
  MYTH 1 WE ARE THE ONLY SPECIES THAT HAS EVER HAD GLOBAL EFFECTS ON THE ENVIRONMENT


  
    Reality must take precedence over public relations, for nature cannot be fooled.


    —PHYSICIST RICHARD FEYNMAN,

    IN FINAL REPORT ON THE CHALLENGER DISASTER

  


  Reality: We live on a very peculiar planet, because living things have greatly altered Earth’s surface for more than three billion years.


  AS A RESULT OF LIFE’S LONG PRESENCE, EARTH IS UNLIKE ITS NEAREST NEIGHbors, Mars and Venus, and unlike any other planets so far discovered. Most important, it is only because of the life-induced major changes in our planet’s atmosphere, oceans, and land that we and all vertebrates can live here.


  Nature is not static. Earth’s environment is a moving-picture show, a vivid video, not a still life, not a still photograph. Its grandeur is in its dynamics.


  It is particularly odd that our Earth is so different from its nearest neighbors, Venus and Mars, because the three planets are similar in many ways. They are within a factor of two in their distances from the sun and within a factor of two in their diameters. Astronomers consider such ranges of differences to be minor in the universe. Since these three planets are so similar in these physical ways, one would expect them to be similar in many other ways, including the composition of their atmospheres. However, scientific observations in the twentieth century—both from space probes sent to Mars and Venus, and from Earth-based telescopes—revealed that the atmospheres of Mars and Venus are much like each other’s but very different from Earth’s. The Venusian and Martian atmospheres are mostly carbon dioxide, with a small amount of nitrogen. Oxygen is a rare and minor component. In contrast, Earth’s atmosphere is 79 percent nitrogen and 21 percent oxygen, while carbon dioxide makes up only 0.04 percent. The atmosphere of Venus is very dense, while that of Mars is very thin.10


  [image: Mars and Venus, lifeless, and the Blue Planet, whose surface and atmosphere are biological products. NASA/JPL/MSSS]


  How has life fundamentally altered Earth’s global environment? Beginning with the oldest known forms of life, around about 3.5 billion years ago, organisms have been capable of new chemical reactions or rates of chemical reactions not possible before. They have inhabited new regions, fed in new ways, changing the kinds and rates of chemical reactions. All of these have been innovations that have fundamentally changed the environment globally. The first of these chemical reactions was the “invention” of photosynthesis and respiration by the most ancient ancestors of bacteria. Cells that can carry out photosynthesis, thereby producing their own food, release oxygen, which is a toxic waste inside the cells. Oxygen is a highly reactive element, and if retained within a bacterial cell, it would destroy the complex organic compounds that kept the cell alive.


  [image: The Grand Canyon seen from the South Rim. The ruddy color near the bottom shows the coloring of some of the ancient iron oxide–rich deposits, the result of early life dumping oxygen into the ocean. AUTHOR]


  Getting rid of this internal toxin was simple: Dump it out into the environment—just some garbage to throw away. Yes, the earliest life-forms used the environment as a chemical-waste dump.


  At first, this free oxygen dumped into the ocean by bacteria combined with metals dissolved in the ocean water. It oxidized the iron, giving it the red color of rust. The oxidized iron was much less soluble in water than the previously unoxidized form. So, iron rust was deposited in the very early ocean sediments and was eventually converted into iron-containing rocks. We are familiar with these rocks as the reddish ones visible, for example, near the bottom of the Grand Canyon. Thus, early life created the vast iron ore deposits that have been so useful to us since the beginning of the Iron Age, and then the industrial-scientific age.


  Once most of that dissolved iron was oxidized, the only place toxic oxygen could go in huge quantities was into the atmosphere, which became life’s next major garbage dump. Although oxygen was a poison to early life, once there was a lot of it in the environment, it offered huge new opportunities for life. That’s because oxygen is very reactive, and creatures that could “burn” an organic fuel in oxygen could have a lot more usable energy. This made possible the evolution of multicellular organisms—complex life-forms, the kind we are familiar with and are one of. Without early life’s huge effect on the biosphere, we and all the cute and helpful creatures we like so much wouldn’t be here.


  [image: Summer on Mars, a lifeless planet. Not much of a beautiful landscape compared to views on our Blue Planet, full of life. NASA]


  Life has altered geological chemical cycles in a surprising number of ways. As one geological scientist has put it, life is a tectonic force, changing what chemical compounds get made, buried, and even recycled as the tectonic plates push minerals deep into the crust and bring them back up again. There’s a good chance that where you’re sitting and reading this book is largely a biological product. Obviously it is if you are in a wooden house, but a cement building uses limestone that is primarily a biological deposit. The steel beams come from iron ore deposits that were products of ancient bacteria. The car, bus, train, or subway you may be in is also built partly of that iron originally laid down by bacterial action. And most of the fuels speeding you along are fossil deposits, coal (from trees) or oil (from microorganisms). The air you breathe, as I’ve explained, is a biological product. Nature isn’t just something out there that you visit in a park or zoo; it is what we live within. We are not separate from nature; we are within it, and would not survive if we weren’t.


  During life’s history on Earth, there have been a number of other “inventions” by species that evolved later than those ancient bacteria and greatly altered the global environment. One was when new kinds of life “invented” calcium shells, and later, when others (vertebrates) “invented” calcium-based skeletons. The shell-forming creatures produced huge limestone rock formations, such as the major bedrock of Florida, heavily mined to make cement and other building materials. Many Florida freight trains are still heavily loaded with limestone today.


  [image: Diatoms, single-celled algae with hard shells made from silicon. Their shells form beautiful geometric patterns, as shown here. With their evolution on Earth, diatoms change the global cycling of silicon. NASA11 12]


  A similar thing happened with silicon, which wasn’t used in any great amount until diatoms evolved. Diatoms are single-celled algae which have shells made of silicon oxide, now a major factor in the flux of carbon from the atmosphere to ocean sediments. Diatoms are abundant along the continental shelf and can grow very rapidly; in fact, a population of diatoms can double in four hours. As diatoms became abundant in the oceans, they changed the global cycle of silicon. Diatoms are particularly important in the burial of carbon because their silicon shells allow them to sink readily, unlike other forms of phytoplankton.


  Diatomaceous earth is a mineral deposit of considerable use. It is a mild abrasive, used in toothpaste, facial scrubs, and metal polishes. Alfred Nobel discovered that nitroglycerin could be made much more stable if absorbed in diatomite, and this led to his invention of dynamite.


  Wood-Producing Vegetation Changes Earth’s Surface


  The earliest vegetation to live on the land did not have woody tissue, so it could not create strong structures or grow tall. Being taller than your neighbor is a great advantage for plants that need sunlight, for the obvious reason that this is the way they can “win” at the competition for that resource.


  Wood is made up of two chemicals: cellulose and lignin. We are all familiar with cellulose as a common ingredient in many things; it’s a major constituent of paper and natural textiles like cotton and linen, as well as artificial textiles, like rayon. Lignin is a very strange compound, and the reason wood is both very hard and very persistent. Lignin is made up of small molecules in which carbon atoms form rings.


  When algae and early land plants first produced these compounds, they were toxic, and simply excreted—dumped as waste—outside the cell. One result was that these different ring compounds combined in rather random ways, forming lignin, which is both physically very hard and chemically very difficult to decompose, in part because other forms of life that try to eat it have trouble creating chemicals that can deal with a more or less random assortment of components.


  Once plants had lignin and carbon, and therefore could make wood, large areas of Earth were transformed into forests, greatly changing the water cycle, the carbon cycle, and many other characteristics of the land. Dead wood is very hard to digest, and only a comparatively small number of bacteria and fungi have evolved ways to do this. Hence, wood tends to persist and, when buried deep, forms coal. It’s another example of nonhuman biological waste becoming a remarkable and important characteristic of Earth.


  In addition, biological evolution has led to the emergence of powerful biological “mining” mechanisms by which living systems obtain the chemicals they need from rocks, water, and air. For example, organic acids produced in forest soils leach chemical elements from rocks. The process of biological evolution has also led to biochemical mechanisms that remove toxins from the biosphere. Mercury, which is toxic to all living things, including bacteria, occurs in some soils. Certain bacteria take up mercury from the soil and produce methyl mercury, a gas that is readily lost from soil. As a result of these processes, supplies of raw materials made available by geologic processes are “efficiently exploited” by life, while toxic substances are removed.


  In contrast to today’s common myth, Earth’s environment has been changed greatly—fundamentally—by life. These changes are one-way events; once they have taken place, the biosphere cannot move backward from them to previous conditions. In this way, the biosphere has a history—a unidirectional change over time.


  
    
      What Difference Does It Make If We Believe This Myth?


      • We will not understand the amazing story of how the Earth was formed, the role of basic chemicals and waste, and the profound implications of this on evolution.


      • We will not frame the history of our very odd planet on the reality that our environment is dynamic; it has always changed, and it continues to do so today.


      • We will believe that environmental change is always or most likely bad and not be aware that life-forms have, during many times, in many ways, greatly altered Earth’s environment.


      • We may believe that nature changed by people is unnatural in some fundamental philosophical way, which is likely to interfere with our ability to understand how nature actually works.

    

  


  MYTH 2 LIFE IS FRAGILE, REQUIRES SPECIFIC CONDITIONS, AND CAN’T ADJUST EASILY TO CHANGE


  This myth also includes the notion that since creatures have very little ability to respond to environmental change, we must keep the environment constant.


  Reality: Life is robust and tough.


  FROM MYTH 1 YOU KNOW THAT LIFE-FORMS HAVE HAD TO DEAL WITH MANY great changes, yet life has continued on our planet for at least three and a half billion years. It isn’t that every species is tough and persistent under any and all environmental conditions. Think about life more like baseball fans think about the New York Yankees, a dominant (their fans say, the dominant) professional baseball team for more than a century. It isn’t that the same players that were on the team in 1900 are still there. Of course not. Players come and go; they have their moment and then a time of passage. So it is with species. In a universe that began with a Big Bang and in a solar system that has its own beginning, middle, and end, the ultimate fate of each life-form, each species, is extinction. But as a group, a team, so to speak, life has not only persisted but has greatly changed Earth’s surface and atmosphere. How does life do this—persist over long periods of time in spite of great environmental change? Here are some reasons.


  Some Species Can Adjust Rapidly to Short-Term Change


  One of the longest studies of animals and plants, done in Great Britain, showed how individual species persist through rapid climate change. A forty-seven-year study of a bird called the great tit (Parus major) shows a case of the early bird getting the worm. During egg laying and when the parents are raising their young, one kind of caterpillar worm is an important food. But in recent years, as the local climate has warmed, the caterpillar young have been emerging earlier. People who believe that a species can’t respond to environmental change were saying that Parus major was going to be in big trouble, likely to go extinct. On the contrary, Parus major females simply began laying their eggs several weeks earlier. Both birds and caterpillars are doing okay. In fact, the International Union for the Conservation of Nature (IUCN), considered the major authority on the status of species, states that “the population trend appears to be increasing, and hence the species does not approach the thresholds for Vulnerable under the population trend criterion.”13


  Another study in Great Britain of long-lived small grasses and sedges shows that they too are adjusting to climate change; in particular, changes in temperature and rainfall during thirteen warming years had little effect.


  These studies demonstrate what ecologists have known for a long time: Individuals, populations, and species have evolved with, are adapted to, and are able in real time to adjust to environmental change, including climate change.


  Life has three ways to adjust to environmental change: behaviorally (move somewhere else or, like Parus major, lay eggs earlier); physiologically (when you get cold, run and warm up); and, if neither of these work, the population can evolve. Yes, there are limits to the adjustment any one species can make over a short time. Larger changes require biological evolution, which for long-lived animals and plants can take a long time. Whether most species will be able to adjust fast enough to global warming is a hotly debated topic, which we will return to in later myths. Here we will continue to discuss some of the ways that species persist during environmental change.


  While Some Species Recover Slowly from Changes, They Do Recover


  Some ecologists specialize in reconstructing the history of trees—where they have grown in the past, and how a species has moved over the landscape, mainly in response to climate change. To find these answers, they use deposits of pollen from a species, because pollen grains have distinctive shells that do not decay.


  How did many tree species persist despite the major environmental changes of the past 2.5 million years (a time period we understand very well compared to most earlier times)?


  One: In refuges. Sparse populations of several tree species are now known (from genetic and macrofossil evidence, supplemented by detailed analysis of mapped pollen data) to have persisted during the last glacial maximum, serving as advance colonists, allowing rapid population growth in newly available habitat.14


  Two: Rapid biological evolution. Rapid genetic adaptation to climate has already been documented for a few wild organisms for which long-term studies of field populations have been conducted.15 Invasive species have also evolved since their arrival in a new habitat in the twentieth century, at surprisingly rapid rates of evolution.16


  [image: Pollen grains from a variety of common plants: sunflower, morning glory, prairie hollyhock, oriental lily, evening primrose, and castor bean. These outer casings of the pollen grains have patterns specific to each species. They persist for thousands of years in the ground and show that a species has lived nearby. (The images shown here were produced by scanning electron microscopes, which provide false colors that help separate each species.) DARTMOUTH ELECTRON MICROSCOPE FACILITY]


  Three: Following a variety of migration routes. Trees themselves don’t migrate, of course, but their seeds and pollen grains do, carried by wind and by animals.


  Two Tree Species Persisted through the Ice Ages


  A map of tree-migration routes, made by these pollen-grain-studying scientists, shows that since the end of the last ice age, different tree species have migrated northward at markedly different rates. Hemlock reached Massachusetts nine thousand years ago, approximately two thousand years before beech, although now beech and hemlock grow in the same region.


  The migration process for these two species had not yet reached its limits. Hemlock reached the Upper Peninsula of Michigan five thousand years ago and moved westward slowly, reaching the western shore of Lake Superior one thousand years ago. Beech, however, seems to be still migrating westward, with the present western boundary of its range in the middle of the Upper Peninsula. (Hemlock has been suffering from an insect pest introduced in about 1950, from Asia.)


  Biological Invasiveness Is Another Important Reason Life Persists


  One of the most powerful ways that life persists in spite of environmental change is by being very good at invasions. Biological invasions have (for good reason) gotten a bad name in recent decades; this is because, with our help, species that turn out to be undesirable for us have been transported from their native habitats to others. Among the most famous cases: the introduction of the Burmese python into Everglades National Park in Florida; various Asian and European species of fish and shellfish into North American waters, such as zebra mussels, natives of Europe and Asia; and trees like Melaleuca (Melaleuca quinquenervia), a native of Australia that was purposefully planted in North America, where it has become a pest, overtaking habitats in south Florida.


  Some Natural Biological Invasions


  Flowers on Surtsey Island: Biological invasions are natural; they occur without human interference, and have done so as long as life has existed on our planet. Indeed, one of the basic features that has made it possible for life to persist for more than three and a half billion years on Earth is its ability to invade new habitats and reinvade previously occupied ones.


  My wonderful colleague and friend, David Challinor (1920–2008), who served as assistant secretary for science and research at the Smithsonian Institution, Washington, DC, observed a striking example of the naturalness of biological invasions.


  In 1963, an undersea volcanic eruption created a plume of rocks and smoke rising straight up, 1,000 feet (300 m) into the air, and a flow of molten lava that cooled rapidly as it rose to the surface. About four and a half years later, in 1967, the explosions ceased, and the molten lava and material thrown into the air and rained back down combined to create a new island, about 16 miles (25 km) off Iceland’s south coast. Named Surtsey, it was soon more than 1 mile (1.6 km) wide and about 300 feet (100 m) high.


  David Challinor was one of the first scientists to visit the island just a few weeks after the eruptions ceased. The lava had cooled and hardened enough so that it was safe to walk on the surface, although molten lava flowing deep below was still visible through occasional surface cracks.


  As the island formed, living things got there surprisingly fast. The group of scientists was surprised to discover a sea rocket, a small plant just a few inches high, not only growing on the surface but already flowering. That it flowered so soon after the lava stopped flowing illustrates the speed with which biological invasions can occur. Other botanists soon discovered mosses and grasses that continued the biological invasion, and the newly formed Surtsey Research Society stimulated long-term monitoring of the invasion process.


  The African Cattle Egret: A recent, ongoing example of a biological invasion unassisted directly by people, but indirectly influenced by human alteration of land, is that of the cattle egret, a ubiquitous white bird familiar to travelers who view African wildlife.


  Cattle egrets feed on insects stirred up by the grazing of large herbivores, especially the Cape buffalo, which the egrets follow closely as the buffalos wander. Native to Africa, this bird probably evolved in the floodplains of the African tropics, but adapted to irrigated fields, especially in southern Africa. The egrets soon began following domestic cattle, as the number of buffalo and other large wild herbivores declined. More surprising was the transoceanic migration of these birds, which flew from West Africa to South America. Eventually, enough egrets arrived in South America to establish a New World breeding population. This transoceanic invasion was not such a difficult feat for these amazing birds; if helped by favorable winds, they can fly the 1,800 miles (2,900 km) from West Africa to South America in about forty hours.


  [image: A group of cattle egrets surround an African buffalo. COLIN J. MCMECHAN]


  First reported in South America in the 1880s, cattle egrets rapidly expanded their range, especially as coastal tropical forests were cleared for cattle ranching in the twentieth century. Once established in South America, they migrated north, reaching the United States in 1951. Just five years later they had spread from Texas to New England—several thousand miles!


  A similar process took place in Australia, where these birds became common in the western part of the continent in 1952. They reached New Zealand in 1963, and breeding pairs were found about a decade later. The cattle egret expanded its range from Africa to virtually the entire tropical and temperate areas of the Earth within a century. This expansion was fueled by the egret’s ability to exploit pastures with high cattle densities—an artificial habitat more suitable for feeding than its original one in Africa. The egrets’ widespread invasion seems thus far to be benign, as it fills a niche heretofore unoccupied by New World birds.


  Ecosystem Invasion: The Arrival of an Entire Community of Organisms


  The invasion of an entire set of species into new habitats takes place through a process that ecologists call ecological succession, which is the development of an entire ecosystem, a community of interacting species and their local environment. A spectacular example occurred following the eruption of Mount St. Helens in the state of Washington on May 18, 1980. Before that date the slopes of the long-quiet volcano were a pleasantly wooded land of Douglas fir, Western hemlock, and western firs.


  Wildlife was abundant. The eruption, however, triggered a large earthquake, which produced a huge avalanche of debris down the mountain. Superheated water and steam also blasted the area and caused massive mudflows. Volcanic ash rained on other areas, killing plants and animals. Finally, lava flowed down some slopes. In total, more than 230 square miles, or 61,000 hectares (ha), were damaged, including 81 square miles (21,000 ha) of forests that were completely flattened, with much soil lost.


  The landscape seemed devoid of life, and scientists believed that all animals above the ground were killed, including about one thousand elk. Stream habitats also seemed destroyed and devoid of fish. Professional ecologists and other experts believed that the devastation was so great that plants and animals would take many years to reestablish themselves. Surprisingly, however, life on the mountain invaded rapidly. Small rodents unexpectedly survived the blast by remaining in their holes; the ash was porous enough for oxygen to penetrate. Where the debris was not too thick, the fragile ash covering was stabilized by pioneer plant invaders such as fireweed, which in late summer filled the otherwise raw terrain with brilliant reddish-purple blooms.


  These early invading plants have evolved to revegetate disturbed areas, such as ash fields and burned-out forest floors. Their seeds are small and spread rapidly, and once they germinate they help to anchor the soil and reduce erosion. In addition, fireweed can fix atmospheric nitrogen in the soil and thus enable other species to invade quickly.


  Spring flowers soon sprouted around fallen trees on Mount St. Helens. In protected areas, trees also sprouted. Within four years after the eruption, much of the wildlife had returned, with more than six hundred wapiti (American elk) moving in from adjacent areas. Perhaps even more surprising, the streams had about ten times as many steelhead salmon as were found there before the eruption. Apparently, some fish survived in fast-flowing streams near the mountain and rapidly spread to the damaged streams when the water in them cleared.


  Life returned to Mount St. Helens through ecological succession. First came pioneer species such as fireweed, which had evolved to exploit sudden environmental change caused by wildfires or volcanic eruptions. Pioneer species were followed by “late successional” ones, which are adapted to more highly competitive conditions that occur after many species have returned. Such sets of species with different characteristics allow a wide variety of plants and animals to invade and restore ecosystems.


  In the Past 2.5 Million Years, Few Species Are Known to Have Gone Extinct, Despite Constant Climate Change


  Concerned about the possible effects of climate change on biological diversity, I, along with Danish plant physiologist Henrik Saxe, organized a workshop in 2007, bringing together scientists from a wide variety of research about forecasting environmental change on species. We looked into the history of extinctions during the past 2.5 million years, a period of time during which extinctions and persistence of species are comparatively well known. As part of the preparation for this workshop, I carefully reviewed the findings in Dr. Tom Lovejoy’s and Tom Hannah’s book, Climate Change and Biodiversity.17


  Tom Lovejoy, a long-term colleague and friend, is well known as one of the world’s experts on biodiversity, a term he coined. It seemed to me that his and Hannah’s book would be as good a source as I could find of information about extinctions during this time period. As I went through chapter after chapter, I was impressed to find that surprisingly few species are known to have gone extinct during the past 2.5 million years. Although climate changed greatly during this period, from warm to cold to warm, again and again, and while current empirical and theoretical ecological forecasts suggest that many species could be at risk from global warming, few extinctions are known to have occurred during these recent ice ages.18 In North America, for example, only one tree species is known to have gone extinct, and none are known in South America.19


  The exceptions—famous and well-known extinctions during the past 2.5 million years—were the loss of about two-thirds of tree genera in northern Europe,20 and the ice-age extinction of about forty species of large mammals in North America and northern Europe.21 Why did many European trees go extinct during that time and not in North America? In Europe, major mountain ranges go west to east, providing a barrier to the southward migration of trees during the ice ages. In North America, the major mountain ranges lie north to south, not creating such barriers. This geological difference shows that there are limits to the abilities of species to persist during major environmental change. Of course there are. But the ability to adjust is greater than popular notions would have you believe.


  The extinction of the large mammals in North America and northern Europe is the subject of a long-standing debate, which we will explore in Myth 10. The key finding for our purposes is that surprisingly few species went extinct during the past 2.5 million years.


  The Cost of Saving Endangered Species


  I have spent a considerable portion of my career trying to help save endangered species and conserve Earth’s biological diversity, ranging from whooping cranes and their relatives to African elephants, and from individual species to all the threatened and endangered salmon of Oregon and the 1.3 million birds of several species depending on Mono Lake, California. Like so many of my colleagues in ecology, I was attracted to this field of study in part because of my love for the glorious diversity of life on Earth, and by questions about how living systems persist and what we can do to help preserve this natural beauty.


  There are now approximately 1.5 million species known and named. It is easy enough to say that we want to save all of them, but as a practical matter, the survival of some is beyond our control, and saving others is going to be very expensive. Suppose we limit this to the total number of species listed as endangered and threatened. The U.S. Fish and Wildlife Service lists 1,209 species as endangered and 359 as threatened, for a total of 1,568 under the U.S. Endangered Species Act.22 The International Union for Conservation of Nature, which keeps the widely agreed-upon most authoritative information, in 2014 listed 7,678 vertebrates, 10,584 plant species, and a total of 22,413 species of all life-forms as threatened.


  The IUCN number is already large. But since the beginning of the twenty-first century, considerable fear has been expressed about the likelihood that climate change will lead to a huge increase in the rate of extinctions, based on a belief and certain theoretical assumptions leading to forecasts that species are easily brought to extinction by environmental change—that they are fragile. One of the most influential scientific publications that expressed this concern stated that “we predict, on the basis of mid-range climate-warming scenarios for 2050, that 15 to 37 percent of species in our sample of regions and taxa will be committed to extinction.”23 This was repeated in several reports of the U.N. Intergovernmental Panel on Climate Change. Indeed, there is an underlying assumption here that many species are fragile and easily brought to extinction.


  If these forecasts are accurate, huge amounts of money, time, and effort could be expended to try to halt these extinctions. Since there are approximately 1.5 million species known and named, this would mean that some 225,000 to 450,000 species would be “committed to extinction” by 2050. And if we agree that we are obliged to save them all, through our own efforts, not relying on nature by herself to save any, this may be an impractical—perhaps impossible—goal.


  Of course it is difficult to calculate the exact cost of saving an endangered species, because the cost will vary greatly from species to species, and many of the actions required can only be approximated. Some might be saved at no cost, or at very low cost. But species that attract great interest tend to require high costs to conserve. Here are a few examples.


  The snow leopard, which numbers about 4,000 to 6,000 and lives in Afghanistan, Bhutan, China, India, Kazakhstan, Kyrgyz Republic, Mongolia, Nepal, Pakistan, Russia, Tajikistan, and Uzbekistan, is listed as endangered. According to the World Bank, the governments of these twelve countries agreed in 2012 to the Global Snow Leopard Ecosystem Recovery Program (GSLEP), which was initiated in 2012, to be supported by the World Bank Group, Global Environment Facility, and United Nations Development Program. The World Bank estimates that in the first seven years the program could cost $150 to $200 million.24


  In the United States, the effort to save the California condor from extinction was costing $5 million a year in 2008—a rate that would amount to $100 million over the twenty years that the program has operated.25


  These paint a bad-case scenario. If the cost per species were in the same range as for the snow leopard and the California condor—$100 million dollars—the total cost to save the suggested 225,000 fragile species “committed to extinction” would total at least $22.5 trillion up to $45 trillion, or spread over the thirty-five years from now to 2050, would be $643 to $1,286 billion a year. In comparison, the total U.S. actual budget expenditures in recent years has been between $3.7 to $4 trillion a year,26 so the cost to the United States to save these species at the snow leopard and California condor rate would be one-sixteenth to one-third of the annual U.S. budget for the next thirty-five years.


  At $10 million per species per year, the cost would be at least $2.25 trillion, up to $4 trillion, or annually for the next thirty-five years we would have to spend $64 to $129 billion a year, in the same range as the total annual U.S. budget for education.


  To these costs we would have to add the political difficulties of setting aside the necessary habitats, among other actions. The focus on these forecasted high levels of extinctions will take away from the limited funds available to deal with all environmental problems. Therefore, if the forecasts are wrong, we will go down a path that does more harm than good to the conservation of nature and to the world’s economy.


  Of course, given the limited amount of information about actual costs to save endangered species, I have set down a bad-case—possibly a worst-case—scenario. We who love the beauty of nature’s diversity hope it would cost much less. The main point to take away from this is not that I have set down an accurate, reliable estimate, but that to believe in the myth that species are fragile has huge implications, beginning with the financial ones.


  In my discussion of other myths, I will do my best to clarify how we can make the best decisions about which species should be our focus—which ones we can help, and which ones, in general, matter the most to people. In a democracy, these decisions will ultimately be open to debate, selection, and choice; it’s my hope that this book will help to inform these choices in a useful and positive way.


  
    
      What Difference Does It Make If We Believe This Myth?


      • We may not understand how difficult and costly it is to save endangered species, especially those that have become endangered because of human actions—and that the costs required vary greatly depending on the life requirements of the species and the pressure it is under.


      • We may wrongly believe that we can save all of the species that we decide to save. Some extinctions are simply beyond our control. It is arrogant to believe that we are powerful enough to control all species, and that we know enough to do so.


      • Many of us are aware of the efforts made in saving species such as raptors and spectacular megafauna—those big and impressive animals, including elephants, rhinoceros, and the big cats—and not familiar with other endangered or threatened species.


      • Because of the enormity of the task, we may rely on wishful thinking that nature will provide the solution and forget that we are the one species that can plan and direct resources to the problem.

    

  


  MYTH 3 EXTINCTION IS UNNATURAL AND BAD, BUT EASY TO ACCOMPLISH


  People contribute to extinctions all the time just by killing individual creatures, one by one. Furthermore, we have the ability to save all the species alive at this moment—that is, to stop all extinctions of all species on Earth today.


  Reality: The ultimate fate of all species is extinction in a finite universe, so extinction is natural. Although some species are quite vulnerable to extinction, many are persistent, and it has proved difficult for us to cause the extinction of many dangerous pests, including carriers of diseases.


  MOST SPECIES THAT HAVE EXISTED ON EARTH HAVE GONE EXTINCT. WE DO not know enough to save all species on Earth today, nor do human societies have sufficient time, money, energy, and interest to attempt to do so. We must do our best to determine which species we can help to avoid extinction, and focus our efforts on them.


  If there is going to be an end to the universe as we know it, then all life as we know it will also end, and therefore, all species will eventually go extinct. But more to the point, studies of the fossil records suggest that on average, about one species goes extinct every year (although some recent papers claim a higher rate). Among mammals, the average persistence is about 750,000 years, suggesting that our species is already exceeding the average persistence of its kind.


  Additional Reality: The hardest way to get rid of a species is to hunt every individual down and kill it. If you want to cause the extinction of a species, it’s much easier to do it by destroying its habitat or by introducing a parasite from somewhere else that the species hasn’t had a chance to adjust to.


  [image: The ultimate fate of all of us: Fossils of extinct species of trees lying in the Petrified Forest National Park, Arizona. Some of these fossils are as much as 200 million years old. AUTHOR]


  However, it is not the purpose of the discussion of this myth to suggest that we want to increase extinctions. On the contrary, we want to reduce extinctions, but first we have to understand why extinctions have happened. It has become fashionable to talk about and even assume that we people are causing massive extinctions, as indicated by the New York Times best-selling book, The Sixth Extinction: An Unnatural History, by New Yorker magazine journalist Elizabeth Kolbert. As described by the publisher, “Over the last half-billion years, there have been five mega-extinctions, when the diversity of life on earth suddenly and dramatically contracted. Scientists around the world are currently monitoring the sixth extinction, predicted to be the most devastating extinction event since the asteroid impact that wiped out the dinosaurs. This time around, the cataclysm is us.”27


  One cannot deny this possibility, but given the strange planet we live on, there is a certain arrogance underlying the fashionable belief that we are powerful enough to affect all life on Earth. If we are this influential, why have we been so unsuccessful at causing the extinction of (or even having reasonable control over) malaria-carrying mosquitoes, or rats that spread disease, including Ebola? Why are we unable to cause the local extinction in the Everglades National Park of the introduced Burmese python? (My scientific friends who work near and in this park tell me its managers have basically given up all hope of eliminating this invasive species, or even of stopping the way it is largely altering the food chains within the park.)


  Why can’t we eliminate from this same park the Australian tree Melaleuca (Melaleuca quinquenervia), which is said by the University of Florida’s Center for Aquatic and Invasive Species to be a “pest, especially in the Everglades and surrounding areas, where the trees grow into immense forests, virtually eliminating all other vegetation,” converting that park’s “mostly treeless ‘river of grass’ ” in some places to a “river of trees . . . taking over hundreds of thousands of acres of Everglades, threatening the very existence of this internationally known eco-treasure?”


  Why haven’t we been able to cause the North American extinction of zebra mussels?


  Tom Lovejoy, who, as I mentioned earlier, is one of the world’s leaders in conservation, has stated, “I believe we should try to save all species. They are all important in practical ways we still only dimly understand. And there is an ethical responsibility to other forms of life. In reality, the way we allocate insufficient resources leads to choices being made about what survives and what does not.”28 This is a very nice goal, but I suggest that it’s also an impossible one, if taken literally. I suggest we rephrase it to say: “Do them no harm,” in reference to those species we desire to keep around.


  If we want to reduce the number of extinctions, then instead of asserting well-meaning phrases and hanging on to the mythical belief that we have power over all the planet’s species, we must focus instead on what is possible and practical. This will mean deciding which species we can help, and of those, which we want to help. We must develop a better technical understanding of the causes of extinctions.


  We can start by examining extinctions that have occurred in relatively recent times to better understand the causes. Armed with this knowledge, we can then focus on what we might be able to do to help prevent future extinctions. This approach is completely consistent with the overall methodology of the industrial/scientific age: Figure out how things work (in this case, how extinctions come about and what causes them); consider what tools and methods we already have, or that we could develop; and then work out our actions. In sum, think like an ecological engineer: If it ain’t broke, don’t fix it; but if it is broke, get out your tools and set things right.


  The Role of Science in Determining Likely Extinctions


  Two approaches have been used in an effort to save endangered species—one, primarily scientific analysis; and the other, using less-formal observations, experience, and judgment. In many cases, the two approaches are mixed, but the role of science, which might appear publicly to be at the basis of all decisions and actions about endangered species, has actually been quite limited. In part this lack of science is because knowledge of many species and ecosystems is limited, many of the sciences involved are new, and the scientific phenomena of species persistence is still little understood. Many other factors are involved, including political, social, cultural, and economic goals, which extend, at least at present, beyond scientific analysis.


  In my direct involvement with the conservation of endangered species and their ecosystems, I have tried as much as possible to base what I have done and the advice I have given on scientific information. Sometimes, even a few pieces of scientific knowledge can be fundamental to helping conserve a species.


  It’s Not Easy to Cause Extinction of Species by Hunting All the Individuals Down One at a Time and Then Killing Them One by One


  Elephant Seals: The northern elephant seals (Mirounga angustirostris) native to the California and Mexican coasts were hunted in the nineteenth century mainly for their blubber, which was converted to oil, until they were thought to be extinct. It is said that the British Museum sent an expedition to find the last dozen or so of these seals, shoot them, and bring them back to the museum to be exhibited. Better that visitors to the museum could see them dead and stuffed than let them die ignominious deaths in the American wilderness.


  Instead, the British expedition failed to find the few remaining elephant seals, and the population has since rebounded. Counts show that by the end of the 1980s, elephant seals had increased in number quite steadily at about 9 percent per year, meaning that the population had consistently doubled approximately every eight years, reaching more than 60,000 in the mid-1970s. If this rate had continued, there would have been about 500,000 elephant seals by the year 2000, and almost 500 million by about 2070. Indeed, in a little more than four hundred years, the mass of elephant seals would have equaled the mass of the Earth.


  [image: A few of the more than 100,000 elephant seals now living on the California coast. AUTHOR]


  At present, elephant seal numbers are estimated to exceed 120,000. According to the National Oceanographic and Atmospheric Administration in 2010: “Though a complete population count of elephant seals is not possible because all age classes are not ashore at the same time, the most recent estimate of the California breeding stock was approximately 124,000 individuals.” (Obtaining accurate counts or even good estimates of the numbers of a wild species is one of the problems I will return to later in subsequent myths.) The species is so abundant that it is not even listed as a “species of special concern” by the U.S. Marine Mammal Commission, the federal agency charged with the conservation of these animals.


  Sea Otters: Hunting of sea otters began at the end of the eighteenth century, when the otters were distributed throughout a large area of the northern Pacific Ocean coasts—from northern Japan, northeastward along Russia and Alaska, and southward along the coast of North America to Morro Hermoso in Baja California. Nobody knows exactly how many there were, but the U.S. Marine Mammal Commission estimates that there were probably between 150,000 and 300,000 sea otters at that time. According to the standard story, a group of shipwrecked Russian sailors survived a winter by eating sea otters and keeping warm in sea otter pelts. The furs they brought back were considered so beautiful that this led to the development of the sea otter fur trade and to intense hunting of this species. By the end of the nineteenth century, sea otters were too rare for successful commercial hunting, and the species was thought to have gone extinct. Then two small colonies were discovered in U.S. territorial waters—one in the Aleutian Islands of Alaska, and the other along the California coast from Monterey Bay south to Point Conception.


  Legal protection of the sea otter began in 1911 with an international treaty for the protection of North Pacific fur seals and sea otters signed by the United States, Japan, Great Britain (for Canada), and Russia. Today, the sea otter is protected by two U.S. federal laws: the Marine Mammal Protection Act of 1972 and the U.S. Endangered Species Act of 1973, as well as some international agreements. People began to participate in the recovery of the sea otters in the early 1970s, when several hundred sea otters were moved from Amchitka Island and Prince William Sound to try to reestablish populations in southeast Alaska and the outer coasts of Washington and Oregon.


  [image: This map shows how sea otters are doing in Alaska. MARINE MAMMAL COMMISSION]


  According to the U.S. Marine Mammal Commission, since the start of the twenty-first century, sea otters have doubled in southeast Alaska. The world population of sea otters is estimated today at more than 100,000. However, as is common among species, population change is not uniform. In the Aleutian Islands and the southwestern Alaska Peninsula, sea otters have declined in this century, and the U.S. Fish and Wildlife Service now lists the southwest Alaska population as threatened.


  Sandhill Cranes: On the land, a similar story can be told about the sandhill crane. These cranes were the first bird species ever protected by a U.S. international treaty, the U.S.–Canadian Migratory Bird Treaty of 1916. This protection lasted until 1961. By that time, the sandhill cranes had become so numerous that a single flyway in the western Great Plains states was estimated to have more than 130,000 birds that year, all flying as a single flock. They would land in farmers’ fields and feed on the grain, a kind of vertebrate plague of locusts.


  [image: Sandhill cranes. AUTHOR]


  The farmers complained to the federal government, and in response the Department of the Interior established hunting seasons for sandhill cranes in Texas and New Mexico. Since then, the population has increased beyond 130,000, but has varied considerably over the years, rising to about 500,000, and averaging 400,000 between 1982 and 2007.


  Interesting for our purposes, “The Cranes Status Survey and Conservation Action Plan: Sandhill Crane (Grus canadensis)” asserts that this population is “probably stable.” I note here that since the sandhill crane population varied by as much as 40 percent from its average over this period, and bounced from -30 percent to +30 percent from the average within a few years, the concept of “stable” used here has to be different from the classical idea of something at a fixed equilibrium, if it has any meaning at all. The simplest meaning to attach to this assertion, and for our purposes probably the best, is that the population, despite bouncing around considerably in numbers, appears quite unlikely to go extinct anytime soon.


  A Brief History of Extinctions and Mega-Extinctions


  Extinctions are always happening. Most species that have existed on Earth have gone extinct. As I mentioned before, the average rate for animals and plants has been about one a year (although some recent scientific papers argue that the average rate has been much higher, maybe up to six per year). The number of extinctions has varied over time, including five “mega-extinction” events since the evolution of multicellular life-forms, about 550 million years ago. During each of these mega-extinctions, the majority of species appear to have gone extinct in a (geologically speaking) comparatively short time. The greatest mass extinction was the Permian-Triassic, about 250 million years ago, when an estimated 80 to 90 percent of all species went extinct. (It’s worth noting that continued excellent scientific research has not yet resolved whether or not these massive extinctions occurred only during a single event or were spread out over millions of years. This is one of those difficult, yet fascinating, scientific questions that is hard to resolve.)


  As the accompanying table of mega-extinctions shows, the causes include asteroid impacts, massive volcanic eruptions leading to huge flows of lava, and release of massive amounts of greenhouse gases. Such causes are beyond what any individual or human society could do to prevent such extinctions, reinforcing the point that it is at least somewhat arrogant of us to believe that we can have total control over the fate of all species, and that it is within our power to save them all.29


  [image: The Five Mega-Extinctions When (Millions of Years Ago) Name Percent of Species Extinguished Length of Time Cause (Possible to Probable) ca. 446 Ordovician-Silurian 60–70% Two events, separated by 4 million years Unknown and debated 375– 360 Late Devonian 75% Several major events spread sometime between 500,000 to 25 million years Unknown and debated 250 Permian-Triassic 80–90% Some geologists say a single large event; others say it may have been a series of events over 7 million years. Debated, but corresponds to massive volcanic eruptions in Siberia that led to huge lava floods and likely the emission of large amounts of greenhouse gases. Also suggested are asteroid impact and a runaway greenhouse effect triggered by sudden release of methane from the oceans. 202 Triassic-Jurassic 50–75% Comparatively short time (geologically speaking) Debated: suggested causes include climate change, basalt eruptions creating massive lava floods and releasing greenhouse gases, asteroid impact. 66 Cretaceous-Paleogene 75% Very short causal event Asteroid impact]


  Hundreds of Extinctions Have Occurred Since the Sixteenth Century


  More than three hundred extinctions of animals and plants are known to have happened since the sixteenth century, and of course, this would be an underestimate, as there would have been other extinctions of species never found, known, or named. Little information is available about extinction rates of single-celled organisms, including bacteria, which is ironic, because, as I previously discussed, the chemistry of Earth’s surface is strange, and the strangeness is heavily due to these microscopic creatures.


  Some Species That Are Easily Brought to Extinction


  Given that it is important we understand what has caused extinction, we would do well to look at what has happened recently, because so much attention is placed these days on the role people have played since the beginning of the industrial/scientific age, and also because the more recent an extinction, the more likely we are to have information about its cause. The more than three hundred species that have gone extinct since the sixteenth century are too many to discuss here, but a few examples can provide a representation of some of the causes. (These examples are from information that can be found on the Sixth Extinction, a website about the current biodiversity crisis, which lists the known extinctions of multicellular organisms since the sixteenth century and, where possible, provides a link to a discussion of the causes.)30


  The Golden Toad: The beautiful golden toad existed in a very small habitat, 1 square mile (4 sq km) in Costa Rica, in a very limited, and for this nation very high-elevation, range, 900 to 1,000 feet (1,500–1,620 m), in what is known as the elfin cloud forest, so called because clouds often form and spread over and within the forest, and the vegetation is generally short in stature. Since this habitat was totally within the famous Monteverde Cloud Forest Reserve, one of the finest New World tropical nature preserves, one might expect that the toad would be relatively safe. But, adapted to this rare and isolated kind of habitat, the golden toad never could have become very abundant, and could not have easily migrated to new areas when its present habitat became no longer suitable. This would have been especially true if the climate had become much warmer, which could have placed the “suitable” habitat above the height of any Costa Rican mountains.


  [image: Male golden toad. CHARLES H. SMITH, U.S. FISH AND WILDLIFE SERVICE]


  Thus, the golden toad was highly vulnerable to habitat destruction and to the introduction of disease organisms. It was not extinguished by hunting, but by habitat changes, which some attribute, surprisingly, to deforestation outside and around the nature preserve, further limiting the toad’s ability to migrate. Others list “erratic weather” as the cause, due, it is proposed, either to the regular and periodic El Niño climate variation or to global warming. Whatever climate variation had to do with it, the toad was probably seriously endangered and perhaps brought to its end by an infectious fungal disease, the chytrid fungus (Batrachochytrium dendrobatidis), a disease only of amphibians. (The extent to which other environmental factors may have led to the spread of this disease is not discussed on the Sixth Extinction website.) Some also suggest that air pollution may have contributed to the toad’s difficulties.31 32


  The Po’o-uli (Melamprosops phaeosoma), a small bird of Hawaii’s Maui Island: Like the golden toad, this bird was known to occupy a small, specialized habitat within the mountain “ohi’a” forests, on Maui, between 4,600 and 7,000 feet (1,400–2,100 m). This localized habitat became uninhabitable for the bird when disease-carrying mosquitoes, formerly only found in the lowlands, migrated into its habitat, and when the introduction by people of rats, cats, and the Indian mongoose killed off much of the population. The rats not only killed the birds directly, but competed with them for their favorite, primary food, garlic snails. The bird went extinct despite efforts after 1980 to try to save it.


  The Javan Tiger: This tiger lived only on the Indonesian island of Java. They originated on the Asian mainland and were isolated from the predominant tiger population at the end of the last ice age, when the sea level rose as a result of natural causes. The population then evolved into what conservationists consider a formal subspecies, and therefore among those populations considered formally endangered.


  In the nineteenth century, the Javan tiger was so abundant on the island that it was viewed as a pest. Human population growth had led to an increase in agriculture, destroying a considerable part of the tiger’s habitat. To reduce the tiger population, people hunted and poisoned them, leading to their essential extinction. The Javan tiger also suffered from competition for prey with leopards and introduced dogs. “By 1940, the Javan tigers had become restricted to remote mountain ranges and forests.”33 There were attempts to conserve this subspecies beginning in the 1940s. Reserves were set aside, but the area was too small to sustain a population. This tiger is now either extinct, or there are a few individuals, unknown to people, wandering the most remote parts of upland forests.


  [image: A Javan or Malay tiger in the London Zoo. UNKNOWN]


  How Do We Decide a Species Is in Danger of Extinction?


  Contrary to the way these things are presented in the press and by those with ideological reasons to push the issue, it isn’t easy to decide when a species is truly endangered. Sometimes the determination is made using a scientific foundation; other times—as when an abundant species like the African elephant is subjected to very heavy illegal poaching—it’s clear that the species is threatened, and it’s listed as such, without the need to depend primarily (or completely) on scientific analysis.


  During the second half of the twentieth century, the standard scientific approach was the 50/500 rule: If a population fell below 50 individuals for a short time, say ten years, or below 500 for a long time (with the length of this “long time” not always stated specifically), a species was considered endangered, and was often handled this way legally.


  The rationale for this rule was straightforward: The concern was genetic inbreeding. If a population fell to these levels, it would not have enough genetic variability to allow the species to respond to major change, such as the introduction of a new parasite or a large-scale climatic change. This rule was worked out by ecologists with solid backgrounds in genetics. I knew one of them quite well, and asked him how they decided on “50/500.” He said that they used studies of domestic cattle, because their genetic makeup was comparatively well known at that time, indicating that populations at these levels did have very low genetic variability. I replied that this was a very stringent assumption, given that domestic cattle had been purposely narrowly bred over many generations to provide the most desirable characteristics, either for meat or milk production. My colleague, who had a good sense of humor, looked at me and said, “Well, all the rest of you ecologists asked us for a number, and we did our best and gave you one. And all you do is continue to complain.” He was correct, of course, and so was I. This just points out the difficulty and our limitations, given what we know about wildlife, both plants and animals, to make these determinations. On the positive side, the use of domestic cattle information led to a rule that was cautious.


  The recent decline of the wolves of Isle Royale National Park demonstrates the problem of genetic inbreeding. The wolves arrived on the island in the 1940s, later forming into two packs (at times). Their total number was as high as fifty animals, averaging around twenty-five most of the time. But in recent years the wolf population has gone into a decline, dropping below ten, and, as of this writing, just two. The remaining two reproductive adults’ most recent and only pup appeared to have vertebrate abnormalities, probably the result of genetic inbreeding.


  In some cases, species much more numerous than 50/500 are listed as threatened or endangered by such organizations as the International Union for Conservation of Nature (IUCN), which maintains the major international database for endangered species. For example, the African lion was estimated to number about 32,000 in 2012, but is listed as “vulnerable” by the IUCN because the population size has dropped from 100,000 in the past fifty years, and because lions are hunted for sport and by rural human populations to protect cattle and people.34 35


  Passenger Pigeons and Whooping Cranes


  Passenger Pigeons: The 50/500 rule clearly does have some fundamental limitations. For example, the history of the passenger pigeon shows that a population doesn’t have to drop to 500 for a long period of time in order to go extinct. As recently as the mid-nineteenth century, the passenger pigeon had one of the largest populations of any known animal, living or extinct. According to the Smithsonian Institution, passenger pigeons may have numbered as high as three to four billion birds at one time, representing 25 to 40 percent of all bird populations in the United States. There were many descriptions of the abundance of this bird. Massachusetts Puritan minister Cotton Mather (1663–1728) wrote that a flight of these birds was “about a mile in width and taking several hours to pass overhead.”36 In 1947, Aldo Leopold, the famous conservationist, wrote that “Men still live who, in their youth, remember [passenger] pigeons; trees still live who, in their youth, were shaken by a living wind,”37 meaning in the late nineteenth century.


  According to an article in Audubon magazine, “In 1871 their great communal nesting sites had covered 850 square miles of Wisconsin’s sandy oak barrens—136 million breeding adults, naturalist A. W. Schorger later estimated.” But by 1900, none were left in the wild. The passenger pigeon population crashed quickly, from incredible abundance to extinction.38


  Why this species was so abundant and went from high abundance to extinction quickly is now understood. It has to do with the social behavior of this bird, and with technological advancement. The pigeons would travel as a single flock to different places each summer, overwhelming any predators that happened to be there—predators that had been used to much fewer numbers of prey birds. Consequently, the predator populations had not grown large enough to have much effect on the pigeons when they arrived.


  But with the invention of the railroad and the telegraph, and with avid interest in hunting these pigeons, the summering location of the birds was observed by spotters, who then telegraphed that information east. Special trains filled with hunters then went out to the summering grounds, dropping the population rapidly, until just three captive flocks remained. In September of 1914, Martha, the last known member of the species, died in the Cincinnati Zoo. There was something in the social behavior of the passenger pigeons that, once reduced to low numbers, made it impossible for them to continue.


  The actual behavioral reasons are not understood, but the fact remains that because of the adaptation to huge numbers, this species had a special vulnerability—unusual and unexpected, but a warning nonetheless. As one of the smartest and most insightful ecologists of the twentieth century, Larry Slobodkin, put it, “Nature plays tricks on you . . . being rare is different from going extinct, as the whooping crane said to the passenger pigeon.”39


  Focusing on numbers, it would seem logical and scientifically sound to try to use some mathematics to estimate the probability of extinction of a species based on past variations in the population size. With several colleagues, I made the first such calculations, using whooping cranes.40


  Whooping Cranes: As I wrote in my previous book, The Moon in the Nautilus Shell, the whooping crane, the tallest bird in North America, once lived throughout most of the continent. Hunted, subjected to disruption of its habitat by land development, and extremely shy of people, the crane retreated with European colonization of North America. By the mid-nineteenth century, perhaps somewhat more than one thousand remained. But the population declined rapidly, and by the turn of the twentieth century, no more than one hundred cranes were left. Although the whooping crane, along with other birds, came under the protection of the 1916 Migratory Bird Treaty between the United States and Canada, the crane population continued to decline, and seemed to be vanishing. Where the remaining cranes nested in the summer or fed in the winter was a mystery.41


  Things began to look up for the crane in the late 1930s when the last wintering grounds of the bird were discovered in the Blackjack Peninsula of Texas, and in 1937, the Aransas National Wildlife Refuge was established there. Of great importance also, an annual count of the entire population, which distinguished the number of adults and number of newborns, was begun. This practice continued until a few years ago, providing a unique population history. (The summer breeding ground remained a mystery for about twenty more years, but was found in 1955 in Wood Buffalo Park, Northwest Territories, Canada, an area east of the Canadian Rockies in remote wetlands.)


  The fate of the whooping crane seemed to hang in the balance for many years. The population declined to ten adults and four young in 1938. But then a slow recovery began that continued, with variation, for the next fifty years. An interesting aspect of this slow recovery is its erratic pattern: The population rose to twenty-six individuals in 1940, fell back to fifteen in 1941, rose to thirty-four in 1949, fell back to twenty-one in 1952, and so on.


  With these rises and falls of the whooping crane population over the years, a question naturally arose about the bird’s chance of extinction. In the early 1970s, Roy Mendelssohn, Richard S. Miller, and I analyzed the history of the whooping crane population and estimated this risk. The existence of a complete census of adults and young compiled over more than thirty years made this analysis possible. We saw from the data that the population seemed to vary randomly, and we used a mathematical method that took this into account. With this approach, we could calculate the chance that this erratically upward-trending curve might wander downward to zero—one way to calculate the probability of extinction. Our calculation showed that the chance of extinction was amazingly small. Given the population of fifty-one birds in 1972, the calculated chance that the curve would drift downward to zero by 1992 was only five in one billion. To my knowledge, this was the first such calculation.


  This calculation was made with very specific and demanding assumptions, the most critical of which was that causes of variation in the previous thirty years would continue into the future, and be the only causes of variation. In reality, one good sharpshooter could have eliminated the entire species, as could the introduction of a new disease or another new kind of catastrophe in the summering or wintering grounds.


  However, contrary to the assumption of fragility of such small populations, the whooping crane seemed to have almost no chance of extinction unless faced with a new catastrophe. In fact, the species has continued to increase, reaching 310 individuals at Aransas National Wildlife Refuge in October 2015, a total of 442 in the wild, and an additional 161 in captivity.42


  What Can We Do to Help?


  Here are some things we could do to potentially save other species from extinction:


  External Factors: Use habitat size and condition and chances of an invasive disease or predator coming into that habitat to predict possible extinction of a species. The extinction of the golden toad gives us a hint as to one of the ways we can predict which kind of species is more likely to become endangered than most. This is a species that lives in and requires a highly specialized habitat that is small in area, and, even worse, positioned on a mountain slope or along the edge of a major environmental gradient, and therefore likely to be susceptible to extinction.


  Encroachment of People: Pay particular attention to where human actions, including poaching, are occurring. The history of the Javan tiger makes it clear that people are having a large effect on many species, endangering them.


  Focus on the Most Vulnerable: We can’t save every species; therefore, we must focus on those that are the most vulnerable. As much as we might want to save every species—and some even believe we have the knowledge and power to do that—in reality, there isn’t enough time, effort, money, or widespread interest for entire societies, perhaps even the entire world population, to make this their primary goal. Instead, we have to choose carefully how we will spend our limited resources in the conservation of nature, and in particular, in doing what we can to save species from extinction. We may have to take a triage approach, dividing species into three groups: those that are likely to go extinct no matter what we do; those that will persist no matter what we do, given the variety of human and environmental conditions that we perceive in our future; and those who might persist, but only with our help.


  Some of my colleagues, including some whom I most respect, get quite angry with me when I bring up these points. Some say it is arrogance that leads us to think we can discern which species we can help. But I say the reverse: I believe it’s arrogant to think we can save all the species of the world, and since we are the species with the technological power and the ability to make conscious decisions, we have no choice but to make these selections. Therefore, we have to learn as much as we can about the species most important from our (admittedly limited) human point of view.


  Ecological Engineering: Become “ecological engineers” in the sense that if it’s broke, find out how to fix it. Get more facts and establish more programs to monitor populations of seriously endangered species.


  Protect Habitats: Learn more about the habitat sizes and requirements of endangered species, and work to protect these. As I will discuss later, the habitats of a surprising number of threatened and endangered species have not been cared for or protected, and continue to be converted to other uses.


  When our society deals with other kinds of catastrophes, like commercial aircraft crashes and train accidents, there is an immediate and well-organized search for the causes so that a similar event might possibly be avoided, or at least, to determine whether it might be preventable in the future. But for reasons I have never been able to understand, when it comes to life on Earth, we do not seem to take the practical approach that is such an integral part of our modern technological civilization. Why not, I ask, without adequate answer. Whatever the reason, our lack of such calculations means that we are in a relatively poor position, technologically and scientifically, to know enough to save more species from extinction—an extreme irony, given the popularity of the idea that we are on the verge of creating the sixth mega-extinction. We seem to prefer to moan, blame ourselves, and let things be.


  As you must be well aware by now, these are not simple issues; they will come up again in my discussion of other myths, including the ones about climate change. So stay tuned.


  
    
      What Difference Does It Make If We Believe This Myth?


      • We will likely be overwhelmed by the belief that so many species will go extinct due to our actions that we tend to do nothing or much too little to help those we could.


      • We will often fail to monitor changes in the population size of endangered species and avoid addressing the problem—the way we treat many other catastrophic events in the industrial/scientific age.


      • We will not be able to make a mathematically formal calculation of the chance of extinction because adequate data has not been collected.


      • Overwhelmed, we will likely not track down the causes of extinctions, such as habitats that are too fragile and small, overhunting, and large habitats that have been converted to other uses and destroyed.


      • We won’t create a triage, determining which species we are certain to be able to help, those we might be able to help, and those we probably can never help.


      • We won’t separate endangered species into those whose habitats are small and fragile and therefore likely to go extinct from those that can live in either a variety of habitats or whose habitat is large.


      • We won’t separate those who are endangered due to disease organisms or pests (with much faster life cycles) from those whose threats are from species of similar life cycles, the first being much more vulnerable to extinction than the second.

    

  

OEBPS/Images/chpt_fig_001.jpg
Mars and Venus, lifeless, and the
Blue Planet, whose surface and atmo-
sphere are biological products. NASA/
JPI






OEBPS/Images/chpt_fig_009.png
PopISoASiatie

= Stae or ncreasing
= increasing.

= Southwost
- Stock
TR~ . Alution isiand:

W e o

This map shows how sea otters are doing in Alaska. MARINE MAMMAL
COMMISSION





OEBPS/Images/chpt_fig_006.jpg
A group of cattle egr urround an African buffalo. COLIN J. MCMECHAN





OEBPS/Images/chpt_fig_012.jpg
Male golden toad. CHARLES H
S. FISH AND WILDLIFE






OEBPS/Images/chpt_fig_010.jpg
Sandhill cranes. AUTHOR





OEBPS/Images/chpt_fig_004.jpg
Y \ | P A ¥
Diatoms, single-celled algae with hard
shells made from silicon. Their shells
form beautiful geometric patterns,

as shown here. With their evolution

on Earth, diatoms change the global
cycling of silicon. NasA!! 2





OEBPS/Images/chpt_fig_008.jpg
A few of the more than 100,000 elephant seals now living on the California
coast. AUTHOR





OEBPS/Images/chpt_fig_013.jpg
A Javan or Malay tiger in the
London Zoo. UNKNOWN






OEBPS/Images/frn_fig_001.jpg
MYTHS

THAT ARE

DESTROYING

THE ENVIRONMENT

WHAT MANY
ENVIRONMENTALISTS BELIEVE
AND WHY THEY ARE WRONG

DANIEL B. BOTKIN

FOREWORD BY ALFRED RUNTE






OEBPS/Images/chpt_fig_011.png
'The Five Mega-Extinctions

When
(Millions Percent
of Years of Species Cause (Possible to
Ago) Name Extinguished | Length of Time Probable)
ca. 446 | Ordovician- | 60-70% Two events, Unknown and
Silurian separated debated
by 4 million
years
375- Late 75% Several major | Unknown and
360 Devonian events spread | debated
sometime
between
500,000 to
25 million
years
250 Permian- 80-90% Some Debated, but
Triassic geologists say | corresponds to
asingle large | massive volcanic
event; others | eruptions in Siberia
say it may that led to huge
have been lava floods and
a series of likely the emission
events over 7 | of large amounts of
million years. | greenhouse gases.
Also suggested are
asteroid impact and a
runaway greenhouse
effect triggered by
sudden release of
methane from the
oceans.
202 Triassic- 50-75% Comparatively | Debated: suggested
Jurassic short time causes include
(geologically climate change,
speaking) basalt eruptions
creating massive lava
floods and releasing
greenhouse gases,
asteroid impact.
66 Cretaceous- | 75% Very short Asteroid impact

Paleogene

causal event
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The Grand Canyon seen from th ttom

shows the coloring of some of the ancient iron oxide-rich deposits, the result of
early life dumping oxygen into the ocean. AUTHOR
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Summer on Mars, a lifeless planet. Not much of a beautiful landscape compared
to views on our Blue Planet, full of life. NASA
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Pollen grains from a variety of common plants: sunflower, morning glory, prairie
hollyhock, oriental lily, evening primrose, and castor bean. These outer cas-

ings of the pollen grains have patterns specific to each species. They persist for
thousands of years in the ground and show that a species has lived nearby. (The
images shown here were produced by scanning electron microscopes, which
provide false colors that help separate each species.) DARTMOUTH ELECTRON MICRO-
SCOPE FACILIT®
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The ultimate fate of all of us:
Fossils of extinct species of
trees lying in the Petrified Forest
National Park, Arizona. Some of
these fossils are as much as 200
million years old. AUTHOR






