



[image: Cover Image]





‘Anybody with the slightest interest in biology will want to devour every page of this exquisite book … Quammen’s prose is elegant but wholly accessible … a valuable contribution to the debate, explaining clearly, concisely and entertainingly the questions Darwin sought to answer and the context in which he asked them’ Financial Times


‘An easy read that makes the perfect primer to understanding the man … the clear and sometimes moving prose will leave you wanting more’ New Scientist


‘Quammen’s explores [his theme] with brio … Quammen’s stated aim was to produce a “pleasantly readable” account. With this he has achieved much more’ Geographical


‘Very readable … Part biography, part historical account, this book expertly teases apart Darwin’s intellectual journey of discovery’ BBC Focus


‘A complete delight … this captivating biographical essay … is fresh and original’ Science Magazine




To Betsy






The Kiwi’s Egg


Charles Darwin and Natural Selection


DAVID QUAMMEN


[image: image]







Home and Dry


an introduction


Charles Darwin holds a peculiar position in the history of science and society. His name is a household word but his ideas—with a single exception—aren’t household ideas. He’s central, he’s iconic, but that’s not to say that he’s widely and well understood. If the scientific community issued bank notes, true enough, the face on the dollar bill would be Darwin’s. It’s a good face, an amiably stolid face, like George Washington’s as engraved from the painting by Gilbert Stuart; yet it conceals, like Washington’s, deep veins of complexity and tension. Everyone knows something about who Darwin was, what he did, what he said, and the thing that most people think they know is: He concocted “the theory of evolution.” This isn’t quite wrong, just confused and imprecise, but it misses those points about Darwin’s work that are most profoundly original, and dangerous, and thrilling.


Both as hero and as bugaboo, Darwin is taken for granted in a way that Copernicus, Kepler, Newton, Linnaeus, Charles Lyell, Gregor Mendel, Albert Einstein, Marie Curie, Niels Bohr, Werner Heisenberg, Alfred Wegener, Frederick Hubble, James Watson, and Francis Crick are not. One measure of his supposed familiarity is the careless use, within common discourse, of the terms “Darwinism” and “Darwinian,” which presume at reducing to trademark simplicity a diverse body of work that can’t be so easily reduced. Forget about Darwinism, it doesn’t exist. Not unless you define it by arbitrary stipulation—these concepts included, those concepts not—in a way that Darwin himself never did. And what is Darwinian? Well, a fascination with fancy pigeons is Darwinian, in the sense that our man, during one period, became entranced by his aviary full of pouters and fantails and runts. A fondness for long solitary strolls, not far from home, is Darwinian. Recurrent bouts of unexplained vomiting are, as you’ll see, very Darwinian. My point is this: Charles Darwin didn’t found a movement or a religion. He never assembled a creed of scientific axioms and chiseled them onto a stone tablet beneath his own name. He was a reclusive biologist who wrote books. Sometimes he made mistakes. Sometimes he changed his mind. Sometimes he worked on little subjects and sometimes on big ones. True, most of his published writings share a single underlying theme—the unity of all life, reflecting the processes of evolution. But he particularized that theme in a variety of concepts, some of which interlock nicely and remain valuable to biology, some of which don’t. It’s better to examine his ideas individually than to try to bundle them as a brand.


Copernicus, among the great scientists mentioned above, is the one whose impact most closely resembles Darwin’s, in that Darwin continued the revolution Copernicus began, alerting humans to the fact that we don’t occupy central position in the universe. Darwin extended that recognition from cosmology to biology. “People often talk,” he muttered to himself, in an early notebook, “of the wonderful event of intellectual Man appearing.” Darwin, for his part, wasn’t so impressed by the emergence of “intellectual Man,” adding contrarily that “the appearance of insects with other senses is more wonderful.” This heretical comment shows that, from the start of his musings about how species originate, Darwin denied mankind its self-assigned demigod status and included us in the jumble of struggle and change. He was no humanist (though he was always humane). For sheer wonder, give him not the brain of Homo sapiens but the orienteering and architectural instincts of the honey bee.


I say Darwin “continued” rather than “completed” the Copernican revolution against anthropocentrism because the battle is still going on. Many people, even among those who would say they accept Darwin’s theory of evolution (whatever they take it to be), decline to absorb the full implications of what he wrote. His biggest idea, bigger than mere evolution, was just too big, too harsh and threatening. That idea was what he called “natural selection” and identified as the primary mechanism of evolutionary change. According to Darwin’s view (since reaffirmed by a century and a half of further biological evidence), natural selection is a purposeless process but an efficacious one. Impersonal, blind to the future, it has no goals, only results. Its sole standards of valuation are survival and reproductive success. From scattershot variations, culled and accreted, it produces pragmatic forms of order. Its driving factors are hyperfecundity and mortal competition; its products and byproducts are adaptation, complexity, and diversity. It embodies a deep chanciness that is contradictory to the notion that Earth’s living creatures, their capacities (including human capacities), their histories, their indigenousness to particular locales, and their interrelations all reflect some sort of divinely preordained plan. Creationist proselytizers pursuing Christian political agendas are therefore right to regard it with loathing and alarm.


Those creationist proselytizers aren’t alone in their dissent from evolutionary thinking. They’ve had reason to feel encouraged, within recent years, by the high level of lingering resistance—at least in the United States—to what Darwin articulated back in 1859. Their political challenges (within various state legislatures and local school boards) have been persistent but mostly unsuccessful. Important court cases (such as Edwards v. Aguillard, in 1987, wherein the U.S. Supreme Court declared Louisiana’s creationism-in-the-schools law unconstitutional, and Kitzmiller v. Dover, in 2005) have gone against them. But they’re correct about one thing: Broader public opinion harbors a startling level of ambivalence on this subject. Postmodern America is a hotbed of pre-evolutionary views.


You may have heard loose assertions to the effect that a third of all Americans—or is it 40 percent, or more?—don’t accept the reality of evolution. Here are some hard numbers: 45, 47, 44. The Gallup organization, in November 2004, after more than a thousand telephone interviews, found that 45 percent of their respondents agreed with the statement: “God created human beings pretty much in their present form at one time within the last 10,000 years or so.” For short: creationism. Another statement, offered alternatively, said that humans “have developed over millions of years from less advanced forms of life, but God guided this process.” For short: theistic evolution. That option satisfied 38 percent of the people polled. Just 13 percent agreed with a statement that humans have developed from other life forms without guidance by God. For short: materialistic evolution. (And the remainder had no classifiable opinion. For short: Go away, we’re watching TV.)


The most striking thing about these poll results is not that resistance to evolutionary theory registered so high in one poll or another; the most striking thing is that it remained virtually unchanged in six parallel samplings over the course of a generation. Back in 1982, presenting the very same options, Gallup found 44 percent of respondents agreeing that God, not evolution, had created human beings. In 1999, the percentage peaked at 47, and it has never fallen lower than 44. If these polls can be trusted, almost half the American populace chooses to understand the origin of our species as though Charles Darwin never lived. Another major increment, ranging between 37 and 40 percent over the years, prefers the “guided by God” option, theistic evolution, which is still utterly contrary to what Darwin proposed. Summarizing the arithmetic: Between 81 percent and 87 percent of Americans reject Darwin’s view of human evolution.


Gallup isn’t alone in measuring this phenomenon. A more recent poll, conducted in July 2005 by the Pew Research Center for the People and the Press, along with a partner organization, found 42 percent (among 2,000 Americans interviewed) affirming that “living things have existed in their present form since the beginning of time.” Another 18 percent subscribed to theistic evolution, at least with respect to humans, specifying that the process must have been “guided by a supreme being.” So the Pew results are slightly less negative in total than Gallup’s: only a 60 percent rejection of Charles Darwin, instead of 80-some.


Maybe the polls are invalid. Maybe the numbers would be much different in England or Sweden or India. Maybe the same distinctly American mixture of skepticism and evangelicism that led to the Scopes trial, in 1925, continues to animate many citizens who would simply rather take their biology from scripture than from science. Maybe the question of human evolution is misleading and inordinately touchy; maybe Gallup and Pew should be asking whether God created, let’s say, tree kangaroos in their present form. Or maybe … who knows? I don’t claim to have any definitive explanation for such an extreme level of skepticism and willful antipathy toward such a well-established scientific discovery. Frankly, it mystifies me. But certainly those Gallup results—combined with the continuing political offensive against teaching evolutionary biology in public schools—testify that Charles Darwin isn’t just perennially significant. He’s also urgently relevant to education and governance.


Speaking personally for a moment: I come to the subject by a roundabout route. I’m not a biologist. I’m not a historian. I have virtually no academic training in science. Nevertheless, for the past twenty-five years, I’ve made my living primarily as a science journalist, learning what evolutionary biology and ecology I know by self-education (that is, reading, especially of scientific journals) and pestiferous questioning of experts. During those years, I’ve had a privileged sort of opportunity: much field time with field biologists. On assignment to various magazines, and while doing research for books, I’ve been welcomed to tramp through tropical forests, ascend rivers from Mongolia to the Amazon, stroll across equatorial savannahs, prowl remote islands, and otherwise knock around outdoors with some of the world’s brightest and hardiest natural scientists. Besides advancing (slowly) my understanding of certain ecosystems and species, and of some of the underpinning concepts of ecology and evolutionary biology, these experiences have shown me that field biologists are, on the whole, a guild of extraordinary people—smart, passionate, patient, congenial, and physically as well as intellectually tough. Some people admire soldiers, or surgeons, or firemen, or astrophysicists, or medical missionaries, or cowboys. I admire field biologists.


This is part of what brings me to Darwin. He himself was a field biologist, of course, during one crucial period of his life: the four years, nine months, and five days he spent as a naturalist aboard the Beagle, a British naval ship sent out to chart certain stretches of South American coastline. That voyage lasted from 1831 until 1836. Darwin was in his mid-twenties, just the right age for maximum exertion in difficult circumstances and maximum absorption of new facts and impressions. While the Beagle’s captain and crew did their work, young Mr. Darwin collected marine specimens with a plankton net dragged behind the ship and made long excursions ashore for further collecting and observing. Inexperienced at the start, he gradually became a methodical and keenly percipient scientist. He visited Brazil, Uruguay, Argentina, Chile, Peru, New Zealand, Australia, South Africa, and a number of small oceanic islands, including the Cape Verdes, the Azores, Tahiti, Mauritius, St. Helena, and the Galápagos. Landing at Falmouth in southwestern England on October 2, 1836, he would never leave Great Britain again. His days of gallivanting field biology were over. He was home and dry, and quite happy to remain so, at least for a while. Other biologists of his era (such as Alfred Russel Wallace and Henry Walter Bates, about whom more below) might spend a decade at punishing fieldwork in the Amazon or Borneo or wherever; but for Darwin, five years was a bellyful. Most of his scientific labor, throughout the rest of his life, would entail research reading, correspondence, experimentation, dissection, observation in the meadows and woodlands not far from home, and thinking. Partly because of health problems, partly by intellectual disposition, he became largely an indoor guy.


Indoors was where he developed his ideas. So, notwithstanding my bias toward field biologists, and the importance of those vivid early experiences in fueling Darwin’s later thought, I’ve made a counterintuitive choice: to omit the voyage (except as background) from this account, and to take up the story just afterward. Why ignore the most famous episode of Darwin’s life? Three reasons. First, because it is the most famous. Whatever else you may know about Charles Darwin, you probably know that he once sailed on a ship called the Beagle, visited the Galápagos Islands, and saw there some interesting reptiles and birds. My second reason is a matter of economy and scope. To say it more plainly: brevity. Darwin’s life story has been told many times, by some excellent biographers (notably Janet Browne, in her magisterial two-volume Charles Darwin, and the team of Adrian Desmond and James Moore, in their trenchant 800-page Darwin: The Life of a Tormented Evolutionist) and by some less excellent ones, but most people haven’t read that story even once. Of course in each telling it’s a slightly different story, depending on selection, omission, and the biases and purposes of the teller. My purpose has been to create a concise treatment, part narrative and part essay, accurate but pleasantly readable, of this huge and deeply complicated subject. I wanted to sketch, in not many pages, the growth and development of a man of ideas, with particular focus on just one of them. Third reason for skipping the Beagle years: Darwin’s later intellectual adventures are, in my opinion, even more exciting than the romps across Patagonia and the Galápagos.


Chief among those adventures is the discovery of natural selection. That idea, taken freshly, with its full implications, is marvelous and shocking and grim. It’s even more marvelous when you consider its provenance: a deeply radical insight from a deeply cautious man. The shy patriarch with the bald head and the full beard, the breeder of pigeons and primroses, the very private Englishman who wound up buried in Westminster Abbey, the fellow with a good face for bank notes, presents to us a comfortably dowdy image; but not everything about Charles Darwin is so comfortable. At the core of his work is a difficult, scary materialism. That’s one of the themes I try to explore in this book. Another is that it was difficult and scary even to him.




The Fabric Falls


1837–1839
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In the early weeks of 1837, Charles Darwin was a busy young man living in London. Ambitious, intellectually awakened from a drowsy postadolescence, excited by opportunity, he was newly defining his life. He didn’t yet recognize the awful scope of the idea that was growing inside him. On February 12, he turned twenty-eight.


Darwin had been home from his round-the-world journey aboard the survey ship Beagle just since the previous October. He was glad to be back on solid ground, walking floors that didn’t tilt with the waves. During the course of the trip, which had originally been projected to last only two or three years but ended up stretching to half a decade, he had transformed himself drastically—from an unfocused graduate of divinity schooling at Cambridge, with a gentleman’s passion for bird shooting and a collector’s enthusiasm for rare beetles, into a serious student of geology and natural history. Even his widowered father, the grumpy and obese Dr. Robert Darwin, saw a difference. The doctor had once scolded him for being a feckless young sport, who cared only for bird-hunting and rat-catching and would be “a disgrace to yourself and all your family.” But now Charles’s reputation as a scientific traveler had preceded him home, and papa was placated. On first glimpse of his son after the voyage, Dr. Darwin turned to Charles’s sisters and said, “Why, the shape of his head is quite altered.” If it wasn’t true phrenologically, it was apt as metaphor. The shape of his thinking had changed. It would soon change even more.


After a brief visit with his father and sisters at the family home in Shrewsbury (a medium-sized town up in Shropshire), and then a short stay in Cambridge near his old university chums, Darwin had come to the big city and rented rooms in a house on Great Marlborough Street, within walking distance of important scientific institutions such as the Zoological Society and the British Museum. He hated London, with its Dickensian smog and clatter, but he had purposes for tolerating it. His days were full of follow-up chores involving his scientific harvest from the Beagle voyage. That harvest included facts, notes, and ideas, but also mammal pelts, bird skins, pickled reptiles and fish, dried plants, and fossils. He had sent back crates, bottles, and casks of specimens from South America during the ship’s years of surveying there, and had brought more with him on board, most of which were now farmed out to experts for identification and study. He had been a scientific nobody when he set sail on the Beagle, as unofficial naturalist (there was another naturalist, more official though less ardent, until that fellow resigned in a jealous huff) and social companion to the captain; but he’d proved himself vastly competent. His productive collecting in exotic locales and his sharply observant letters had given him some buzz in scientific circles even before he got home. He was considered a talented comer, and the uptake on his specimens was good. Richard Owen, a brilliant anatomist at the Royal College of Surgeons, had agreed to describe the fossil mammals. George Waterhouse, a museum curator, took on the living mammal species and the insects. John Gould, a respected ornithologist, would do the birds. Thomas Bell, a dentist turned zoology professor, got the reptiles. Darwin himself had meanwhile begun writing a book. This was a big step for him, implying a new level of confidence in his own observations and voice. A book, imagine. Yes, because he’d seen things that few other people ever had. He’d gathered impressions and data, carefully. It would be a pastiche of travel narrative, cultural portraiture, geology, and natural history derived from his diary of the voyage.


The unwritten book was already under contract to a publisher—as arranged by the Beagle’s captain, Robert FitzRoy, a very capable man but a cantankerous one, aristocratic and tippy. It had been FitzRoy’s perfectionism, as well as complicating circumstances, that stretched a two-year voyage almost to five. Now the captain wanted a multi-volume record of his ship’s recent expeditions, and he was glad to slot Darwin’s book into the package; FitzRoy himself would do another volume, if he ever got around to it. Darwin set himself going and, energized by the prospect of becoming a published author, scribbled hard. The Beagle diary was his core material, but he wanted to add narrative flow, a few ideas, and some polish. He confided to a Cambridge friend, William Darwin Fox (who happened also to be a second cousin), his discovery that “writing is most tedious & difficult work.” But he had one advantage that made the task easier: a sizable annual allowance from his father. He wasn’t pressed to go looking, at least not yet, for a day job.


Socially he was in demand, as a returned traveler with stories to tell who happened also to be an eligible bachelor. For a while, that suited him fine. Charles Lyell, the rising star of English geologists, whose three-volume Principles of Geology was changing the way people thought about earth sciences, had welcomed him as a new friend and protégé. The inventor Charles Babbage began inviting him to fancy parties. Darwin’s elder brother Erasmus, trained as a physician but with no desire to practice (and no need, thanks to their father’s money), was already ensconced as a bon vivant in the city. Erasmus, hosting small gatherings at his own place on Great Marlborough Street, pulled Charles into a circle of bright people that included the political writer Harriet Martineau and the crusty Scottish historian Thomas Carlyle. Leonard Horner, an eminent educator and scientist, had a house full of unmarried daughters to which Darwin paid some flirtatious visits, though not as many as Mr. Horner would have liked. Darwin’s five years on the Beagle had been lonesome, notwithstanding the meals with FitzRoy and the cramped cabin he’d shared with an officer and a midshipman, and during these first months in London he made up for it, basking in clever dinner-table chat, flattering attention, and female company. With Lyell vouching for him, he was elected to the Athenaeum Club (in the same group, speaking of Dickensian milieu, that included Charles Dickens himself), and that became his refuge for dining quietly and reading the journals. He attended meetings of the Zoological Society and the Geological Society, sometimes presenting a short paper himself. None of it kept him from progress on the book. He had taught himself discipline, as well as a lot of geology and biology, aboard the Beagle.


Just days after settling into London, he met with John Gould to talk about his bird specimens. Gould called his attention to a bunch that Darwin had collected in the Galápagos archipelago, six hundred miles off the west coast of South America, during the ship’s brief stop there in late September and October 1835, on the way home by circumnavigation. They were all smallish and brownish, these birds, but with various shapes and sizes of beaks. Darwin had taken them to be a mixed assortment of wrens, grosbeaks, orioles, and finches, and hadn’t bothered to label which ones came from which islands. The lack of labeling had been, in retrospect, a frustrating mistake. But as a field naturalist with wide-angle interests, uncommitted to any theory, he hadn’t known just what he was looking for. In January 1837, four months after the Beagle’s return, he’d heard Gould deliver a preliminary report on the wren-grosbeak-oriole bunch at a Zoological Society meeting. It contained a surprise: They were all finches, Gould said. Big beaks and little beaks, sharp beaks and blunt beaks, there were a dozen species, closely related but distinct, representing some unfamiliar new group. Now, at the private consultation with Darwin in March, Gould went further: thirteen species of finches, all unknown to science. And not only that. Among another bunch, which Darwin had recognized as mockingbirds, Gould found three distinct mockingbird species. Unlike the finches, the mockingbirds had reached Gould with island-of-origin tags; because they were less diverse, less confusingly intermixed in the wild, Darwin had been more meticulous as he collected them. Funny thing about these mockingbirds, said Gould. Each species, according to your labels, inhabits a different island.


That was weird, thrilling news. One species per island, all new? It confirmed something Darwin had whispered to himself in his ornithological notes while the Beagle was still at sea. Isn’t it strange, he wrote, that these different kinds of bird, distinct but related, filling similar roles, live separately on closely neighboring islands? Maybe, contrary to received wisdom about the origin of all forms of life, they’re just varieties derived from a common stock. Maybe they weren’t created in the theological sense—that is, by a divine act of special creation for each. Maybe they just … happened. “If there is the slightest foundation for these remarks,” Darwin told himself, and no one else, “the Zoology of Archipelagoes will be well worth examining; for such facts would undermine the stability of species.”


He was more right than he knew. Species weren’t stable, and islands held some of the best clues.


Other bits of unsettling data came to him, around the same time, in reports on his other specimens. Richard Owen had identified a giant extinct ground sloth, a giant extinct armadillo, and what he took to be a giant extinct capybara among Darwin’s fossils from the South American mainland. It seemed oddly coincidental—to Darwin, if not to Owen—that such extinct forms should be found in the same geographical areas inhabited by living versions of sloth, capybara, and armadillo. John Gould announced at the next Zoological Society meeting, on March 14, that Mr. Darwin had discovered a new species of flightless bird, a smallish rhea—Gould named it Rhea darwinii—in southern Patagonia, just adjacent to the distributional range of the larger rhea, already known. In the meantime Thomas Bell was finding island-by-island differences among the Galápagos iguanas. And now Darwin remembered something the vice-governor of the islands had told him about the giant tortoises: They too were distinguishable, island by island, from the shapes of their shells. Darwin put these facts together and asked himself why? Why should forms closely resembling one another, alive or extinct, be found clustered side by side?


It’s not possible to say exactly when Charles Darwin became an evolutionist. He didn’t blurt out his Eureka! in a letter, or a journal paper, or a fevered talk to one of the societies. At this point he was circumspect, uneasy, and mum. He had reason to be. England was a tumultuous place in the late 1830s, with a badly depressed economy, a new Poor Law replacing old-fashioned charity with grim workhouses, and a Chartist movement (named for its “People’s Charter,” a platform of working-class empowerment) staging mass protests to demand democratic reforms. Early evolutionary ideas about progressive change among species, as suggested by French zoologists such as Jean-Baptiste Lamarck and Etienne Geoffroy Saint-Hilaire, had been absorbed by English and Scottish radicals into their arguments for progressive social change, causing nervy discomfort to the Whigs who controlled Parliament and the Anglican prelates who ran the national Church, with all its wealth and other vested interests. And their discomfort couldn’t be lightly ignored. Christianity as interpreted by Anglican leaders was not just the predominant religion in England; it was the official religion. The country hadn’t had a revolution since 1688, and Chartism plus economic depression suggested that another might be imminent. Darwin, taking his first steps over the line between tradition and evolution, found himself occupying ground near those battle lines of class and religious warfare. He moved carefully. Didn’t announce his apostasy. Still, it’s possible to approximate the timing of this intellectual conversion: March of 1837, soon after his talks with Gould and Owen. Species changed, one into another. He knew it. He just didn’t know how.


Months afterward he made another note, regarding the curious characteristics of his South American fossils and the Galápagos species he’d seen: “These facts origin (especially latter) of all my views.” But for now, he was keeping those views to himself.
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He didn’t use the word “evolution,” not until later, not for decades. In July of that year he began what he called his notebooks on the “transmutation” of species. The first of them was a pocket-size booklet bound in brown leather with a metal clasp, small enough to be carried in a jacket, private enough to hold wild ideas and heretical doubts.


On the cover he labeled it simply “B.” Notebook “A,” begun about the same time, was devoted to geology. As a heading on the first page of “B” he wrote “Zoonomia,” in genuflection to a book of that title published forty years earlier by his own grandfather, Erasmus Darwin. This first Erasmus was a well-known physician and popular poet, a colorful fellow of big appetites—libidinous, gouty, unconventional in his views—who fathered a pack of legitimate and illegitimate kids and wrote erotic verse about plants. The name Erasmus had been passed down to an uncle, and then to Charles’s brother, while Charles himself got a different legacy: the propensity for scientific speculation. Zoonomia, mainly a medical treatise, included a section in which old Erasmus had floated evolutionary ideas of his own, suggesting that “all warm-blooded animals have arisen from one living filament,” and that the common lineage possessed a capacity “of continuing to improve by its own inherent activity,” with those improvements transmissible from parents to offspring. Erasmus Darwin had never pressed this idea too far, nor clarified it, nor supported it with evidence, but now he served his grandson both as a family forerunner in transmutationist thinking and as a point of departure. Charles’s version would be clear, persuasive, and eventually supported by evidence—or he wouldn’t let it see print.


He wrote the notebook entries in telegraphic style without much concern for punctuation or grammar. There were insertions, cross-outs, abbreviations, bad spellings. He had trouble with “heredetary,” and with “Scicily” (or was it “Siicily”?), an island less unique zoologically than the Galápagos, though harder to spell. He was brainstorming. The written words were just a record for his own memory. He started with big questions. “Why is life short.” And, following Grandpa Erasmus: Why is sex so important? From there he went straight to a crucial insight—that the mixing bowl of sexual reproduction somehow allows creatures to vary. Offspring differ from their parents. Siblings differ from one another, unless they happen to be identical twins. Body patterns change slightly from generation to generation; so do aspects of intellect and instinct. One result: “adaptation.” To what eventual effect? Put a single pair of cats or dogs onto an island, Darwin suggested, and let them breed there, slowly increasing in number despite the pressure of enemies; then “who will dare say what result.” He dared, but only to himself: “According to this view animals, on separate islands, ought to become different if kept long enough.” There was something about islands. Their simplicity and isolation and anomalous faunas, like premises of a thought experiment, helped clear the head.


For instance, take the Galápagos tortoises and mockingbirds, or the miniature foxes he’d seen in the Falklands. “Each species changes,” Darwin wrote. This alone was a bold statement, explicitly contradicting orthodox tenets, both in science and in religion. Furthermore, changing species diverge continually from one another, he hazarded, producing the gaps between genera and still broader categories of classification, such as family, order, class: the diversity of life. On one notebook page he drew a rough diagram of a lineage, like a tree trunk, splitting into limbs and branches. The end of each branch he labeled with a letter, representing a species. Birds and mammals, vertebrates and insects, even animals and plants—they were all branches from a single primordial trunk. His mind was flying. Then he wrote: “Heaven knows whether this agrees with Nature: Cuidado.” Not so fast, Charles. Be careful.


What’s remarkable in the “B” notebook, besides the private evidence of his leap into evolutionary thinking, is the breadth of facts, notions, sources, and themes that Darwin was already pulling together, some of which would remain pillars of his work and his arguments for decades to come. He seized on the idea of adaptation. He saw that variation among offspring made it possible. He grasped the significance of biogeography (that is, geographical patterns of species distribution) and of classification (how living things can be sorted into groups) as evidence that transmutation and divergence of species have occurred. He called attention to rudimentary structures—limbs and organs that seem too small, too primitive to be useful, as though they haven’t been fully formed, or have latterly fallen into disrepair. Such rudiments exist even among humans. Why do men have nipples? Darwin, restless seeker, wanted to know. Why do some species of beetle, especially on windy islands, possess good wings sealed uselessly beneath fused elytra (those shelly wing covers) that can never open? Why would a smart, busy God create something so dumb and wasteful?


Flightless beetles were puzzling enough, but he wondered also about flightless birds, with their nubby little wings—the ostrich, the penguins, the rheas he’d seen in Patagonia, the apteryx of New Zealand. “Apteryx,” he wrote, “a good instance probably of rudimentary bones.” He hadn’t collected an apteryx during his New Zealand stop with the Beagle, hadn’t even glimpsed one, and he didn’t call it by its native Maori name, the kiwi. But he knew enough from his reading to mention it, a small piece of the great puzzle, whose place would be found later.
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For two years he lived a strange double life, like a spy in the corridors of the British scientific establishment, which at that time was closely attuned to Anglican orthodoxy and grounded in the tradition of natural theology.


Biology hadn’t yet emerged as a secular profession. Studying nature was considered a path toward piety. Many prominent natural historians such as Gilbert White, author of a mellifluous little book of observational lore titled The Natural History of Selborne, first published in 1789, were clergymen who preached on Sunday and watched birds or chased insects the rest of the week. A blacksmith’s son named John Ray, after an education at Oxford (which was then an Anglican university, like Cambridge), had sounded the theme back in 1691 with his book The Wisdom of God Manifested in the Works of the Creation. William Paley reaffirmed it in 1802 with Natural Theology, subtitled Evidences of the Existence and Attributes of the Deity, Collected from the Appearances of Nature, a book Darwin had read for amusement during his time at Cambridge. Paley popularized the analogy of the divine watchmaker: If we find a watch lying on the ground, we infer that some intelligent craftsman has made it; if we find intricately designed and marvelously adapted animals and plants, we should likewise infer that some wise, powerful Creator has made them. A series of books called the Bridgewater Treatises, published during the 1830s, offered eight further statements, from highly respected researchers, of the same argument about God’s wisdom, power, and direct role in creating the natural world piece by piece. One of those Bridgewater authors was William Whewell, a polymathic scholar and science philosopher whose influence spread in many directions, and who invented the very word “scientist.” Whewell’s treatise considered astronomy and physics “with Reference to Natural Theology.”


Behind the Paleyite natural theology lay even deeper and older forms of conventional belief, such as essentialism, the notion that reality is undergirded by a finite number of “natural kinds,” the essential patterns or archetypes of entities seen in the world. This one goes back to Plato. Following his influence, essentialists held that these natural kinds are discrete and immutable, and that physical objects are merely their inexact manifestations. Geometric shapes, for instance, were thought of as natural kinds—triangles being always three-sided, various in their minor characteristics (equilateral, isosceles, scalene) and forever distinct from rectangles or octagons. Inorganic elements were another example—iron being always iron, and lead always lead unless some alchemist found a magical way of turning it into gold. Animal and plant species were also considered natural kinds, rigidly demarcated and unchangeable, though individual dogs or chickens might be various within their hard-sided categories. The essential form of a species, according to this view, is more fundamental and durable than the individuals embodying it at a given time. That’s what William Whewell meant when, in 1837, he wrote emphatically: “Species have a real existence in nature, and a transition from one to another does not exist.” To believe otherwise was to reject an assumption that was interwoven with ecclesiastic teachings and ideas of civil order.


Whewell, whose interests and writings ran to geology, mineralogy, political economics, moral philosophy, and German literature as well as astronomy and biology, became one of the heavyweight intellectuals of his time. The comment about species is from his History of the Inductive Sciences, produced in a later intellectual generation and a more rigorous scientific spirit than Paley’s Natural Theology. Other British scientists and philosophers contemporary with Whewell, such as John Herschel and John Stuart Mill, shared that lingering belief in natural kinds, buried beneath their disagreements about scientific method and logic. In France, the eminent comparative anatomist Georges Cuvier proposed a system of animal classification—sorting every species into one of four great embranchements, or groups—that also rested on essentialist assumptions. Finding order within the animal world meant, to Cuvier, reading the evidence in each species for its conformity with an underlying essence, not the clues suggesting change and divergence over time. A philosopher of science from our own era, David Hull, has traced this vein of essentialism in early nineteenth-century biological thinking. Hull concludes: “Seldom in the history of ideas has a scientific theory conflicted so openly with a metaphysical principle as did evolutionary theory with the doctrine of the immutability of species.”


Darwin had read Herschel, as well as Paley, back at Cambridge. Whewell had been a professor of mineralogy there. Essentialism and natural theology were as thick in the air of Darwin’s world as coal smoke and the scent of horse manure. True, those weren’t the only contemporary perspectives on the natural world. The private medical schools of London and Edinburgh harbored wilder ideas during the 1830s, including some inchoate versions of evolutionary progressivism. But those institutions, which employed some professional anatomists who taught by dissecting human bodies, who lived on their salaries and not on inherited wealth, and who tended toward radical politics, were alien to Darwin, despite the family tradition of doctoring. He had tried medical training himself, in Edinburgh at age sixteen, following the footsteps of his brother (in the shadow of his father), and he hated it. After two years, bored by the lectures and appalled by the bloody operations done without anesthetic, Charles had scooted down to Cambridge for a drier, less gruesome education. While there, at Christ’s College, he had drifted toward clerical ordination, not from any sense of vocation (he wasn’t devout) or Church commitment (he’d descended from Unitarians on his mother’s side and Darwin freethinkers like his father and old Erasmus) but by the least-worst logic that it would allow him to find some respectable niche as a parson-naturalist, after the model of Gilbert White. The Beagle trip had intervened. The ship carried him a long way from Christ’s College but it eventually returned him to the same social context he had left behind, in which many of his scientific teachers, friends, and connections—John Henslow and Adam Sedgwick at Cambridge, Leonard Jenyns, the entomologist Frederick Hope, William Whewell himself—were Anglican clergymen. Even his scientific idol, Charles Lyell, had imbued Principles of Geology with an orthodox view of biological creation. During 1837 and ’38, Darwin began steeling himself to shock and scandalize them all. His view of mutable species directly contradicted their essentialism and all the pious science-flavored theologizing that stood upon it. He poured his dark speculations into the transmutation notebooks while conducting himself outwardly as a clubbable young naturalist on the rise.


He cut back on his socializing, with apologies about being too busy, then added to his chores and his status by accepting a role as secretary to the Geological Society, under Whewell’s presidency. He finished the manuscript of his Beagle journal (but it couldn’t be published until FitzRoy’s book was ready), and talked his way into another big publishing venture: a lavish compendium to be called The Zoology of the Voyage of H.M.S. Beagle. He would be the editor of this multi-volume Zoology, gathering contributions from his consulting experts, writing introductions and commentaries, commissioning expensive illustrations, to be financed with a grant from Her Majesty’s Treasury. He was now well embedded within the seamless matrix of government, Church, and gentlemanly science. Secretly, he continued talking to himself in the seditious notebooks.


When he’d filled notebook “B,” he started a new one, in maroon leather and labeled “C,” after which would come “D” and “E,” each devoted to transmutation. He was reading widely in the literature of exploration and natural history, plus a diverse selection of books on animal and plant breeding, history, and philosophy of science; and he had begun putting cryptic questions to anyone who knew anything about the odd, targeted topics that interested him. He debriefed his father, a gusty source of lore on human mental attributes, and his father’s gardener. He quizzed livestock breeders about variation and heredity among domestic species. There were so many unknowns to consider. How did inheritance work? What was the difference between species and varieties? What might be deduced from patterns of species distribution around the world? All the islands of Oceania have skinks with golden streaks, he noted. Wild pigs in the Falklands grow stiff, brick-red hair. The kingfisher of the Moluccas scarcely differs from European kingfishers, he wrote, except that its beak is longer and sharper. Were they separate kingfisher species, or just varieties? Cassowaries in New Guinea, tenrecs in Madagascar, geckos on St. Helena. There are no snakes on islands of the central Pacific, he wrote. Black rabbits, introduced onto the Falklands back in 1764, had yielded decades worth of variously colored offspring. Clues, clues, clues. What did they signify, how did they fit? The cuckoos of Java versus the cuckoos of Sumatra and the Philippines—species or varieties? He wanted every possible piece of relevant data, whatever the source. He went to the Regent’s Park Zoo to see its newly acquired orangutan. He became a greedy amasser of seemingly unconnected facts. He busted his brain to connect them. It was an intense program of research and cogitation, all in hours stolen from his public commitments.


“The changes in species must be very slow,” he figured, not nearly so fast as when domestic breeders select which animals they want to pair. Slow or not, there was a problem to address: When animals continue interbreeding freely, won’t the adaptive differences get blurred away? If so, “all the change that has been accumulated cannot be transmitted.” Maybe isolation somehow prevents that. Maybe sterility between different forms, like the sterility of hybrids in domestic breeding, allows the accumulated change to persist. By now he was making some cocky comments in the notebook about “my theory,” although that was premature. His theory hadn’t yet coalesced. He was still groping to see the scope of the phenomenon, let alone to find a mechanism that would explain it. “Study the wars of organic being,” he advised himself. Imagine that mankind didn’t exist and that monkeys, breeding, improving, eventually produced some sort of alternate intellectual being. Manlike but not Man, and transmuted from four-handed, arboreal animals. That was hard to grasp, sure, but maybe not so much harder than Lyell’s idea about slow, incremental processes accounting for all the big effects in geology. Remember the apteryx, Darwin told himself. If New Zealand had been divided into many islands, would there now be many apteryx species?


Seventy-five pages into the “C” notebook, in spring 1838, Darwin’s confidence swelled. Grappling with these questions, he admitted, was “a most laborious, & painful effort of the mind,” the difficulties of which would never be solved without long meditation or by someone prejudiced against the whole notion. But once you grant that species “may pass into one another,” then the “whole fabric totters & falls.” Look around the world, Darwin coached himself. Study the gradation of intermediate forms. Study geographical distribution. Study the fossil record, and the geographical overlap between extinct creatures and similar living species. Consider all this evidence, he argued excitedly, and “the fabric falls!”


The fabric was natural theology. For him it had fallen. Behind where that drapery had hung, Darwin saw the reality of evolution. It wasn’t just a matter of mockingbirds, rabbits, and skinks. It was the whole natural world. “But Man—wonderful Man,” he wrote, trying out ideas on this most dangerous point, “is an exception.” Then again, he added, man is clearly a mammal. He is not a deity. He possesses some of the same instincts and feelings as animals. Three lines below the first statement about man, Darwin negated it, concluding firmly that, no, “he is no exception.” From that terrible insight, despite pressures and implications, Charles Darwin would never retreat.
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Did it make him physically sick? Possibly. Darwin’s work on the transmutation notebooks coincided with his early complaints about what became chronic bad health. The symptoms were mysterious—jumpy heart, nausea, vomiting, headaches, nervous excitement, inordinate flatulence—but real enough to make him miserable and to slow his work. Was he a hypochondriac? A neurasthenic? Had he been bitten and infected by some nasty disease-bearing bug during a Beagle stopover in Argentina? Many guesses have been made but nobody knows, to this day, what ailed him.


Just before the voyage, he had experienced some cardiac discomfort, possibly reflecting his high state of nervous anticipation. He seemed otherwise to be a healthy young man, and he stayed robust throughout most of those five years. He suffered seasickness, yes, and an occasional bout of bad stomach or fever, not unusual for a stranger to the tropics; but during shore time in South America he managed long stretches of adventuresome hiking and riding. Since his return he had gained sixteen pounds, a good sign that the food at the Athenaeum Club agreed with him. Then, in September 1837, he said in a letter to his old Cambridge mentor, John Henslow: “I have not been very well of late with an uncomfortable palpitation of the heart.” His doctors had advised him to quit work and get a country vacation, he added, and he was taking their advice. “I feel I must have a little rest, else I shall break down.” After a few weeks home in Shrewsbury, with his father and sisters, he reported again to Henslow that “anything which flurries me completely knocks me up afterwards and brings on a bad palpitation of the heart.” Social gatherings flurried him. Intense conversations flurried him. Conflict, or the very idea of it, was highly flurrisome. Eight months later he repeated to his old friend W. D. Fox the same muted phrase he’d written Henslow: “I have not been very well of late….” There was too much to do, too much to learn and consider. He couldn’t afford being sick. But the workload of his Beagle-related chores, and the sense of dreadful mission involving transmutation, didn’t help his stomach. To make life more complicated (though maybe he imagined it would simplify things), he started thinking about marriage.


Not about marrying somebody in particular—just about marriage as a state, a condition, a step in the progress of a man. Was it something he should do? The daughters of Leonard Horner don’t seem to have tempted him; possibly they were too smart and lively. He didn’t mention any favored candidate, but the question of marriage had risen big in his mind, partly because it was related to another that also seemed urgent: money. How would he, over the long term, pay his bills? He had to eat, he had to buy books. He thought that he wanted to travel again (more comfortably than on a crowded naval ship). His current allowance might cover all that, but not the costs of a wife and children, too. At this point, unaware of how wealthy and generous his scary father was, Darwin imagined that choosing marriage would mean resigning himself to the necessity of a salaried job. Doing what? He had never finished medical training and he was definitely unfit—given what he believed, what he didn’t believe—to masquerade as a clergyman. He considered wangling a professorship at Cambridge, maybe in geology. Nerdy, systematic, prone to anxiety, he tried to work through his confusion about marriage and money as he was working through the idea of transmutation, by scribbling notes. Since he was parsimonious about paper, not just about time and energy, he did it on the blank sides of a letter from Leonard Horner. Maybe that was also his way of turning the page on the Horner daughters.


“If not marry,” he wrote, topping one section; then he listed a scenario of advantages. European travel. He might go to America, do some geologizing in the United States or Mexico. Or he’d get a better house in London, near Regent’s Park, and work on the species question. He could keep a horse. Take summer tours. Make himself a specialist collector in some line of zoological specimens and study their affinities. It didn’t sound bad. “If marry,” he wrote—then another list, this one mainly disadvantages, as though he were talking himself out of it. “Feel duty to work for money.” No summer tours, no getaways to the countryside, no large zoological collection, no books. Ugh. Could he tolerate this, living in London, in a little house full of children and the dreary food smells of poverty, “like a prisoner?” Cambridge might be better, if he could get a professorship. “My destiny will be Camb. Prof. or poor man,” he thought. He was wrong. But his resignation to that pair of options suggests he wanted a wife pretty badly.
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