might increase by a few hundred parts per million, that temperatures might increase by a few degrees, and that sea levels might rise by a few feet? Read on. It matters a lot.

FIRST ATTEMPTS TO HARNESS ENERGY

Stone tools made by our ancestors Homo habilis more than two million years ago have been found at various sites in Africa's Great Rift Valley,6 and the best estimates are that the taming of fire began at least half a million years ago.7 We have, apparently, been trying to figure out how to harness energy from the environment for a very, very long time.

The use of fire was not a sudden invention but a gradual process of cultural evolution. Ugh Smith did not wake up one morning, fancy some toast for breakfast, and decide to rub two sticks together. The great grasslands of the world are prone to natural fires, and hunters living in fire-prone environments must have figured out not only how to avoid becoming trapped in fires but also that fires might provide opportunities for easy hunting. Observant gatherers presumably noticed that some of their favorite leafy greens sprouted abundantly after fires. Fires must have presented obstacles to early humans, but they also provided opportunities. The first step in the use of fire, then, was probably simply to take advantage of natural fires when they occurred.

The first Australians used fire extensively for the management of grasslands. They lit fires in sequence around their settlements to promote the sprouting of the new shoots of young grasses that would attract kangaroos and wallabies. With areas of new growth under their control, hunting could be focused into a circumscribed area and high-protein food then acquired more efficiently. The Aussie smoker's question “Got a light, mate?”8 might be thousands of years old. Similar activities were probably carried out by the ancient peoples of many grasslands of the world.9 When humans began to harness fires, maintain them, and then bring them fully under control, the energy-harnessing steamroller began to trundle.

The first technological developments of our ancestors were only small baby steps, and it took millennia to walk them, but they set us on the path that has finally brought us to our twenty-first-century, oil-athed, energy-rich civilization. Tool technology has gone through a sequence of developments from its primitive beginnings and has incorporated more and more sophisticated materials and techniques. The first tools were made and operated by hand, extending the power of their operator relatively modestly. Tools manufactured using an external power source (e.g., smelted iron knives) or operated with an external power source (e.g., wooden plows, windmills) extended the power of their operator much further. Now, of course, we use a whole host of tools that are both manufactured and operated with an external power source. These tools are truly powerful and can control the world in ways our ancestors never could have imagined. The road of progress has been paved with increasingly sophisticated technologies powered by increasingly efficient means of extracting energy from the environment.

THE MOTHER OF INVENTION

We tend to think of environmental destruction as a recent phenomenon, but the damage wrought by our species is ancient, and it began soon after the adoption of our very first technologies. The archaeological record of North America, for example, reveals a very unusual extinction event that occurred over just a few centuries at the end of the last ice age. North America had been home to a vast array of megafauna—giant ground sloths, mastodons, mammoths, saber-tooth tigers, lions, glyptodonts, horses, camels—an array of supersized mammals that would make the contemporary Serengeti plain look like a second-rate safari park. The archaeological record also shows, at the same time, and often in the very graves of the great mammals themselves, the arrival of the famous Clovis points of the first Americans: efficient stone tips designed to be hafted onto hunting spears. Spilling into the Americas at the brief invitation of Beringia, when sufficient ice retreat had opened the land bridge but melting had not yet flooded it to form the Bering Straits, humans entered a new megafauna paradise and began, quite literally, to eat their way through it.

The destruction of edible animals has been a hallmark of all lands discovered by tool-wielding humans, particularly as seen in islands such as Mauritius, New Zealand, and Hawaii, where it has been sudden and dramatic. Arriving already armed, skilled in hunting, and encountering animals that did not recognize them as predators, humans have repeatedly sent their food into extinction. But the carnage has not been limited to a few special parts of the globe; indeed, it has hardly been limited at all. The consequences of these extinctions have been many and varied. The extirpation of horses from the Americas, for example, would come back to haunt the Inca when they were confronted by Francisco Pizarro's cavalry. Their llamas, alas, were no match.10 The destruction of game animals has been particularly rapid in newly colonized lands, but it has been a problem wherever human populations have grown.

Growing populations put increasing pressure on supplies of easily hunted animals and easily gathered plants, and people faced their first self-imposed limits to growth thousands of years ago. These limits probably caused significant hardships as formerly abundant sources of food became rare, but these limits also spurred the adoption of a new form of subsistence.

An agrarian lifestyle is generally assumed to be far superior to a hunter-gatherer lifestyle, but why would people dig in the dirt to raise crops if plentiful wild plants could be collected? I don't think they would. They first destroyed the easy life and then necessity became the mother of invention. Only when hunting and gathering could no longer support their needs did they stumble across the next great development in the history of civilization: when people began to farm.

This theme of “destroy first, rebuild later” has been a trademark of our history. We tend to think of progress as a steady stream of innovations, each one building on the last, but nothing could be further from the truth. Progress has more often begun with failure.

PUTTING DOWN ROOTS

And he gave it for his opinion that whoever could make two ears of corn, or two blades of grass, to grow upon a spot of ground where only one grew before, would deserve better of mankind, and do more essential service to his country, than the whole race of politicians put together.

Jonathan Swift11

Agriculture was neither invented nor discovered but came about as an exercise in unconscious cultural evolution, and it occurred in a number of different parts of the world independently. In environments with migrating herds, people remained mostly nomadic. Where food could be found year-round, they began to settle, and this simple action of settling down set in motion the first agrarian revolution. Static communities depleted many sources of easily hunted and gathered foods but elevated a select few. Hunter-gatherers traveled large distances to collect roots, tubers, shoots, fruits, and grains to bring back to their families. Returning from gathering trips, people must have inadvertently scattered some seed along the way, where it grew. They eventually realized that they could do this on purpose and began to grow favored plants close to home.

Our modern cereal crops evolved from wild grasses over thousands of years as they adapted to a human-manipulated environment.12 One key characteristic was a nonshattering seed head on which the seed would mature without falling off its spike and would therefore be collected for planting the next year. The seed that germinated in sync with the rest of the crop would also have a better chance of being selected for growth the next season. Evolution gradually tailored crops to suit the needs of humans. As people began to realize that the plants that produced larger, more nutritious seed one year tended to do the same the next, crop evolution shifted from a process of natural selection to one of artificial selection, and people began to reserve the largest, sweetest seed for planting. Now when we compare a modern crop plant with its progenitor, the two are hardly recognizable as relatives, yet all those differences evolved at the hands of people in the last ten thousand years.13

Our transformation of the humble wild grasses has been dramatic, but their transformation of us has been even more profound. Agriculture placed humans much more firmly in charge of their food supply, which not only increased but also was made more reliable. Putting down roots on the same piece of land every year, to raise crops, sowed the seeds of civilization.

Like crop production, animal husbandry first emerged through a sequence of unconscious human activities. Hunting is not a random activity but involves a significant amount of decision making to optimize the efficiency of the hunt. Predators often migrate with herds of their preferred food source. Searching randomly over the plains is useless if you can figure out where the herd is likely to go next and then meet it there. Migrating with your food source delivers the distinct benefit of always being close to your next meal. On the other hand, you have to be always on the move, and you may lose track of the herd. Instead of following the herd, a much better idea is to control where it goes.

Manipulating the movements of animals over grasslands with fire was a first step, but the major step toward the factory farm and feedlot came when animals were consciously domesticated. As with crops, this occurred independently in many parts of the world. Animals were selected and bred to better suit the needs of humans. Those raised for food became larger, fatter, and more muscular; those raised for clothing became woollier; horses became faster; and dogs became more trainable—and then transformed into various ridiculous forms, such as insipid varieties of household pets.14

Agriculture made the acquisition of food increasingly efficient and its supply more reliable. The ability to manipulate nature by bringing favored plants close to home, and to control favored animals without hunting, increased our access to calories and led to wholesale changes in the structure of communities. Agriculture generated surpluses of food and enabled societies to support nonfarmers. These nonfarmers would have time on their hands to get into all sorts of mischief.

The first major advances in the harnessing of energy, then, were tools, fire, and agriculture. Tools and fire increased the efficiency of hunting, which was eventually replaced with animal domestication. Gathering was eventually replaced with cultivation. With these efficiencies in place, human societies were primed for rapid cultural change.

THE AGE OF EMPIRES

Until the emergence of agriculture, humans organized themselves primarily into family groups or small bands, and, as long as populations remained small and scattered, there was probably little group organization. As bands grew, social organization increased and the division of labor enabled people to perform increasingly sophisticated tasks as a group. Our small-group mammal tried to figure out ways to cooperate. Leaders emerged, both civil and spiritual, and rules were created to control thieves and freeloaders.

As farming and technology improved and settlements grew, people developed increasingly specialized trades. Farmers continued to farm but could feed more and more people, partly thanks to tradespeople such as millers and blacksmiths who ground their grain and shod their horses. Energy was collected from animals put under the yoke to drag vehicles or to plow the land and with machines that captured the energy of the wind and flowing water. Even people could be captured, enslaved, and used for many tasks, as long as they could be fed and controlled. The energy from burning wood was harnessed to perform myriad tasks, such as smelting metals to construct increasingly efficient tools—and weapons.

The weapons were needed, of course, because as the territories of different communities overlapped, they came into competition for resources. If they generated sufficient surplus energy and food, communities could also invest in soldiers to wield those weapons.

With increased access to energy in the form of animals, wind, water, slaves, and with surplus agricultural production, populations grew and filled the landscape and the human experiment was under way in earnest. The great empires—the Sumerians, the Harappans, the Qin, the Han and the Ming Chinese, the ancient Egyptians, the Greeks, the Persians and the Romans, the Maya, the Inca, and the Aztec—were all built on the same basic premise. Energy from agriculture (for human calories) and from human labor, animal labor, wind, water, or burning wood (for industry and motive force) was drawn from their immediate environment.

Control of the immediate environment, however, is not the hallmark of an empire. An empire is a dominant civilization that grows beyond the limits of its environment and subjugates or conquers its neighbors to commandeer theirs. The result has always been the same. A vast, complex civilization is created. It flourishes at the expense of its environment, then at the expense of its neighbors, and then at the expense of its neighbors' environments. Stratified societies are formed; wealth is created; government bureaucracies are put in place; there is a burgeoning of the arts; and great monuments are erected. And then it is all swept away.







[image: img]

THE IMPOSSIBLE MOAI

Easter Island1 is just about the most isolated scrap of habitable land on earth. More than two thousand miles west of South America, it was colonized around 900 CE by Polynesians canoeing from islands more than a thousand miles to the west:2 a fifty-thousand-acre green space adrift in the heart of the world's biggest ocean. When the Dutch explorer Jacob Roggeveen came across the island on Easter day, 1722, it presented a confusing paradox. He found a barren, unproductive landscape and described its few thousand inhabitants in disparaging terms as impoverished, malnourished, primitive, and uncivilized. Their agriculture was unproductive and their canoes were small and leaky.

But poverty and windswept hills were not all that Roggeveen found.

He also found carved statues of solid stone, the fabled Moai, up to twelve feet in height perched atop massive stone platforms. Most of the Moai weighed in at around ten tons, but some were much larger, and hundreds of these things were to be found around the island. The largest was a seventy-foot monster of 270 tons. The apparent impossibility of the Moai left Roggeveen completely confused. How could this small population of primitive, destitute people possibly have constructed and erected such magnificent statues in this barren place? The same paradox would lead the great Norwegian explorer Thor Heyerdahl to conclude that the Easter Islanders must have been in contact with traders from South America. It would convince Swiss author Erich von Däniken that the island must have been visited by aliens.3 But the truth is much more compelling, and the secrets of Easter Island have now been uncovered from oral histories and detailed paleoarchaelogical studies.

Easter Island has always been significantly less resource-rich than other Polynesian islands, being too far south of the equator for coral reefs, for example, and therefore poor in nearshore fishing. The small island has also been rather lacking in wildlife and, even more important, short of freshwater. But despite the assumptions of the early European visitors, Easter Island had all the resources necessary to support a thriving society, and when it was first discovered, Easter Island was covered in something quite surprising: trees.

The analysis of pollen grains taken from soil cores shows that at the time of its discovery Easter Island had been largely forested and supported a number of species of large trees, including a giant palm tree with a broad trunk and other species from which fibers could have been stripped to make strong ropes.

Large oceangoing canoes were built for deep-sea fishing. Large, sturdy buildings were erected. The giant palm trees also provided the answer to the paradox of the Moai. Given large tree trunks and an abundant source of fiber, only a relatively simple combination of manpower and mechanics would have been required to move and erect large stone slabs.4

Fueled by their island's forests, the Easter Islanders developed a complex society. They fished in the shallows and the deeps, harvested land birds and sea bird eggs, and cultivated crops. They grew sugarcane to provide juice for drinking to alleviate the limitations of freshwater.5 Their population grew rapidly, to at least fifteen thousand, and became increasingly complex and stratified, with different parts of the island managed by different groups.6 The Easter Islanders erected hundreds of Moai as symbols of power around the shores of their island. The Moai were carved out of the rock of a large volcano, Rano Raraku, transported around the island on rolling logs along more than twenty miles of roads7 and lifted vertically onto platforms with ropes, levers, frames, and pulleys.8

The Moai became larger and larger through time as bigger and bigger statements of power were made. In the latest period of Moai construction, the practice of adding an additional large stone slab, called a pukao, to the Moai's head must have further strengthened the statement of power. As Jared Diamond, author of Collapse: How Societies Choose to Fail or Succeed, puts it: “All right, so you can erect a statue 30 feet high, but look at me; I can put this 12-ton pukao on top of my statue; you try to top that, you wimp!”9

At its height, life on Easter Island was probably decidedly pleasant, with adequate food, security, and social interaction. The Easter Islanders had devised ingenious means of harvesting their diminutive island environment to produce food and harness energy for a burgeoning society. But all that would change. Isolated from the rest of the world by hundreds of miles of water, the Easter Islanders needed to conserve their resource base. They failed.

The first resource to be overexploited on Easter Island was the bird life. The island had originally supported at least six species of land birds and around twenty-five species of nesting sea birds, but these species rapidly disappeared as they were exploited for food. The land birds were completely extirpated, and the surviving sea birds moved their breeding grounds to the rocky islets offshore. Birds and their eggs, initially an important and easily obtained source of protein, became unavailable.10 The fisheries of Easter Island also suffered from the growing human population, with many species of fish and shellfish depleted from the shores.

Agriculture went through a set of transitions, intensifying as the population climbed. The perpetual shortage of water for irrigation led the Easter Islanders to attempt more and more elaborate methods for its conservation.11 But as wild sources of food were becoming gradually depleted, and the population was becoming increasingly reliant on agriculture, the island's soils were gradually eroding, and agriculture was failing, too.

The biggest problem on Easter Island was unsustainable logging. The rich and diverse forests of the island were the islanders' most valuable assets, and so, as the landscape became gradually deforested, the very underpinnings of Easter Island society were threatened.

The big trees were important for many things. They were harvested for fuel and construction. One of the most important parts of the local diet was dolphin, which could be caught only in deep water, by harpoon, from large, seaworthy canoes. As the big forest trees were depleted, the canoes shrank, and an important part of the people's diet was lost. Building construction also declined, and, eventually, so did the quality of firewood: by 1600 the Easter Islanders were burning grass for warmth and cooking. Deforestation also dealt a crushing blow to agriculture, as the soil, no longer held in place by tree roots, was increasingly washed into the ocean.

One of the most visible problems with the loss of trees was the inability to transport and erect Moai. The leaders of the various competing groups continued to commission more and more, larger and larger Moai, and the sculptors continued their diligent work. Eventually, however, the wheels of industry ground to a halt, and, judging from the large numbers of part-sculpted Moai abandoned at various stages of completion in the Rano Raraku quarry, the end came rather suddenly. Moai were still being commissioned even as the last of the trees needed to transport them was being felled.

Eventually, the Easter Islanders fell into conflict: some reports claim that, at their nadir, the desperate islanders suffered serious famine and may even have resorted to cannibalism.12 In the end, they formed into two groups and fought a final battle on the slopes of the volcano, Poike. The battle, dated 1680,13 occurred just forty-two years before the island was “discovered” by Roggeveen; and when he arrived in 1722, the population of the island was a mere three thousand.

The Easter Islanders had discovered a new land replete with resources, developed a thriving society, destroyed their land base, and fell into decline and collapse. Incredibly, they had done all of this in the space of only seven hundred years. The overall history of the rise and fall of Easter Island seems relatively clear, but two troubling questions are raised: First, Did the Easter Islanders realize that they were destroying their forests? Because the forests were so central to their way of life, it is difficult to imagine that the Easter Islanders could have been unaware of the deforestation they were causing, but it is possible. The process of deforestation occurred over a period of seven hundred years, which represents approximately fifty generations of people, and it may have been imperceptible to any single generation. That the island had been replete with forests may have been just as much a mystery to the fortieth generation of Easter Islanders, who lived at the apparent height of its civilization, as it was to the fiftieth generation encountered by Roggeveen, and to Roggeveen himself. The hand of nature, clear as day in the soil cores examined by today's paleoarchaeologists, may have been invisible at the time.

Creeping environmental degradation such as this is occurring around the world today. Deserts are expanding, forests are retreating, freshwater aquifers are declining, and the atmosphere is filling with greenhouse gases. This has been happening for some time now, but we have only recently understood its extent and potential consequences.

The second question is even more troubling: If the Easter Islanders did recognize the importance and vulnerability of their resources, why were they unwilling or unable to preserve them? Surely a society that recognized a serious impending danger would be able to find a way to protect itself, right? Well, given the current state of our planet, we'd like to hope so. We are acutely aware of a suite of dangerous environmental problems and would like to think we can muster some sort of effective response. We'd hate to see our world become a global Easter Island.

Archaeological evidence and oral traditions indicate that Easter Island was divided into about twelve different territories, each operating somewhat autonomously. Tongariki territory contained the Rano Raraku crater. Anakena territory had the best beaches for launching canoes. The best agricultural land was in the four or five regions of the south, and the nesting sites of seabirds were mostly in Vinapu territory. It is likely that the territoriality of Easter Island society became a significant weakness, as none of the individual territories was able to take a lead in the conservation of vital resources. The need to continue trading with neighbors may have applied a disastrous pressure to harvest and distribute resources. Each territory might rather have risked possible long-term environmental damage than forego short-term economic needs.

The comparison of Easter Island's interacting territories with the world's interacting economies is inescapable. The resources of many countries are suffering rapid depletion in the name of global trade. The consumption of meat in European restaurants demands the production of soybeans on the Brazilian cerrado, which encourages logging of the pristine Amazon rain forest. Cheap Christmas presents from a midwestern Wal-Mart come at the expense of the shrinking resources of China and consume huge volumes of fuel for shipping. The need for construction materials in China comes at the cost of knocking down forests in Southeast Asia.

The specialization of regions in the production of globally traded commodities and services accelerates resource depletion. To abandon a particular specialty, no matter how obviously damaging and unsustainable it may be, is to risk an immediate loss of competitive advantage in the global marketplace. The hand of nature, even if it is visible, cannot always be stayed.

The idea that the Easter Islanders were aware that their actions might be disastrous but continued them nonetheless is not inconceivable at all. Buildings and oceangoing canoes were needed now. Demonstrations of power—the impossible Moai—were needed now. Leaving resources unused could result in a rapid and obvious loss of competitive advantage against other territories that might use them instead. And, in any case, environmental degradation, the consequences of which may have been highly speculative anyway, would be shared out among all.

And shared out among all, they were.

Easter Island is a cautionary tale of civilization collapse. Here, in the middle of the Pacific Ocean, a society grew in size and complexity—made progress—by harvesting the resources of its environment for food and energy. But its growing population became too demanding of its resource base, and its supply of resources went into decline. The overexploitation resulted in land degradation, further steepening the collapse.

The Easter Islanders, at least some of them, at some time, must have feared the worst. I wonder if anyone called for restraint, recognizing the peril caused by their reckless exploitation of resources and degradation of the environment. Perhaps a few Easter Island Al Gores voiced the need to figure out a way to cooperate, to conserve their essential resources, and to curtail the disastrous degradation of their land base. But, if these objections were raised, they were not heeded, and the Easter Islanders competed and consumed themselves into oblivion.

WHERE DID ALL THE PEOPLE GO?

The American Southwest has always been a difficult, unproductive, and arid landscape.14 One need only stand on one of the ruin sites at Wupatki National Monument in northern Arizona and look out across the vast, inhospitable expanse of the Painted Desert and wonder: How on earth did people manage to build a civilization here? Of course, the second question is: Why did it fail?

When the Diné (more commonly known as the Navajo, a name given by the Spanish) moved into the American Southwest sometime before 1400, they could tell from the ruins of dams, earthworks, and buildings around them that the land had been occupied before. They named these former people Anasazi, which can be translated as “ancient people” or sometimes as “enemy ancestors.” The Hopi name Hisatsinom has less of a negative connotation and simply means “people of long ago.”15
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In more recent times, the rise and fall of the Hisatsinom has been calculated with great accuracy and precision from two principal pieces of evidence. First, the timbers used in the construction of Hisatsinom buildings have been well preserved in the arid environment and can be accurately dated from their ring patterns.16 Second, a cute little rodent has left us a remarkable archaeological legacy.17

The southwestern packrat has the habit of gathering bits and pieces from around its burrows, creating large trash piles, and then urinating on them. The urine of the packrat crystallizes on the trash pile and preserves it, so packrat middens contain exquisitely preserved records of the flora of the region for thousands of years. By dating the timbers found in ruins and delving into layered piles of ancient rat garbage, paleoarchaeologists have been able to reconstruct the natural history of the American Southwest over the entire history of the Hisatsinom, and a compelling story of the rise and fall of a civilization can now be told.
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Agriculture came to the American Southwest around 2000 BCE from Mexico; as the Hisatsinom incorporated it into their hunter-gatherer lifestyle, they began to settle into small villages. They had to contend with shallow, weathered soils, scant, widely spaced rains, and periodic droughts. Cropping was restricted to moist canyon bottoms, and long rotations and fallow periods were used to allow the soil to recover after each cropping cycle.

As the population of the region began to climb, the Hisatsinom began the construction of various water-management basins, channels, and levees. The renowned pottery skills of the peoples of the region were probably also born out of the need for large water-storage vessels. Water conservation was effective as long as population pressure remained low, but the Hisatsinom were developing an increasingly large, complex, and stratified society. They were setting themselves a trap.

As the resources close to major settlements became depleted, the Hisatsinom began to import increasing volumes of goods from the surrounding countryside, and their settlements became large sinks into which resources increasingly disappeared. The depletion of gathered foods, the depletion of easily hunted game, and their growing population also forced the Hisatsinom to attempt the cultivation of increasingly marginal land. The water-management programs became more elaborate, but their cropping systems became increasingly vulnerable to damaging soil erosion, serious washouts during storms, and the gradual depletion of soil fertility. Agriculture, stretched to its limits, was robbing the Hisatsinom of the precious soil upon which their civilization depended.

The Hisatsinom could ill afford to put stress on any other resources, but they also locked themselves onto a path of unsustainable logging. Trees are very slow growing in this harsh environment, and it would have been easy to remove stands of timber faster than they could recover. The removal of local trees forced the Hisatsinom to search farther afield for timber, and, as the local pinyon pine and juniper trees became increasingly scarce, teams of loggers traveled deep into the surrounding mountains to recover the wood they needed. This must have taken enormous effort, and feeding all the laborers required for the work must have exacted a significant toll on the meager resources of the region.

The Hisatsinom became committed to the lifestyle of a complex, interconnected civilization, but they were exceeding the capacity of their rugged and fragile corner of the world. After a period of burgeoning culture lasting approximately six hundred years, the Hisatsinom civilization went into rapid decline. The archaeological record shows increasing numbers of human remains scarred by malnutrition and a dramatic increase in fortifications suggesting conflict in the final years. The Hisatsinom had attempted to control and exploit their environment, and, in fairness, they had managed for a remarkably long time, given its fragility. But, as their population grew, and even as their civilization appeared to flourish, their demands on the environment became unsustainable.

In the end, it was probably the environment that dealt them the final blow. A prolonged drought hit the area beginning in 1130 CE. Hisatsinom agriculture could no longer support its population, and the end had come. The areas around their settlements were now so depleted of wild food that they were unsuitable even for a hunter-gatherer society, and so the Hisatsinom abandoned their towns and villages and moved away, leaving nothing but ghosts to haunt the next civilization that would follow.
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The Hisatsinom teach a simple lesson. You may be able to impose your will upon the environment for a while, but if you lose your power over nature, you will be reminded just how unforgiving nature can be.

THE LEGACY OF EIGHTEEN RABBIT

The great Mayan civilization ruled over a large part of Mesoamerica for two thousand years. It built great cities and supported a population in the millions. But by the time the Spanish conquistadors passed through the area in the early sixteenth century, there was virtually no trace of the Maya. The Spanish had no idea that one of the great civilizations of the world had flourished there. The ruins of the Maya had been reclaimed by the forest, and few had any knowledge of the great civilization that had gone before. The breathtaking hieroglyphic staircase at Copán, the immense pyramids at Tikal, the intricate carvings at Uxmal, and the limestone palisades of Palenque had been lost so thoroughly that they had disappeared even from memory. It was not until 1839 that explorers John Stephens and Frederick Catherwood went to investigate rumors of ruins in the Central American jungle that, to their astonishment, pyramids, monuments, ceremonial arenas for ritual human sacrifice, carved stelae and tablets, observatories, and ball courts18 were revealed.

To walk around the ruins of a Mayan city is to take a journey into the imagination. The complexity and size of these places is overwhelming, and the thought that a civilization of such magnitude and splendor could simply vanish, and its great cities could be swallowed by the jungle, lost and forgotten for generations, is astonishing. In Mesoamerica, around 900 CE, a civilization died. This was not an assembly of hunter-gatherers but a flourishing region of cities, towns, and villages. The Maya had advanced agricultural systems, elaborate religious ceremonies, a calendar based on planetary cycles,19 and a system of writing. The pyramids of the Maya would remain the tallest buildings in the Americas until the twentieth century. To this day, you can stand atop the Great Pyramid at Ek Balaam20 in northern Yucatán, and the only humanmade structures big enough to see are the Sun Pyramid at Chichen Itza and the Great Pyramid at Coba.

The Mayan civilization was built in a relatively productive environment. Explanations of its collapse based solely on the careless overexploitation of highly limited resources will not be sufficient here. The southern lowland forest of the Mayan world in Central America is not the most productive part of the world, but it is far from fragile. The city of Copán, for example, was founded in a river valley with fertile soil. The disappearance of the ancient Maya clearly requires some explaining.

Mayan villages have been dated back to 2000 BCE, and settlements at that time may have contained as many as two hundred or three hundred people.21 Over the next two millennia, a gradually rising population was supported by the intensification of agriculture. Large reservoirs and canals were built in the area of modern-day Belize by 50 BCE.22 Raised fields and canals enabled effective irrigation and drainage and supported high-yielding agriculture in fertile valleys. Check dams and walled field complexes were used in most areas. Some canals were big enough to serve for transportation as well. As the human population climbed, leading into the preclassic era,23 competition for resources began to emerge. By 1 CE, the conversion from swidden (slash-and-burn) agriculture to permanent cultivation was also well under way on less productive lands beyond the valley bottoms.

The sophistication of Mayan agriculture is testament to effective management and a complex society. The construction of terraces, canals, drainage ditches, and raised fields was not haphazard. Some canal systems were huge undertakings comparable to the construction of the pyramids, and their maintenance would also have required effective government. The Mayan civilization was strongly stratified into ruling classes: an extensive midlevel hierarchy of bureaucrats and artisans, peasants, and subclasses.

The first fortifications of Mayan settlements began to appear around various population centers, notably a remarkable complex of earthworks around Becan, as the Mayan civilization entered its classic period. Fortifications were primitive at first, but they attest to the emergence of competition and conflict. Raids by one city on another became common, and various Mayan writings brag about the prowess of their leaders, their conquests of other cities, and the torture and execution of enemies. Perhaps even more important than the raids and occasional large battles was the threat of them. Such threats probably promoted a continual need to maintain and project power, causing the Mayan exploitation of its resources to continue relentlessly.

Not long after the birth of Jesus of Nazareth, but a continent away, the Maya had built a complex, stratified, organized society with productive agriculture, and the erection of their great public buildings began. Population densities across the southern lowlands may have been the highest in the world at that time. More than five hundred people per square mile lived in the immediate vicinity of Tikal, which had a population in the tens of thousands.24 By 600 CE, truly monumental buildings were being erected, fortifications became increasingly robust, and displays of power became larger and more elaborate. The glory days of the Maya came in the seventh century CE. In Copán, the reign of the ruler known as Eighteen Rabbit saw the initiation of the marvelous hieroglyphic stairway, an architectural wonder constructed from thousands of intricately carved steps that climb an immense pyramid and record the history of a dynasty of rulers of Copán.

But Eighteen Rabbit also marked the beginning of the end. He was captured and executed during a battle with the nearby city of Quirigiá.25 The hieroglyphic stairway was completed just a few decades later, but then the hammers and chisels of the stone masons of Copán fell silent forever. By 750 CE, populations appear to have maxed out across much of the Mayan region, and the rot began to set in. The cities of Quirigiá and Piedras Negras show no inscriptions beyond 810 CE. There was no construction at Tikal after 830 CE. Copán collapsed around 800 CE. The cities fell, one by one, across the entire Mayan civilization, and, as the people left, the forest quietly returned. The Maya had finally outgrown their ability to produce food.

In Copán, agriculture had gradually crept out of the safe valley bottom onto the forested slopes. The land became increasingly liable to erosion, and the eroded slopes became uncultivable. What's more, the soil that eroded from the slopes clogged irrigation and drainage systems, wrecking crops in the fertile valley below.
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Agriculture in Copán seems to have succumbed to a fairly sudden decline consistent with the last recorded dates of Mayan inscriptions. The valley had been an ideal place for the establishment of a small settlement, a reliable river beside fertile land, and a forest rich with plants and animals for hunting and gathering. But the Copán River valley became a trap for the big, cumbersome city. The lords of Copán gradually destroyed their environment—and then it, much more suddenly, destroyed them.

Similar problems were occurring everywhere. The analysis of sedimentation patterns has shown that soil erosion became a problem across the region. Particularly detailed analyses come from the stratigraphy of Peten Lake sediments near Tikal, where large influxes of soil into the lake bottom correlate with the loss of trees from the paleoarchaeological record and the cessation of building in the archaeological record.26 Eventually, the Mayan population could not be supported on its land base. Resource competition broke out, and fighting became widespread.

As if they were not already having enough problems, it seems likely that climate change also afflicted the Maya. The rainfall of the region is not entirely reliable, as any Guatemalan farmer will tell you, but the period of 800–1000 CE seems to have been unusually dry.27 Thus a particularly dry period may have challenged the Maya at the time of their greatest vulnerability, and climate change may have contributed to the Mayan collapse.

That a civilization could damage its land base and suffer as a result is not hard to understand. It is relatively easy to imagine that environmental damage could send a civilization into an economic depression or protracted period of hardship. But that is not what happened to the Maya. There was no gradual contraction and then recovery, no transient Mayan Great Depression. Rather, the Mayan civilization, thousands of years in the making, suddenly imploded and was gone. It passed from being dominant and powerful to being utterly destroyed within a few generations. By 1000 CE, the population of the Mayan lands had fallen from more than three million at its height to only tens of thousands.

Some of the Maya's most incredible structures were built in their last century. The massive pyramids at Tikal towered over everything that had been erected over the preceding one and a half thousand years, but barely a century after the erection of the great 230-foot Temple 4, dedicated to Yik'in Chan Kawil in 810 CE,28 all memory of its construction and the ceremonies and executions carried out there were erased. These displays of power just before collapse are reminiscent of the Easter Islanders, whose Moai were produced on a grander and grander scale right up to the end; some of the biggest of all still lie, unfinished, in the Rano Raraku quarry.

It seems that the desperate lords of Tikal were erecting colossal pyramids as displays of strength in times of trouble. Even as their prospects for a sustainable future were crumbling around them, they were desperate to prevent anyone from detecting any whiff of weakness. A similar sudden display of power occurred at Copán, where the writings on stelae in the last century before its collapse were the most stridently patriotic of all, and the work on the hieroglyphic stairway remained a priority.

The struggling Maya turned their attention in the wrong direction. Where conservation, sustainable agriculture, and land management might have paid dividends, they instead became more competitive with their neighbors. The competition was expensive and put greater and greater burdens on their strained resource base. Resource wars and displays of power were not the solution and became an increasingly important part of the problem. The Maya were fighting the wrong enemy. They were fighting their neighbors for resources; however, the enemy was not outside but within: the enemy was their own exploitation of the environment.

FORESTS TO PRECEDE CIVILIZATIONS, DESERTS TO FOLLOW29

Although much of the Middle East is now an arid desert, the region was [once] rich with trees and animals when Moses led the children of Israel through the Sinai wilderness. The mountains of the Promised Land were then cloaked with dense forests; Asiatic lions stalked abundant wildlife … today one can go for days and never see a living thing.30

René Dubos, The Wooing of Earth31

Soils are created naturally by the weathering of rocks and the decay of organisms and their wastes. Soil building is a slow process, but a steady one, and soils are reasonably resilient when left to their own devices. Take a sand dune, for example. A few tough grasses such as marram grass eke out a living on the blowing, shifting sands. They are repeatedly buried but grow back to the surface, their woody rhizomes32 building and stabilizing a dune. Once the dune has reached a certain size, other plants can establish behind it, sheltered from the wind. After this weedy zone has been established for a few years—dying, regrowing, and releasing nutrients—a soil begins to build, and other plants can then establish. By now the shifting dunes have crept away. It is perhaps two hundred years since the first brave marram grass rhizome snuck out onto the beach, but something very cool has happened. Dig out eighteen holes and fill a couple of the hollows with sand, grab a mashie and a niblick, and off you go: you're on a golf course. Where once was sand, now soil is supporting a healthy sward of grass. Make sure you mow it, or the succession will continue, and in another hundred years or so your golf course will be a forest.

If we leave nature alone, it can turn a beach into a pasture or a forest. This process can be extremely slow, particularly in harsh climates, but the principle is more or less the same in any environment.

Of course, the opposite is also true: we can, and much more quickly, turn a forest into a beach.

On the banks of the Euphrates, tangled dunes, long-disused canal levees and rubble-strewn mounds contribute only low, featureless relief. Yet at one time here lay the core, the heartland, the oldest urban, literate civilization in the world.

Robert M. Adams, Heartland of Cities33

The name Fertile Crescent sounds like some kind of sick joke in reference to one of the most arid, unproductive, degraded regions of the world, yet for millennia the Fertile Crescent was just what its name denoted. It was the land of plenty and the most valuable real estate on the planet. It was not simply random chance that dictated that the world's first great civilizations would emerge across central Eurasia, along the Tigris, Euphrates, Nile, and Indus Rivers: it was the availability of resources. Central Eurasia provided the rich bounty that would propel the cultural evolution of small bands of hunter-gatherers to become the first complex societies.

But these large, complex societies set in motion a long sequence of global slash and burn. Over the centuries that civilizations have risen and fallen in central Asia, they have scarred and depleted the landscape. It should be no surprise that the seat of power crept out into more fertile, less exploited regions, beginning in central Asia and inching its way west. Each civilization trashed its environment, and a new one set up shop next door.

The Greek Empire grew in population from less than one million to nearly fifteen million between 800 and 400 BCE, as they took up the mantle of civilization in the eastern Mediterranean.34 Although there is no treatise on ecology in the classical literature, many of the greats have painted a vivid picture of ancient impacts on the environment.35 Herodotus, the “father of history,” gives a number of descriptions of environmental damage, frequently commenting on the vulnerability of Lower Egypt and its reliance on the flooding river Nile. In his magnificent Histories, written between 431 and 425 BCE, Herodotus describes mines on the island of Thasos: “A whole mountain there has been turned upside down for gold,” and at Laurium: “A great scar upon the Attic landscape [and] by the time of Strabo the wooded surface of the region had been completely bared to provide timber for the mines and charcoal for the smelting of the ore.”36 Plato (428–348 BCE), in Critias, makes it clear that the logging of forests over large areas of the Mediterranean continued to be widespread during his time, and that it was evident that this was contributing to extensive soil erosion.37

Greece had been a productive, forested land, but, as had occurred with the Sumerians and the Egyptians before them, the long occupation of the Greek Empire degraded its landscape. Greece fell vulnerable in its turn, and the next civilization rose, yet one more peninsula to the West, when Greece was consumed by the Roman Republic in 146 BCE.38

THE SCOURGE OF GOD

In the second century of the Christian Era, the Empire of Rome comprehended the fairest part of the earth and the most civilized portion of mankind.

Edward Gibbon, The History of the Decline and Fall
of the Roman Empire39

Rome's origins are attributed to Romulus,40 the founder of a small settlement on the banks of the Tiber in 753 BCE. The settlement flourished and developed into the Roman Republic and then the Roman Empire; it controlled the Italian peninsula by 300 BCE and most of the Mediterranean by 100 BCE. The expansion of the empire continued with the additions of Britain, parts of central Europe, Palestine, and southern areas of Egypt as late as 180 CE. At its peak, the Roman Empire extended from the Atlantic Ocean to the Euphrates River and the deserts of Africa. It controlled a population of more than one hundred million people over an area twice the size of the modern United States.

The achievements of the Romans were, well, legion. Its army was large, organized, and well equipped. Roads were cut through the landscape, great sporting (and not-so-sporting) events were staged at colosseums, and a high standard of living was maintained with baths, heated buildings, and exotic foods transported from around the empire. Take a trip to the English city of York, or any of a thousand other sites around Europe and west Asia, and you can't help but be impressed by the reach and power of this empire. Even an outlying site like York, two thousand miles from Rome—and probably viewed as a rather crappy place to get posted—is astonishing. But within two hundred years of its peak, the Roman Empire had collapsed catastrophically.41

The downfall of the Easter Islanders, the Hisatsinom, and the Maya can be clearly linked to overpopulation, overexploitation of resources, and environmental degradation, with their descent into collapse steepened by infighting and climate change. These were all impressive civilizations, but they were geographically limited and are therefore relatively easily understood. The Roman Empire was something quite different altogether. Rome was not defeated by a better-organized civilization possessing more advanced technology or superior firepower. It was not superseded by a more sophisticated or even a more populous society. Rather, the Roman Empire was swept away by relatively disorganized “barbarians,” and its fall was followed by the Dark Ages: a period of artistic, scientific, and political vacuum that lasted a thousand years.42 That this could happen to Rome should give all would-be empire builders some pause. So why did the Roman Empire fall?

In order to get a feel for this subject, I began by calling a few historians. Their explanations were almost identical. The Roman Empire fell, it is said, because it developed a pathology of decadence and decay. Its government became inward looking and too concerned with the affairs of the elites. The corruption of the government resulted in the squandering of economic opportunities and poor distribution of funds. This eventually weakened the military, which was eventually defeated by the Huns. Historians, it seems, still walk in lockstep with Edward Gibbon, who described this process in excruciating detail centuries ago.43 But perhaps there is more to the story than meets the eye.

The study of the decline and fall of the Roman Empire has almost exclusively been the realm of historians, who tend to be people with an economic and political bent. Only recently have people from other specializations brought different skill sets to bear. Ecologists seem like an unlikely group to be providing explanations to conundrums such as the collapse of empires, but perhaps they are attuned to explanations that classically trained historians may have overlooked.

At the height of its powers, the Roman Empire was a colossal machine dominating the resources of a huge region. Massive amounts of construction were undertaken, and the Romans enjoyed great luxuries. They produced tons of charcoal for metal extraction and manufacturing, built kilns for the firing of bricks, and created extensive fleets of trading and fighting ships. The Roman Empire was built on a key, seemingly inexhaustible, resource. It was the material of choice for all construction,44 and it was the sole source of fuel for every aspect of its industry: the Roman Empire was powered by wood. That wood was the key resource on which the Roman Empire was founded is clear. Is it possible, then, that a lack of wood was the key to its fall?

It is very difficult to imagine how a civilization emerging in Europe in the first millennium BCE could possibly have suffered from a shortage of wood. Much of Europe was forested at that time, and the growth rate of its forests is not especially slow. Europe is no fragile ecosystem and enjoys plentiful rainfall and good soils. It is hard to imagine that forests of such high productivity, growing on such a huge scale, could be depleted. But the demands that the Romans made of the European forests were prodigious and lasted for many years.

Deforestation may seem (to historians, at least, maybe not to ecologists) to be a banal explanation for the fall of an immense and all-powerful empire. There is, however, good evidence that the Roman Empire depleted its land base of its most essential commodity. Picture thousands of public baths supplying heated water year-round—all of them heated by wood fires. Bear in mind that all Roman industry, from the firing of bricks and glass to the smelting of iron and silver, was fueled by wood and charcoal prepared from wood. The Roman fleets and nearly all Roman buildings were made from wood. Even the colosseums and other great public structures were initially made of wood until it became cheaper to use stone. The lack of charcoal for smelting eventually resulted in the downgrading of the imperial coins, which, by 300 CE, contained hardly any silver and were effectively valueless. It has been estimated that a single iron smelter could consume a million acres of Mediterranean forest per year; a rate of harvesting that could not have been sustainable, even in Europe.45
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Giant trees are now anchored in Copan’s hundred-foot+tall
Temple 16, abandoned approximately twelve hundred years ago
and reclaimed by the jungle. Photograph courtesy of Steve Hallett.
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Canyon de Chelly. The “White House” overlooks the Canyon de Chelly in
northern Arizona, a river valley that once supported a large population of
Hisatsinom farmers. Photograph courtesy of Steve Hallett.






OEBPS/images/48_fig01.jpg
Wupatki National Monument. A Hisatsinom building still stands vigil

over the vast expanse of Arizona’s Painted Desert, centuries after its
inhabitants moved away. Photograph courtesy of Steve Hallett.
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The Palace, Mesa Verde National Park, Colorado. The cluster of kivas—
round sunken rooms—indicates that the Palace was probably an admin-
istrative and ceremonial site. Photograph courtesy of Steve Hallett.
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CHAPTER 2

THE GHOSTS OF EMPIRES PASSED
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CHAPTER 1

SEEDS OF CIVILIZATION

IN THE BEGINNING . ..

Nature has no mercy at all. Nature says “l am going
to snow. If you have on a bikini and no snow shoes,
that's tough. | am going to snow anyway.”

Maya Angelou!
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PROLOGUE

THE INVISIBLE HAND

We live in a society absolutely dependent on sci-
ence and technology and yet have cleverly
arranged things so that almost no one understands
science and technology.

Carl Sagan!
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PART I
A BRIEF HISTORY OF PROGRESS
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Moai of Manhattan. Image courtesy of Steve Hallett.





