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“Magisterial … part historical account, part scientific detective story. Switek’s elegant prose and thoughtful scholarship will change the way you see life on our planet. This book marks the debut of an important new voice.”


—NEIL SHUBIN, author of Your Inner Fish


“Brian Switek’s … pithy accounts explain how the fossils of everything from Archeopteryx to Tyrannosaurus to Zinjanthropus came to be discovered and interpreted [and his] stories of 19th-century fossil-finders often shed light on current controversies. … [An] excellent book.”


—MICHAEL SHERMER, Wall Street Journal


“In this thoroughly entertaining science history, Switek combines a deep knowledge of the fossil record with a Holmesian compulsion to investigate the myriad ways evolutionary discoveries have been made. It’s poetry, serendipity, and smart entertainment because Switek has found the sweet spot between academic treatise and pop culture, a literary locale that is a godsend to armchair explorers everywhere.”


—COLLEEN MONDOR, Booklist


“Switek’s engaging account may tempt the uncommitted to appreciate how interesting is the underground world, and how the vast storehouses of Earth’s strata further our understanding of how life developed. … Written in Stone is a fine guide to the four-dimensional tapestry of life—the bony bits of it, at least.”


—JAN ZALASIEWICZ, Nature


“Highly recommended.”


—Library Journal


“Rocks are full of stories. They contain the petrified remains of long-dead animals and in every fossilized bone, scale and track, there are awe-inspiring accounts of the history of life on this planet. Of course, fossils themselves are poor narrators. To uncover their tales, you need a storyteller with an expert’s knowledge and a writer’s flair. Brian Switek is that storyteller. This is science narrated with maturity, reverence and grace; the epilogue alone is worth the asking price. Written in Stone, quite simply, rocks.”


—ED YONG, Discover Magazine


“Notions of evolution have, for lack of a better word, evolved, and with wonderfully broad strokes science writer and long-time paleontology blogger Switek takes readers on a fascinating historical, scientific and cultural tour of the theory’s various incarnations.”


—SID PERKINS, Science News


“This book will change the minds of those who believe quality science writing is vanishing. Switek has produced prose and paleontological inspiration comparable to the work of the late Stephen Jay Gould. … Highly recommended.”


—M. A. WILSON, Choice


“Switek seamlessly intertwines two types of evolution: one of life on earth and the other of paleontology itself.”


—Discover Magazine


“Highly instructive … a warm, intelligent yeoman’s guide to the progress of life.”


—Kirkus Reviews


“Elegantly and engagingly crafted, Brian Switek’s narrative interweaves stories and characters not often encountered in books on paleontology—at once a unique, informative and entertaining read.”


—Niles Eldredge


“If you want to read one book to get up to speed on evolution, read Written in Stone. Brian Switek’s clear and compelling book is full of fascinating stories about how scientists have read the fossil record to trace the evolution of life on Earth.”


—Ann Gibbons


“[Switek’s] accounts of dinosaurs, birds, whales, and our own primate ancestors are not just fascinating for their rich historical detail, but also for their up-to-date reporting on paleontology’s latest discoveries.”


—Carl Zimmer


“After reading this book, you will have a totally new context in which to interpret the evolutionary history of amphibians, mammals, whales, elephants, horses, and especially humans.”


—Donald R. Prothero
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FIGURE 1 – The skeleton of the forty-seven-million-year-old fossil primate Darwinius masillae.












Introduction: Missing Links




About thirty years ago there was much talk that geologists ought only to observe and not theorise; and I well remember some one saying that at this rate a man might as well go into a gravel-pit and count the pebbles and describe the colours. How odd it is that anyone should not see that all observation must be for or against some view if it is to be of any service!


—CHARLES DARWIN in a letter to Henry Fawcett, 1861


Let us not be too sure that in putting together the bones of extinct species … we are not out of collected fossil remains creating to ourselves a monster.


—SAMUEL BEST, After Thoughts on Reading


Dr. Buckland’s Bridgewater Treatise, 1837





Embedded in a slab of forty-seven-million-year-old rock chipped from a defunct shale quarry in Messel, Germany, the chocolate-colored skeleton lay curled up on its side as if its owner had peacefully passed away in its sleep. Even the outline of the creature’s body could be seen, set off in dark splashes against the soft tan of the surrounding stone, but the hands were what immediately drew my attention. Stretched out in front of the body, as if the skeleton was clutching at its slate tomb, each hand bore four fingers and an opposable thumb, all of which were tipped in compressed nubs of bone that would have supported flat nails in life. These were the hands of a primate, one of my close extinct relatives, but was it one of my ancestors?


I had been waiting for days to get a good look at the fossil. My curiosity was initially piqued on May 10, 2009, when the British newspaper the Daily Mail announced that the venerable natural history documentary host David Attenborough was preparing to unveil the “Missing Link in human evolution.” The full details would be presented in a forthcoming BBC program, the article promised, but as a teaser the piece included a caricature of where our new ancestor fit into our family history. Its lemur-like silhouette stooped at the beginning of a short parade of human evolution conducted through our primate antecedents to us.


Further details about the fossil were difficult to dig up. A May 15, 2009, piece by the Wall Street Journal provided little new information other than that the discovery would be unveiled the following Tuesday during a New York City press conference coordinated with the release of a descriptive paper in the journal PLoS One. This made sense of a nauseatingly overhyped press release I had received the day before which shouted “WORLD RENOWNED SCIENTISTS REVEAL A REVOLUTIONARY SCIENTIFIC FIND THAT WILL CHANGE EVERYTHING.” The fossil would be presented with all the pomp and circumstance due a newly discovered and long-lost family member, but I did not care as much about the public ceremonies as the scientific paper. I wanted to know if the evidence supported the fantastic claims being bandied about in the newspapers.


I had hoped that PLoS One would send out an embargoed version of the paper so that science writers like me could brace for what was promised to be an earthshaking announcement. This is a standard practice in which a journal distributes papers to science writers a few days early so that stories can be prepared (with the understanding that no one will break the story until the embargo lifts), and PLoS One had used it for many of its major publications. No such luck. Science writers would have to wait for the grand unveiling like everyone else.


When the paper was finally released I felt simultaneously overjoyed and underwhelmed. The petrified skeleton—named Darwinius masillae by the authors of the study in honor of Charles Darwin—was the most beautifully preserved primate fossil ever discovered. The remains of prehistoric primates are rare to begin with; most of the time paleontologists find only teeth and bone fragments. But Darwinius was exquisitely preserved with hair impressions and gut contents in place. Even the famous skeleton of our early relative “Lucy” was far less complete. By any estimation, this first specimen of Darwinius was a gorgeous fossil.


Despite the intricate nature of the fossil’s preservation, however, the evidence that Darwinius was even close to our ancestry was flimsy. The paper confirmed that it was a type of extinct primate called an adapi-form, and while they were once thought to be good candidates for early human ancestors more recent research showed that lemurs, lorises, and bush babies are their closest living relatives. In order to change this consensus Darwinius would have to exhibit some hitherto unknown characteristic that affiliated it more closely with early anthropoid primates (monkeys and apes, including us), but the authors did not make a good case for such a connection. There was no trait-for-trait comparison of Darwinius with other living and fossil primates that would have supported the status of “ancestor” that early reports had given it.


None of this hindered the fossil’s bombastic media debut. In public the fossil was called “Ida” after the daughter of one of the paper’s authors, paleontologist Jørn Hurum, and Hurum introduced Ida as our unquestionable ancestor. He proclaimed that Darwinius was “the first link to all humans … the closest thing we can get to a direct ancestor.” Some of his co-authors were equally given to hyperbole. Paleontologist Philip Gingerich compared Darwinius to the Rosetta Stone, and lead author Jens Franzen stated that the effect of their research would “be like an asteroid hitting the Earth.” A pair of high-profile documentaries, a top-notch Web site, a widely read book, and dozens of early media reports drove home the same message; Ida was the “Missing Link” that chained us to our evolutionary history.


New York Times journalist Tim Arango beautifully described this tidal wave of publicity as “science for the Mediacene age.” In an instant Ida was everywhere. After seeing the fossil plastered all over the news and even in a customized Google logo I half expected to find promotional “The Link” breakfast cereal at the supermarket. The premiere was just as well orchestrated as that of any Hollywood blockbuster, but unlike most big-budget films there was no buzz leading up to the big event. Outside of the early reports from the Daily Mail and Wall Street Journal barely a peep was heard about Ida before her debut.


Scientists and journalists who were not content with regurgitating the approved press releases scrambled to dig up the glorified lemur’s backstory. Something was not right. The public was being sold extraordinary claims about Ida before anyone had a chance to see if the science held up to scrutiny. It was the scientific equivalent of not screening a film for review by critics but promoting the movie as the greatest since Casablanca. Hurum was unapologetic about this media strategy. “Any pop band is doing the same thing,” he dodged. “Any athlete is doing the same thing. We have to start thinking the same way in science.” But, as Hurum well knew, there was much more to it than that. As reports started to trickle in from independent sources it quickly became apparent that Ida had been groomed for stardom almost from the very start.


When the fossil pit in Messel, Germany, coughed up Ida it was on its way to becoming a garbage dump. The quarry had been a shale mine for years. Numerous exquisitely preserved fossils had been discovered there, but after the mining operations stopped in 1971 the government made preparations to turn it into a landfill. Amateur fossil hunters knew their time was limited. They picked over the site to remove whatever they could, and in 1983 one of the rock hounds split open a slab of shale to discover Ida’s skeleton.1 There were two parts: a mostly complete main slab; and a second slab that, because of the angle of the split, was missing some of the bones of the head, leg, and torso. Rather than stitch them back together, Ida’s discoverer hired a fossil preparator to fill in the details of the “lesser half,” using the more complete slab as a guide.


Such a discovery was too valuable to just give away to science, and the half-real, half-fabricated slab was sold to the Wyoming Dinosaur Center in 1991. Perhaps the fossil should have been called “Caveat emptor” at this point; not only was the purchased slab partially faked, but the parts that were real were not especially helpful in determining what kind of primate it might have been. The specimen sat virtually unnoticed in the Wyoming museum. The other slab stayed in private hands. Scientists had no idea it existed.


By 2006, however, it was time to sell Ida’s better half. Her owner (who has remained anonymous) sold it to the German fossil dealer Thomas Perner, who in turn offered it to two German museums, but Perner’s asking price was so high that neither institution could afford the fossil. Private collectors have deeper pockets than museums, though, so Perner decided to bring a few high-resolution photos to the Hamburg Fossil and Mineral Fair to show to some of his previous clients, including University of Oslo paleontologist Jørn Hurum.


Upon seeing the fossil, Hurum was instantly enthralled. He had to have it. The trick would be raising the $1,000,000 Perner was asking. He could not afford this on his own but hoped his university could help foot the bill. Eventually they reached a deal. The college would dole out a total of $750,000 in two payments: half the asking price once the fossil was in Hurum’s hands and the other half when he were sure of its authenticity. The tests confirmed that, unlike its complement, the slab had not been forged, and by the beginning of 2007 Hurum finally had his fossil “Mona Lisa.”


But Hurum was not a primate expert. Most of his scientific work had focused on dinosaurs and extinct marine reptiles. To make up for this lack of expertise he put together what he would later call an international “dream team” of fossil primate specialists; Jens Franzen, Philip Gingerich, Jörg Habersetzer, Wighart von Koenigswald, and B. Holly Smith. Each scientist brought different strengths to the team, but the inclusion of Franzen was especially important. Franzen had described the other half of Ida’s skeleton during the 1990s, and once it was realized that the two slabs were halves of the same fossil they were reunited.


Hurum also had bigger things in mind. At the time he acquired Ida, Hurum was working with the media company Atlantic Productions on a documentary about the remains of a 147-million-year-old, fifty-foot-long carnivorous marine reptile given the B-movie moniker “Predator X.” The company had jumped at the chance to document the study of one of the largest marine predators that ever lived, and Hurum approached them about Ida. The company reps were just as taken with the primate fossil as Hurum was. Sea monsters were interesting, but a potential human ancestor was even better. Plans for the two documentaries, the mass market book, and all the other details of the public release began to coalesce.


Team member Philip Gingerich would later lament, “It’s not how I like to do science.” With the May 19, 2009, debut date set far in advance the scientists had to rush to get their description of Darwinius completed in time. This presented a substantial hurdle. To be published in a reputable scientific journal research must go through a process of peer review in which the original paper is sent for comment to academics in the same field. Based upon these independent assessments the journal then decides to either publish or reject the paper, and even if the paper is not rejected it might still require changes prior to final acceptance. The process can drag out for months or even years, and since the first complete version of the Darwinius paper was completed in the early months of 2009 the researchers did not have much time left.


As the open-access journal PLoS One had earned a reputation for a speedy review process, it seemed like the best choice. The manuscript was submitted in March, but it could not immediately be accepted. According to one of the reviewers, fossil primate expert John Fleagle, the paper made the extraordinary claim that Darwinius was a human ancestor without supplying sufficient evidence. This conclusion was toned down, and in the next draft the authors suggested that Darwinius might be closely related to the ancestors of anthropoid primates instead. Nevertheless, the plans to herald Ida as the “missing link” to the public remained in place, and despite the heavy involvement of the media companies, the scientists declared no competing interests in the paper.


The paper was finally accepted on May 12, 2009, just one week before it was set to be released. With the contents of the paper finalized, the PLoS One employees went into overdrive to get the paper prepared for Ida’s debut. They managed to finish their work by May 18, but on behalf of the media companies the authors asked that the paper not be released to anyone until the press conference the next day.2 The journal acquiesced. Atlantic Productions was given full control over how Ida would be presented.


When this convoluted tale of black market fossil deals, pervasive media control, and overhyped conclusions burst onto the public scene scientists were aghast. There were so many controversial points it was difficult to know where to start, but the most prominent was Ida’s being hailed as our great-great-great-great-…-grandmother. By all appearances Darwinius had been believed to be a human ancestor from almost the start. This was not good science and, in truth, the peer review of Ida had only just begun.


A hypothesis or conclusion announced in a scientific paper is not ironclad law. Publication is just an intermediate step in fostering our understanding of nature, and a hypothesis will stand or fall according to the ensuing debate. The case of Darwinius was no exception. It was clear that the team of scientists had not done the essential work to support the claims they were making in public, and within a few months a new study would put Ida in her proper place.


In 2001, five years prior to the sale of Darwinius to Hurum, paleontologist Erik Seiffert and his colleagues were searching for fossils in the thirty-seven-million-year-old sediments of the Fayum desert of Egypt. During that part of earth’s history the Fayum hosted a lush forest inhabited by a mix of early anthropoids and representatives of other now-extinct primate groups. Among the fossil scraps Seiffert and his peers collected in 2001 were the jaw fragments and teeth of a lemurlike primate. The distinctive shape of a mammal’s teeth is so closely tied to its feeding habits that a handful of teeth can be more useful in determining its closeness to another mammal than scattered bits of ribs, limbs, or vertebrae.


The Fayum team spent years piecing together the bits of the primate they had found, but in the wake of the Ida fallout Seiffert and colleagues Jonathan Perry, Elwyn Simons, and Doug Boyer resolved to do what “team Darwinius” had not. They compared 360 characteristics across 117 living and extinct primates, including Darwinius, through a methodology known as cladistics.


The logic behind the technique is simple. The goal is to create a tree of evolutionary relationships based upon common ancestry, and to do this scientists select the organisms to be scrutinized, choose the traits to be compared, and document the character state of each trait (i.e., whether the trait is present or absent). Once all this information is compiled it is placed into a computer program that sifts through the data to determine which organisms are most closely related to each other on the basis of shared, specialized characteristics inherited from a common ancestor. Anthropoid primates and tarsiers, for example, have a partition of bone which closes off the back of the eye, whereas lemurs and lorises lack this closure. The fact that Darwinius lacked this distinctive plate of bone behind its eye, among other characteristics, associated it closer with lemurs and lorises than anthropoid primates.


No single trait overrides all the others, though. Some traits evolve more than once in different lineages or are secondarily lost among some members of a group, so it is better to select numerous traits rather than just a handful. Each evolutionary tree produced is a hypothesis that will be tested against additional evidence, but cladistics has the advantage of forcing scientists to fully present the data they use in the process. Even if the resultant tree is thought to be incorrect, scientists can at least look at the data to pinpoint what might have skewed the results. This kind of self-correction is not possible when ancestors and descendants are lined up simply on the basis of what looks right.


The results of the analysis Seiffert and his team conducted were published in the journal Nature on October 21, 2009, just over five months after Darwinius was announced. There were a few surprises. Despite living thousands of miles and ten million years apart, the primate from the Fayum, which they named Afradapis longicristatus, was a very close relative of Darwinius. They were definitely both adapi-forms, but they were unusual ones.


Both Darwinius and Afradapis had traits that had traditionally been thought to be indicative of anthropoid primates, such as the fusion of the lower jawbones where they meet in the middle. This is a key trait seen in living monkeys, not lemurs, and if we had only living primates to compare Darwinius to then we might think that adapiforms really were ancestors of anthropoids. The problem is that some of the earliest anthropoid primates known, such as Biretia and Proteopithecus, do not share these same “anthropoid features.” These traits evolved independently among later anthropoids in a case of convergent evolution. For Darwinius to be an anthropoid ancestor its descendants would have had to lose some traits, such as the fused lower jawbones, only to have those same traits evolve again later among its descendants. There was no evidence to suppose that such a thing had happened.


This conclusion was supported by the evolutionary tree Seiffert’s team produced. Not only did Darwinius and Afradapis group closely together on the basis of their shared characteristics, but they were about as distantly related to early anthropoids as it was possible to be. Their closest living relatives are the lemurs and lorises, not monkeys. (Though they actually were most closely related to other forms of primate that are now entirely extinct.) As expected, it was the tarsiers and their extinct relatives that were most closely related to anthropoids. Ida had unceremoniously been dethroned.3




[image: Images]


FIGURE 2 – The lower jaw of Afradapis longicristatus, reconstructed on the basis of multiple specimens. So far, it is all that is known of this fossil primate.
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FIGURE 3 – A family tree of primates as produced by the cladistic analysis run by Seiffert and colleagues. Not only does Darwinius fall near Afradapis, but both are confirmed as extinct relatives of lemurs far removed from anthropoid primates.





Her backers were not pleased. Distancing himself from the headline-making claims of a few months before, Hurum stated that Darwinius could still belong to a “stem group” from which early anthropoids evolved. After all, the skeleton of Darwinius was much more complete, and according to Hurum it contained some anthropoid characteristics that could not be seen in the incomplete remains of Afradapis. Gingerich was similarly unimpressed. He asserted that the anthropoid traits seen in Darwinius were not convergences at all; Ida had monkey-like traits because she was closely related to monkeys. Though the Afradapis paper presented a much better supported hypothesis for what the primate family tree looks like, it was hardly the last word on the matter, either. Hurum promised that an independent cladistic analysis of Darwinius was already being planned.


I watched this back-and-forth from the periphery. As a writer there was not much I could directly contribute to the scientific discourse, but I was hooked by the drama surrounding Ida.4 I couldn’t help but wonder why this petrified primate had caused such a fuss. If Ida had been presented in her proper evolutionary position, as a unique relative of living lemurs, this whole media kerfuffle probably would not have happened. Therein was my answer.


No matter how much we learn about nature there are some questions our species continually grapples with. Why are we here? How did we get to be this way? Where are we going? Maybe these questions sound a bit trite, but if that is so it is only because they are timeless queries that have been difficult to answer. We desperately want to know where we came from, where we are headed, and, as phrased by novelist Douglas Adams, the “Ultimate Answer to Life, the Universe and Everything.”5
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FIGURE 4 – A simplified version of the evolutionary tree produced by Seiffert and colleagues. It shows a deep split among early primates, with Darwinius and Afradapis being on the side that gave rise to lemurs and lorises, not anthropoids.





The answers to these questions have traditionally been supplied by religion. We have been created and sustained thanks to God’s will, so the story goes, making us the most privileged thing in all Creation. Even if we feel lost and isolated we can still believe that there is an inherent purpose and direction to life, a beginning and an ending.


But during the past 150 years these existential questions have taken on new inflections. There might not be a universal answer to “Why are we here?” that provides us with a driving sense of purpose, but an understanding of the quirks and contingencies of evolution allows us to meaningfully understand how we came to be as we are. This was made possible by the work of Charles Darwin in the middle of the nineteenth century. He was not the first person to consider evolution, nor was he the only Victorian naturalist to provide evidence for it, but through his 1859 masterwork On the Origin of Species Darwin popularized a new view of life in which a past far beyond the oldest remnants of human history could help us understand our place in nature. We are inextricably tied to what has come before.


Our preoccupation with origins made the search for fossil ancestors among the most pressing preoccupations of naturalists. If life had truly been transforming over an incalculable amount of time, then the bones of our distant ancestors, as well as forerunners of every other living species, should speak to us from the earth. This hypothesis was a bit of a gamble for Darwin. Geology and paleontology had been essential to the formation of his evolutionary theory, yet the records of deep time had, prior to 1859, failed to provide the continuous, graded chains of fossils linking the present to the past. While Darwin was correct that the fossil record was an archive “imperfectly kept,” full of gaps and discontinuities, ultimately it would have to provide the solid proofs of the theory he had based on observations of living animals.


The rarity of these fossil proofs of evolution vexed naturalists. In an 1868 address on the evolution of birds from reptiles Darwin’s ally Thomas Henry Huxley likened the state of affairs to a landowner who, despite his claims, could not produce hard evidence that he really owned the property at all:


If a landed proprietor is asked to produce the title-deeds of his estate, and is obliged to reply that some of them were destroyed in a fire a century ago, that some were carried off by a dishonest attorney, and that the rest are in a safe somewhere, but that he really cannot lay his hands upon them; he cannot, I think, feel pleasantly secure, though all his allegations may be correct and his ownership indisputable. But a doctrine is a scientific estate, and the holder must always be able to produce his title-deeds, in a way of direct evidence, or take the penalty of that peculiar discomfort to which I have referred.


Naturalists would have to supply these “title deeds” if the fact of evolution was to be established. The theoretical question of whether evolution was driven by natural selection or some other force would be debated for decades, but the fossil record held the most immediate potential of supplying solid evidence that evolution was real.


This want of ancestors is what allowed the Darwinius-for-ancestor lobby to enthrall the public. The fossil record does not contain a complete roll of every living thing that ever lived. It is rare that a living thing dies in circumstances amenable to fossilization, and even among this fossil pool the remains of many organisms are destroyed by geological processes. Of this fraction of a fraction only a very few specimens exist in rocks accessible to scientists, and of that tiny slice fewer still are collected and studied. The discovery of any fossil with transitional features that helps us understand the transformation of one form into another is cause for celebration, and most celebrated of all are those that connect familiar animals to their extinct forerunners.


The fossil forms which bridge the gap between one group of organisms and another have popularly been called “missing links” (and this is especially true of the search for our own ancestors). This is an unfortunate misnomer that reveals the ancient origin of the phrase as well as the biases that run though it. Indeed, the idea of missing links originally did not contain any evolutionary significance at all. During the Middle Ages Christian scholars thought that life was organized according to a hierarchical scale of natural productions ranked from “lower” to “higher.” This was the Great Chain of Being, and it was a static arrangement that reflected the virtues of Creation: plentitude, continuity, and gradation.


Since God was benevolent and omnipotent He had created everything that was possible.6 Ours was the best of all possible worlds, one of magnificent plenitude, but there was an order to the diversity of nature. In the continuous, unbroken hierarchy anything in nature could be linked to another by recognizing their shared characteristics. A rock had existence, while a plant had both existence and life, and the ability of animals to move around on their own placed them above plants. And so the rankings went, all the way from pebbles up to the Almighty, with humans representing the highest point of the “animal Creation.” Our kind was a step above other animals but one below angels, beings possessed of a heavenly infused soul but still subject to animal urges.


Despite the certainty that God had ordered creation according to these laws, however, there were breaks in the chain. Among the most troublesome was the one between humans and the vulgar monkeys (which, for many medieval Christians, represented what a life of sin could lead to). Monkeys were clearly similar to humans but far too low to be on the rung right below us. Between us and them there should have been a humanlike being that lacked a soul, but for centuries this missing link remained elusive.


This view of nature was later co-opted into ideas about evolution. By the beginning of the nineteenth century the Great Chain of Being ceased to be a useful concept to organize nature, but vestiges of it still remained. The vertical dimension of the hierarchy, rather than representing only the rank of living organisms, was impressed onto the geological timeline. Fish appeared before amphibians, which preceded reptiles, which in turn gave way to an Age of Mammals capped by the appearance of our own species. The story of evolution still presented a chain of beings connected through a series of intermediate links, and it was among fossil vertebrates that the first of these intermediate forms were found. In his 1870 address as president of London’s Geological Society, Huxley stated that “when we turn to the higher Vertebrata, the results of recent investigations, however we may sift and criticize them, seem to me to leave a clear balance in favour of the doctrine of the evolution of living forms one from another.” Fossil vertebrates provided some of the most compelling evidence for evolutionary change, and it was not surprising that some scientists interpreted the succession of these forms to represent life’s progress.


This underlying thread has given rise to some of our most iconic evolutionary images. The March of Progress from early primate to human is one, but the same imagery has been employed for the evolution of horses, elephants, the earliest terrestrial vertebrates, early mammals, birds, and whales. As transitional forms have been found they have been strung up in temporal sequences to show the progressive transformation of the archaic into the modern. This interpretation might not be explicit, and perhaps it is even outright denied by the presenters of these diagrams, but such illustrations leave little doubt that the biases inherent in the Great Chain of Being remain with us even today.


And this drive toward progress implies the question of what might come next, particularly for our own species. What might our descendants be like a thousand, a million, or ten million years from now? If the past presents us with a tale of progress from “primitive” to “advanced,” then what might the future hold for us? What is the next evolutionary step? There is no way to tell. It is impossible to predict how our species might be adapted, but the annals of science fiction reveal our expectations. It is no coincidence that in popular culture, from Hollywood films to discussion boards run by UFO conspiracy nuts, technologically superior aliens are envisaged as having large heads stuffed with enormous brains and frail humanoid bodies.7 They are species that have advanced to the point where body is sublimated to mind, and they act as proxies for what many expect our species to become given enough time. As hypothetical creatures that live more in the mental realm than the physical, they occupy the place once inhabited by angels, above humans but below God, on the Great Chain of Being.


The irony of this view is that Darwin envisioned evolution as producing a wildly branching tree of life with no predetermined path or endpoint. It is significant that the only illustration in On the Origin of Species is not a revised version of the Great Chain of Being, but a series of branches embedded within greater branches, all connected by common ancestry. With a sufficiently complete fossil record it is possible to trace the evolution of particular forms according to direct lines of descent, but doing so requires that neighboring branches containing close relatives be lopped off. And the further back in time we go, the more relatives we have to ignore.


Any paleontologist worth their salt knows this well. Yes, it is possible to line up a series of forms representing what our direct ancestors looked like at different points over the last six million years or so, but to do so would require that we ignore other types of early humans that lived alongside our ancestors such as the heavy-jawed robust australopithecines and our sister species, the Neanderthals. Even before that, our anthropoid ancestors were just one twig of a more diverse evolutionary bush that coexisted with other kinds of primates such as Afradapis and tarsiers. To focus solely upon our ancestors is to blind ourselves to our own evolutionary context.


But why consider fossils at all? In the introductory chapters of his 2004 tome The Ancestor’s Tale Richard Dawkins stressed that “dead men tell no tales.” We might be just as well off in our understanding of evolution if not a single fossil even existed:


In spite of the fascination of fossils, it is surprising how much we would still know about our evolutionary past without them. If every fossil were magicked away, the comparative study of modern organisms, of how their patterns of resemblances, especially of their genetic sequences, are distributed among species, and of how species are distributed among continents and islands, would still demonstrate, beyond all sane doubt, that our history is evolutionary. Fossils are a bonus. A welcome bonus, to be sure, but not an essential one.


But this dim view of paleontology is not accurate.8 During the past thirty years scientists have seen the emergence of a new, synthetic paleontology that is giving us an unprecedented look at the machinations of evolution.


Scientists such as Stephen Jay Gould, Niles Eldredge, Steven Stanley, Elisabeth Vrba, David Raup, and Jack Sepkoski led the charge. Starting in the 1970s these paleontologists questioned the popular interpretation of evolution as a slow and steady process in which species were constantly evolving by tiny steps. Their research was not in conflict with evolution by means of natural selection, but the patterns of the fossil record were far more haphazard than had been expected on the basis of genetics. This precipitated a 1980 conference in Chicago where some of these ideas could be hashed out with biologists, such as John Maynard Smith, who favored a smoother evolutionary pattern. The tension was felt by all. After a presentation by embryologist George Oster about how developmental quirks constrain the forms organisms can take, Maynard Smith responded that scientists like himself had already considered the idea and dispensed with it as being of little importance. The paleontologists and other biologists who were questioning what was commonly accepted were only reinventing the wheel. To this Oster retorted, “You may have had the wheel, John, but you didn’t ride away on it.”


Paleontologists were ready to hop on and see where they could go, and while relations between paleontologists and neontologists (biologists who work with living organisms) were tense to start with, the debates between them started to feed cross-disciplinary collaborations. Slowly, paleontologists began to incorporate discoveries from molecular biology, genetics, and embryology into their work. This allowed paleontologists not only identify to patterns of change, but to begin to understand how such changes in form might have been caused. The discovery of preserved soft tissues from prehistoric creatures from Neanderthals to mammoths to Tyrannosaurus have even opened a new field of study centered on the recovery and study of ancient molecular materials. Comparative anatomy and geology still form the core of paleontology, but the science has embraced information and techniques from a variety of disciplines, thus allowing scientists to test their ideas about life’s history through the combination of multiple lines of evidence.


The coalescence of this new paleobiological synthesis coincided with the discovery of many new transitional fossils and the reappraisal of many old ones. Fossils that scientists knew had to exist but had been missing, such as land-dwelling whale ancestors and feathered dinosaurs, were found, while well-known lineages, such as horses and elephants, were revealed to show a wildly branching pattern of diversity rather than a straight line of progress. Even among our own ancestors, what had once been supposed to be a single chain of ancient humans was suddenly split and split again by new discoveries, so much so that at the turn of the twenty-first century no less than three fossils were in competition for the designation “earliest human.” With the development of the new paleobiology and more complete collections of transitional fossils, paleontologists began to piece together a better under standing for how life changed through time. Paleontology is not just a bonus; it is among the most essential of evolutionary disciplines.


Fossils do not speak for themselves, however, and the history of science fleshes out the context in which new discoveries have been made and interpreted. The standard story that Charles Darwin’s theory of evolution by means of natural selection was so brilliant that everyone but religious zealots agreed with him is only a caricature of the truth. Darwin’s 1859 book proposed more questions than it provided answers, and the scientific endeavor to answer some of those questions has been affected just as much by contingency and chance as the history of life. The places paleontologists looked for fossils and how those fossils have been interpreted have been influenced by politics and culture, reminding us that while there is a reality that science allows us to approach the process of science is a human endeavor.


The following pages tie together the complementary narratives of life’s history and our changing understanding of that history. Walking whales, amphibious elephants, feathered dinosaurs, land-dwelling fish, mammals that listened with their jaws, multi-toed horses, and upright apes will be presented through the eyes of the scientists who puzzled over their origins, culminating in what we now understand about the evolution of such creatures. The perspective these stories provide has changed how we interpret the past, and leads us to question some of our most cherished beliefs about our place in the universe.









The Living Rock




Beautiful is what we see,


More beautiful is what we understand,


Most beautiful is what we do not comprehend.


—NICOLAUS STENO, 1673





In October 1666 a French fishing boat spotted an enormous fish off the shores of Tuscany. It was a great white shark, a toothy monster over a ton in weight, and it was quickly caught and hauled onto the beach. It did not perish easily; just when it seemed to die at last it would suddenly begin thrashing the sand with its crescent-shaped tail. So it was tied to a tree to prevent it from flopping itself back into the sea and escaping.


Sharks were common in the Mediterranean, but such a prodigious fish was a rare catch. Word of its capture quickly reached the Grand Duke Ferdinando II at the Medici palace in Florence. Nothing would please him more than to have his cadre of anatomists dissect the lamia, but he would have to act quickly. The shark had already begun to rot and its bulk was too great to convey overland to the anatomical theater. There was no option but to cut off the shark’s battered and bloody head, which was loaded onto a cart bound for Florence.


The question was who would get the honor of dissecting the rare treasure from the sea. Ferdinando had cultivated a garden of scholars able to do the job, but he chose a young naturalist from Denmark named Nicolaus Steno. At twenty-eight Steno was already known for his keen observations and preternatural skill with a scalpel. As soon as the great fish head arrived Steno prepared to study it.


The dissection was not a quiet affair hidden away in a silent laboratory. The autopsy was a public event, as much a piece of performance art as a scientific deconstruction of a putrid fish. Layer by layer, Steno peeled back the strata of tissues to reveal the primitive inner workings of the sea monster, but the most significant part of the head was among the most obvious: the teeth. Even though Steno made no precise measurements of them, the teeth of this shark would remain on his mind long after he left the anatomical theater.


For as long as anyone could remember, dark, triangle-shaped stones of varying size had been found throughout the European countryside. No one knew what they were, but there was certainly something special about them. Some scholars, like the classical natural historian Pliny, thought they fell from the sky on moonless nights, and others believed they were the petrified tongues of snakes, called glossopetrae. One of the most popular beliefs was that they were products of the rock trying to imitate life. The earth, through some kind of plastic force, was reproducing bits and pieces of the living world, or in the words of Steno’s contemporary Athanasius Kircher, had been produced by a “lapidifying virtue diffused through the whole body of the geocosm.” Regardless of their origin, though, it was widely agreed that such unique stones held special powers. They were often prescribed (in powdered form) as a cure for a variety of common ailments.


The sixteenth-century French naturalist Guillaume Rondelet had a different view. The tongue-stones were curiously similar to the teeth of sharks he commonly saw in the fish markets. Perhaps, as Rondelet publicly speculated in 1554, the glossopetrae were not of supernatural origin after all, but had once been arrayed in the mouths of living sharks. This sounded too fantastic to be true, especially since so many of the “shark teeth” were found far inland. It was easier to accept that they were supernatural in origin, and this view still prevailed when the Italian lawyer Fabio Colonna considered the “tongue stones” in 1616. Colonna had been driven to investigate the glossopetrae in detail due to the claims of their medicinal value, but after dissecting them for himself he felt safe in concluding that “nobody is so stupid that he will not affirm at once at the first insight that the teeth are of the nature of bones, not stones.”


As with Rondelet’s conclusion, however, Colonna’s findings did not gain traction. What they had proposed grated against “common sense.” If an alternate explanation of the origins of the teeth was to catch on it would have to make sense not only of the nature of the teeth but also how they found their way onto dry land.


Steno, working fifty years later, was sure that the glossopetrae were true teeth like those from the mouth of the shark. He had seen similar stone teeth in the collection of his former professor, Thomas Bartholin, but he ran into the same questions that Rondelet and Colonna faced. Where had the teeth come from? How had teeth turned to stone? And, for that matter, why were the teeth often found among seashells many miles from the nearest shoreline?
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FIGURE 5 – A woodcut of the head of a great white shark, as figured in Steno’s report on its dissection. The resemblance between its teeth and “tongue stones” found around the countryside started Steno thinking about Deep Time.





As Steno studied the curious petrifactions, he had a startling thought. The fossil teeth had clearly once belonged to living animals, so perhaps the teeth had been shed and deposited in the soft mud of an ancient seabed. They were eventually buried, along with shells and other detritus, by sand and mud that hardened into rock as the years went by. This process entombed the organic productions and eventually transformed them to resemble the rock in which they were found. What had happened to the ancient sea was another matter.


For Steno there seemed to be only two possibilities: either the ocean had once covered the land or the seafloor had become land. The Bible clearly stated that the earth had twice been entirely covered in water, during the Creation and the later Flood, but observations showed that land once under the sea could be pushed up in the aftermath of earthquakes. Both scenarios could have caused the fossils to come to rest in the countryside.


Steno published these early findings in his 1667 report on the shark dissection, Canis carcharias dissectum caput, but his work on the subject was only just beginning. The puzzle of the fossils lured him further away from the anatomical theater and more often into the mountains in search of fossil remnants of the ancient seabed. This was a period of emotional agony for him, for he was wrestling with his faith and ultimately converted to Catholicism, but Steno kept up his work and was blindsided by a finding so obvious it was strange that no one had reported on it before.


As Steno ambled the hills around Florence in search of fossils he often saw layers of rock stacked one on top of the other like the pages of a great stone book. This had been appreciated by a few earlier naturalists, Leonardo da Vinci among them, but their findings were either lost, kept secret, or forgotten. Just as with the shark teeth, it would be Steno who would have to not only rediscover what others had already found, but explain the phenomenon as well.


Steno presented his thoughts on both strata and the fossils in his 1669 essay Prodromus to a Dissertation on Solids Naturally Enclosed in Solids. It was only an abstract of a fuller work that he was planning, but an essential part was Steno’s idea of how fossils formed. Steno wrote:


Given a substance endowed with a certain shape, and produced according to the laws of nature, to find in the substance itself clues disclosing the place and manner of its production.


It was not necessary to appeal to “plastic forces” or supernatural phenomena; if you want to understand nature you have to turn to nature itself. Fossils were relics of lost chapters in earth’s history that contained clues as to how they were made. Neither Steno nor anyone else could visit the time when Florence was sunk beneath the shark-patrolled waters, but by studying fossils Steno could discover what had happened during the incredibly remote period when the fresh teeth fell to the seafloor.


The layers of rock Steno observed were essential to proving the antiquity of the fossil teeth and shells he had collected. The fossils were found in lower layers of rock, and Steno reasoned that as sediment accumulated on the bottom of the primeval sea the layers began to stack up. The youngest layers would be on top and the oldest on the bottom. Tracing the characteristics of the layers from top to bottom allowed one to travel through time. The belief that the rocks had simply been made that way from the beginning could be cast out. The earth was literally wrapped in its own history.


Frustratingly, though, the geological sections Steno observed were not always arranged in neat, layer-cake sections. Some of them were tilted, which critics argued was inconsistent with the whole idea of stratification since the sea itself could not tilt. But Steno knew this was a foolish argument. Strata were always deposited parallel to the surface of the sea in a horizontal manner. Any flipping, dipping, folding, or tilting occurred long after the deposition of the rock. If strata could be tilted, or even flipped, though, how could you tell which side was up? The solution came from the makeup of each layer. Elements in the layer would naturally settle by weight, with the heaviest at the bottom; any subslice of a layer that contained the heaviest parts was the bottom, and the lightest elements would be at the top.


Strata did not just represent isolated patches. Instead they were continuous formations of rock that stretched out to the side until they were stopped by some other formation or material. In a valley the strata on one side would correspond in the same sequence to those on the other, despite the space between them. If you knew the arrangement of strata, you could successively trace them across such gaps.


Together these principles provided a basic guide that could be used to map the past, but not everyone was ready for this new interpretation of earth history. There were still some who doubted that fossils were representations of living creatures. Many fossil shells resembled those that could be found at the seashore, but there were others that were clearly different from any modern form. Surely God would not let any part of the Creation disappear, and the notion that life may have changed through the ages was strictly against accepted theology. The Bible could not be controverted, no matter how reasonable Steno’s conclusions otherwise seemed.


Steno had promised to work out such difficulties in a full dissertation on his discoveries, but that book was never written. Science did not allow Steno to reach the absolute truths he yearned for, and after becoming disaffected with science he became a priest in the Catholic Church in 1675.


With Steno’s voice withdrawn, those who believed that fossils were spontaneously generated in the bowels of the earth were left to dominate. Though the Englishman Robert Hooke also came to the conclusion that fossils had once been parts of living things after comparing fossilized wood to wood charred in a fire, there was still widespread doubt as to how fossils were made and for what purpose. Despite this reticence, however, it was now reasonable to scientifically discuss the origins of fossils. Naturalists might not have been inclined to accept Steno’s work, but the history of the earth and life could no longer be taken for granted.


It was especially important to resolve such issues because it was becoming clear that geology and Scripture did not exactly align. If the strata reflected the earth’s history they told a story that was much more complex, and theistic geologists strained to keep the Bible and the rock record in accord. In a scheme presented by English naturalist John Woodward in his 1695 book An Essay toward a Natural History of the Earth, for example, the Flood was an extraordinarily violent event in which the suspension of the laws of gravity by God caused the entire world, organisms and all, to be blended into a slurry. The earth’s rock layers formed out of the murky suspension and fossils were organized by specific gravity with the heaviest on the bottom. Yet this is not what geologists in the field saw. The succession of fossil types across strata could not be understood as being organized by weight or size, and appeals to a single (or rare) catastrophe did not account for the formation of strata or fossils.


The present would be crucial to unlocking the past. Even on a timescale as short as a human life it was obvious that the appearance of the coastline changed gradually, with shells and sediment being deposited at a very slow rate. Within the fossil shells scattered about the countryside, naturalists could see the same patterns of growth that shells of living invertebrates exhibited. By the beginning of the eighteenth century the idea that nature was in the habit of throwing up perfect stony facsimiles seemed silly. From the natural origin of the fossils to the formation of the strata they were encased in, it seemed that nature worked by way of familiar, imperceptibly slow processes. The narrow, literalist interpretation of Genesis was breaking apart, and a more allegorical approach was needed to reconcile the testimony of the rocks with scripture.


But the earth did not always speak in a clear voice. Fossils and strata recorded earth’s history, but just how far back that history extended was unknown. On the basis of Abrahamic religion it was assumed that the world had a definite beginning and was traveling toward an end, but what if the world was infinitely old? This was the question asked by the eighteenth-century Scottish geologist James Hutton.


Hutton was an eccentric polymath who did most of his work during the intellectual revival known as the Scottish Enlightenment, which took place in and near Edinburgh. Although initially trained as a physician, he was interested in a variety of sciences, and around 1753 he turned to geology. The stones that littered his farm inspired him to ask where they had come from and, in turn, how the formations underneath the countryside had formed.


Hutton mulled over his geological speculations for decades, and it was not until 1785 that he presented an abstract of his theory of the earth to the Royal Society of Edinburgh. In Hutton’s view, the land as we know it was cobbled together from the disassociated parts of an earlier world that had been assembled according to natural laws still in operation, and the oceanic abyss was the birthing ground of our present continents. During prehistory, when plants and animals (represented by fossils) lived on the land, sediment and bits of rock fell to the bottom of the sea and hardened. Over time these layers were thrust up, becoming land, and even now there were new future continents forming on the bottom of the sea. The earth was not decaying from a “perfect” state but could restore itself through natural mechanisms.


This made it nearly impossible to calculate how old the earth might be. The world was not struck by catastrophes that suddenly changed its face, but changed slowly and incrementally through processes that could still be observed. Further research would confirm Hutton’s ideas of deposition and uplift, but in 1788 he could only state that the strata of the world showed “no vestige of a beginning, no prospect of an end.” He would follow these remarks with a full explication of his ideas in the Theory of the Earth published in 1795.


Two factors impeded the acceptance of Hutton’s view. The first was that his prose was so dense that almost no one could stand to read it. It would only be much later, when his work was summarized by his friend John Playfair, that Hutton’s ideas would gain wider acceptance. Second, Hutton’s cyclical hypothesis required too much time to be crammed into the traditional Creation narrative, and such historical repetitiveness questioned the linear unfolding of God’s work so many Christians believed in. While religious concerns were not as much of an issue in the academic centers of France and Germany, countries at the forefront of science at the time, in England the corroboration of science and scripture was still a major concern. It would be a quirk of translation that would provide succor to those who desired such a reconciliation; it would also provide a target for those who would later carry on Hutton’s legacy.


During the late eighteenth century one of the most celebrated French scientists was the anatomist Georges Cuvier. Though of humble social origins, Cuvier quickly impressed his family and teachers at a young age with his ability to retain massive amounts of information about history and nature. He attended lectures and studied science when he could, but it was a chance meeting with a naturalist fleeing the post-French Revolutionary Terror that jumpstarted the young naturalist’s scientific career. Scientists were not exempt from the violent purge, and among those who took refuge in rural districts was Henri- Alexandre Tessier, a physician and expert on agriculture who delivered lectures anonymously in the town of Valmont.
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FIGURE 6 – A portrait of Georges Cuvier painted in 1798 by Mathieu-Ignace van Bree.





When the young Cuvier heard these lectures he was struck by their similarity to the works of Tessier, and Cuvier called the naturalist by name. Tessier was shocked. He feared that if his identity became known he would face execution, but Cuvier assured him that he would not reveal the naturalist’s identity. This confidence was returned by Tessier, and when the flow of blood ebbed in 1794 Tessier introduced Cuvier to other Parisian naturalists. He fit in perfectly. By 1795 the twenty-six-year-old Cuvier had landed a position as an assistant to the comparative anatomist Jean-Claude Mertrud at the prestigious Jardin des Plantes and was almost immediately elected to the newly formed Academy of Sciences.


Employing the scientific methods developed by colleagues such as the venerable Louis-Jean-Marie Daubenton, Cuvier married geology to comparative anatomy to clear away much of the speculation that surrounded fossil animals. In 1796 he delivered two papers that would frame the debate about fossil animals ever after. The first, on several kinds of fossil elephants found in North America and Siberia, demonstrated that the species of the past were distinct from those living now. What had been suspected by some naturalists was now a reality; species could become extinct. This was backed up by his description of a skeleton transported to Spain from Buenos Aires, Argentina, that Cuvier called Megatherium. It was an immense sloth, unlike any living creature, and further proof that the strata of the earth contained the ruins of a lost world that had been destroyed.


As the study of fossils became systematized more resolution could be achieved. It had been recognized by some naturalists that certain kinds of fossils only appeared in particular rock formations. Thus, fossils, to a broad degree, could be used to demarcate successive stages of earth history. Invertebrate fossils were the best for this task, as they were so plentiful and the same types generally persisted for relatively short intervals in the geological column. William Smith, an English geologist who was becoming acquainted with geology during the same time, noticed this trend while working as a surveyor, and traced specific fossils, such as species of the shelled cephalopods called ammonites, across the English countryside.
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FIGURE 7 – The skeleton of the Buenos Aires Megatherium.





At the time, however, it could not be understood just how old these formations were. Their relative age could be determined by the succession of fossils, but their absolute age was a mystery.9 Hence Smith’s work focused on the correspondence between fossils and the strata that contained them, and this helped him to produce brilliant geological maps of England. Unfortunately, however, Smith did not have an academic sponsor to speak for him when his work was plagiarized, and this made it so difficult for Smith to make a living that he was eventually cast into the debtor’s prison at King’s Bench. It was not until 1819 that he was able to continue work as a surveyor in an attempt to eke out a living, and it would take another decade before his work would be recognized by his geological colleagues.


Like Smith, Cuvier also recognized the close association between fossils and divisions of time. In 1808, he and his peer Alexandre Brongniart published a report called “Essay on the Mineral Geography of the Paris Region,” in which they observed that the order of the strata surrounding the city could be understood by the distribution of fossils within the rock. The transitions were a little messy, specific forms were not locked just into one layer alone, but certain species showed spikes of prevalence only to dwindle in the next successive layer before disappearing entirely. This method worked over and over again for the identification of geological time and thus meant that fossils could be reliably used to not only differentiate between vast periods of ancient time but to separate one thin slice of earth history from another.


On the basis of invertebrate fossils contained in the surrounding strata, Cuvier and Brongniart were able to determine that the area around Paris had been subject to alternating inundation by seawater and freshwater. Changes occurred cyclically but Cuvier considered them to have a more punctuated pattern than the steady state world Hutton proposed. The sea had rushed in, remained for a time, then quickly receded and was replaced by freshwater before the cycle started again. Such rapid change would surely destabilize environments and cause extinctions, so this regular alternation of catastrophic events could explain the various fossil accumulations, cordoned off by barriers of extinction, which Cuvier saw.


Cuvier most explicitly outlined the role of catastrophes during the earth’s history in his 1812 book Ossemens fossiles, a synthesis of the work he had begun two decades earlier. In the “Preliminary Discourse” that prefaced the work, Cuvier pontificated on the pattern of ruin and reform over time, and he identified the most recent catastrophe as occurring about 6,000 years ago. Cuvier derived this figure from looking at archaeological and historical evidence. In 1799 the French expedition that recovered the Rosetta Stone also found the mummified remains of birds and other animals in the tombs of Egypt. When carefully examined, these animals—though thousands of years old—were revealed to be identical to their living counterparts, confirming that the last great upheaval had happened before they lived. On the basis of such evidence, Cuvier concluded:


In this revolution the countries in which men and the species of animals now best known previously lived, sank and disappeared; that conversely it laid dry the bed of the previous sea, and made it into the countries that are now inhabited; that since that revolution the small number of individuals spared by it have spread out and reproduced on the land newly laid dry; and that consequently it is only since that time that our societies have resumed progressive course, that they have formed institutions, erected monuments, collected facts of nature, and combined them into scientific systems.


Simply put, some parts of the previous world sank below the sea while today’s continents were thrust out of the water in almost an instant, and the few survivors of the last geological revolution repopulated the planet. New life did not spring up in the wake of extinction, but life was already present and migrated into new areas.


This was not a biblically based argument. Though Cuvier was a Protestant, he kept religion out of his scientific work. Even so, his discussion of a catastrophe, most likely caused by an encroaching sea during the last 6,000 years, was all too easily co-opted by those in England who required that geology conform to religious strictures.


Shortly after it was published in French, the “Preliminary Discourse” was translated into English under the title Essay on the Theory of the Earth by Robert Jameson, a Scottish naturalist who subscribed to the idea known as Neptunism which held that the earth’s rocks had precipitated out of oceans.10 The biblical Flood fit well with this geological view, and through a new introduction, end notes, and several revised editions Jameson asserted that Cuvier’s work supported the reality of a Deluge that had wiped the world clean during recent history. Jameson’s English translation introduced readers to Cuvier as what we would currently call a young earth creationist.11


But Jameson’s co-option of Cuvier’s “Preliminary Discourse” was not the only resource drawn upon to marry the science of geology and Christian theology. William Buckland was a Church of England reverend who was a popular lecturer in geology and paleontology at the time Cuvier’s introduction was translated into English. He had a deep love and respect for scripture, yet he was not exactly a literalist. He was perfectly comfortable with the idea that the world’s age was inestimably longer than the 6,000 years of biblical chronologies but he was steadfast on the historicity of Biblical events. Buckland believed that there certainly had been a Flood, but it would have been so short that almost no sign of it could be seen in the geological column.12


Still, Buckland was willing to change his ideas in the face of new evidence. In 1822 he began to investigate the fossil bones of Kirkdale Cave in Yorkshire. Many of those bones bore tooth marks and were scattered among a collection of chalk-white coprolites, or fossilized feces—sure signs that the cave had once been a hyena den. To confirm that cave hyenas were responsible for this damage Buckland devised a simple, but ingenious, experiment. Working with their keeper, he gave bones to the hyenas of a local zoo and compared the marks the living hyenas made with the ones of the ancient bones. Through the comparison of the fossil bones with the freshly chewed bones and the collection of prehistoric poop, Buckland was able to conclusively demonstrate that the hyenas had actually lived inside the cave during some ancient period and had not just been washed in by the Deluge.


It was a simple discovery, but during a ceremony awarding Buckland the Copely medal for his work, the president of the Royal Society, Humphry Davy, said it presented “a point fixed from which our researches may be pursued through the immensity of ages.” Encouraged by his peers, Buckland continued his research into the world before the Flood. He presented these findings in his 1823 work Reliquiae diluvianae, or, Observations on the Organic Remains Attesting the Action of a Universal Deluge.


In “Relics of the Deluge,” Buckland strained to find balance between two different sets of expectations. The idea that the Deluge had done most of the work in forming the present world was no longer taken seriously by most naturalists, yet Buckland believed that there was evidence for such an event. Caves filled with mammal bones were like time capsules that preserved a record of life before the catastrophe. Once the makeup of this lost fauna was identified their remains could be traced across the countryside, and often these bones were found in deposits of gravel, sand, and clay—materials that were easily transported by water. The bones of hippos, rhinos, lions, hyenas, and elephants in these “superficial deposits” attested to a recent inundation, Buckland believed, which replaced the tropical climate with a milder one.
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FIGURE 8 – In a cartoon drawn by his friend Henry de la Beche, a young William Buckland uses the light of science to unravel the mysteries of Kirkdale Cave.





The weakness of Buckland’s hypothesis, however, was that he had presumed that all the cave strata and gravel deposits he examined were of the same age and therefore recorded a single event. As these deposits were probed further it was discovered that they had been formed at different times, and despite his book’s popularity its conclusions were contested.13 The geological pattern did not appear to follow the hurry-up-and-wait cycle of stability punctuated by disasters, and it was at this time that Hutton’s view of a cyclical, orderly earth was coming out of hibernation.


The geological revolutions of naturalists such as Cuvier and Buckland required geological events so devastating as to be almost supernatural. Everyone knew of floods, but no one had ever recorded one continent becoming inundated while another rose from the sea. Faced with this dilemma, some geologists began to return to Hutton’s view of ongoing, gradual change.14 The Scottish geologist Charles Lyell, through his three-volume series Principles of Geology, would become the champion of this idea and transform the discipline.
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FIGURE 9 – A portrait of Charles Lyell, drawn later in his life.





Lyell proposed that while the earth was constantly in flux it was also in balance. A river might erode rock and transport it to the sea, but this destruction was counteracted by volcanoes spewing new rock onto the surface. Every geological process had its counterpart, and the planet was constantly reforming itself in a slow and steady fashion. In the introduction to chapter five of the first volume of Principles of Geology, published in 1830, Lyell wrote:


The first observers conceived that the monuments which the geologist endeavours to decipher, relate to a period when the physical constitution of the earth differed entirely from the present, and that, even after the creation of living beings, there have been causes in action distinct in kind or degree from those now forming part of the economy of nature. These views have been gradually modified, and some of them entirely abandoned in proportion as observations have been multiplied, and the signs of former mutations more skilfully interpreted. Many appearances, which for a long time were regarded as indicating mysterious and extraordinary agency, are finally recognized as the necessary result of the laws now governing the material world; and the discovery of this unlooked for conformity has induced some geologists to infer that there has never been any interruption to the same uniform order of physical events. The same assemblage of general causes, they conceive, may have been sufficient to produce, by their various combinations, the endless diversity of effects, of which the shell of the earth has preserved the memorials, and, consistently with these principles, the recurrence of analogous changes is expected by them in time to come.


Even the terrifying earthquake was simple a mechanism by which the earth’s uniformity could be maintained. “This cause, so often the source of death and terror to the inhabitants of the globe, which visits, in succession, every zone, and fills the earth with monuments of ruin and disorder,” Lyell wrote, “is, nevertheless, a conservative principle in the highest degree, and, above all others, essential to the stability of the system.”


But Lyell knew that he not only had to show why he was right but why the opposition, naturalists who favored Cuvier’s “revolutions,” were wrong. There was no reason to think that geological phenomena had been more severe in the past than now, and Jameson’s biblically tinged translation of Cuvier’s work allowed Lyell to cast those who favored changes caused by catastrophes as fundamentalists who read scripture too narrowly. Through a rereading of evidence and force of argument, Lyell fostered the view of earth history Hutton had conceived three decades before.


As the earth changed, however, so did life. Paleontologists had clearly shown that the life of the past was different from that of the present, and if the movements of planets and the shifting of the earth proceeded by natural laws then the formation of life should be no different. Hutton himself had considered this in his immense, three-volume monograph of 1794 called An Investigation of the Principles of Knowledge. He wrote:


If an organised body is not in the situation and circumstances best adapted to its sustenance and propagation, then, in conceiving an indefinite variety among the individuals of that species, we must be assured, that, on the one hand, those which depart most from the best adapted constitution, will be most liable to perish, while, on the other hand, those organised bodies, which most approach to the best constitution for the present circumstances, will be best adapted to continue, in preserving themselves and multiplying the individuals of their race.


The culling of organisms ill-adapted to their local conditions would cause species to become altered over the course of generations—but Hutton did not ascribe much power to this mechanism. Despite the Creator’s benevolence in allowing organisms to become adapted to shifting conditions there was no reason to think that these changes ever lead to the origin of new species. Some variation and change was expected, but all according to a set of natural laws that maintained the created order.


Naturalists on the continent, and specifically in France, had been willing to go a bit further than Hutton. There were most certainly orderly natural laws that affected biological entities, but they could cause those forms to break the boundaries that were thought to limit what a species might become. The most prominent exponent of this view was Seven Years War veteran Jean-Baptiste Lamarck.


Lamarck had not initially set out to be a naturalist. His family had a strong military tradition, and at the age of sixteen he joined the French army to battle Prussia. Despite his age he was quickly commissioned as an officer, but when one of his fellow soldiers lifted Lamarck up by his head during horseplay it caused the young officer’s lymphatic glands to become inflamed. Lamarck had to go to Paris for treatment, and afterward he was given a quiet, but not very well-paid, post in Monaco. Then, after a failed bout studying medicine, Lamarck turned his attention to botany. Both on his own and under the tutelage of the French naturalist Bernard de Jussieu, Lamarck familiarized himself with the flora of France, culminating in his 1778 book Flora française.
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FIGURE 10 – Jean-Baptiste Lamarck in his later years.





This work drew the attention of Paris’s established naturalists, and by 1781 Lamarck was named the Royal Botanist at the Jardin du Roi (which was renamed the Jardin des Plantes in 1790). But Lamarck’s interests were not restricted to plants. He trained himself as a specialist in invertebrates, too, and during the closing years of the eighteenth century he began to study the fossil shells found around Paris.


The shells were different from, but still similar to, modern forms he was familiar with, and Lamarck believed that it would not take much to turn one form into another. Yet he went even further than this. In 1800 he presented a lecture on invertebrates at the Muséum national d’Histoire naturelle in which he proposed that all forms of life had been derived from earlier, simpler forms. Organisms achieved this through their interactions with the environment, hence producing the close fits between animals and the habitats they were found in. The webbed feet of some waterfowl had been produced in such a way:


The bird which necessity drives to the water to find there the prey needed for its subsistence separates the toes of its feet when it wishes to strike the water and move on its surface. The skin, which unites these toes at their base, contracts in this way the habit of extending itself. Thus in time the broad membranes which connect the toes of ducks, geese, etc., are formed in the way indicated.


It was the habits of the animals that resulted in their form, not the form that dictated function, and these changes gained over the life of an individual were transmitted to the offspring of that animal. Yet as Lamarck continued to consider evolution, this acquisition of traits through habit or willpower became only the mechanism for a greater trend Lamarck saw in the history of life. In his most comprehensive presentation of his views of evolution, his 1809 book Philosophie zoologique, Lamarck pointed out that life appeared to be progressive, and the simplest life was always being pushed up a ladder of complexity. As new simple life forms spontaneously arose the mechanism of acquired characteristics came into play, and the habits of the organisms determined their progress up the evolutionary ladder; today’s monads could be tomorrow’s humans. New life, and hence potential new forms, were always being formed, and if extinction happened at all it was rare.


Lamarck’s evolutionary hypothesis was not very well received. Lamarck’s contemporary Georges Cuvier was staunchly opposed to it, as it ran against the more systematized view of biology Cuvier had struggled to build. Whereas Lamarck thought form was dictated by function and extinction almost never happened, Cuvier asserted that function and form were tied together in a static package, and the evidence was clear that creatures did go extinct. If they did not, then what had the Megatherium and mammoth transformed into? Lamarck seems to have been aware of this difficulty—as he stated that extinction might happen among large, slow-breeding vertebrates—but in general he denied extinction for a vision of nature in which life was continuously moving from lower to higher without being extinguished.


The tension between Lamarck’s and Cuvier’s views was not so much about evolution as conflicting philosophies about how nature could be understood. In England, however, Lamarck’s view was seen as a materialistic proposal that directly contradicted the belief that divine wisdom was manifested in nature. The idea of a progression of organisms from more primitive to more advanced types was especially troubling, but in applying geological principles to living creatures Lyell thought he had found a way out. Clearly organisms were well matched to the environments in which they existed, but if the earth was in a constant, gradual state of flux then those habitats would not be permanent. As the geology of the planet changed, so would environments and the creatures in them, and given enough time the world might rearrange itself into a state approximating that of the age of the dinosaurs. During such a time, Lyell proposed, it would be expected that extinct creatures would reappear to reprise the roles they had fulfilled so long before:




We might expect, therefore, in the summer of the “great year,” which we are now considering, that there would be a great predominance of tree-ferns and plants allied to palms and arborescent grasses in the isles of the wide ocean, while the dicotyledonous plants and other forms now most common in temperate regions would almost disappear from the earth. Then might those genera of animals return, of which the memorials are preserved in the ancient rocks of our continents. The huge iguanodon might reappear in the woods, and the ichthyosaur in the sea, while the pterodactyle might flit again through umbrageous groves of tree-ferns.
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FIGURE 11 – Henry de la Beche’s cartoon of the “Awful Changes” that would occur if, according to Lyell’s ideas about the unfolding of the history of life, ichthyosaurs returned to the world during some future time.





This attempt to obscure any notion of progression in the fossil record seemed so absurd that Lyell’s colleague, geologist Henry de la Beche, lampooned it in a widely circulated cartoon. Entitled “Awful Changes—Man Found Only In A Fossil State.—Reappearance of Ichthyosauri,” the scene depicted “Professor Ichthyosaurus” astride a podium apprising his class of a fossil human skull: “A lecture—‘You will at once perceive,’ continued Professor Ichthyosaurus, ‘that the skull before us belonged to some of the lower order of animals; the teeth are very insignificant, the power of the jaws trifling, and altogether it seems wonderful how the creature could have procured food.’” Even as the idea of evolution remained controversial, Lyell’s cyclical hypothesis for the pattern of life’s history could not mask the very real succession of fossil creatures paleontologists were beginning to uncover.


There had to be some other explanation for this pattern in the rocks, some kind of natural law that regulated the appearance of organisms through time. Over the previous several hundred years naturalists had, bit by bit, substituted the direct actions of a deity with natural mechanisms (albeit ones put in place at the moment of Creation). A literalistic interpretation of Genesis was not sufficient to gain true knowledge of nature, but naturalists feared what they might find when considering the “species problem.” What was true for the origins of other animals would be true for our kind, too, and the prevailing religious sentiments of the day made naturalists uneasy about this concept. By the time Lyell published the first volume of Principles of Geology such a mechanism was still wanting, but it would be one of his own pupils who would supply it.
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