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‘Carroll has an agreeably conversational style, giving personal immediacy to what might so easily have been a mere progress-report on the quest for natural origins during the past 150 years … Offers a bracing tonic for those whose rational enjoyment of the natural universe currently seems in danger of being overwhelmed by the strident infantilism of creationists’
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‘Leaves you with an overwhelming sense of awe and respect for the most remarkable of creatures, the men and women who searched for the origins of species and in doing so gave us a profound sense of place among life on Earth’


Guardian


‘[Of] the books published to mark Darwin’s anniversaries this year … best, by a narrow margin, is Sean Carroll’s Remarkable Creatures, which manages to combine a wide narrative sweep with wonderful details and superb writing’
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‘Sean Carroll is both a leading exponent of the modern search and a forceful public advocate for biological science as one of the glories of our culture … not yet another trip down the heritage nostalgia trail, but the celebration of a vital tradition that began with Darwin and becomes stronger with every passing year’
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‘Delightful … [Sean Carroll] understands and conveys the adventure of scientific discovery, the passionate desire to know, that united them all’
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FOR JAMIE, WILL, PATRICK, CHRIS, AND JOSH—THE MOST REMARKABLE CREATURES IN MY WORLD







What is it that confers the noblest delight? What is that which swells a man’s breast with pride above that which any experience can bring to him? Discovery! To know that you are walking where none others have walked; that you are beholding what human eye has not seen before; that you are breathing a virgin atmosphere. To give birth to an idea—to discover a great thought—an intellectual nugget, right under the dust of a field that many a brain-plow had gone over before … To be the first—that is the idea. To do something, say something, see something before anybody else—these are the things that confer a pleasure compared with which other pleasures are tame and commonplace … These are the men who have really lived—who have actually comprehended what pleasure is—who have crowded long lifetimes of ecstasy into a single moment.


—Mark Twain, Innocents Abroad (1869)
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PREFACE
A Mixture of Spirit and Deed


NOT SO LONG AGO, most of the world was an unexplored wilderness. The animals, plants, and people that inhabited the lands beyond Europe were unknown, at least as far as the Western world was concerned. The rivers and jungles of the Amazon, the Badlands of Pata -gonia and of the American West, the tropical forests of Indonesia, the savannah and center of Africa, the vast interior of Central Asia, the polar regions, and the many chains of islands that dot the oceans were complete mysteries.


And, while our knowledge of the world’s living inhabitants was slim, our grasp of our planet’s past was nonexistent. Fossils had been known for millennia, but they were seen in the light of local mythologies about dragons and other imagined creatures, not in the light of natural science.


Our sense of the time scale of life on earth? Vague and vastly off the mark.


And our picture of our own species’ history? A set of fantastic myths and fairy tales.


The explorations of the previously unseen parts of the world and the unearthing of the history of life and our origins are some of the greatest achievements in human history. This book tells the stories of some of the most dramatic adventures and important discoveries in two centuries of natural history—from the epic journeys of pioneering naturalists to the expeditions making headlines today—and how they inspired and have expanded one of the greatest ideas of modern science: evolution.


We will encounter many amazing creatures of the past and present, but the most remarkable creatures in these stories are the men and women. They are, without exception, remarkable people who have experienced and accomplished extraordinary things. They have lived the kinds of lives that Twain extolled—they walked where no others had walked, saw what no one else had seen, and thought what no one else had thought.


The people in these stories followed their dreams—to travel to faraway lands, to see wild and exotic places, to collect beautiful, rare, or strange animals, or to find the remains of extinct beasts or human ancestors. Very few started out with any notion of great achievement or fame. Several lacked formal education or training. Rather, they were driven by a passion to explore nature, and they were willing, sometimes eager, to take great risks to pursue their dreams. Many faced the perils of traveling long distances by sea. Some confronted the extreme climates of deserts, jungles, or the Arctic. Many left behind skeptical and anxious loved ones, and a few endured years of unimaginable loneliness.


Their triumphs were much more than survival and the collecting of specimens from around the world. A few pioneers, provoked by a riot of diversity beyond their wildest imaginations, were transformed from collectors into scientists. They posed and pondered the most fundamental questions about Nature. Their answers sparked a revolution that changed, profoundly and forever, our perception of the living world and our place within it.


Unlike their privileged countrymen back in the universities, churches, and drawing rooms of Europe, most of whom believed that the origins of living things was a matter outside the realm of natural science, these explorers asked not just what existed, but wondered how and why these creatures came to be. Unlike their teachers, who pursued a natural theology that interpreted everything in Nature as part of the design of a Creator—peaceful, harmonious, stable, and unchanging—this new cadre of naturalists discovered that Nature was, in fact, a dynamic and perpetual battleground in which creatures competed and struggled to survive, a war in which they either adapted and changed or were exterminated. Unlike their predecessors, who explained the distribution of living species in the world much as one would the instant and premeditated placement of pieces on a chessboard, these naturalists discovered that the world and the life it contained had a very long history that shaped where various plants and animals were found across the globe. And, unlike their contemporaries who viewed everything in Nature as being purposely created for man’s benefit and domination, they rejected that conceit and placed humans within the animal kingdom, with our own earthly origins.


The torch of this revolution has been passing from generation to generation of scientists who have been walking, literally and figuratively, in the footsteps of these pioneers.


A mixture of spirit and deed


My goals in writing this book are to bring to life the pursuit and the pleasure of scientific discovery, at the same time capturing the significance of each advance for evolutionary science. The idea here is that science is far better understood and enjoyed, and made memorable, when we follow the bumpy roads of the scientists that led, eventually, to their achievements. It is not an original idea. Like the naturalists described here who trod in their predecessors’ footsteps, I am following the lead of authors such as Paul de Kruif (Microbe Hunters) and C. W. Ceram (Gods, Graves, and Scholars), whose works brought the passion and excitement of the glory days of microbiology and archaeology, respectively, to many readers. The stories I tell were chosen for both their dramatic content and scientific importance. I have, I confess, “cherry-picked” the rich lore of natural history for the best of the best.


Ceram described adventure as “a mixture of spirit and deed.” These stories are intended to capture those two elements in a compact form. They are crafted for enjoyment, not as scholarly biographies or histories of science. I have not delved into the biographical depth that would be necessary in full-length treatments. I have provided some background where I thought it would offer insights into who or what kindled the spirit of adventure in these naturalists and scientists.


Wherever possible I relied on field notes, journals, expedition reports, and other firsthand accounts because they tend to contain the person’s thoughts and reactions at critical moments. I also examined original scientific papers because they are the material of record of what exactly was found, concluded, and proposed. Many of the individuals or discoveries described here have also been the subject of one, several, or many excellent books, some written in the first person and others by biographers. You will find the many sources I relied on in “Sources and Further Reading,” at the back of the book, and I certainly encourage you to explore them. I had a blast researching these stories.


This book is not a compendium of the greatest evolutionary scientists or discoveries (although many here would certainly be on any such list), nor is it a history of the field. But the individuals here do represent very well the spirit of the enterprise, and many scientists, myself included, have drawn inspiration from one or more of them. So if you sense a lack of objectivity and a hagiographic bent, I am guilty as charged. There is much to admire in the protagonists of these stories. I have not paid attention to whether someone was a good citizen, good with money, or even a good spouse (some were, some weren’t). These people had (or have) very rewarding and satisfying lives because of the great pleasure they gained from what they have done. I did not want to write a book about miserable bastards (although, come to think of it, that might be fun and would make for a catchy title).


The search for origins


The scientific quest driving all of these stories is the search for the origins of species, what was referred to by early scientists and philosophers as “the mystery of mysteries,” “the question of questions,” or the “supreme problem of biology.” I will begin my tales and set the stage for the main body of the book with a short account of one of the boldest and most important scientific voyages ever undertaken. I am not referring to Darwin’s famous journey but to the expedition through South and Central America made three decades earlier by Alexander von Humboldt (Chapter 1). It has been said that all scientists are descendants of Humboldt, who in the course of his travels made contributions to virtually every branch of science. We will see, however, that the magnificent flora, fauna, and fossils were perceived very differently by this great explorer than by those who followed him. Though brilliant, Humboldt and his illustrious circle of friends belonged to an age that embraced a religious vision of nature. Humboldt thus offers a view of the world before the revolution, and though he did not perceive a solution to the mystery of mysteries or even that the problem of origins could be solved, his journey blazed the trail for and directly inspired the wave of naturalists who did.


The main body of the book is organized into three parts, each of which focuses on one major aspect of the search for origins—of species in general (Part I), of particular kinds of animals (Part II), and of humans (Part III). Each part is preceded by a brief preamble that provides some background for the stories within it, and I have ordered the chapters in such a way that the connections between the scientists, discoveries, and ideas are highlighted in successive chapters. In Part I (“The Making of a Theory”), we follow the epic voyages of Charles Darwin and Alfred Wallace, who solved the origins problem, and of Henry Walter Bates, who discovered superb evidence of the process of natural selection. In Part II (“The Loveliest Bones”), we retrace several of the greatest expeditions and most spectacular finds in paleontology, which have thrown light on the origins of the animal kingdom and various major groups within it. And, in Part III (“The Natural History of Humans”), we track some discoveries from the archaeological and fossil records and explore new insights from the DNA record that have shaped our understanding of human origins.


This book debuts, not coincidentally, on the anniversaries of several milestones in natural history and evolutionary science. In 2009, we mark Charles Darwin’s 200th birthday and the 150th anniversary of the publication of his On the Origin of Species. It is certainly fitting to celebrate the ideas and achievements of our greatest naturalist and the leader of this scientific revolution, and this book is in part my contribution to that party. We also mark the 100th anniversary of Charles Walcott’s discovery of the remarkable animals of the Burgess Shale, which documented the Cambrian Explosion (Chapter 6), as well as the 50th anniversary of Mary and Louis Leakey’s first ancient hominid find, which redirected the study of human origins back to Africa (Chapter 11).


But my aim goes well beyond these famous events. There is, for example, another, less well known anniversary to recognize, and its being so less well known is a matter of some concern that I hope to redress in my own small way. One hundred and fifty years ago, on July 1, 1858, the fruit of Darwin’s and Wallace’s great adventures—the theory of natural selection—was first presented publicly before a small audience of the Linnean Society in London and subsequently published in the society’s journal. For reasons not altogether clear, nor for which there would be a scholarly consensus, this event and Wallace’s contributions to it tend to be overlooked. Indeed, the most widely used college biology textbooks typically offer many pages about Darwin’s travels and work and just a few vague lines about Wallace: “a young British naturalist working in the East Indies who had developed a theory of natural selection similar to Darwin’s.” Wallace, I think, is in danger of disappearing from textbooks altogether. And that, I hope you will agree after reading Chapter 3, would be a shame.


It is not a shame just because of the issue of credit in history. It is a shame because we are deprived of a great story of spirit and deed—Wallace’s two long journeys, with a shipwreck in between, and his dozen years in the forests of the Amazon and Indonesia, and how and why he came to similar ideas as Darwin did while toiling on the other side of the globe. It is an inspiring tale of great passion, dedication, physical risk and endurance, perseverance, and the immense pleasure of discovery. There is so much to learn from his struggles and triumphs and to admire in his character.


The same can be said of all the naturalists and scientists in this book. In fact, one of the most important experiences shared by virtually every person in these stories is that their discoveries and ideas were initially rejected or doubted. One might have thought that finding the first ape-man or a new dinosaur, or deciphering some critical piece of history in DNA, would confer instant glory. Think again. Many struggled for decades before gaining widespread acceptance and recognition. Such is the nature of breakthroughs and revolutions in science.


What also unites the naturalists here unites all of us as humans—the urge to explore. New discoveries about the origins of our species reveal that most of us are the descendants of explorers, humans who migrated out of Africa just 60,000 years ago or so and eventually populated six continents (Chapter 13). Even if it may now be only from the safety of our armchairs or theater seats, we share a deep need to know the world around us.


In July 1976, on the eve of the historic landing of the Viking I spacecraft on Mars, NASA assembled a panel of luminaries, including the authors Roy Bradbury and James Michener, the physicist Philip Morrison, and the undersea explorer Jacques Cousteau, to discuss the motives for exploration. Most saw it as a matter of human instinct.


Cousteau offered, “What is the origin of the devouring curiosity that drives men to commit their lives, their health, their reputation, their fortunes, to conquer a bit of knowledge, to stretch our physical, emotional or intellectual territory? The more I spend time observing nature, the more I believe that man’s motivation for exploration is but the sophistication of a universal instinctive drive deeply in-grained in all living creatures.” Morrison agreed that “it is in our nature” and that “human beings explore because in the long run … both by genetics and by culture, we can do nothing else.”


So the last thing I would want to imply through these stories is that the best days of scientific exploration are behind us. Far from it. Several of the stories here unfolded in just the last few years. Headlines are being made on a regular basis by newly found hominid, animal, and plant fossils, and many more surprises are still buried in the earth’s crust. Powerful new tools for mining the DNA record of life and human evolution are certain to greatly expand our knowledge of our own natural history. There will be many new stories to tell.


But, you may ask, are we going to find anything that would turn our worldview upside down, anything of the magnitude of the revolution in thought that began 150 years ago? Is there anything still unknown that is comparable to “the mystery of mysteries” that launched these explorations to all corners of the world?


I think there is. And I will ponder that possibility in the Afterword.





1
Introduction: Humboldt’s Gifts



Do not go where the path may lead; go instead where there is no path and leave a trail.
—Ralph Waldo Emerson
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Figure 1.1 Humboldt in Mexico. View of a rock formation and waterfall, with Humboldt and companions at lower left. From A. von Humboldt, Vues des Cordillères et Monuments des Peuples Indigènes de l’Amérique (1808).





RALPH WALDO EMERSON would label him “one of those wonders of the world, like Aristotle … who appear from time to time, as if to show us the possibilities of the human mind.” Edgar Allan Poe would dedicate his last major work, “Eureka,” a 150-page prose poem, to him. He so dazzled Thomas Jefferson that the two men began a lifelong correspondence. Though he never saw the American West, no fewer than thirty-nine towns, counties, mountains, bays, and caves were named for him, and the state of Nevada was nearly so. Only Napoleon would be as famous in his time.


But that was all yet to come. First, the young Prussian naturalist Alexander von Humboldt and his companion, the French botanist Aimé Bonpland, would have to get their bearings in the South American paradise in which they had landed in the summer of 1799. No naturalist had ever been there; all that lay before them was new and unexplored. Humboldt wrote to his brother back in Europe:


“What trees! Coconut trees, fifty to sixty foot high … with enormous leaves and scented flowers, as big as the palm of a hand, of which we knew nothing … And what colors in birds, fish, even cray-fish (sky blue and yellow)! We rush around like the demented; in the first three days we were quite unable to classify anything; we pick up one object to throw it away for the next, Bonpland keeps telling me that he will go mad if the wonders do not cease soon.”


The wonders did not cease, and thankfully Bonpland did not go mad, despite some of Humboldt’s exploits.


Humboldt was curious, and well read, about everything. Two years earlier, while still in Europe, he had completed several thousand experiments that confirmed Luigi Galvani’s discovery that muscle and nerve tissue are electrically excitable. His interest in animal electricity was thus very fresh when he encountered the wonder of “electric eels” in the streams in the Calabozo region of central Venezuela. Mesmerized by the three- to five-foot-long fish that he and his native assistants had brought to shore, he mistakenly stepped on one—and received an agonizing shock. “I do not remember ever having received a more dreadful shock from the discharge of a Leyden jar [an early device for conducting experiments in electricity], than which I experienced … I was affected for the rest of the day with a violent pain in the knees, and in almost every joint.”


The eel’s 500-volt wallop did not dissuade Humboldt from various experiments: “I often tried, both insulated and uninsulated, to touch the fish, without feeling the least shock. When M. Bonpland held it by the head, or by the middle of the body, while I held it by the tail, and, standing on the moist ground, did not take each other’s hand, one of us received shocks while the other did not … If two persons touch the belly of the fish with their fingers, at an inch distance, and press simultaneously, sometimes one, sometimes the other will receive the shock.”


He was game as well for many other potentially unpleasant experiments. When he and Bonpland discovered a “cow tree,” a relative of the rubber tree named for its production of a kind of milk, Humboldt drank a gourd full of the liquid—much to Bonpland’s horror. When a servant repeated the act, the poor fellow “vomited up rubber balls for several hours.” Humboldt also tasted curare, the lethal poison used by the Indians to tip their blow-darts. Figuring it was deadly only if taken intravenously, Humboldt found “its taste of an agreeable bitter.”


Such was the science of natural history in 1800.


But Humboldt’s interests and aptitude spread far beyond these few curiosities. He was well versed in every domain of science—botany, geography, astronomy, geology—and in every aspect of human history in the New and Old World. In the course of his five-year journey (1799–1804) through Venezuela, Brazil, Guiana, Cuba, Colombia, Ecuador, Bolivia, Peru, and Mexico, he and Bonpland collected vast quantities of botanical, zoological, geological, and ethnographic specimens; made countless highly accurate maps; and witnessed a total eclipse, an earthquake, and a spectacular meteor shower (Leonid). They measured mountains and scaled the highest peak in Ecuador to an altitude of 19,286—higher than any human had ever gone before (even in a balloon) and a feat that would not be topped for 80 years; descended into a volcano; noted the cold north-flowing Pacific current that now bears Humboldt’s name; and studied and admired the ancient civilizations of the pre-Columbian world (then unknown in Europe).


Such experiences were only made possible, of course, by Humboldt and Bonpland’s exposing themselves to many dangers. Indeed, Humboldt was pessimistic about his odds of surviving the expedition, for he was convinced that his destiny was to be drowned on the high seas. After five years during which he escaped attacks from natives, dodged ambush by jaguars, withstood the endless assaults of swarms of mosquitoes, battled tropical diseases, endured jailing by authorities, and somehow avoided drowning when his canoe capsized (he could not swim), Humboldt’s destiny was almost realized on his return journey.


When Humboldt stopped in Cuba, an American diplomat encouraged him to delay his return to Europe and to visit the United States. Humboldt was already an admirer of Thomas Jefferson and decided to make the detour. But in May 1804, on his way to Philadelphia from Havana, his ship was caught in a bad storm off the coast of Georgia. Humboldt feared for his life. After all he and Bonpland had endured, he despaired that they might die so close to the conclusion of their voyage. He later wrote in his journal:


I felt very much stirred up. To see myself perish on the eve of so many joys, to watch all the fruits of my labors going to pieces, to cause the death of my two companions [a young Ecuadoran accompanied Bonpland and Humboldt on their trip], to perish during a voyage to Philadelphia which seemed by no means necessary …


Once the storm abated, the ship had to pass through the British naval blockade that then extended across all of the harbors along the east coast.


Finally safe in Philadelphia, Humboldt took to the new republic very quickly. He believed that America was a great new country that was freeing itself from the shackles of the outmoded European order. He wrote directly to Jefferson both to introduce himself and to state his purpose in visiting. After a warm, flattering greeting and a brief description of his past five years of travels, he told the president: “I would love to talk to you about a subject that you have treated so ingeniously in your work on Virginia, the teeth of a mammoth which we discovered in the Andes of the southern hemisphere at 1,700 toises [about 10,800 feet] above the level of the Pacific Ocean.”


Yes, that’s right, Humboldt wanted to talk to the principal author of the Declaration of Independence, the former governor of Virginia (1779–1781), the first secretary of state (1789–1793), the second vice president of the United States (1797–1801), and its third president—about fossils.


Humboldt knew of Jefferson’s keen interest in fossils, particularly those of the mammoth, from his Notes on the State of Virginia (1785). The work began as a response to a list of questions from the French concerning the fledgling states they were assisting. It grew to be a comprehensive treatment of the geography, flora, fauna, agriculture, history, customs, commerce, and other subjects concerning Virginia and the United States.


In Notes, Jefferson had written about the “mammoth” bones that had been discovered in Kentucky and New York’s Hudson Valley. He used their existence to refute the so-called Theory of American Degeneracy propounded by a French naturalist, the Comte de Buffon. Buffon had alleged that the more humid and colder climate of North America, compared to that of Europe, led to a marked inferiority in its wildlife, livestock, and indigenous people. That did not sit well at all with Jefferson, who emphasized the great size of the mammoth—“the largest of all terrestrial beings”—and thought it alone was sufficient to squash Buffon’s theory.


Years later, while vice president, Jefferson was given a set of bones from a cave in West Virginia. He analyzed a forelimb and a hand with giant claws and dubbed the unknown animal “Megalonyx,” or “Giant-Claw.” He first thought that they might belong to a giant cat three times the size of a lion. He was not confident of his interpretation, however, and when he caught a glimpse of a giant ground sloth in an article by the French paleontologist Georges Cuvier, he saw a possible resemblance. His bones were in fact those of a ground sloth, which was later named Megalonyx jeffersonii in his honor.
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Figure 1.2 Chimborazo volcano. Humboldt ascended the peak at left to the 19,286-foot level, the highest elevation attained at the time. From A. von Humboldt, Vues des Cordillères et Monuments des Peuples Indigènes de l’Amérique (1808).





In 1799, Jefferson’s article on Megalonyx was published in the Transactions of the American Philosophical Society, perhaps the first American publication in the field of paleontology. But far more important to Jefferson than scientific credit was what the mammoth and the Megalonyx bones signified about his expanding republic. At the time, the idea that fossils represented extinct species was not well established. Jefferson and many others could not accept that any link in God’s chain of creation would be allowed to perish. “Such is the economy of nature,” Jefferson wrote, “that no instance can be produced of her having permitted any race of animals to become extinct.” He believed that mammoths and other beasts were still roaming:


In the present interior of our continent there is surely space and range enough for elephants and lions … Our entire ignorance of the immense country to the West and North-West, and of its contents, does not authorise us to say what it does not contain.


A few years later, as president, when he sent Lewis and Clark west, he included the order to observe “all the animals of the country generally, & especially … any which are deemed rare or extinct.” After their return, he then personally financed an expedition led by Clark to a large deposit in Kentucky, which yielded several hundred mammal bones. About half of them were sent to the White House, where they filled the unfinished East Room, dubbed at the time the “Bone” or “Mastodon” Room.


When Humboldt arrived in Washington in June 1804, he met with Jefferson, Vice President James Madison, and other officials over a span of ten days. There was talk of fossils, but Jefferson had many other concerns on his mind. The recently completed Louisiana Purchase now gave the United States a border with Spanish America. Jefferson was desperate for intelligence on Mexico when Humboldt appeared—fresh from Mexico with accurate data and maps and insights into its political and economic situation. Humboldt had all of the answers to Jefferson’s questions about roads, mines, Indian tribes, crops, settlements, and more, and he was delighted to share it with perhaps the only man whose reach and grasp matched his own.
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Figure 1.3 Megalonyx jeffersonii. These bones of a giant sloth were found in Virginia and described by Thomas Jefferson in Transactions of the American Philosophical Society, vol. 4 (1799). The drawings are by James Akin. The image is from the Rare Book and Special Collections Division of the Library of Congress.





Humboldt thereafter showed his admiration for Jefferson, and all things American, in many ways. After he returned to Europe, he received a steady stream of American dignitaries—diplomats, politicians, inventors, and writers—over the next few decades. Most important, Jefferson’s Notes on the State of Virginia served as a model for Humboldt’s writings. The American’s full descriptions of his country, its geography, people, and history, its animals and plants, its climate and commerce, influenced Humboldt’s approach to documenting his travels in the New World.


Those writings would encompass every dimension of the countries Humboldt visited, as well as the heavens above them. The full account of his voyage comprised some thirty volumes, which were published over the ensuing three decades. The 1,425 maps and illustrations in his opus were so elaborate that the cost of reproducing them would eventually bankrupt him. In his later years, Humboldt maintained his prodigious output. At the age of seventy-six, he published the first part of his five-volume Kosmos: A Sketch of the Physical Description of the Universe (1845), “an attempt to delineate nature in all its vivid animation and exalted grandeur.” His books and frequent contact with the leaders and most prominent citizens of the New and Old Worlds made him famous the world over.


Humboldt was, as one historian described, “the master of all branches of science at the last moment in history when this was possible for a single human being.” After Humboldt, even the greatest naturalists would be specialists.


And because of Humboldt, there came many naturalists.


The shorter account of his voyage, his Personal Narrative of Travels to the Equinoctial Regions of the New Continent (1815), not only enlarged his fame but also inspired many of the major figures of nineteenth-century natural history and exploration—names that are, ironically, better known today than Humboldt’s. Young Charles Lyell, who became the father of modern geology, remarked after meeting the great Humboldt in Paris, “There are few heroes who lose so little by being approached as Humboldt.” Humboldt also directly supported the young Swiss naturalist Louis Agassiz and convinced him to move to the United States, where he became a professor at Harvard and the leading figure in American natural history.


Then there was Charles Darwin. As a fledgling student at Cambridge University in the late 1820s, Darwin read all seven volumes and 3,754 pages of Humboldt’s Personal Narrative. He was so enamored of Humboldt’s descriptions of the Tropics that he read them over and over, committing parts to memory and reciting them aloud until he drove his friends crazy. The first volume of the Personal Narrative was one of the few books that Darwin took with him on the voyage of the Beagle, and he read it often to buck up his courage to endure his constant seasickness. It became the model for his own travelogue, The Voyage of the Beagle.


Humboldt’s tales of his South American adventures had the same effect on Alfred Wallace and Henry Walter Bates, inspiring their decision to explore the Amazon region.


But, as great as Humboldt’s accomplishments and influence were, his particular view of nature was to be overturned by the very generation of naturalists he inspired. Humboldt saw nature, both its living and nonliving components, as a somewhat static and peaceful domain that reflected an integrated design and divine order. Before his expedition, he wrote to a colleague that his main purpose was “to observe the interactions of forces, the influence of the inanimate environment on plant and animal life. My eyes will constantly focus on this harmony.”


Humboldt did not seek explanations of, for example, the origins of living things, for he saw that question as outside the sphere of natural history. So, too, did many of his contemporaries. Agassiz defined a species as a “thought of God” and declared that “Natural History must in good time become the analysis of the thoughts of the Creator of the Universe.”


Those who followed Humboldt into the Tropics developed an altogether different agenda for natural history and a picture of nature as a perpetual struggle among all organisms, a view that would replace entirely the Humboldtian ideal.


Humboldt died in May 1859, just six months before this new world view was articulated in The Origin of Species.


The eminent historian David McCullough has suggested that Humboldt’s most important impact was to demonstrate “how relatively little had been known of the richness and variety of life on Earth, the infinite abundance of life’s forms, and how infinitely much more there was to know.” To young bug collectors who had exhausted the limited resources of damp, cold, gray England, the destinations of Humboldt’s Narratives were irresistible. Add the high adventure and romance of traveling in unexplored regions and the thrill of encountering natural wonders, and it is perhaps no wonder why so many followed in his footsteps.








PART ONE
THE MAKING OF A THEORY





 


Rule Brittania! Brittania, rule the waves!


At no time was the rousing chorus of this centuries-old British patriotic song more true than in the first half of the 1800s. As other nations recovered from war and political upheavals, Britain’s navy was able to command the seas and to help expand trade throughout its far-flung, thriving empire. A system of armed “packet ships” and, later, commercial vessels carried mail and parcels to, from, and between many outposts around the globe. If one had the inclination to cross the seas to explore faraway places and collect exotic specimens, it helped to be British.


Three great voyages and three great British naturalists were pivotal to the conception of the idea of natural selection and the development of evidence to support it. The best known voyage of all is, of course, Charles Darwin’s on the HMS Beagle. While Darwin is justifiably famous for his contributions to natural history and the theory of evolution, the turn of events that put him on that ship, his outlook and motivations, and how he came to see the world so differently are not as widely known and are often misconstrued. The insecure divinity student who boarded the was a most unlikely future revolutionary.


Darwin did not set out with any intention to gather evidence for or against any great idea. His theory of evolution took shape after the voyage as he pondered what he had seen and began to question (privately) the thinking at the time. Alfred Russel Wallace and Henry Walter Bates, on the other hand, did have evolution in mind from the start. The idea that species might change was percolating in popular circles in the mid-1840s. It was Wallace who suggested to his friend Bates that they go to the Amazon to gather data “toward solving the problem of the origin of species.”


All three were young men when they set out from England for the jungles of South America. Darwin was twenty-two, Bates, twenty-three, and Wallace, twenty-five. Unlike Darwin, however, who came from a wealthy family, was educated at Cambridge, and enjoyed the advantages of being the naturalist on an armed navy vessel, Bates and Wallace were self-taught amateurs who had to make their way to the Amazon on a commercial trading ship and then, to cover their expenses, shipped prized specimens back to England for sale. Once in the Amazon, the two friends soon split up to cover more territory. Wallace headed home after four years, then undertook a long solo voyage throughout the many islands of the Malay Archipelago. Bates stayed in the Amazon jungle for eleven difficult but rewarding years.


These were truly epic journeys filled with harrowing and joyous moments. Prodigious collectors of bugs, birds, and anything else that moved, all three men developed a great appreciation for the diversity of species, for variation within species, and for the geographic distribution of species and varieties. It was primarily this appreciation that led each of them to their respective discoveries: Darwin to his idea of “natural selection” and the descent of species from common ancestors (Chapter 2); Wallace to his independent conception of the “struggle for existence” among individuals and the “Wallace line,” demarcating the boundaries between Asian and Australian animals (Chapter 3); and Bates to his discovery of the phenomenon of mimicry, which provided the best and very timely evidence for natural selection in the wild (Chapter 4). The theory of evolution would, after The Origin of Species, be forever linked to Darwin, but the making of the theory and its early scientific acceptance owe a considerable debt to Wallace and Bates, respectively.


Although Darwin’s journey (1831–1836) preceded those of Wallace (1848–1862) and Bates (1848–1859) by almost twenty years, their work intertwined when the latter two men returned to England. The three explorers were friends and correspondents for the rest of their lives.








2
Reverend Darwin’s Detour



Every traveller must remember the glowing sense of happiness, from the simple consciousness of breathing in a foreign clime, where the civilized man has seldom or never trod.
—Charles Darwin, Voyage of the Beagle (1839)




[image: Image]


Figure 2.1 “I was in many ways a naughty boy.” Portrait of young Charles and his sister Catherine. Charles later wrote in his autobiography: “I was much slower in learning than my younger sister Catherine, and I believe that I was in many ways a naughty boy.” From More Letters of Charles Darwin: A Record of His Work in a Series of Hitherto Unpublished Letters, edited by F. Darwin and A. Seward (D. Appleton and Co., New York, 1903).





HIS NICKNAME WAS “GAS.”


Thirteen-year-old Charles Darwin was, like most younger brothers, highly susceptible to conspiracy and mischief with his older brother. Erasmus (“Ras”), five years his senior, had developed an interest in chemistry and recruited his little brother into outfitting a makeshift lab in the garden shed. The two boys pored over chemistry manuals and often stayed up late, concocting some noxious or explosive mixture.


Sons of a wealthy doctor, Ras and Gas always had plenty of funds for their hobbies. They bought test tubes, crucibles, dishes, and all sorts of other apparatus. Of course, chemistry wasn’t as much fun without fire, so the boys invested in an Argand lamp, a type of oil lamp that they used to heat chemicals and gases. Their fledgling laboratory also had fireproof china dishes, courtesy of their uncle Josiah Wedgwood II, the leading maker of pottery in England.


Charles enjoyed the prestige his stinky shed earned him among his schoolmates. He was also popular for his cheerful and mild-mannered disposition. Some joined him on his expeditions into the countryside collecting insects or bird-hunting. The boarding school he attended was only a mile from home, so he knew the surrounding woods and streams very well.


The schoolmaster, however, was not so impressed with either Charles’ chemistry or his lackadaisical approach to the classics. Charles was not much of a student. He was bored stiff by the rote learning of ancient geography, history, and poetry demanded by the school. He escaped to the woods and home to visit and play with his dog as often as he could, sometimes risking expulsion should he get locked out before bedtime. Racing back to his dormitory, he prayed out loud for God’s help in getting him there in the nick of time, and he marveled that his prayers were answered.


His father was increasingly aware of Charles’ dislike for school. Although Charles adored him, Robert Darwin was a large, imposing figure and what he said governed the Darwin household. “The Doctor,” as he was called, was worried that Charles was frittering away his opportunities. One day, his anger erupted: “You care for nothing but shooting, dogs, and rat-catching, and you will be a disgrace to yourself and your family!”


The Doctor decided that the best thing would be to take Charles out of school two years early, at the age of sixteen, and send him to Edinburgh, where he could stay with Ras and enroll in medical school. The Doctor hoped that Charles would follow in his footsteps, and those of his grandfather, and become a physician.


Surgery and sponges


In Edinburgh, Charles learned many things—taxidermy, natural history, zoology, and that he did not want to be a doctor.


The university’s medical school provided the best training in Great Britain, but it was a gruesome ordeal in the 1820s. Charles was repulsed by the professor of anatomy, who showed up for his lectures dirty and bloody, fresh from stints at the dissecting table. Charles also found surgery sickening. In these days before anesthesia, speed was essential, and the procedures did not look too different from those in a butcher’s shop. After witnessing an operation on a child, Charles fled the operating theater and vowed not to return.


Disgusted by some classes, bored by others, Charles started to find other diversions instead of attending lectures. When the Doctor caught wind of Charles’ waning interest, he sent a message via Charles’ sister Susan:


He desires me to say that he thinks your plan of picking & chusing what lectures you attend, not at all a good one … it is quite necessary for you to bear with a good deal of stupid & dry work; but if you do not discontinue your present indulgent way, your course of study will be utterly useless.


Outside the horrors of medical school, Edinburgh did offer attractive excursions. Charles loved to walk along the dramatic coastline of the Firth of Forth and to look for any sea creatures that washed ashore. In the city, he met a freed slave from Guiana, John Edmonstone, who agreed to tutor him on how to stuff and mount birds. Charles was an excellent student and reveled in Edmonstone’s tales of the Tropics, and his descriptions of the South American rain-forests were perfect antidotes to the bone-chilling Scottish climate.


In the summer after his first year, Charles was relieved and happy to return home and to stalk the nearby woods once again. He made some stabs at continuing his medical education. His father encouraged him to read his grandfather Erasmus Darwin’s book on life and health, entitled Zoonomia; or, the Laws of Organic Life. In this multivolume tome, Grandfather Erasmus had opined on topics ranging from the basis of disease to the history of life. On the latter subject, he was unconventional, to say the least:


If this gradual production of species and genera of animals be assented to, a contrary circumstance may be supposed to have occurred, namely, that some kinds by the great changes of the elements may have been destroyed. This idea is shewn to our senses by contemplating the petrifactions of shells, and of vegetables [plants], which may be said, like busts and medals, to record the history of remote times.


While Charles no doubt admired his grandfather’s book, the greater philosophical messages were probably lost on the youth.


During his second year in Edinburgh, he drifted still further from medicine and much closer to natural history. But he did find one professor much to his liking, the zoologist Robert Grant, who was an expert on—some might say quite mad about—the marine animals that abounded in the tide pools near Edinburgh. Grant’s boundless enthusiasm and sense of humor won Charles over, and they became frequent walking companions. Grant taught Charles what to look for, and Charles diligently took notes on Scottish sponges, molluscs, polyps, and sea pens.


Grant was well traveled, well read, and a free thinker. He rejected the prevailing orthodox view in Britain of the fossil record’s documenting a series of episodes of creation and each species as specially created and unchanging. Grant was a follower of the French naturalists, who thought that life did change as a product of natural laws. He introduced Charles to the work of Jean-Baptiste Lamarck and his ideas about the inheritance of acquired characteristics. He also took Charles to meetings where these topics were fiercely debated.


Grant showed Charles how to ask both small and great questions and the connection between the two. But Charles was no closer to being a doctor—or anything else, for that matter. He dropped out of medical school without a degree.


The making of a country parson


The Doctor had to find something respectable for his aimless son. There was a great fear among the well-to-do that their privileged sons would be content to live off the family fortune. If not medicine or the law, what would befit Charles? What position would bring him the most respectability for the least ambition? The Church of England.


It was then a common practice for parishes to be auctioned off to the highest bidder, who would then install a family member as parson. It was a comfortable way of life with ample lodging and some land, along with income from the parishioners and investments. Charles would have plenty of time to pursue his hobbies.


He would need only to pass his ordination, which required a bachelor’s degree from Cambridge or Oxford, and a year’s study of divinity. So it was off to Cambridge for Charles, where virtually all of the faculty were ordained members of the clergy.


Having washed out of Edinburgh, Charles was determined to make a good start. Unfortunately, his resolve was soon challenged by the craze that was then sweeping the nation and Cambridge—beetle collecting. The capture of diverse and rare species was becoming a competitive sport. It so appealed to Charles’ love for romping about the woods with like-minded comrades and his thirst for recognition that he soon became obsessed.


Charles acquired the best equipment, hired helpers to sift through forest debris, and spent significant sums buying specimens from other collectors. One day, peeling bark off a tree, he eyed two rare forms and quickly grabbed one in each hand, only to spot another. He popped one in his mouth so he could snag the third. Unfortunately, the one in his mouth was a bombardier beetle; it emitted an awful concoction that forced him to spit it out and lose the other two.


Charles spent most of his first two years pursuing such trophies but finally resolved again to work hard and prepare for the critical exam at year’s end. He was to be tested on Latin and Greek translation, portions of the Gospels, the New Testament, and the works of the Reverend William Paley, who had written several books concerning the evidence for God and the truths of Christianity. Charles, in fact, was lodging in the very rooms Paley had occupied at Cambridge and was very impressed and persuaded by Paley’s lucid logic.


Charles made it through the exams and resumed his beetling, but he also fell under the very positive influence of his professor of botany, the Reverend John Stevens Henslow. On Friday nights, Henslow had small gatherings at his home for the discussion of natural history and a little wine-drinking. Other professors would occasionally drop in and share their expertise and passions. Charles had found his home. Henslow took him under his wing, and the two were so often seen walking together, engrossed in conversation, that Gas became instead “the man who walks with Henslow.”


Henslow took students on all sorts of botanical excursions around Cambridge. Charles was eager to please, even wading through the muck of the River Cam to snatch a rare species for his mentor. He saw Henslow as the role model of the ordained naturalist and admired him as “quite the most perfect man I ever met with.”


Henslow was not the bold freethinker that Grant was. One of the requirements at Cambridge was adherence to the Thirty-Nine Articles of the Church of England (established in 1563), and Henslow supported every word of them. Charles thought he would take his year of divinity studies under his tutelage.


First, there was the matter of passing his final exam—more Homer, Virgil, and Paley—with some math and physics tossed in. Charles ranked tenth in a group of 178.


He had his degree, once he signed the Thirty-Nine Articles, and Henslow continued his grooming. He encouraged Charles to read more and to think about traveling to widen his horizons.


To get him started, he lent Charles his copy of Humboldt’s Personal Narrative. Whereas the old Charles would have struggled with the seven-volume work, the new Charles gobbled it up and started dreaming of the places Humboldt described in his travels throughout South and Central America. The Canary Islands offered the closest tropical paradise, so Charles started plotting a trip. Henslow and three friends were initially interested in joining him. Charles’ father put up the money to clear all his debts and to pay for the expedition.


Henslow knew that Charles would need some geological training to make the most of such a visit, so he set up a tutorial with the Reverend Adam Sedgwick, a professor of geology, who had earlier trained Henslow. Sedgwick, a leading figure in British geology who later named the Devonian and Cambrian periods, took Charles to Wales on a field trip. Charles discovered that he had a knack for and loved geology.


During this excursion, his Canary Island companions, including Henslow, backed out until just one remained. On his way home, Charles received a message that this last of his companions had died suddenly. He was shocked at the loss and deeply disappointed that his expedition had unraveled.


By the time he reached home, exhausted and uncertain of his next step, awaiting him was a letter from Henslow with stunning news. Charles was being offered a voyage around the world.


Permission to board


The invitation had come via a circuitous route. Captain Robert FitzRoy had received orders from the Admiralty to lead the HMS Beagle on a detailed surveying voyage around the southern portion of South America. He had taken the helm of the ship on its previous expedition when the captain committed suicide under the stresses of command. Well aware of the pressures on and the isolation of naval captains on such long expeditions, FitzRoy requested that a “well-educated and scientific person” join the voyage so that “no opportunity of collecting useful information … should be lost.” It was not uncommon for naturalists to travel aboard naval ships, but FitzRoy was at least as interested in having a well-heeled companion for dinner and conversation as in what might be collected.


The Admiralty first offered the berth to Henslow and another naturalist. They declined, and each recommended Charles. Henslow wrote to his protégé: “I think you are the very man they are in search of.”


Charles was elated. The Doctor was not.


Charles’ father knew that British ships were sailed by some very rough characters. He also knew that they were dangerous and often wound up being sailors’ coffins. He thought the voyage too risky an adventure and yet another delay on Charles’ path to settling down in a respectable position. Charles glumly wrote to Henslow that he would not defy his father’s objections.


Charles headed off to his uncle Josiah’s house to distract himself from his disappointment. His father, however, handed him a letter for his uncle in which he explained that he objected to the voyage on many grounds, but “if you think differently from me I shall wish him to follow your advice.”


The Wedgwoods were indeed supportive of the adventure. Uncle Jos asked Charles to write down a list of his father’s objections so that he could offer his response. The words still fresh in his mind, Charles recalled:


1. Disreputable to my character as a Clergyman hereafter


2. A wild scheme


3. That they must have offered to many others before me, the place of Naturalist


4. And from its not being accepted there must be some serious objection to the vessel or expedition


5. That I should never settle down to a steady life hereafter


6. That my accommodations would be most uncomfortable


7. That you should consider it as again changing my profession


8. That it would be a useless undertaking


Uncle Jos wrote to the Doctor, who quickly changed his mind and said he would now give the voyage “all the assistance in my power.”


Overjoyed and with little time to prepare, Charles set about buying instruments and a new pistol and rifle, getting packed, and meeting with Captain FitzRoy. The ship itself was a bit of a shock. The HMS Beagle was small—only 90 feet long and 24 feet wide at the most—with just two tiny cabins (Figure 2.2). Charles, at six feet tall, had to stoop to enter what would be his quarters for years, which he would share with a large chart table, a nineteen-year-old officer, and a fourteen-year-old midshipman, Philip King. Charles was to sleep in a hammock slung over the chart table just two feet below a skylight.


Charles made his rounds, saying good-bye to friends and family and seeking out last-minute advice from naturalists. Henslow gave him a parting gift—a copy of Humboldt’s Personal Narrative—and suggested that he take as well Lyell’s new Principles of Geology to help him decipher the landscapes he would see. These books, and a copy of the Bible, would be the young divinity student’s close companions.


Saying good-bye to his father was the hardest. He would be away for so long. The voyage was intended to last two years, but little did Charles or his father know that it would take five. There was also the very real chance he might not return. Charles tried to put these thoughts out of his mind as Ras saw him off from Plymouth. On December 10, 1831, the Beagle made what turned out to be the first of three attempts to start its voyage; it hit a strong gale and was thwarted, forcing FitzRoy to turn back. He then set out again at low tide on December 21, only to run the ship aground. Once freed, another gale turned them back. Charles spent most of Christmas Day on the ship. Finally, on December 27, 1831, twenty-two-year-old Charles Darwin and his shipmates set out for the Canary Islands and South America.
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Figure 2.2 The HMS Beagle and Darwin’s quarters. Based on a drawing by his shipmate Philip King, with whom he shared his quarters. From Journal of Researches into the Geology and Natural History of the Various Countries Visited by H.M.S. Beagle, by Charles Darwin (facsimile edition of 1839 first edition, Hafner Publishing Company, New York, 1952).


Voyaging


It did not take long for him to be miserable. As the Beagle tossed in the notorious waves of the Bay of Biscay, Charles tossed everything he tried to eat. He retreated to his hammock and wondered if the voyage was a huge mistake. He pulled out Humboldt for a little encouragement and tried to look forward to setting foot on land again.


After ten days of torment, the ship reached Tenerife, in the Canary Islands. Charles finally saw the great mountain of which Humboldt wrote, but his excitement was short-lived. The Beagle was to be quarantined for fear of its sailors spreading the cholera that had erupted in England. FitzRoy wasn’t going to wait: he ordered the sails up, and the ship left for St. Jago in the Cape Verde Islands without anyone stepping onshore.


St. Jago provided relief from Charles’ desperate seasickness. Although the landscape was volcanic, the birds, palms, and massive baobab trees deeply impressed Charles. He was also intrigued by a band of shells and corals that lay about 30 feet above sea level. Fresh from Sedgwick’s training and his reading of Lyell, Charles began to wonder: Had the sea level fallen or the island risen? He would ponder the same questions many more times in the coming years.


After a few weeks, it was back onboard for the crossing to Brazil. The nausea returned, compounded by the oppressive heat as they crossed the equator. Charles was laid up in his cabin, feeling as though he was being “stewed in … warm melted butter.”


Having retched his way across the Atlantic, he was eager to get off the boat as soon as it made landfall at Bahia, on the coast of Brazil. Charles headed for the forest, and it did not disappoint. His senses were flooded—the colors of the flowers, fruits, and insects, the scents of the plants and trees, and the chorus of all the animal sounds. He wrote to Henslow: “I formerly admired Humboldt, I now almost adore him; he alone gives any notion of the feelings that are raised in the mind upon entering the Tropics.” Charles began to collect everything he could.
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