
[image: cover]



Thank you for downloading this Simon & Schuster ebook.

Get a FREE ebook when you join our mailing list. Plus, get updates on new releases, deals, recommended reads, and more from Simon & Schuster. Click below to sign up and see terms and conditions.




CLICK HERE TO SIGN UP




Already a subscriber? Provide your email again so we can register this ebook and send you more of what you like to read. You will continue to receive exclusive offers in your inbox.




[image: title page]


To the memory of Ken Miyata



ILLUSTRATIONS


Poison arrow frog, Dendrobates

Coral snake, Micrurus langsdorffi

Philodendron leaf

Male and female dung beetles, Oxysternon conspicillatum

Heliconid butterflies

Epiphytes

A young strangler fig (Ficus) dropping aerial roots. The monkey in the background is after a photograph by Russell Mittermeier.

Male Euglossa on an orchid, Gongora grossa

Toucan

Urania on Omphalea diandra vine

Atta worker

A column of Eciton burchelli

Lantern head bug, Fulgora laternaria

Blackburnian warbler on Dendroica fusca

Jerry’s maggot, Dermatobium hominis

Hyla leucophyllata (Southern form)

Black caiman, Melanosuchas niger

Anolis chrysolepis scypheus at top, Anolis chrysolepis planiceps below



FOREWORD


Belém, the Amazon’s port city, lies but 3½ hours from Miami, but seems as remote as if the journey were possible only by sail. Even to me as a naturalist, the Amazon seemed remote when, in 1965, it was first suggested that I visit. Only then did I really register that such a city existed, let alone that it dated from 1616 and contained half a million people. I felt embarrassed to be so unaware.

All tropical forests seem touched with this perception of remoteness, even more than the savannahs of Africa with all their great mammals. In large part this is because tropical forests are a world for biological sophisticates, a world the wonders of which only become apparent with considerable patience and background.

I was no exception that June afternoon when I first entered the tropical rain forests on the outskirts of Belém. The first impression was not of tremendous variety as the books of the great naturalist-explorers had taught me to expect. Rather, the mass of vegetation conveyed a sense of green, and of sameness. It was wet and warm but not blistering hot as it was in the sun outside the forest. It was quiet. Little moved except ants.

Superficial as they might seem, these were quite accurate and appropriate perceptions. Ants are a dominant feature of these great forests. The plentiful variety of plant species has been shaped similarly to shed water and discourage epiphytic growth.

Most species of plants and animals are relatively rare and most animals are occupied in not attracting attention.

If that is as far as one gets in making the acquaintance of these wonderful forests, the remaining impression is likely to be one of vague unease about unseen tarantulas and snakes coupled with a sense that the forests are probably, after all, unremarkable. The only cure for such inappropriate ennui has been to see the forest in the company of a modern tropical naturalist, or read the works of those of the nineteenth-century naturalists—books always a bit hard to find and, except as reprints, not to be subjected to the rigors of field conditions.

This volume bridges the problem, providing a modern introduction, to those who have cut their naturalists’ teeth in the temperate zone, to the tropical forests, most particularly those of the New World. A very comfortable introduction it is, providing the most recent insights in tropical biology, in highly readable form. A journey in itself, it is my hope and that of the authors, one of whom died tragically young, that this will be but bait to lure ardent naturalists to partake directly of the fascination of tropical nature.

Timely it is for people to acquaint themselves with the wonders of tropical biology and the problems of tropical deforestation. Tropical biologists such as the authors and myself can take heart in the plight of tropical forests’ appearing on the front page of the Washington Post on New Year’s day 1984. Yet, are not most people on reading that touched with the same feeling of remoteness that affected me in 1965?

In the meantime tropical deforestation progresses at a terrifying rate, variously estimated, but in the vicinity of fifty acres a minute. In most instances, because of the peculiarities of tropical ecology, the land becomes rapidly degraded and worth little to society. At the same time, the major portion of our stock of biological resources—the half or more of all species of animals and plants of the entire planet that reside in these forests—becomes seriously threatened. Substantial number of species, many never seen by scientists, have probably already disappeared, while enormous numbers (hundreds of thousands of species) are likely to be lost in the next two or three decades. There is no greater environmental problem.

There are many reasons to be concerned. The forests are important for the useful species and ecological processes they harbor and produce. They are important because laying waste to the land helps no person and creates problems that can reach out and affect the most powerful of nations.

But most of all they are special because this is where life on earth reaches its utmost expression, where systems are richest in numbers of species and where biological systems reach their greatest complexity. Here science is likely to find kinds of arrangements of life forms to be found nowhere else. Surely, to the extent that biology, the study of life, is of value to us as living entities ourselves, it makes sense not to erase the evidence from which to build our knowledge?

Further, in these forests lies a virtually limitless supply of excitement, joy, and wonder to be encountered in new illuminations on the constructs and workings of life on earth.

THOMAS E. LOVEJOY

World Wildlife Fund



PREFACE


This book is based on the ideas and experiences of two different people who have done field work both together and apart. We have chosen to write in the first person plural when writing of experiences we shared, and in the first person singular in our accounts of experiences of only one of us. We found this preferable to relegating our thoughts and observations entirely to the blandness of the third person. Readers who wish to know which “I” speaks can bear in mind that narratives from Ecuador are usually by Ken Miyata and those from Costa Rica by Adrian Forsyth.

We have asked friends and colleagues to read chapters of this book, to make sure that we made no egregious misstatements of fact. They didn’t always agree with our interpretations, but we are grateful for their helpful comments. We thank Dr. Ernest E. Williams of the Museum of Comparative Zoology, Harvard University, Dr. W. Ronald Heyer of the National Museum of Natural History, Smithsonian Institution, Dr. Roy W. McDiarmid of the United States Fish and Wildlife Laboratories, and Dr. Jerry Coyne of the University of Maryland for their efforts to keep us honest. We are also grateful to Sally Landry, our illustrator, and Michael Pietsch, our editor at Scribners, for their helpful suggestions from a nonbiologist’s perspective.

We have made dozens of trips to the New World tropics over the years and we are grateful to all who have helped fund our research. We thank in particular the Center for Field Research and Earthwatch of Belmont, Massachusetts, for their efforts to get us out of the country over the years. The National Science Foundation, the Richmond and Anderson Funds of the Department of Biology at Harvard University, the Barbour Fund of the Museum of Comparative Zoology, Professor E. O. Wilson of Harvard University, and Dr. Paulo Vanzolini of the Museu de Zoologia of the Universidad de Sâo Paulo have all contributed generously to our wanderings in the tropical rain forests of South and Central America. The Friends of the Museum of Comparative Zoology and Hanns Ebensten Travel also indirectly funded some field work by covering travel expenses when we served as naturalist leaders for their tours.

We are grateful to the many people who have accompanied us on our wanderings. Some were biologists, and we learned a great deal from them, particularly things that fell outside our areas of specialization. Others were students and Earthwatch volunteers, whose enthusiasm constantly allowed us to look at the tropical forest from a fresh perspective. Most turned out to be friends and helped make our stays even more enjoyable. Although there isn’t space to list them all, we would like to extend special thanks to Joe Brenner, Jerry Coyne, Cal Dodson, Alfredo and Tina Garzon, Paul Greenfield, Bill Haber, Russ Lande, Roy McDiarmid, Fernando Ortiz-Crespo, Gene Schupp, Phil Ward, and Richard Webster.

We are also grateful to the institutions that have provided working space and access to libraries and collections. The Museum of Comparative Zoology at Harvard University was our home for many years, and their superb library was called upon many times for important references. Much of this book was written while one of us was a postdoctoral fellow at the Smithsonian Institution, and we are grateful to those responsible for this program. Gabrielle Dundon of the Friends of the Museum of Comparative Zoology kindly allowed us the use of the computer printer that typed much of the final manuscript.



IN MEMORIAM


The galleys for this book arrived on Ken’s desk just after he set out for a trout-fishing trip to Yellowstone. Ken never returned, never saw this book completed. On October 15, 1983, he drowned in a treacherous rapid of the Big Horn River.

“A legend is dead,” the newspapers said. They spoke of Ken’s expertise in the art and biology of trout fishing. To his many friends the legend went further. He was a brilliant photographer, a superb field biologist with a taste for pure waters and virgin forest. Above all he was a complex person with a penchant for the bizarre and diverse extremes of life. It is no accident that he gravitated to the rich and exotic forests of the Neotropics. He knew they were the ultimate biological experience.

As we wrote this book we both labored under the knowledge that the richness of rain forest would ever exceed our ability to describe it. Words are no more able to celebrate and pay tribute to all the complexity that was Ken. This book can only give mere glimpses of him. Yet in its intent, in the celebration and preservation of rain forest, perhaps there is a monument and memorial worthy of him.


TROPICAL NATURE
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INTRODUCTION: A TEMPERATE VIEW OF TROPICAL LIFE


Epithet after epithet was found too weak to convey to those who have not visited the intertropical regions, the sensation of delight which the mind experiences.…he land is one great wild, untidy luxuriant hothouse, made by nature for herself.

—CHARLES DARWIN
Voyage of the Beagle

A naturalist can find complexity in any habitat. Life almost everywhere on our planet involves a complex intermingling of resources and energy by hundreds of different species, and these patterns are not static. They shift and change not only with the vagaries of weather and season but also with evolutionary changes in the organisms themselves. Sometimes the patterns may be evident, but much of what goes on in natural communities defies simple interpretation and provides profound intellectual challenges to anyone with a curious mind.

It is the mix of ecological complexity and pattern that commands the attention of a naturalist; complexity excites the mind and the discovery of pattern rewards it. While there is no shortage of intriguing questions to explore in regions with a temperate climate, the wealth of life in the tropics beckons strongly to anyone with an interest in nature. The great complexity and diversity of life in the humid regions of the tropics offers the most seductive challenges available to any naturalist.

But the tangle of diversity that characterizes life in the humid tropics can perplex and confuse on first exposure. It can be extremely difficult to identify some of the most conspicuous organisms in a tropical rain forest. Ecuador, a country no larger than the state of Colorado, has over 1,300 species of birds, almost twice as many as in all of Canada and the United States. Up to 500 of these species may be found in a small area of forest in the lowlands east of the Andes, and there are no comprehensive field guides of the sort we take for granted to make field identification easy. A naturalist in New England can easily learn all the species of native trees in the region in a single summer, but there are few people who, even after a lifetime of study can confidently identify most of the trees in a patch of tropical American rain forest. Without a flower to examine carefully, even the most expert botanist may be unable to place a tropical plant in its proper family.

The difficulty of identifying common plants and animals underscores the difficulty of detecting patterns amid the exuberance of tropical life. Life in a temperate zone habitat may course through hundreds of coexisting species, while life in a tropical rain forest may involve tens of thousands. The first visit to a tropical rain forest can be a profoundly stimulating experience for any naturalist, but it can also be a drastic shock. An endless stream of information bombards the senses from the richness of tropical nature, yet it arrives as if in a garbled foreign tongue. One is lost without a guide.

This book grew partly out of our own clumsy initial contacts with the lowland rain forests of the New World tropics. When we first visited this realm more than a decade ago, we found little to prepare us for our initial encounter. The books and articles we read seemed polarized between exaggerated, sometimes hysterical popular accounts and dry, specialized academic prose that conveyed little of the excitement of tropical nature. Somewhere in between were the wonderful accounts of travel and natural history written by Henry Bates, Thomas Belt, Richard Spruce, and Alfred Wallace; but these were Victorian works that lacked much of the insight of post-Darwinian biology and addressed a world long past. We felt a need for a book addressing the natural history of tropical rain forests that would be accessible to the legion of naturalists and interested laymen in the temperate zone who might wish to learn something of this remarkable world today.

This book is not meant to be an exhaustive guidebook to tropical nature. We have limited its scope to the lowland rain forests of the New World tropics, though we cannot pretend to cover all aspects of the ecology of that realm. While in certain chapters we give an overview of essential features of the rain forests of the American tropics, most of the time we take close looks at some of the topics we have found most fascinating. We have tried to focus on phenomena that can be observed by anyone on a visit to a tropical American rain forest.

The rain forests of the New World tropics constitute so vast an area that no one can claim to be familiar with all of it. Between us we have made several dozen trips to the American tropics and have spent a total of six or seven years wandering about in various parts, but there is much that we haven’t seen. Neither of us has visited the blackwater drainages of the Amazon, the rapidly disappearing forests of southeastern Brazil, or the extremely wet rain forests of the Pacific coast of Colombia. In the past dozen years we have visited rain forests in Brazil, Colombia, Panama, Peru, and the Yucatan; but the bulk of our time has been spent in the forests of Costa Rica and Ecuador. It is from these places that we draw most of our observations.

We have avoided using a textbook or encyclopedic approach in writing about tropical nature for two reasons. First, the ecology of tropical rain forest is still a virtually unexplored academic frontier. Some of the most fundamental biological details of this region are all but unknown. Only a small part of the plant and animal species that live in the rain forests of tropical America have been described and named, and only the tiniest fraction of these have received careful scientific study. Not only do millions of insect species remain unknown to science, but many tropical vertebrate groups also contain a wealth of unknown species. More than a quarter of the almost 700 known species of Ecuadorian reptiles and amphibians have been discovered and named only since 1970, and there are still new species of birds yet to be discovered and described from the forests of South America. Given our profound ignorance of the composition of Neotropical rain forest flora and fauna, any attempt to write generally of processes must involve speculation. Textbooks and popular treatments of science often fail to convey the role of intuition and speculation in the development of a science. Speculation based on fact is the essence of science, particularly in its early stages when all the facts can do is point in interesting directions that warrant further inquiry.

Our second reason for avoiding a straightforward textbook style is more compelling than the infancy of our knowledge of tropical nature. Academically cautious discussions about the ecology of tropical rain forests certainly serve valuable scientific ends, but they are not likely to hold the interest or pique the curiosity of anyone other than a professional biologist. Alexander Skutch, a well-known tropical naturalist, has suggested that naturalists have motives fundamentally different from those of scientists. A scientist whose “triumph is to summarize his observations in a neat graph or mathematical formula,” as he points out in A Naturalist in Costa Rica, may bear little resemblance to a naturalist, for whom “the concrete significance of living things in their natural setting is at least as precious as any generalization.”*

Of course many naturalists are good scientists and many scientists are good naturalists, but we think there is much truth in Skutch’s simple dichotomy. In the chapters that follow, we draw upon our own observations and those set down in the scientific literature. We are the first to admit that some of our statements and conclusions rest on evidence no more substantial than a strand of spider silk. But our web of fragile evidence is not without value. Our facts are unimpeachable—plants and animals do the things we say they do, at least in some places and at some times. It is the underlying causes that are poorly understood. Our purpose is not merely to set down a compendium of interesting facts about tropical nature but to provoke curiosity about how such a complex world might function and how it might have evolved. Future research will no doubt alter some of our ecological and evolutionary generalizations and new facts about tropical nature come to light every day. These changes, which are signs of a young, healthy science, would quickly render a definitive book about tropical nature obsolete.

It is not enough to restrict the wonders of tropical nature to professional biologists. The rain forests of the American tropics are rapidly disappearing, and without a broad public interest in this vanishing habitat they may be transformed into pastures, hamburgers, and chipboard long before their fundamental composition and natural history have been documented. If this happens, ecological generalizations about life in the tropics, no matter how elegant, will be useless and irrelevant. There has been considerable concern over the rapid rate at which rain forest is disappearing, but this concern has largely been focused on the wealth of plant and animal species that may hold unknown potential benefits for human welfare and are in danger of extinction should we lose the tropical rain forest.

We hope to show you that the diversity of a tropical forest is far more than a list of the plant and animal species that live there. The complex interactions—the food webs, dispersal systems, and mutual interdependencies—that thread through the rain forest are the true essence of tropical nature. The lowland rain forests of the New World tropics are the most complex biological communities that exist; even if a cure for cancer is not to be found in one of the unnamed or unstudied plants of the tropical rain forest, the fact that rain forests are the single greatest reservoir of genetic diversity and the ultimate realization of biological complexity makes them worthy of study, admiration, and preservation.

    * Bibliographical information about books quoted in the text as well as other works related to tropical nature can be found in Further Reading, page 235.
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IN THE REALM OF THE TROPICS

The “tropics” are not a plot of convenient forest in Costa Rica; they are an enormous realm of patchiness, and any theoretical thinking based on presumed general properties is bound to become an in-group exercise in short-lived futility.

—PAULO E. VANZOLINI

Tropical America encompasses a great diversity of habitats. In a single day’s drive in Ecuador it is possible to pass through Andean páramos (moors at a high elevation), cloud forests, lowland rain forests, marshes, mangrove swamps, and even desert beaches. These habitats are all tropical, yet they have little in common except geographic proximity. It would be difficult to describe them all in a single short book.

The lowland forest—the jungle of common parlance—is the subject of our discussion. But there are many kinds of forest in the tropical lowlands of South and Central America. We will focus in particular on the lowland rain forest.

The greatest expanse of this forest is in the Amazon basin. The Amazon forest is one of the wonders of our planet, and this vast expanse is the largest tract of rain forest in the world. But not all rain forests in tropical America are Amazonian, and although they may look insignificant on the map, the total area of these other rain forests is substantial. The most important of these non-Amazonian rain forests are those along the Caribbean coast of Central America, the northwest coast of South America, and southeastern Brazil.

Tropical rain forests are not accidents of nature, randomly placed on the earth’s surface. There is an order to their distribution, and to understand this order we must consider how our planet hurtles through the universe.

The earth rotates about its axis once each day and travels around the sun once each year. This means that every point on the earth’s surface receives the same amount of daylight each year, a total of 4,380 hours (give or take a few minutes, which we make up every so often in leap years). Our long summer days are precisely as long as our long winter nights and we finish the year in balance. This is true even in the polar regions, which have constant daylight during the summer and constant darkness during the winter. But the axis of the earth’s daily rotation is not perpendicular to its orbit, and this inclination has several implications. It explains the familiar seasons of the temperate zones—during the winter we are tilted away from the sun and during the summer we are tilted toward the sun. It also explains why the seasons are reversed in the southern hemisphere, because when the north is tilted toward the sun, the south is tilted away. What may be less obvious is that only part of the earth’s surface ever receives direct overhead sunlight: those places that lie between two lines of latitude, the Tropic of Cancer in the north and the Tropic of Capricorn in the south. Within these borders, daylength remains more or less constant through the year. These are the tropics, or as Darwin was wont to call them, the intertropical regions.

The tropics are characterized by climatic features that residents of the temperate zones find unusual. There is little seasonal change in temperature, the type of seasonality we are accustomed to. Days and nights are about the same length throughout the year. In the tropics you don’t have to worry about sending your children off to school on dark winter mornings, but you miss out on lingering, lazy summer evenings.

The intensity of tropical sunlight is difficult to describe, though the reason for its intensity is clear enough. It is related once again to the tilt of the earth. A beam of sunlight striking the earth in the temperate zones always strikes at an angle because the sun is never directly overhead. The radiant energy of this beam of sunlight is therefore spread out. In the tropics, the same beam of sunlight strikes the earth perpendicularly, or at least more directly than in the temperate zones, and the same amount of energy is therefore focused on a correspondingly smaller area. This effect is further intensified by the earth’s protective mantle of air. Sunlight hitting the temperate zones at an angle passes through more energyabsorbing atmosphere than it does before striking the tropics. The intensity of tropical sunlight can be awesome. Newcomers must always be wary of its power, particularly if they are sporting pasty winter complexions; a shirt may not offer enough protection from the sun, and we have seen some visitors blister beneath thin coverings.

The intense tropical sunlight warms the air, and tropical latitudes are characterized by warm temperatures. Since daylength is more or less constant through the tropical year, there is relatively little fluctuation in temperatures through the year. Those of us who live in the temperate zones are accustomed to heatwaves during the summer and cold spells during the winter, both of which are consequences of varying daylengths. The long summer days heat the air, and if the air is stagnant, this heat accumulates and can’t be lost during the short nights. The perpetual darkness in the Arctic region during the northern winters allows ample opportunity for air to lose its heat, and when this frigid air pushes into our more temperate latitudes it can cause devastating cold spells. But in the tropics the uniformity of daylength means that there are no such opportunities for heat to build up or be lost. Although there may be seasonal fluctuations in temperature, they tend to be minor.

The tropics are not necessarily characterized by high temperatures; if anything, they lack truly hot weather. The hottest place we have visited in tropical America was near Lake Maracaibo in Venezuela. We were searching for a mysterious little lizard, known from a single specimen collected in the early years of the century; but the heat made it difficult for us to work efficiently. The entire basin seemed suspended in still, hot air, and there were times when it seemed thick enough to eat. This was thornscrub rather than forest, and the scanty vegetation seemed to intensify the heat; yet as far as we recall, the temperature never reached 100 degrees Fahrenheit. This heat was exceptional apparently even for the region, and in general we rarely encounter temperatures over 90 degrees in our travels in the American tropics. When we lived in Arizona the summer temperatures were routinely over 100 degrees, occasionally exceeding 115 degrees, and summer heatwaves often bring temperatures over 90 degrees even in New England. So the lowland tropics we know are not extremely hot. But they are very warm, and they may seem even warmer because of the high humidity.

There is an exception to the rule of the warm tropics. As you climb a tropical mountain, the air temperature decreases at a predictable rate: for every 1,000 feet you climb, the temperature drops about 3 degrees Fahrenheit. When air rises it expands. Expanding air does work, and work requires energy. If the energy needed to expand comes from the air itself, heat is lost during the work and the air cools. Anyone who has felt the cold air coming from a deflating inner tube after a hot summertime float trip can attest to the cooling nature of expanding air. This cooling with elevation is typical of any mountainous region, but it seems particularly noticeable in the tropics, perhaps because it can be so unexpected and so refreshing. Whenever we wish respite from the uniform warmth of the tropical lowlands in Ecuador, all we have to do is find our way to Quito, the capital city perched 9,000 feet high in the Andes, where we can enjoy a climate as pleasant and invigorating as early fall in New England.

The difference in the intensity of sunlight on a tilted earth has other effects. It accounts for the major global patterns of air and water circulation, which in turn determine patterns of rainfall. Warm air is less dense than cool air, and when tropical air is warmed by the intense sunlight, it rises. As it rises, cooler air from the temperate latitudes takes its place, and the resulting flow of cool temperate air into the tropics has played a major role in both human and natural history. These steady winds, formed by the warming and rising of tropical air, are the trade winds, and as any sailor knows, trade winds move in predictable directions.

The direction in which they blow is another consequence of the earth’s rotation. The surface of the earth moves faster at the equator than in the temperate latitudes. This may not seem right, but it is true. The earth is more or less spherical, and its greatest circumference is at the equator. Since the earth rotates around its axis once a day, a church steeple in Quito actually travels 24,000 miles in an easterly direction every day. In the temperate latitudes, the diameter of the earth is less: at the latitude of Minneapolis, for example, the earth is less than 17,000 miles in diameter, and a church steeple there moves some 300 miles per hour more slowly than its counterpart in Quito. If a mass of air moves from the equator northward, it should veer in an easterly direction because it is moving faster than the surface of the earth in that direction. Likewise, an air mass moving from the north to the equator veers in a westerly direction because it is moving more slowly than the surface of the earth and loses ground in a direction opposite the rotation. If the air moving to the equator should be cool air replacing the warm rising air, the winds that result come from a northeasterly direction. These steady trade winds also push ocean water, and when this water meets land, it must go somewhere. The northeasterly trade winds in the Caribbean push water against the Central and South American coast. As the water deflects northward, it moves in a northeasterly direction and is called the Gulf Stream. This tongue of warm water flows atop the cold temperate Atlantic Ocean.

Winds and ocean currents on a rotating, tilted earth help explain major patterns of rainfall. The trade winds pick up moisture as they flow across the ocean. Warm air can hold more moisture than cool air, and as the northeasterly trades enter the American tropics, they pick up moisture from the sea. As the air warms further, it begins to rise, and rising air loses heat. When the air cools, its capacity for holding moisture drops, and the excess water falls as rain. The abundant rains produced by the cooling of moisture-laden tropical air give birth to the lush forests of tropical America—the piece of tropical nature that we find so fascinating.

Rain forest requires abundant rain, but a large amount of rain is not in itself sufficient to nurture an evergreen rain forest. Tropical climates may show little seasonal variation in temperature, yet they often show marked seasonality in rainfall. It is this seasonality of rainfall that defines the rain forest. If the dry season is long enough and dry enough, trees shed leaves to reduce water loss. Tropical deciduous forests are sere expanses of brown and gray during the dry season, the only spots of color the green cactus trunks growing amid moribund gray trees. Yet come the rains, these forests quickly leaf out to look as verdant as any rain forest. When the rains quit for the year, the trees lose their leaves once again; but before they slip into dormancy, many of them burst into flower.

In some forests it never becomes dry enough for all the trees to lose all their leaves. Even during the driest months of the year these forests look green. Here and there may be scattered leafless trees, but the signs of water shortage are evident elsewhere, though they may be subtle. Streams are crystal clear, shrunken, and seem to hold far more fish than they can possibly support. You can hear dead leaves crackle underfoot when you walk through the forest. These tropical moist forests are transitions between forests that have abundant moisture throughout the year and forests that are parched for part of the year; the plants and animals that live in them show affinities to both.

The boundaries of true rain forest are difficult to define. Natural boundaries, unlike political boundaries, are seldom sharply demarcated and there may be complex interdigitations of one type of vegetation into another. Tropical rain forests may shade imperceptibly into tropical moist forests, which in turn may shade gradually into tropical deciduous forests. The forest that lines the banks of tropical rivers in seasonally dry habitats can more closely resemble a rain forest hundreds of miles away in both structure and species composition than it does a patch of deciduous forest several hundred yards away. There are trees that lose their leaves even in the wettest rain forest, but they seem to do so in response to their own cycles rather than to real shortages of moisture. Even during the driest months rain forest does not want for water. This doesn’t mean that it has to rain heavily every month, but if there is not much rain there should be little evaporation.

One of the rain forests we are most familiar with gets little rain during part of the year. During this dry season, however, the region is almost constantly cloaked in a layer of damp clouds. The relatively cool, moisturesaturated air ensures that plants lose little water to the environment, and the forests remain lush and green throughout the year even though the total annual rainfall is not that great. In general, lowland rain forests in tropical America receive at least 100 inches of rainfall annually, and monthly rainfall rarely drops below 6 inches. This is enough moisture to prevent most trees from losing their leaves, so that the rich lowland rain forests present a uniformly green aspect to the visiting naturalist regardless of when he or she is able to travel.

There are some rain forests that show no real dry seasons. Although rainfall may be cyclic, there are no dry and wet seasons; these places are often said to have wet seasons and flood seasons. The wettest forests in tropical America, and perhaps in the world, are found along the Pacific coast of Colombia. In this area the warm El Niño current lies offshore, while the Andes protect the land from the northeasterly trade winds that might blow the moisture-laden clouds out to sea. Warm, moisture-laden air wafts in from El Niño. When it hits the steep western face of the Andes Mountains and cools, prodigious amounts of rainfall result. The average annual rainfall may exceed 360 inches in some parts of the Colombian Chocó.

The Pacific coast of tropical South America shows clearly the relationship between ocean currents and rainfall. The warm El Niño is a small backcurrent that circulates off tropical America. Water is a marvelous heat trap, and tropical oceans often are warmer than the air over tropical lowlands. If warm, moisturesaturated air crosses cooler land, rain will fall as the air cools. If there are tall mountains, it rains more because the air cools even more as it rises. The major current lapping western South America is the Humboldt Current, a tongue of cold Antarctic water driven by the southeasterly trade winds of the southern hemisphere. Cold air picks up little moisture from a cold ocean, so when these cool breezes drift over warm land, rain doesn’t fall. Parts of the Atacama Desert in Chile have never recorded a rainfall, and even Lima, the capital city of Peru, rarely receives rain. The arid coastal deserts of Peru and Chile give way to the lush rain forests of Pacific Colombia suddenly. Where El Niño holds sway, the rains fall and the land is cloaked with lush rain forest. Where the Humboldt dominates, the rain rarely falls and the land may appear barren of life.

There is a zone of transition in western Ecuador very close to the equator, and here El Niño and the Humboldt fight for control each year. The currents shift slightly from season to season, and when El Niño prevails, there is a rainy season that is sufficient to foster the growth of forest. The effects of this warm current are usually felt around Christmas; it is the life-giving nature of the rains that gives the current its name (the Child).

This brief characterization of rain forest in tropical America is necessarily simple. The climate of tropical rain forest is uniformly wet and warm, yet these terms are relative, not absolute. There is a distinction between climate and weather. Within the human time frame the climate of tropical forest is reasonably predictable; but weather can be as capricious and unpredictable in the tropics as it is in the temperate zones.

I was once in southern Peru, along the Rio Tambopata, during a cold spell. This region is reputed to have the richest fauna of any single area in the world; more species of birds and butterflies have been recorded there than anywhere else. Giant otters still swim undisturbed in lagoons they share with black caimans, and jaguar sign is seen regularly. My stay was to be brief, but I hoped to see as much as possible during the short time available. On the first night a strong wind blew in from the south, bringing rain and cool air. It got colder and colder, and by morning I was chilled to the bone beneath my thin sheets. The gray skies and scudding low clouds reminded me of an early spring storm in New England, and I shivered all day in the cold rain and wind. This was not the weather I had expected in a lowland Amazonian forest, but apparently these cold storms are a regular, if unpredictable, element of the region’s climate.

Freak storms are not the only vagaries of tropical weather. Wet and dry seasons are predictable only in a general sense. We once wanted to study the burst of frog-breeding activity that occurs when a tropical pond fills. The rainy season in western Ecuador was supposed to begin in January, and we greeted each new heavy rain with anticipation, hoping it would signal the beginning of the deluge, but they were always false alarms. Finally, in the middle of February, we grew tired of the wait and struck off in search of greener pastures, only to return a week later and discover we had missed the big event. The pond, which had been a damp depression the week before, was a full-fledged little lake when we returned and the initial concupiscence of the frogs was spent.

Annual averages concerning climate should also not be taken too seriously. The rain forests in eastern Ecuador receive about 200 inches of rain each year, and rarely does a month pass without at least 8 inches to keep the trees green. The last time I visited this rich forest, a curious brownish pall hung over the horizon as far as I could see. Even though I was born and raised in Los Angeles, the brownish haze seemed excessive. It was the smoke of countless fires, some burning in the rain forest itself, but most burning in the grassy llanos hundreds of miles to the north. The upper Amazon was in the throes of drought, and it was the only time I have ever been there when leaves crackled beneath my feet. Eventually the rains resumed, and the forest probably did not suffer much for the drought; yet the annual rainfall that year was far below normal.

The tropical rain forest may not have a perfectly regular and predictable pattern of weather, but there is no question that weather forecasters in Panama lead a less stressful life than their colleagues in New England. They could probably tape their forecasts twice a year, once during the wet season and once during the dry season, play these back without modification on the nightly news, and be right more often than the most diligent and experienced meteorologist in the eastern United States.

Although lacking the drama of seasonal change that North Americans are accustomed to, the warm, damp, relatively aseasonal climate of the tropical lowlands more than compensates by the wealth of life it supports. This is the climate responsible for nurturing the incredible diversity of life in the Neotropical rain forests.
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FERTILITY

Quick are the mouths of earth, and quick are the teeth that feed upon this loveliness.

—THOMAS WOLFE
Look Homeward, Angel

Many of the Europeans who first prospected the rain forests of tropical America in search of farmland suffered from a delusion. They saw visions of fertility, mirages of fecundity, in the towering forests that covered so much of the land. The lush forests and the thick tangle of riparian vegetation they encountered as they traveled the interior were manifestations of what they thought had to be tremendously productive soil. How else could such an abundance of life be sustained?

It was a reasonable yet tragic piece of logic. The forests were immense and rich; they covered vast expanses of the South American continent; and any given area contained twice the vegetative mass of an equivalent parcel of European forest. But when these forests were cut and the slash burned off, a few crop plantings showed the soil weak and easily exhausted. Where there once flourished massive trees and a wonderland of lianas and vines, fields of manioc and maize gave only mediocre and ever-decreasing yields. Viewed against the lush backdrop of primeval forest, the crops were thin and pitiful. This was a mystery wrapped in misery. As the soil died and the crops failed, the hungry settlers moved on, slaughtering more forest and destroying pieces of the puzzle as they went.

It is perhaps only with the wisdom of hindsight that we can claim the clues to solving this paradox were obvious. A perceptive naturalist from temperate latitudes will stumble on one such clue immediately: there is a striking difference in the way the tropical forest feels. The resilient spring of conifer duff and the deep layers of deciduous leaf litter that characterize forests in the northern temperate zone are absent. The soft bed of loamy soil, fragrant with the rich smell of humus that tired hikers find so comforting, will not be found in the rain forests of the upper Amazon basin.

The rain forest floor has litter, but it is often a thin layer, rarely more than a few centimeters deep. If you brush it aside with your boot, an intricately interwoven mass of white threads will be revealed just under the surface. This pallid, tangled mass consists of the rootlets of forest trees and strands of fungal mycelia. And if you carefully trace the wandering path of a fungal thread from a rotting fruit or a decomposing leaf, you will often find that it leads to the tiny rootlet of a large tree. The root systems of the massive forest giants are bound together with lowly fungi in complex, mutually beneficial relationships. These relationships, known as mycorrhizal associations, seem to operate in much the same manner as do lichens, a familiar temperate zone symbiosis between fungi and photosynthetic algae. Each member of the association specializes in the production and uptake of different nutrients: the photosynthetic trees provide important sources of energy and the nonphotosynthetic fungi provide certain critical minerals.

The fungi are particularly adept at recycling phosphorus and potassium, minerals that are often in short supply in rain forest yet are critical to tree growth. These minerals are quickly lost from fallen fruits and leaves, and unless recovered rapidly they can be washed away in the heavy rains characteristic of this type of forest. The fungal mycorrhizae can quickly recycle these soluble minerals, and they can return almost twenty times as much phosphorus and potassium to the trees as is lost to the rains. The constant temperature and high humidity of the rain forest floor provides a perfect environment for fungi—one that allows particularly rapid growth. Fungi can invade new sources of fertility far more rapidly than a tree rootlet can, and this rapid capacity for growth and colonization lessens the loss of valuable nutrients from the forest ecosystem. Under the silent, relentless chemical jaws of the fungi, the debris of the forest quickly disappears. The leaves that constitute much of the litter vanish within a few weeks, and even the massive boles of fallen forest trees often erode away within a few years. This digestive process goes on much more rapidly in tropical rain forest than it does in temperate forests.

Tropical rain forests provide few large accumulations of fertility. In temperate zones the first awakening rove beetles each spring find a cornucopia as the stirring landscape reveals the thawing corpses of chickadees and porcupines killed during the winter. But in the tropics you are unlikely ever to stumble across a corpse; such treasure troves of spent life are quickly broken down and returned to the world of the living.

There is a dynamic balance in this rapid turnover of life and death. The tropical lowland rain forest is what some ecologists would call a mature ecosystem; it has reached a steady state in which the products of growth, upon dying, are quickly transmuted and transported back to the world of the living. There is no surplus of nutrients, no bank of minerals to rely on when the system is stressed. In a black prairie chernozem soil or the loam of a temperate forest, humus—the true organic fat of the land—builds up quickly and deepens with each passing year. This does not happen in many tropical forests. Nutrients crucial to plant growth may be leached away quickly and lost, or they may be trapped by the mycorrhizal mat and returned to the living forest. Some studies have shown that as little as one tenth of 1 percent of forest nutrients ever penetrate below the first five centimeters of soil in tropical rain forest. The mycorrhizae are agents of rapid digestion as well as efficient assimilators. This efficiency accounts for the poverty of the soil, while the close association between these fungi and the giant forest trees helps explain how such a thin soil can support such a tremendous mass of life.

Given the intense competition for nutrients that prevails in many, if not most, lowland tropical rain forests, it should be apparent that fertility cannot be maintained by the crude techniques of pioneer agriculture. The slash-and-burn or swidden agriculture employed by some of the Amerindians of the rain forest is certainly crude by modern agricultural criteria, and might not seem all that different from the practice of early European settlers. But Amerindians lived in low densities. Their fields were small and short-lived, so that the area of destruction could be renewed by detrital input from the surrounding forest. When they moved on, the closeness of mature rain forest provided a ready supply of seeds and shoots to recover the abandoned fields.

Animals also contribute to the rapid recycling of nutrients. If you sit quietly, you can sometimes even hear this process. Large long-horned beetle larvae generate an audible crunch as they chew through solid wood and the trundling steps of millipedes are always near. Less obvious but far more significant are the termites, who toil in the dark of night or under the cover of bark or soil. Their large nests, which look like immense boils or galls, are often conspicuous on tree trunks high above the ground; but these visible nests give only a hint of the true abundance of these creatures. Termites appear to devour raw cellulose in its crudest form, and although this food may not be tainted with poisons, it is gastronomically formidable because of its low nutritional quality. Termites can do this only with the aid of protozoan symbionts that dwell in their guts. The protozoans make quick hash of coarse organic debris like wood, rendering it palatable for the hungry termites. With the aid of their gut symbionts, termites are the cattle of the litter zone, shredding the roughage and ultimately producing more fodder for the ever-present fungi.

The waste products of litter animals are rich in nutrients in a form easily used by plants and fungi. But this is not the only way small arthropods contribute to mineral recycling and fungal welfare. In the wet tropics even lowly fungi can become predators on the living—and they needn’t wait for death to provide them with fuel. It is not unusual to find a moth or a spider, or perhaps a large ponerine ant, rigidly clutching a plant, with a Cordiceps fungus already fruiting wildly from its corpse.

The net result of all this rot is a rapid turnover of the nutrient pool that is the living forest. Yet the rapidity of this process is not well conveyed by staring at a mycorrhizal mat on the forest floor. Despite all of its implications, this static mass conveys no intimation of the rapid pulse of nutrient exchange in tropical rain forest. Fortunately, a far more spectacular embodiment of this rapid turnover is readily available to any naturalist blessed with an open mind and a healthy appetite.

Tropical rain forest is not yet considered a suitable playground for the rich and indolent, and there are few luxury hotels close to lowland rain forest, so most naturalists who visit tropical rain forest must lodge in a modest pension or field station, camp in a national park, or stay with one of the local citizens. This inevitably exposes temperate zone naturalists to a diet consisting of some combination of beans, starch, and grease, a cuisine notable for more than its simple and bountiful gastronomic delights; when combined with a cup of strong coffee, it is renowned for generating large, healthy bowel movements. Aside from the biological necessity of this activity, it has great educational attributes when performed in the tropical rain forest.

What happens to dung on the rain forest floor is one of nature’s vast spectacles on an intimate scale, competition for a precious resource at its most intense—a battle and scramble full of color and pattern. It is simple to witness. After nature calls, do not beat a hasty, embarrassed retreat but sit quietly nearby. The earliest contestants will arrive soon after you settle down. First are the tiny dung scarab beetles and metallic ottitid flies. The flies quickly set up for mate acquisition, a contest in which males engage in vigorous charging bouts accompanied by wing-flipping. While this is happening, the little dung scarabs go about their simple business: they plunge in and begin feeding. Many of the females are ripe with eggs ready for laying, and they may bury some eggs as they gobble contentedly away.
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