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Preface


No plums fruited in my garden last summer because no pollinators visited the flowers last spring. And the large flock of ravens who used to converse with me from the high branches of my neighbor’s Siberian elms each winter and spring were nowhere to be seen this year. My ears are filled with an unaccustomed silence, and my heart with a growing hole of sadness.


Where did they all go, our birds and bees, and why? And what can we do to get them back? I asked related questions in 1989, after a journey by train, bus, ferry, and foot to the far Canadian north, a journey whose purpose was to find a refuge, an island of escape somewhere, from the technological insanity that was destroying all that was beautiful—to find some place on earth that was still pristine where it might yet be possible to live a simple, natural life. Instead, I found the destruction proceeding up there at a pace that was even faster than the chaos I had thought to leave behind, and I headed back south to the streets of Vancouver, which I wandered for five long days, crying my eyes out. Crying, and asking questions of the universe, the same questions I had been asking all my life, questions that in my fiftieth year of wandering I finally realized no one was going to answer for me.


For the next four years, I practically lived in the main branch of the New York Public Library, the library with the stone lions keeping watch over a treasure of new and ancient books. And I followed the winding trails of my questions into whatever realms they might lead me, however unfamiliar and strange. Who am I? I needed to know! What is the real nature of the relationship between me and my Earth? Why is it all coming to an end? How can we ensure ourselves and all of the other creatures we share this world with a future?


The result was this book, typed on my old Smith Corona manual typewriter. I submitted it to some publishing houses without success. I was just an ordinary, unknown man at that time, who had never published anything, and who had come up with answers that were very different from those everyone else was looking for. I was seeing a forest where the rest of the literary world, and the environmental authors they courted, were seeing only trees.


And then my personal world came crashing down, and I found myself in the middle of just one aspect of the collective fight for survival: electromagnetic pollution, known outside of America as electrosmog. The wireless revolution came to my home town with a vengeance in 1996, and I founded the Cellular Phone Task Force to defend my city against this new assault. We joined forces with over fifty other organizations around the country in taking the Federal Communications Commission to court in an attempt to address this emergency.


I have since become known for my expertise about electromagnetic fields (EMFs), and I have published a popular book on that subject titled The Invisible Rainbow: A History of Electricity and Life. But EMFs are only one element of the machine that has vanished bees from my garden and birds from my neighbor’s trees. It is time to return to the earlier manuscript I had put aside, to paint the rest of the environmental canvas and to address not only the results, but the causes, of the catastrophe that is befalling our beautiful world—and to outline real solutions, if it is not too late.


Much of this book is timeless and essentially as I originally wrote it. Many chapters have been updated and a few have been added, to catch up with current reality. Where appropriate, I have indicated the year in which certain chapters were written. Although I have consulted my old manuscript frequently over the years and consider it my “bible” about most aspects of the environment, I was appalled when I sat down to review and revise it. Appalled because as bad as the world situation was in 1990 when I was first driven to do this research, I found upon updating the manuscript that the state of the world’s ecology, in every aspect, is immensely worse today than it was then. Yet the world has not changed its course, or the lens through which environmental problems are seen, in any significant way, and has not even slowed its accelerating plunge toward oblivion. Worse, the environmental movement has become increasingly specialized and fragmented, and no organization that I am aware of is even tracking the catastrophe as a whole anymore. The World Watch Institute, which published the State of the World every year for forty-three years, ceased operations in 2017 and no organization has taken its place. What is needed today is less, not more, specialization and a refocusing of a nearsighted world’s attention on the big picture. The painting of the environmental canvas from the earth’s point of view, considering Homo sapiens as part of, not separate from, nature, is even more urgent today than it was when I put this book aside thirty years ago. Each chapter of this book weaves a portion of that canvas.


Arthur Firstenberg


Santa Fe, New Mexico 2024




Which Way Is Forward?


In the search for solutions to our environmental problems we face a great dilemma. If we continue down the path of industrial development, we risk worsening an already dire situation. Automobiles and airplanes have brought us tremendous mobility. Telephones, televisions, and computers have put us in easy touch with one another. We live long, and our lives are made easy by labor-saving devices. Our society continues to strive toward greater democracy, more universal education, increased political and religious freedom, and greater opportunity for individual achievement. But along with freedom, ease, and safety, we have also gotten dirty air, polluted water, disappearing wildlife, and huge piles of garbage everywhere.


There have been some calls to change direction—very few, and always roundly criticized. The objections raised against the Luddites 210 years ago still hold sway today. “There’s no going back.” “You can’t fight progress.” We hear it over and over again. And perhaps, after all, there is no going back. But the way we call backwards depends on which way we are facing. Mobility is not only a question of speed and power.


The deterioration of our environment is rapidly becoming an emergency. Pollution, deforestation, and species extinctions are accelerating, and the earth’s life support systems are failing. The very survival of earthly life is in question. Yet this is not due to any lack of awareness or education or for want of individuals organizing together to protect our world. There is no lack of scientists studying the situation. There is no end to the steady flow of environmental books into our bookstores, and environmental courses into our schools and universities. We are all more or less aware of the problems and their apparent causes and no one wants them to continue, yet not only is our environment not improving, it is deteriorating more quickly than ever.


Concern for the environment did not begin in this century, nor in the last. Rachel Carson is often considered to be something of a pioneer. She warned us in 1962 that one day a silent spring might come, and that we must do something to prevent it. But she was by no means the first. A hundred years before Rachel Carson, Henry Brooks Adams, grandson of the sixth American president, wrote, “I firmly believe that before many centuries more, science will be the master of man. The engines he will have invented will be beyond his strength to control. Some day science may have the existence of mankind in its power, and the human race commit suicide by blowing up the world.”1 And Henry Brooks Adams was not the first. Over two thousand years before him, Plato complained of deforestation, soil erosion, and the drying up of rivers and springs in ancient Greece, and Han Fei Tzu worried about overpopulation in ancient China.


Nor do environmental problems know any national or cultural boundaries. It is easy to assign blame to one group or another, or to think that some other society possesses the wisdom that ours lacks. Dual tendencies—to think of modern civilization as a great improvement on the quality of human life, and the opposite tendency to idealize the noble savage—both prevent us from seeing one another for who we are. Be we Mohawk, French, Zulu, or Chinese; bankers, farmers, or hunter-gatherers, we are all fellow human beings struggling to get by, and we are all in this crisis together.


The impact of any group of people upon their environment depends much more on the technology at their disposal than on their culture or their religion or their traditions. This is not a moral problem, but a practical one. The important question that is not very often asked in environmental circles is how to choose our technology wisely. The question that has been beaten to death—how to use our technology wisely—has not brought us any closer to the solutions we seek.


The immediate causes of environmental destruction are clear: burning fossil fuels causes global warming; chlorinated chemicals destroy ozone; toxic wastes pollute air and water; habitat destruction decimates wildlife. In some cases, what needs to be done would appear to be so obvious and simple that one wonders why we are not doing it. I asked thirty years ago: “If our refrigerators are eating a hole in the ozone layer, why aren’t we turning them off? For the convenience they provide, we are trading away our atmosphere!” We have since found alternative chemicals to use in our refrigerators, but ozone depletion is getting worse. Rachel Carson asked sixty years ago: “Can anyone believe it is possible to lay down such a barrage of poisons on the surface of the earth without making it unfit for all life?” She later added, “We allow the chemical death rain to fall as though there were no alternative, whereas in fact there are many, and our ingenuity could soon discover many more if given opportunity.”2 But the question of finding alternatives is becoming increasingly irrelevant. The question we really have got to decide is this: Shall we destroy our world while we wait for alternatives to become available? Or shall we stop?


The difficulty, I think, is not so much in finding alternatives, but in making decisions. And while the immediate causes of our troubles are known, the deeper roots of the problem are clouded with confusion. There is wide disagreement, for example, about the role of economics, and little understanding of the causes of overpopulation. Most importantly, are we in control of our technology, or is it, as Henry Brooks Adams implied, in control of us?


This book will explore both the obvious and the mysterious in order to achieve a more unified understanding. Most of its subjects have been examined at great length elsewhere, but from quite another perspective. My purpose here is to leave the modern industrial viewpoint and its mythologies behind. Instead of change and separation, I look for commonality and continuity. They are just as easy to find, and have much more to teach us about peace and survival.




PART ONE




THE BACKGROUND




CHAPTER 1


Road to the Present (1990)


A pair of small dark eyes looked down at me curiously, and their owner returned to his inspection of my dinner bowl and the remains of my evening meal. He was making his nightly rounds and, I thought, keeping up on the activity of his large temporary guest. Before the night was over, he would know what I had eaten and drunk during the day, what new objects I had brought in from outside, and how I had rearranged his furniture since the night before.


I was as curious about him as he seemed to be about me and my possessions. What separates me from a mouse? I wondered as he climbed down into the box of firewood. What is it about me that my kind destroys our environment, and his kind does not?


It is questions such as these that had brought me to a remote corner of eastern Ontario, to spend a few weeks alone in an old cabin with no electricity or plumbing, just a stream in the backyard to drink from and wash in, and the sun and a few candles for light. Alone, that is, except for a resident field mouse and a bat.


I had thought to gain a fresh perspective on my civilization by removing myself from it for a time and doing without most of its technology. Environmental degradation plainly had something to do with human technology, I was convinced of it, for without technology none of this trouble would exist. And yet, what was technology but the application of human intelligence to human dreams?


We are a species of dreamers, but we are not unique in that. When that mouse slept, he might dream as well. I imagined he dreamt of being Mighty Mouse, of flying through the air like a bat and vanquishing his hawk enemies, of enslaving them and forcing them to swoop down on unsuspecting cats and peck their eyes out. Probably he dreamt of nothing of the sort, but most likely he did dream, of something unknown to me, when, asleep in his nest, his eyes raced back and forth under their lids and his little legs twitched.


My race of dreamers, I thought, we have built a world that is changing at a dizzying, frightening pace within a world that seems eternal. I thought back over the previous twelve months. Human politics had changed tremendously. Communism had fallen in Eastern Europe, the Berlin Wall had been torn down, and the Soviet Union was disintegrating. The Cold War was over.


Technological change seemed just as great. Records and record players were suddenly gone, made obsolete by compact discs. Almost overnight, an invasion of computers and fax machines had ousted typewriters and messengers from offices all across North America. A century ago, I thought, automobiles did not even exist, and electricity was only a novelty. Today we are sending rockets into outer space on a regular basis.


Even the eternal, I thought with sadness, is now changing on a grand, unimaginable scale. Rainforests are tumbling down all over the world, the ozone layer has a hole in it, and even the great oceans are badly polluted.


As I lay there in my cabin, pondering these and other changes, the stars were shining in on me through an open window, shining from the sky as they had always done. And I tried to imagine life as it may have been long ago when my race was young, and the world as it may have looked through their eyes. They were dreaming of different events and different changes as they lay in front of their caves, or their shelters, with the stars shining down on them from the sky. But they were human beings just the same.


The world I pictured is long and irretrievably vanished, but some of its remains have survived until the present day. Stones and bones dug up from millennia past provide us with clues to that long-lost world, and archaeologists and anthropologists have come far in piecing together the outline of the human puzzle. The decay of time has left room for the imagination to fill in the details, and to include the dreams that accompanied the objects. The human story, which is where any search for understanding of environmental problems must begin, may have gone something like this:


A million and a half years ago—about fifty thousand generations—our ancestors in Africa were very much like us, sharing with us not the details of our lives, but our humanity. The tools they used to shape their environment were not even so unlike our own as to be unrecognizable, and they took considerable skill to make, more skill, certainly, than I myself have as a tool-maker. I am skilled mainly as a tool-user and would be relatively helpless if stranded in the woods with nothing but my hands and my wits about me. They fashioned their axes and their knives from local stone, and their spears, clubs, and digging sticks were hewn from the forest. Perhaps large leaves, or gourds, or the eggshells of big birds, or the stomachs or bladders of animals served as vessels for carrying food and water, and one may imagine skins for carrying babies. It was the latest in modern technology.


What they looked like—the color of their skin, hair or eyes—any clothing they may have worn, the sound of their speech—as a scientist it would be fruitless to speculate about such matters, but as a man I am free to picture what I like. Perhaps jet-black hair, dark eyes, and olive-brown skin would be suitable for a forest-dweller. Probably naked, in a tropical climate. One may imagine a society of nomadic hunters in a thickly forested world abundant with a diversity of large and small animals, and numberless varieties of fruits, nuts, and roots to be had for the picking. And in the hearts and minds of the inhabitants dwelled human souls with the same yearnings that you and I have. They would be concerned with making friends, their version of getting married, having children, and educating the kids. They would think about making a living, protecting and providing for their family, and being respected by the community. And they would worry about staying healthy and being taken care of in their old age.


The world was a dangerous place. Venomous snakes, spiders, and scorpions lurked in the forests. Leopards and lions roamed the hills. Thunder and lightning, the four winds, sun, and rain were powers to be respected, and sometimes feared. It was to be expected that half of one’s children would never live to have children of their own.


Compared to the pace of “progress” today, technological change was immensely slow. But over centuries and millennia, people who dreamed of making their lives safer and more comfortable built shelters that were secure from wild beasts and from the elements. They invented many new tools and improved upon old ones, and they found new varieties of plants and animals that they used to satisfy their desires. Their food supply expanded, and their children were safer. Human populations began to grow.


As populations grew larger, some groups emigrated to new lands to seek their fortunes, in Africa, southern and southeastern Asia, and eventually to lands where the climate wasn’t so gentle. The earth was changing as well. Glaciers were forming in the mountains, and the northern ice fields were advancing southward. The planet was becoming cooler. People in the higher elevations, and in northern Europe and Asia, were forced to wear clothing, and so became much more dependent on killing animals for their valuable hides as well as for food.


At least 500,000 years ago human beings everywhere began to make fire, and it became an intimate friend. Fire cooked their food, kept them warm, and cheered their hearts at night. It frightened away wild animals and lit up their caves and shelters. It enabled them to live anywhere that was not covered by ice year-round, and our ancestors spread over a large portion of what is now called the Old World. By at least 300,000 years ago some of them had colonized North and South America as well, and by 130,000 years ago some had made it to Australia.


In dense forests and in open woodland, in the warm tropics and in the colder north, in inland valleys and on coastal plains, people made efficient use of the resources at hand. Skilled stoneworkers gradually crafted smaller, thinner, and more specialized tools for the sawing, scraping, boring, and shaping of wood, bone, antler, and leather. They attached stone tips to their wooden spears, and wooden handles to some of their stone knives and axes. Archaeologists have discovered as many as sixty different types of tools that were used by some cultures that lived between 100,000 and 40,000 years ago.


As people continued to diversify their food supply and protect themselves more and more from natural dangers, human populations continued to grow. Our ancestors migrated further into northern Europe and Asia, blazed trails into Siberia, and learned to navigate the seas. The frontiers were filling up, and territorial conflicts became more serious and less avoidable. Some people, perhaps for the first time, began to turn their hunting weapons against one another.


Until this time we haven’t any clues to the religious beliefs early human beings may have held. But sometime before 40,000 years ago some people, in some places, began to bury their dead. These were people who were beginning to live more settled lives. Perhaps they remained in each place for a few years at a time, or they returned year after year to the same seasonal camps, and they had to bury their dead as a matter of sanitation and so as not to attract wild beasts into their villages. Their more nomadic neighbors simply abandoned camp when someone died, leaving the body, and perhaps the soul, to nature’s housekeepers. Here the dead dwelled in graveyards near the living, and our ancestors began to give more thought to an afterlife. In the graves of their loved ones they also buried some possessions and provisions for the hereafter. One day their descendants would think of embalming the body to preserve it forever. And so was planted the germ of the recycling problem from which we suffer so extremely today.


Innovations in technology continued. People who dreamed of hunting animals with more power and accuracy invented the sling and the boomerang, and later the blowgun, the spear-thrower, and the bow. They made finely carved spearheads and arrowheads of bone as well as flint. They discovered poisons that could be applied to the tips of their weapons to paralyze their prey. They also produced finer knife blades, chisels, saws, and drills, and shaped antler, horn, bone, and teeth into harpoons, fishhooks, needles, awls, buttons, beads, and other objects of hearth and hunt.


Our ancestors were now well equipped to hunt birds and catch sea creatures. They were able to hunt and trap larger, more dangerous land animals, and instead of going after the weak and the young, they took pride in felling the most vigorous and healthy animals. They learned to drive large herds of their prey to their deaths, over cliffs, or into marshes or human ambushes. Sometimes they set fire to the forest to drive a herd of horses, or buffalo, or elephants to their demise.


Human beings were beginning to upset the balance of nature in a serious way. Over the centuries repeated burning of forests created more open woodlands, and great expanses of prairie where trees once stood. Populations of grazing animals grew, and hunting became easier. But the hunting of healthy, mature animals, and the slaughter of whole herds at a time could not be withstood forever. By 10,000 years ago, all across northern Eurasia, and throughout North and South America, many of the very large herbivores, among them mammoths, mastodons, giant buffalo, giant deer, woolly rhinoceros, ground sloths, giant beavers, several kinds of camels, horses, and asses, and many others, had been driven to extinction along with their predators—dire wolves, saber-toothed tigers, giant varieties of bears, hyenas, and lions, and others.


Some people turned their herding skills to the domestication of their prey. In different parts of Europe, Asia, Africa, and America, people domesticated reindeer, or horses, or cattle, or goats, or camels. They bred dogs as pets, protectors, and hunting companions. They also planted edible roots, grasses, and other food and fiber plants that previously they had only gathered. The wilderness was being tamed. People began to alter the biological community in which they lived by removing the plants and animals they did not want and replacing them with crops and cattle. Those who kept flocks of animals and planted grain ensured themselves a large annual food supply and kept valuable grassland from being lost to the encroaching forests.


By about 10,000 years ago, as the ice retreated from the lower latitudes, human beings occupied every ice-free piece of land on earth except for Polynesia and a few other oceanic islands like Mauritius, Bermuda, and the Azores. The rapid advances in technology that were occurring have been named the Agricultural Revolution. Not all peoples decided to go this route. But some did, all over the world at more or less the same time. In the Southeast Asian tropics, people planted taro, yams, bamboo, and bananas, and raised pigs, chickens, and geese. In the drier regions of southern Asia, from the Indus Valley westward to the Mediterranean Sea, people cultivated wheat, barley, peas, and lentils, and grazed sheep and goats. Early Mexicans planted maize, beans, squashes, and chile peppers, and bred turkeys. South Americans grew manioc and sweet potatoes in the lowland forests, and those in the Andean highlands grew potatoes, tomatoes, and lima beans, and bred guinea pigs, llamas, and alpacas. The ancestors of the Chinese grew millet and soybeans and kept pigs and ducks. Early North Africans raised donkeys, and planted sorghum, African millet, sesame, and cowpeas.


Those new farmers took over a lot of the work of nature. Before, nature did all of the work to produce food, and people only gathered it when it was ready to eat. Now, people had to clear land, prepare the soil, fertilize the soil, plant the seeds, care for the seedlings, irrigate the crops, pull up weeds, harvest the crops, and save seed for next year. They had to live in more permanent settlements in order to tend their fields. Herders with their flocks were still nomadic.


The first farmers were semi-nomadic, and many still are today. Those who became settled had to build sturdy houses that would last many years. They made hoes, and later plows, to cultivate the soil. Digging sticks would no longer do.


Life was not easier for people who started to farm. In fact their workload increased tremendously. Their diet became much more limited. Their crops were much more vulnerable to droughts, floods, and disease than the fruits of nature they used to gather. Like their modern-day counterparts, food gatherers probably spent relatively little time, perhaps two or three hours a day, getting food. The total workday for both men and women among foraging peoples today in Africa, Australia, and Asia may average eight hours, including tool-making and housework. 1964 was the third year of a severe drought in southern Africa’s Kalahari Desert. While many of their agricultural and pastoral neighbors were starving, !Kung San hunters and gatherers fed themselves well, though they spent just one day out of every three looking for food. Theirs was a society where children did not work, old people were cared for, food was so abundant that it was never stored for the future, and there was plenty of leisure for relaxing, socializing, and dancing.3


The change from gathering food to producing it had repercussions throughout human society. Since our ancestors could now grow seemingly limitless amounts of food, their populations soared. And with their soaring numbers they were in turn able to plant larger crops and tend more cattle. Their children became a source of wealth, and large families increasingly desirable.


Farming villages became bustling towns, and specialized crafts developed. People became potters, weavers, woodworkers, basket makers. Trade routes flourished, and trading centers grew in size. Jericho, one of the world’s first cities, was established some 10,500 years ago at the crossroads of three continents.


Unlike their nomadic ancestors, and their nomadic neighbors, farmers accumulated possessions. They were no longer limited by the amount of weight they could carry with them from place to place.


Dense populations, the accumulation of wealth, and the acquisition of permanent territories increased the jealousies between neighboring clans, and the tensions between neighboring peoples. Painters and sculptors of this period have left us clear evidence that for the first time warfare was a regular part of human life.


The need to organize ever more complex societies led to the establishment of more formalized and more powerful governments, together with bodies of codified laws, and courts, judges, and one day police forces to enforce them. Human beings had considerably less freedom.


We have come a long way further on the road of progress in the past 10,000 years. In many parts of the world people learned to smelt copper, and to make bronze. In some places they learned how to smelt iron, and then to make steel. With every new advance in technology, they had to move increasing amounts of raw materials and finished products over longer distances. More large cities grew up as centers of production and trade. Transportation and food storage were improved, and populations grew again as people filled the cities.


In the countryside, people continued to improve the technology of agriculture. They built large irrigation systems, and they invented the plow and the wheel, two very powerful instruments for subduing the earth and asserting human control over nature.


Our ancestors were working harder than ever, and they dreamed of finding ways to ease their growing burdens. Gradually they came to the idea of using other than human power to do their work for them. Their ability to transform their environment began to increase exponentially, until today the average human being in an industrial society has at his or her command machinery that can do the work of several hundred people. The entire earth has something over 8 billion people living on it, but our combined impact on the earth is as if we were 160 billion strong.


People first used the strength of large animals to replace human brawn on and off the farm. Animals pulled their plows, ground their grain, carried their loads, and provided transportation. Later people harnessed the power of the wind and the force of flowing water. For smelting metals they relied on the burning of charcoal, derived from wood, but eventually the supply of trees could not keep up with the demands of industry, and in modern times we have come to rely more on coal, oil, and natural gas, as well as, recently, the power released in nuclear reactions.


The Industrial Revolution is usually dated from the invention of the steam engine in England in the early 1700s. In substituting machine power for human power for providing more of the necessities of life, even more people could now be fed, clothed, and housed. The large families that people continued to have supplied the factories with abundant labor and brought money back from swelling cities to expanding farms.


Warfare was still a fact of life, and it remains so today, when we wage our battles with warships, submarines, tanks, aircraft, missiles, bombs, and chemical and biological weapons. Our most sophisticated technology is no longer used for hunting animals at all, but instead for hunting each other.


The improvement of technology has been going on for so long, it appears to have a life of its own. But behind it all in most people’s minds is the continuing desire to make life safer, longer, easier, and more comfortable, and to free us from the limitations of the human form.


In those parts of the world where the wilderness was tamed, where the deep dark forests were gone, and with them the bears and the wolves, and where human beings were living in well-defended towns and cities, many of our most ancient fears and dangers had been largely conquered. Wild animals in particular were no longer a menace. We were well-sheltered from the elements in heated homes. We had warm clothing on our bodies. Food was growing plentifully in the backyard or on the farm, we no longer had to hunt for it.


Yet there were still dangers to conquer, and dreams to fulfill. We had made little progress, for example, against disease, and three out of every ten children still died before reaching adulthood.


In the eighteenth and nineteenth centuries we took great strides in improving sanitation and providing pure water to more people. There followed the discovery of bacteria, and the beginning of vaccination, pasteurization of milk, and other public health measures. In the early 1900s we began to chlorinate our drinking water. Widespread use of antibiotics followed the discovery of sulfa drugs and penicillin in the 1930s.


Fewer people were dying of smallpox, typhoid, diphtheria, and pneumonia, and we turned our efforts to eradicating insect enemies. DDT was synthesized in 1943, and thousands of other potent pesticides since.


Impossible dreams have become reality. Human beings are now able to fly through the air, and swim deep beneath the seas. We can transmit our words, even our voices, through empty space across thousands of miles and have them arrive instantly at any desired location.


The modern world is truly a miracle of technology designed to fulfill our fantasies, make our lives easy, and keep us safe from any possible dangers. We have built a worldwide transportation and communication network of ever-increasing scope, speed, and efficiency. Fire engines will come within minutes to put out a fire. Ambulances or helicopters will rush to any emergency with medical aid, and they can be summoned instantly from almost anywhere on earth by stationary or mobile phone. Food distribution is so efficient, and food preservation techniques so highly developed that in most parts of the world no one need starve. Today we have almost every type of labor-saving device imaginable in our homes. For the first time in history most children who are born on the earth live to be adults. Our life expectancy is longer than it’s ever been.


The world, seemingly, has been transformed. But the concerns, goals, fears, and longings of human beings are basically the same, and our drive to improve our technology continues without letup—not just those recent aspects of our technology that have put airplanes in our skies, televisions in our homes, and cell phones in our hands, but even those functions of our technology that are the very oldest, that provide us with comfort, ease, and safety.


We are still working hard to increase our food supply, and our population is still rising out of control.


We are still trying to make life easier for ourselves, because with all of our labor-saving devices we work more and have less leisure than ever before.


Our world is still dangerous. Perhaps we don’t have to watch out for leopards and snakes. But automobiles are deadlier and more common than any wild animals ever were. And human beings with knives and guns stalk the streets of our towns and cities. Perhaps we are well sheltered from the heat and cold, from thunder and lightning, wind and rain. But inside our homes are pipes full of explosive gas and wires that can electrocute us. And under our sinks are deadlier poisons in greater quantities than were ever found out in the wild.


Although our homes are warmer, drier, and more comfortable than ever before, we are still inventing bigger and better central heating systems, air conditioners, and dehumidifiers, and getting rid of the old ones.


We spend billions of dollars fighting heart disease and cancer and on longevity research, even though we already live a very long time. Infant mortality is down around five in every thousand births, which is extraordinary, but the rate of caesarean sections is still going up in an effort to do better.


Our use of insecticides continues to increase exponentially.


We continue to hunt the few remaining mountain lions in the American southwest. The timber wolf is practically extinct in the lower forty-eight United States, but we continue to hunt it in Alaska and Canada. We have exterminated the North American white bear in its entire range except for its last sanctuaries in the extreme Arctic north, and we continue to hunt it there.


Even when the last wild animal is gone, the last insect destroyed, the last germ wiped out, the whole earth is climate controlled, all danger is eliminated, and people live forever, I suspect we will not be satisfied, because we ourselves have not changed, not even after a million years and more. We are, after all, still human, and no amount of technology is going to still the yearnings of the human soul.


Perhaps I am no more to blame for my kind’s impact on the earth than the mouse in my cabin was for the destruction his kind has caused to human homes throughout history. He was just being a mouse. How can a mouse be anything else than who he is?


I think back, sometimes, to my far-distant forebears in their caves, resting with full bellies after a successful day’s hunt. The same stars shine in my sky that shone in theirs; only their arrangement is somewhat different. The tools that I use are so much more powerful than theirs were, but I have neither made nor designed them. I have never even learned how to make a fire. My ancestors would be appalled. What separates me from them is mainly human history. And the power that is mine for harm or harmony with respect to the earth lies, I have come to believe, in my ability to choose from among the many tools and resources that my society, with its history, has given me.




CHAPTER 2


Self-Portrait


Sometimes, in learning something about myself, an animal has been my greatest teacher. I was walking one early autumn day in the Canadian north, and as dusk was approaching, I made myself a pine needle bed underneath a tall tree. Before I settled down in my sleeping bag for the night, I took off my “Two Hawks” tee-shirt and set it down beside me. In the morning when I woke up it was full of large holes, and a squirrel was chattering at me loudly from above in the tree beneath which I lay. I was startled—and furious—to realize that it had spent part of the night within inches of my sleeping body, chewing holes in my favorite shirt. Now normally I am a peaceable guy, inclined to treat all animals as my brothers and sisters. Once, while picking blackberries during hunting season, I surprised a very large buck who was hiding in the blackberry bushes, and who nearly knocked me down in his panic to flee. I have on occasion, when sleeping out, been woken up by bears rummaging through my camp. My curiosity usually gets the better of my fear. But this time, I felt some primal stirrings inside of me, that as a human being I wanted to kill this non-human creature who had destroyed a prized possession and who was mocking me from above, quite out of reach. Did it want the nice soft cotton for its nest, I wondered? Or was it merely showing its annoyance at me for trespassing under its tree? I did not know, and for a moment I did not care. I felt sudden kinship with hunters, with those who think of nature as a threat rather than a delight, and animals as nuisances to be exploited, rather than as neighbors.


It is a personal question, not just one for philosophers, theologians, and scientists: What distinguishes human beings from the beasts? What divides us from the rest of nature? One answer, which I have already noted, is human history, and since I believe that is an important answer, a portion of this book will be devoted to a reexamination of our history. But one may still ask, what is it about the human animal that has led us to this kind of history? There are, after all, other differences between me and other beasts besides the tools my society has given me. Even without those tools, I could have attacked that squirrel, if I had liked, from a distance, by throwing rocks at it. I would not have had to chase it down and bite it to death, like other animals do. Not if my aim were sharp and the strength of my throw were sufficient.


A portrait of the human animal might begin with a description of some of our most unique traits. “Fire-maker” and “tool-maker” are terms that apply to us, and to us only. “Two-legged” applies also to birds, but even among birds, only the aquatic penguin stands bolt upright like we do. No animal besides us puts on clothing, wears jewelry, or decorates its body in any way.


A physical description rapidly reveals our weaknesses. Having neither fangs nor claws, tough hide nor great speed, our bodies are relatively vulnerable and defenseless—unusual in a world in which only the fit survive. We make up for our vulnerability with some other highly developed traits, which are related to each other: our intelligence, our language, and our culture. We are also blessed with opposable thumbs, with which we manipulate our tools and weapons to defend ourselves and shape our environment. Monkeys and certain other animals have hands too—beavers’ hands are almost as flexible as ours—but none have the fine motor coordination that allows human beings to aim rocks at distant squirrels.


In one classification of animals, we would find ourselves grouped with the land dwellers; in another, with the social animals. Taxonomists classify us as mammals—warm-blooded vertebrates with hair on our bodies who suckle our young. We are, more specifically, primates, most closely related to the great apes—the chimpanzees, gorillas, and orangutans. Like skunks, raccoons, bears, and pigs, we are omnivorous, able to eat both plants and animals. And like turtles, elephants, and parrots, we have long life spans.


The quality we are most proud of is our intelligence. But although we are among the most intelligent of animals, comparisons are often difficult to make. Animal languages are not well understood by us, and scientists are by no means in agreement about the meaning of brain size. The horse, the elephant, and the whale all have bigger brains than we do. Dolphins and many whales have brains which are as big for their body size as ours, and there is some controversy about whether they may be as smart, or even smarter than we are. Many birds are turning out not to be “bird-brained” at all. Parrots, for example, are often credited only with being excellent mimics, but it now appears they can be taught to understand the words they say. Among the invertebrates—animals with soft bodies—the octopus has both a large brain and a large learning capacity, but its perception of the world must be so different from ours that comparing its intelligence with ours is difficult if not meaningless.


We are not the only intelligent animals, but no other animals depend on their wits to the extent we do. Elephants, being big, strong and thick-skinned, fear no enemies, at least they didn’t until we humans came along. Dolphins and whales, in addition to having size and strength, are sleek and fast and equipped with sonar. Octopi are good swimmers, have eight arms with suckers, black ink to squirt at predators, and a poison that paralyzes prey. They are all better equipped physically than we are for getting food and avoiding danger. Intelligence for them is a luxury. For human beings it is a necessity.


Although all animals communicate with their own kind, language is much more developed among animals who are social by nature than among those who live solitary lives. Dolphins and whales who, like us, are both social and large-brained, may well have complex languages. So may elephants, whose great bass voices are so low that human beings often can’t hear them as they call to one another across the vast savannah.


What makes humans unique is that because we are less secure physically, we use our intelligence, our language, and our hands to make weapons and tools with which to manipulate our environment. We have come to dominate the earth not only because we are so smart, but also because we are so vulnerable.


We could never have stood up and walked erect, exposing our soft bellies to the world, if we did not already have weapons in our hands with which to defend ourselves. An important survival rule for all vertebrates, from fishes to reptiles to birds to mammals, is “Protect your belly.” An animal normally presents its belly to a stranger of its own or another species only when it is attacking or defending itself, or as a signal of defeat or submission. Standing up is in effect saying to everybody, “I am not afraid. I am your master.”


Desmond Morris, in The Naked Ape, has this to add: “Because of his vertical posture it is impossible for a naked ape to approach another member of his species without performing a genital display … The covering of the genital region with some simple kind of garment must have been an early cultural development.”4


The portrait of ourselves is being fleshed out. One might now imagine an encyclopedia entry that begins this way: “Human beings are thin-skinned, almost hairless primates who no longer dwell in trees and who don’t have the strength or speed of other animals their size that live on the ground. They stand completely erect with their bellies and genitals exposed in front of them. They live in organized, complex social groups. Most aspects of their social behavior and their complex language are not inherited, but are learned during a prolonged, dependent childhood. They have large brains, and opposable thumbs with fine motor coordination, which they use to manipulate their environment and make weapons, tools, and fire.”


Two other human characteristics will be of particular interest in a book about the environmental crisis: we are the only species on the planet whose population seems not to be regulated; and we are the only species that regularly kills each other in warfare and other fighting.


Anthropologists, social planners, economists, historians, and others who study overpopulation are in confusion and disagreement over the causes, cures, and even the significance of the problem. Unfortunately, the human population problem is often discussed as if we did not belong to the animal kingdom and obey the same laws of biology as everybody else.


In the natural world, neither extinction nor overpopulation is a very common event. Predation, starvation, and disease are among the factors that control animal numbers, but most predator and prey species remain in relative balance even in times of plenty, when their populations are healthy and well-fed. The mechanisms that maintain the balance have not been well understood. Zoologist Marston Bates, for example, wondered how it was that the lions in the African savannahs were always sleek and fat. “The lions keep the antelope from becoming numerous enough to ruin the grass, but what keeps the lions from becoming so numerous that they kill off their own antelope food supply? I keep asking the question of friends who might know, but the answers are not very clear.”5


It is now becoming clear that various methods of what might be called birth control are the rule among many species. Animals do not usually wait until they are starving to limit their numbers. Rather, they have instinctual behaviors that link their population to the carrying capacity of their environment, that is, the number of individuals that can be indefinitely supported by that environment. There are some exceptions, like the Arctic lemmings, whose populations grow in boom-and-bust cycles of four or five years—they multiply like crazy for five years, and then countless numbers migrate in search of greener pastures, most fall victim to predators or starve to death, and the cycle begins again. But other animals keep their numbers more stable by a variety of means.6


Many birds have a fixed nesting area. Breeding pairs defend their territories, and when the nesting area is filled up, no more birds get to breed until the next season; even though there would seem to be additional breeding habitat nearby, it goes unoccupied. Grey seals are among the animals known to limit their numbers in a similar way.


Predation may combine with territoriality in population control. Red grouse, for example, establish territories on the English heather moors each autumn; any birds without territories become easy targets for predators.


Female mice produce an actual birth control scent; when too many females are together they become infertile. The scent of a strange male will also put a halt to the development of mouse embryos.


Birth control scents seem to be widespread in the animal world. Meal beetles reproduce rapidly in mills and granaries, but their excrement contains a chemical that renders them infertile as soon as they become crowded enough. Tadpoles will simply stop eating when there are too many of them in a pond. In thirty gallons of water one large tadpole will compel six smaller ones to stop eating even though there is plenty of food for all. If one merely pours the water, in which several large tadpoles have been swimming, into a tank containing small tadpoles, the small tadpoles will cease to eat. Many freshwater fish regulate their populations in a like manner.


When elephants become crowded, they respond by spacing out their children. Under the crowded conditions in Murchison Falls Park in Uganda during the 1960s, female elephants averaged six years and ten months between the birth of a calf and the conception of another one. Whether they became infertile or just abstained from sex is not clear.


Even in the case of lemmings the stimulus for emigration is overcrowding and not starvation. The local population remains healthy and well-fed and does not destroy its environment.


Even some vegetables practice a kind of birth control. Cacti space themselves out; so do roses, brome grass, and citrus, apple, and peach trees. The roots of these plants secrete inhibitory substances; even the presence of dead roots is often enough to prevent the germination of nearby seeds of the same kind of plant.7


Whatever the means of population control, it is always linked to the carrying capacity. We humans have been able to continually increase our numbers because with our tools we have been able to continually increase the carrying capacity of our environment for our species—by our farming and industrial practices we have been able to supply an increasing number of people with food, clothing, shelter, and the other necessities of life. Our species has many physiological and cultural methods for regulating our numbers, which will be explored in chapter 28, but none of them is effective so long as we can increase the ability of our environment to support us at will.


In On Aggression Konrad Lorenz suggested that it is because we make tools and weapons that we kill so many of each other. Without a weapon it is simply not easy for one person to kill another. As we have developed more and more powerful and varied weapons, and more dangerous tools, killing has gotten easier, and we are required to exercise more and more social restraint in order not to harm one another. In other words, aggression, which is a normal part of being alive, has no safe outlet today among human beings. In addition, he said, the natural inhibitions that we all have against killing one another are bypassed by our long-distance weapons:


The distance at which all shooting weapons take effect screens the killer against the stimulus situation which would otherwise activate his killing inhibitions…. No sane man would even go rabbit hunting for pleasure if the necessity of killing his prey with his natural weapons brought home to him the full, emotional realization of what he is actually doing.8


Perhaps. But all kinds of animals—squirrels, bears, and monkeys alike—have their bullies. Even chickens have a pecking order. Peace is generally kept by staying out of the bullies’ way when they are on the rampage. Maybe we are not an especially warlike species—we have just put ridiculously powerful weapons into the hands of our bullies.


Desmond Morris, too, says that with the remoteness of our weapons of war, “rivals, instead of being defeated, are indiscriminately destroyed … Defeat is what an animal wants, not murder; domination is the goal of aggression, not destruction, and basically we do not seem to differ from other species in this respect.” Our cooperativeness, he adds, which served us so well in hunting, “has now recoiled upon us … Loyalty on the hunt has become loyalty in fighting, and war is born. Ironically, it is the evolution of a deep-seated urge to help our fellows that has been the main cause of all the major horrors of war. It is this that has driven us on and given us our lethal gangs, mobs, hordes and armies…. They attack now more to support their comrades than to dominate their enemies, and their inherent susceptibility to direct appeasement is given little or no chance to express itself.”9


I think there is some truth to what these authors say, but the need to explain human warfare results in part from a failure to look beyond our own culture and our own time. Historically, human cooperation has not led to violence and warfare until we were densely populated and had many possessions and territories to defend. Even in today’s world, if we look beyond the narrow confines of our own culture we see many peoples with stable populations who have never known warfare: the eastern Inuit of North America; the Penan of Borneo; the Kubu of Sumatra; the Semang and the Sakai of Malaya; the Arapesh of New Guinea; the Veddahs of Sri Lanka; the Mbuti of the forests of the Democratic Republic of Congo. The facts about human warfare and overpopulation, and their causes, will be explored in greater depth in later chapters.


We turn now from the study of ourselves to a look at nature as a whole, of which we are only a tiny part.




CHAPTER 3


Thunder and Lightning


In the far-horizoned Arizona desert I have sat and watched mid-summer storms of great power, and without microscope, telescope, or any machinery at all, I felt that important secrets of existence lay revealed all around me, in the green sahuaro cacti reaching skyward, in the lizards darting under rocks and the owls nesting in cactus holes, in the black pillow clouds above me, in the flooding downpour, in the tremendous echoing booms and the flashing fingers reaching earthward from the clouds, in the huge winds and the hailstones, and especially in the electricity that seemed to bristle the air and alert the cells of my body.


They are in every man’s experience, and every woman’s, and they are important symbols in every culture, in every land. In my culture, we speak the name of Thunder once a week, on Thursday, and we give the name of Jupiter, hurler of Lightning, to the largest planet in our night sky. These oldest and mightiest symbols of all-powerful nature are deeply embedded in our psyches, representing to us our own wild male and female selves that civilization cannot eradicate. This tension between wildness and civilization is the ecological dilemma of our time.


Civilization will have no part of wildness, and so Thunder and Lightning remain largely ignored and little understood by the builders of our cities. Physicists, biologists, and chemists acknowledge their presence surprisingly little. Electrical engineers have harnessed but not tamed them. Modern science and technology have given us general relativity, quantum mechanics, and nuclear fusion; the theory of evolution and genetic engineering; cybernetics and computers. But the spark and the thunder of the living world are missing from all of them.


I am not speaking only metaphorically. The dilemma that prevents a civilized person from seeing what he or she is doing to the wild world is the same dilemma that prevents scientists from acknowledging the wild nature of the forces they study. We have built a world that is pervaded by artificial electric wires, but natural electricity—the life force that quickens our bodies, freshens the air, and orders the stars—is practically a taboo subject in mainstream science.


Gravity holds the universe together. Electricity makes it alive. Electricity gives us negative and positive, male and female, all the choices and movement that animate life. The basic units of positive and negative charge in the universe, and the building blocks of all matter, are the proton and the electron. The electric repulsion between two protons is fantastically stronger than their gravitational attraction—stronger by a ratio of 1038 to 1. The cosmos is almost entirely a vast ocean of such charged particles, weaving on their journeys an ever-changing magnetic web that molds and shapes and colors our living, pulsating world.


Astronomers tell us that we live in an expanding universe. The entire universe, they say, was created out of nothing between ten and twenty billion years ago in a cosmic orgasm they call the “Big Bang,” and they say it is still expanding from the force of the explosion. That is one model of the world, but it is a model that may well tell us more about the turmoil of the civilized mind than about the living reality around us. It is a model that leaves out electricity. The actual galaxies in the real universe have shapes and sizes that are not easily explained by the laws of gravity alone, and their motions apparently obey quite other forces. And in all parts of the heavens one finds galaxies clustered together in groups so enormous that twenty, or even forty billion years is not nearly enough time for them to have come into existence.


Hannes Alfvén and a small group of other plasma physicists have developed a model of the universe in which electricity and magnetism are restored to a prominent role as cosmological forces. Their theories successfully predict many of the galactic shapes and other common structures we see in the heavens. All of the forms we observe in the sky have had plenty of time to evolve, they say, because the universe had no beginning, and furthermore it has no reason to end. The universe of twenty billion years ago is completely unknowable to us, they say, because not only gravity, whose effects are easily calculated, but also electricity and magnetism have been operating on a grand scale, and their effects over such a long period of time are beyond analysis.


Our ecological dilemma cannot be properly understood without an appreciation of just what it is that we are destroying. We must find out not only who we are, but where we fit in the scheme of nature. The tendency of modern society is to fragment nature in an attempt to control it. We must learn once more to see the connections of all the parts. The story in the next two chapters has not been told before, but all of the facts it is based on are prominent in one or another scientific specialty or subspecialty. It begins with the stars and galaxies that shine in our night skies.




CHAPTER 4


A Living Universe




All things by immortal power,


Near or far,


Hiddenly


To each other linked are,


That thou canst not stir a flower


Without troubling of a star.


—Francis Thompson, in The Mistress of Vision





When I look at a flower, what I see is not the same as what a honey bee sees, who comes to drink its nectar. She sees beautiful patterns of ultraviolet that are invisible to me, and she is blind to the color red. A red poppy is ultraviolet to her. A cinquefoil flower, which looks pure yellow to me, is to her purple, with a yellow center luring her to its nectar. Most white flowers are blue-green to her eye.


When I look upon the night sky, the stars appear as points of color twinkling through earth’s atmosphere. Everywhere else, except for the moon and a few planets, is blackness. But it is the blackness of illusion.


If you could see all the colors in the world, including the ultraviolets that honey bees can see, the infrareds that snakes can see, the low electric frequencies that catfish and salamanders can see, the radio waves, the X-rays, the gamma rays, the slow galactic pulsations, if you could see everything that is really there in its myriad shapes and hues, in all of its blinding glory, instead of blackness you’d see form and motion everywhere, day and night.


Almost all of the matter in the universe is electrically charged, an endless sea of ionized particles called plasma, named after the contents of living cells because of the unpredictable, lifelike behavior of electrified matter. The stars we see are made of electrons, protons, bare atomic nuclei, and other charged particles in constant motion. The space between the stars and galaxies, far from being empty, teems with electrically charged subatomic particles, swimming in vast swirling electromagnetic fields, accelerated by those fields to near-light speeds. Plasma is such a good conductor of electricity, far better than any metals, that filaments of plasma—invisible wires billions of light-years long—transport electromagnetic energy in gigantic circuits from one part of the universe to another, shaping the heavens. Under the influence of electromagnetic forces, over billions of years, cosmic whirlpools of matter collect along these filaments, like beads on a string, evolving into the galaxies that decorate our night sky. In addition, thin sheaths of electric current called double layers, like the membranes of biological cells, divide intergalactic space into immense compartments, each of which can have different physical, chemical, electrical, and magnetic properties. There may even, some speculate, be matter on one side of a double layer and antimatter on the other. Enormous electric fields prevent the different regions of space from mixing, just as the integrity of our own cells is preserved by the electric fields of the membranes surrounding them.


Our own Milky Way, in which we live, a medium-sized spiral galaxy one hundred thousand light-years across, rotates around its center once every two hundred and fifty million earth years, generating around itself an enormous magnetic field. Filaments of plasma five hundred light years long, generating additional magnetic fields, have been photographed looping out of our galactic center.


Our sun, also made of plasma, sends out an ocean of electrons, protons, and helium ions in a steady current called the solar wind. Blowing at three hundred miles per second, it bathes the earth and all of the planets before diffusing out into the plasma between the stars.


The earth, with its core of iron, rotates on its axis in the electric fields of the solar system and the galaxy, and as it rotates it generates its own magnetic field that traps and deflects the charged particles of the solar wind. They wrap the earth in an envelope of plasma called the magnetosphere, which stretches out on the night side of the planet into a comet-like tail hundreds of millions of miles long. Some of the particles from the solar wind collect in layers we call the Van Allen belts, where they circulate six hundred to thirty-five thousand miles above our heads. Driven along magnetic lines of force toward the poles, the electrons collide with oxygen and nitrogen atoms in the upper atmosphere. These fluoresce to produce the northern and southern lights, the aurorae borealis and australis, that dance in the long winter nights of the high latitudes.


The sun also bombards our planet with ultraviolet light and X-rays. These strike the air fifty to two hundred and fifty miles above us, ionizing it, freeing the electrons that carry electric currents in the upper atmosphere. This, the earth’s own layer of plasma, is called the ionosphere.


The earth is also showered with charged particles from all directions called cosmic rays. These are atomic nuclei and subatomic particles that travel at velocities approaching the speed of light. From within the earth comes radiation emitted by uranium and other radioactive elements. Cosmic rays from space and radiation from the rocks and soil provide the small ions that carry the electric currents that surround us in the lower atmosphere.


In this electromagnetic environment we evolved.


We all live in a fairly constant vertical electric field averaging 130 volts per meter. In fair weather, the ground beneath us has a negative charge, the ionosphere above us has a positive charge, and the potential difference between ground and sky is about 300,000 volts. The most spectacular reminder that electricity is always playing around and through us, bringing messages from the sun and stars, is, of course, lightning. Electricity courses through the sky far above us, explodes downward in thunderstorms, rushes through the ground beneath us, and flows gently back up through the air in fair weather, carried by small ions. All of this happens continuously, as electricity animates the entire earth; about one hundred bolts of lightning, each delivering a trillion watts of energy, strike the earth every second. During thunderstorms the electric tension in the air around us can reach 4,000 volts per meter and more.


When I first learned about the global electrical circuit, thirty years ago, I drew the following sketch to help me think about it.


[image: image]


Living organisms, as the drawing indicates, are part of the global circuit. Each of us generates our own electric fields, which keep us vertically polarized like the atmosphere, with our feet and hands negative with respect to our spine and head. Our negative feet walk on the negative ground, as our positive heads point to the positive sky. The complex electric circuits that course gently through our bodies are completed by ground and sky, and in this very real way the earth and sun, the Great Yin and the Great Yang of the Yellow Emperor’s Classic of Internal Medicine of ancient China, are energy sources for life.


It is not widely appreciated that the reverse is also true: not only does life need the earth, but the earth needs life. The atmosphere, for example, exists only because green things have been growing for billions of years. Plants created the oxygen, all of it, and very likely the nitrogen too. Yet we fail to treat our fragile cushion of air as the irreplaceable treasure that it is, more precious than the rarest diamond. Because for every atom of coal or oil that we burn, for every molecule of carbon dioxide that we produce from them, we destroy forever one molecule of oxygen. The burning of fossil fuels, of ancient plants that once breathed life into the future, is really the undoing of creation.


Electrically, too, life is essential. Living trees rise hundreds of feet into the air from the negatively charged ground. And because most raindrops, except in thunderstorms, carry positive charge down to earth, trees attract rain out of the clouds, and the felling of trees contributes electrically towards a loss of rainfall where forests used to stand.


“As for men,” said Loren Eiseley, “those myriad little detached ponds with their own swarming corpuscular life, what were they but a way that water has of going about beyond the reach of rivers?”10 Not only we, but especially trees, are the earth’s way of watering the desert. Trees increase evaporation and lower temperatures, and the currents of life speeding through their sap are continuous with the sky and the rain.


We are all part of a living earth, as the earth is a member of a living solar system and a living universe. The play of electricity across the galaxy, the magnetic rhythms of the planets, the eleven-year cycle of sunspots, the fluctuations in the solar wind, thunder and lightning upon this earth, biological currents within our bodies—the one depends upon all the others. We are like tiny cells in the body of the universe. Events on the other side of the galaxy affect all life here on earth. And it is perhaps not too far-fetched to say that any dramatic change in life on earth will have a small but noticeable effect on the sun and stars.




CHAPTER 5


Of Marvelous Form


Let us continue a bit longer looking at life in terms of electricity. Consciousness itself, it has been discovered, is linked to the electromagnetic state of the body. The electric currents that our bodies generate when we are awake keep our hands and feet negatively charged compared to our brain and spine, and the front of our brain negative with respect to the back. The areas of greatest positive electrical potential within our bodies appear to be the same as the wheels of energy, or “chakras,” that yogis and mystics tell us about. The base of the spine, the chest between the shoulder blades, and the brain have the highest potentials of all.


These electrical patterns are essential to waking life. Consciousness cannot exist without them. During sleep or under anesthesia, the body’s electrical fields are reversed in polarity. And a strong enough external field that directly opposes the body’s own fields will also take away sensation and awareness. Acupuncture is an ancient way of conducting current from the atmosphere into the body using fine needles, and it too can produce anesthesia.


The polarization of our bodies’ tissues also guides all growth and repair processes. Orthopedic surgeon Robert O. Becker’s pioneering work with broken bones, for example, showed that the area around a fracture becomes strongly positive, and that the electric field does not return to its usual form until healing has occurred. This research led to the design of medical equipment, now available in most hospitals, that helps bones to heal by electric stimulation. Tiny electric currents of the correct polarity, as small as 500 picoamperes, can accelerate not only fracture repair, but also the healing of other wounds and the regeneration of cartilage and peripheral nerves.


The acupuncturist’s art helps the body to heal in a similar way, balancing the energy flows within the body by making use of natural connections with the currents of the earth itself. Practitioners use the Chinese term “chi” or “qi” instead of “electricity,” and they call the polarities “yin” and “yang” instead of “positive” and “negative,” but they are referring to essentially the same thing.


To look at life as an electromagnetic phenomenon is only one way of seeing. If we had eyes to see it, we would observe that the telephone, radio, and television are modeled after living systems, and that the science of electronics is really the science of life. But life is much more beautiful. The glowing halo of colors I once saw around a friend, layers of shimmering yellow and purple surrounding her body, is a sight I will never forget. Mystics call it the aura, and they say we are all capable of seeing it.


There are still other ways of seeing. If we had the compound eyes of a honey bee, we would perceive that daylight is polarized in a direction that depends on the position of the sun. Unlike us, an insect can tell direction simply by looking at the sky, even on a cloudy day. If we had such eyes, we might become very aware of the crystalline nature of life, because one of the properties of crystals is that they polarize and rotate light.


Crystals share many of the properties we usually associate with living organisms. Anyone who has ever grown a crystal garden has watched orderly structures grow from seeds. Crystals are very responsive to their surroundings. Their form and their growth are influenced by the ambient temperature, and by light, pressure, electric and magnetic fields, and chemicals in their environment. Crystals store energy in their structure, and they also transform heat and mechanical stress into electricity and vice versa. It is these properties that make quartz crystals so important in electronics.


Crystals also have memory. In their structure they record everything that has ever happened to them, and they reproduce this record faithfully as they grow.


It is not surprising that many forms of living tissue—bone, collagen, cellulose, horn, wool, wood, tendon, blood vessel walls, muscle, nerve, fibrin, and DNA—possess crystalline properties, in some cases equaling quartz in their abilities. These properties have very much to do with how living organisms grow, function, and evolve in an electromagnetic environment.


Only a few kinds of living tissue, like bone and horn, are solid like a true crystal. But there is a state of matter intermediate between solid and liquid called the liquid crystal. Liquid crystals are structurally ordered like solid crystals, but they form droplets and pour like liquids. They respond to external stimuli like light, sound, temperature, electric and magnetic fields, and changes in the chemical environment—all properties associated with living cells. The chemicals that life is made of—proteins, nucleic acids, lipids, polysaccharides, pyrroles, carotenoids—all form liquid crystal systems in water.


Now let’s change our vision again and look at life in terms of solution chemistry, the model that is most familiar to molecular biologists, geneticists, and biochemists. How are the different types of molecules we are made of related to the phenomenon we call life?


“Organic chemistry” usually means carbon-based chemistry. The properties of carbon atoms, particularly their ability to bond together in long chains, forming very large and complex molecules, are what give life the form that we know.


However, life is not all carbon. We are made of all the elements found in ocean water and the atmosphere. The world ocean in which life originated can still be found ebbing and flowing, inside of us. Our blood and the fluid that bathes all our cells is predominantly salt water, with dissolved sodium, chloride, calcium, magnesium, bicarbonate, and phosphate ions. The ocean is not very different, containing in addition potassium, sulfate, bromide, and strontium in significant quantities. The potassium has found its way to the interior of our cells, where it replaces sodium.


The large molecules that are necessary for growth, metabolism, reproduction, and the structure and function of all living things, are mostly proteins, carbohydrates, lipids, and nucleic acids, and are made largely out of the elements carbon, hydrogen, oxygen, and nitrogen, with a smaller component of sulfur. The carbon, oxygen, and nitrogen come from the atmosphere; the hydrogen and sulfur from the sea—all courtesy of global cycles that circulate the constituents of life throughout the land, sea, and air.


The sun shines on the oceans and evaporates the water, which rises into the air as water vapor. Air currents blow the moist air over the land, where it condenses into clouds. It rains and snows, and the water seeps into the ground, and collects into springs, and lakes, and streams, and rivers, and eventually the rivers flow back into the sea. Plants absorb water from the soil into their bodies and they evaporate water from their leaves back into the air. Fishes and aquatic animals and land animals and you and I drink the water that collects in the springs and wells and streams and rivers and lakes, and it circulates through our bodies and we urinate it back into the soil.


The sun shines on the oceans and on the land, and algae and plants the world over use the energy of sunlight to split carbon dioxide from the air, and water from the sea and the soil, and manufacture sugars and other carbohydrates and put pure oxygen into the atmosphere. You and I, and all the other animals in the world, eat those plants, or we eat animals who eat those plants. We and all living things breathe oxygen from the air to burn those carbohydrates for energy, and we breathe carbon dioxide back into the air and urinate water back into the soil, for use again by the plants.


Thunderclouds gather over the oceans and over the continents, lightning oxidizes nitrogen in the atmosphere, and rain washes the resulting nitrates into the oceans and into the soils. Algae in the sea and bacteria in the soil split nitrogen from the air to make ammonia, nitrites, and more nitrates. Plants take up nitrates from the water and the soil through their roots and use them, together with carbon, hydrogen, and oxygen, to make amino acids to build proteins, and nucleotides to build DNA and RNA. Animals get the nitrogen we need to build our proteins and nucleic acids from the plants and other animals we eat. Some nitrogen cycles through our bodies rapidly and is excreted in our urine and feces and returned to the soil for more plants to use. Some is borrowed for our lifetime, and passed on to organisms who eat us after we die, or returned to the atmosphere by the bacteria that decay our bodies.


Proteins are the largest and most complex molecules in living organisms. They regulate metabolic processes, serve as enzymes for chemical reactions, and are involved in nearly every biological function. In general, proteins are what regulate the growth, metabolism, repair, and other functions of living things.


Nucleic acids—DNA and RNA—are the stuff of chromosomes and genes. They are responsible for heredity, reproduction, and directing the synthesis of proteins. The “blueprints” for making a living being are contained in its DNA; the mechanisms for carrying out the instructions are built of proteins; the energy to do all this is provided mostly by carbohydrates; and the structure of the organism is composed of lipids, and more carbohydrates and proteins.


Let us now come back to ourselves and look through our own human eyes, with the aid of a microscope if necessary, at the physical structure of living things. We can start by looking at ourselves. A human being has a head, two arms, two legs, and a torso. He or she has many different organs—a heart, two lungs, a liver, a spleen, two kidneys, a bladder, a pancreas, a stomach, and so forth. We can also see that we are composed of many different types of tissue—skin, bone, cartilage, muscle, nerve, blood, fat, and so on. When we look under the microscope, we can see in addition that all of our tissues are made of cells.


Every cell of your body contains a complete and identical set of your chromosomes; no matter what type of cell it is, it contains within it the full set of blueprints for the making of the whole human being that is you. Every plant and every animal on earth is similarly built of cells that have chromosomes made of DNA. A human being is different from a lily, basically because of the difference in the DNA content of our chromosomes.


The world is full of large multicellular organisms, like us, and tiny one-celled organisms like paramecia, amoebae, and blue-green algae that you can see only with a microscope. A drop of pond water or sea water has lots of little critters swimming or floating around in it. One-celled organisms are further divided into eukaryotes, like paramecia, whose chromosomes are packaged in a nucleus, and the even smaller prokaryotes like bacteria and blue-green algae, that have no nucleus.


Looking under a still more powerful microscope, one can see the viruses, which are nothing more than crystals of naked DNA or RNA with a protein coat. Viruses are incapable of reproduction or metabolism, in fact they show no signs of life at all unless they are inside a living cell.


In a eukaryotic cell, not only the nucleus, but certain other organelles, like mitochondria, which supply energy to the cell, and chloroplasts, which carry on photosynthesis in plants, contain their own chromosomes with their own DNA. Nuclei, mitochondria, and chloroplasts are just like bacteria or blue-green algae, except that they live inside a larger cell.


We begin to see the layers of life:


Virus – bare DNA crystal


[image: image]


Bacterium, Blue-Green Alga – One Cell without a Nucleus
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Bacterium
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Blue-green alga


Eukaryotic cell – contains a nucleus and other organelles
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Multicellular organism (you or me)
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It is as if each form of life is nested inside of a more complex one. A surprising question must then be asked: are viruses and bacteria our enemies, or are they part of our very core?


The world of bacteria and viruses is remarkably fluid. When a bacterium finds itself in a new environment, it can alter its form completely, it can even lose its cell wall and change into tiny particles that pass through filters like viruses, and it can change back again. When I was in medical school in the late 1970s, this changeability or “pleomorphism” of bacteria was mentioned once in a lecture, briefly in passing, almost as an embarrassing fact, because different bacterial forms have traditionally been regarded as different species entirely.


Genes are commonly thought to be fixed and unchanging, subject only to random mutation. But the world of the gene is also surprisingly fluid, revealing an essential unity of all life on earth. It is amazing that there are just four DNA nucleotides in the whole world: adenine (A), guanine (G), thymine (T) and cytosine (C). RNA has uracil (U) in lieu of thymine. There are also just twenty amino acids from which all proteins in the whole plant and animal world are made. The genetic code has been worked out, and it is the same for all species:


[image: image]


It is a universal language, written small in the molecules of our cells. So a strand of RNA that looks like this:


AUGACCUUGUGCCAA


(reading from left to right in groups of three) is an instruction to put together the amino acids methionine, threonine, leucine, cysteine, and glutamine, in that order. This instruction would be translated exactly the same way by a bacterium, a rhododendron, a whale, a human being, or a mushroom.


Genes can move around between organisms and be traded back and forth, even between unrelated individuals of different species, in a process biologists call genetic recombination. So-called “genetic engineering” is but the human adaptation of processes that occur everywhere in nature.


• Bacteria are known to pass on genes to other bacteria—even to different kinds of bacteria—in a kind of sexual relation. In this way, the genes for resistance to antibiotics often spread rapidly through many different kinds of bacteria in a hospital.


• Cells that are simply grown in a medium containing foreign DNA are sometimes “transformed” when they incorporate pieces of foreign DNA into their own chromosomes.


• Genes may be transferred from one organism to another by a virus. We usually think of viruses as foreign invaders that destroy our cells and make us ill. But before they destroy our cells they may copy some of our genes to take with them. Or they may remain latent within us for so long that they cease to be viruses at all, becoming instead a permanent part of our own chromosomes.


• There is recent evidence that genes have been transferred from one species of fruit fly to another by a tiny parasitic mite.


• Nucleotide sequences similar to the human hemoglobin gene have been found in leguminous plants. This and many other such examples are providing researchers with abundant evidence of gene transfers that have occurred between unrelated species throughout the living world.


Evolution has been going on here on earth for perhaps three billion years. Yet every cell of every single living organism on the whole planet, every bacterium, every mushroom, every snail, every sponge, every crocodile, every insect, every flower, every tree, every horse, every man, and every woman has the exact same genetic code, coding for the exact same twenty amino acids. Apparently not one molecule has changed, even in species that diverged from each other three billion years ago. I can think of only one explanation for this: the millions of species that inhabit this planet are so interconnected that we really form one single organism with a single gene pool. The genetic variability that is so crucial to species adaptation and evolution does not rely just on random mutation; vitally important is genetic recombination through the action of viruses and bacteria, which circulate DNA among all life on this planet.


The extinction of species, the loss of genetic diversity on the scale that is occurring today, particularly in the tropics, is a tragedy not just because it will make the world less beautiful; not just because we are losing plants and animals that might someday be useful to us for medical purposes, or for food, or other human purposes; not just because other species have as much of a right to exist as we do; but because it threatens the global ecology, the interrelationships and interdependence of all life on the earth, and because the gene pool that is being impoverished is our own.




CHAPTER 6


Ecology (1991)


Ecology is the study of the mutual relationships between living things and their environment. The word comes from the Greek “oikos” meaning “house” and “logos,” “study.” The earth, whatever part of it we inhabit, is our house, its soil and rocks our floor, its blue sky our roof, its streams and rivers our running water. The birds that sing and fly, the buzzing insects, the four-legged animals large and small, the snakes that slither through the brush, the fragrant flowers and the towering trees—all are our sisters and brothers with whom we share our home. Each one occupies its own room in the house, its own biological niche.


Recently I paid an autumn visit to Meares Island, off the west coast of Vancouver Island in British Columbia. Meares is still-undisturbed old growth forest—giant cedar, Sitka spruce, and all the other plant and animal species that have always been there. My Danish friend Michael Andersen and I paddled across in a rented canoe from Tofino one morning and spent all day exploring a small part of this ancient, beautiful place. Except for an occasional bird song or the chatter of a squirrel, it was quiet in there, as the mass of the trees kept out the jarring sounds of motorboats ferrying human residents to and from the more outlying islands. I felt like an invited guest in a well-kept home. Shaded by the forest canopy far above, the ground was covered with a thick layer of decaying humus. My view of the forest around me was dominated by cedar and spruce trees up to sixty feet around, two hundred feet high and perhaps two or three thousand years old, some straight and majestic, others twisted, battered, and with burned-out hollows big enough to stand inside of. Lightning had struck some of these giants. Fires had charred and hollowed them out, perhaps hundreds of years ago, and still they stood guard over an almost unchanging forest. Here and there seedlings sprouted from the decaying logs of ancient fallen trees, but mostly the open undergrowth allowed for easy walking over ground broken by roots of living trees and crossed by tiny rivulets. This is a forest where the cycle of life goes on as it has always done, where change still occurs very very slowly. By stark contrast, nearby mountains on Vancouver Island were being rapidly stripped bare of all vegetation by chain saws working seven days a week, twenty-four hours a day,


During my visit to the Queen Charlotte Islands, off northwestern British Columbia, I walked in another expanse of old growth forest on the north shore of the Tlell River. This area of old growth was not so large as the one on Meares, and the cedar, spruce, and hemlock that grew here were not such giants. But here, too, the ground was open and easy to walk on. I soon approached an area that had once been logged, and it was like running into a brick wall! This second growth forest had not been cut in probably sixty or seventy years, and the trees were quite large, but here the undergrowth was an impenetrable tangle of brush and debris. It looked to me just as if a bunch of logs and branches had been thrown down every which way, one on top of the other, and in between the cracks a jumble of bushes and weeds had grown up. This was not the well-kept home it once had been. Clear-cut logging had very seriously disturbed this ecosystem and this community of plants and animals. If human beings left it alone, it would be centuries before the equilibrium of a mature forest was regained.


But human beings are not leaving forests alone, not anywhere on the earth. They continue to replace them with houses, cities, farms, roads, and airports all over the planet, at a fast-accelerating rate, not just in the tropics, but everywhere. People are still clearing the remaining old growth in North America’s Pacific Northwest for housing and construction; flooding vast areas of forest land for giant hydroelectric projects in Canada’s James Bay area; clearing the entire Canadian North of its ancient boreal forests to feed into pulp mills to make our newspapers, books, and toilet paper.


Foresters who “manage” our remaining forests seem to believe that a tree farm is as good as a forest, that they can clear a huge mountainside of all its trees and vegetation, replant with a monoculture of the desired species of tree, and in eighty years the forest will be as good as new. In the Pacific Northwest they believe they can “harvest” a new crop of trees every sixty to eighty years indefinitely, with no detrimental effects on soil, wildlife, or the health of their trees and the quality of their wood. They seem sincere enough, but my experience tells me otherwise.


Meares Island has a little patch of forest that was clear-cut some thirty years ago. It is again green—sort of—a sickly pale color compared to the rich green of its magnificent surroundings. It’s a permanent scar on the mountainside, much like any severe injury to your or my body that heals over with a visible scar.


On some of the land around Clayoquat Sound near Meares Island I saw extensive five-year-old clear-cuts that showed no signs of life at all.


The enormous mountains that dominate the view around Ucluelet, some twenty-five miles down the coast from Tofino, are now mountains of bare rock, showing no signs of regeneration whatsoever. It is one of the ugliest sights I ever want to see. Most of the residents of Ucluelet make their living in the logging industry, but how can they stand to wake up every morning and look out their windows at that view?


The Queen Charlottes receive enough rain that their clear-cut forests do “green up” in a few years and good-sized trees do grow to harvestable size in sixty to eighty years. So do the Douglas firs of Washington and Oregon, and the redwoods of coastal northern California. But a tree farm is not a forest, any more than a field of broccoli is a meadow, or a field of corn is a tall-grass prairie—or a storeroom full of furniture is a home.


The plants and animals of a region, together with the soil, rocks, land formations, rivers and lakes, and air, are an integrated ecosystem. Within the ecosystem is the biological community of living things, and within the community are populations of related individuals. No individual exists by itself; each interacts with others of its kind. Similarly, every population has many different sorts of relationships with other populations in the biological community. And no ecosystem on planet earth exists by itself; the cycling of air, water, soil, and nutrients is a planet-wide system. Rivers flow down mountainsides, across deserts, and into the sea. Many birds, fishes, mammals, and insects migrate seasonally from one ecosystem to another.


The interconnectedness of all living things begins to be apparent from the difficulty of even defining what an individual is.


It is fairly clear what an individual human being is—but just how clear is it really? Am I one individual human being or am I a collection of individual hands, feet, and other parts? Or am I a collection of trillions of individual cells? Some of my cells, such as my white blood cells, even seem to have a life of their own, swimming long distances to forage for a meal whenever bacteria invade my body. My white cells, someone might say, have the same genes as all my other cells, and therefore all are part of one large organism: me. How about the bacteria that live in my intestines, that are so much a part of me that I could not digest my food without them? Are they “really” part of me or are they separate individuals? Is someone who receives an organ transplant two individuals or one? What about a tree graft? Is a nectarine tree with a branch of peaches grafted onto it one individual or two?


Is an ant a separate being? Or a honey bee? All of the insects in one hive or one colony are offspring of the same mother, they have different physical forms according to their functions, and they quickly die if separated from their fellows. All are sterile except for the members whose sole purpose in life is to reproduce. Are they much different from cells in an organism?
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