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    The universe is not only queerer than we suppose, but queerer than we can suppose.




    —J. B. S. HALDANE,


    POSSIBLE WORLDS AND OTHER PAPERS (1927)




    This book, in all probability, should never have been written. And you should not be reading it now. These are not statements of moral principle but of scientific fact. Everything we have come to know about this universe—the way matter interacts, planets take shape, and life evolves—suggests that we owe our existence to a wildly improbable series of events that started off with a bang some 13.7 billion years ago.1 Unlikely as it seems, twentieth-century science has shown that ours is a universe governed by fixed physical laws riding atop a churning sea of quantum uncertainty, a place where many things are predictable (up to a point) but nothing is preordained. Simply put, the best evidence now suggests that most things in this universe exist not because they have to but because they happen to—and this, dear reader, includes you and me.




    Goodness knows this is not the sort of thing that rests easily upon the human mind, and it's been rolling around in mine for quite some time now. For me the wheels started turning when I first learned about the “Big Bang” theory back in grade school during the height of the space race. Thanks to Sputnik and the Cold War, science education in America had suddenly become a national priority and was being promoted with patriotic zeal at every grade level. Keeping pace with the Soviets meant that we couldn't start learning too soon, and so my second-grade science teacher, trooper that she was, did her best to explain to her wide-eyed students the latest scientific evidence for how the universe began and how incredibly old it was. And like most of my classmates I was duly impressed.




    But contrary to what Miss Jackson had intended, the thing that struck me most was not the tremendous age of the universe but its incredible youth. The suggestion that the entire universe and all its contents were once packed into a space smaller than an atom was surprising enough, but that it should be only ten to twenty billion years old (as was the best estimate at the time) was something I simply couldn't imagine. A two with ten zeros; was that all? And what was there before that? Nothing? To me this was the most outlandish thing I had ever heard—and I was a firm believer in Santa Claus at the time.




    Little did I know how perfectly ordinary this would all seem next to the bizarre world of quantum physics, a surreal reveal that most schools, my own included, happily saved for twelfth-grade physics class. If the Big Bang theory pressed the boundaries of believability at a time in my life when the idea of flying reindeer seemed plausible enough, this quantum business was really pushing things now that my childhood naïveté had given way to the ecumenical skepticism of teen adolescence. Though I was never one to doubt the sincerity of my teachers, to my mind the assertion that quantum-scale objects behave like both waves of energy and particles of matter had all the trappings of a practical joke. How could any one thing, no matter how small, be two different things at once? It made no sense, like Santa and Rudolph writ small. What made even less sense (if such a thing was possible) was the claim that these tiny entities were not always bound by the same cause-and-effect rules we see everywhere in the “regular world,” and will, from time to time and for no particular reason, disappear from one place and show up in another. Virtual particles, antimatter, quantum tunneling: surely our physics teacher was having us on, if not for his own amusement then perhaps to test the limits of our credulity.




    But this was no joke. Strange as it seems, the current scientific thinking—based on no small amount of evidence—is that events that occur at the quantum level are not just thoroughly weird but completely spontaneous, which is to say they have no actual cause. And to be clear, the evidence is not that we simply don't know what the causes are, it's that there are no quantum causes, material or otherwise.2 Needless to say, these observations run counter to every instinct we have regarding the way the world works. And the implications are profound. For example, if the theory of quantum uncertainty is true—and again, all evidence points in that direction—it means that at the bottom of it all there are no grandiose plans, no whys or wherefores, no rhyme or reason: only chance encounters and random events. This implies, at the very least, that if you are looking for meaning in this world it is best not to look too closely because at the most fundamental level of the physical universe the gods really do appear to be playing dice.3




    Of course, just because there is chaos at the quantum level doesn't mean that higher levels of existence can't be more rigidly structured or even deliberately orchestrated. For all we know the gods could be playing craps in the cellar and chess in the penthouse. But what does the smart money say?




    Well, if the rules of Vegas have anything to teach us in this regard, it's that the gratuitous goings-on in the subatomic realm can have no bearing on the human condition so long as “what happens at the quantum level stays at the quantum level.” That much, at least, we can take to the bank. But what does it buy us? Quite a lot actually, because this one axiom effectively reduces the problem of cosmic indeterminacy to a single key question: Do random quantum effects ever “bubble to the surface” in ways that make the unfolding of the larger cosmos fundamentally unpredictable? In other words, do the things that happen at the quantum level always stay at the quantum level?




    Admittedly, the prospect that any single quantum event would have any effect at all on the world at large seems extremely unlikely given what we know about the kinetics of super-small particles. Consider the large-scale impact of individual air molecules, for example. At the molecular level the air around us is positively seething with activity, nearly as frantic and unpredictable as the quantum foam itself. Yet owing to the impossibly large number of molecules involved and their incredibly small size, the state of any one particular molecule has no appreciable effect on the atmosphere as a whole. Individual gas particles may behave erratically, but the air itself is perfectly predictable, acting in strict accordance with the laws that govern the behavior of gases everywhere. And the same can be said for those molecules found on land and at sea. Even the largest molecules are, energetically speaking, much too small to influence anything in the world at large in any meaningful way. So by virtue of direct comparison one might reasonably conclude that if the actions of individual molecules make no real difference in human terms, then the activities that go on at the subatomic level, no matter how random or bizarre, must count for even less. Thus, according to the rules of deductive logic the world in which we live would figure to be safely insulated from the bedlam below by impenetrable barriers of size and scale, just as common sense (and our druthers) would have it.





    As reliable as this train of logic might seem, however, the trail of evidence does not lead us to the same destination. On the contrary, based on empirical science we now know that certain quantum events can have surprisingly profound and far-reaching effects on the macroscopic world in general and the living world in particular.




    The biological impact of nuclear radioactivity is a classic case in point. Scientists have known for decades that a single gamma ray can damage DNA in such a way as to produce something called a “point mutation,” a one-letter change in our genetic code that, if poorly placed, can lead to cell death, diseases like sickle–cell anemia, and most forms of cancer.4 While all these maladies are cause for concern, radiogenic cancers are especially worrisome due to the fact that the average human body is a cooperative of some eighty trillion cells, any one of which can turn cancerous if its genetic instructions are altered in just the right way. The good news is that it generally takes ten to twenty of these mutations to override the security mechanisms that normally prevent our cells from multiplying out of control. The bad news is that these tiny errors tend to accumulate as we age, and with some 560 sextillion (5.6 × 1023) human cells living in the world today, there is sure to be a sizeable number of these cells, perhaps tens or even hundreds of millions at any given time, that are just a hair's breadth away from malignancy. Combine this with the fact that our bodies are constantly being bombarded by gamma radiation from naturally occurring sources like radium and potassium-40 (commonly found in soil, water, meats, and high-potassium foods), and you can bet your life that someone somewhere in the world will develop cancer within the next few minutes, or hours at most, for no other reason than an unstable atom somewhere on Earth (or beyond) randomly emitted a high-energy photon that just happened to land in the wrong place at the wrong time.




    Whatever else we may learn about the finer workings of the universe, this one fact alone should convince us that the barrier between the quantum world and our own is imperfect at best and that the “regular” world is not quite as regular as it seems. On the surface the universe we inhabit may appear orderly even to the point of orchestration, but deep down things are not so tidy. We now know, for better or worse, that there is a fundamental uncertainty in nature that belies our anthropocentric inclinations, an elemental randomness that is at once the destroyer of worlds and the creator of all things. Like the proverbial butterfly that stirs the air in Brazil one day only to trigger a tornado in Texas three weeks later, the ripples that radiate from the quantum realm are occasionally absorbed by the larger universe in ways that nudge the course of cosmic events toward unpredictable ends. And as the butterfly metaphor aptly suggests, the forces of serendipity extend far beyond the quantum level, touching everything from the evolution of life on Earth to the very formation of the Earth itself. Indeed, both computer models and real-world experiments have demonstrated conclusively that the tiniest change in the initial state of any complex system can lead to monumental changes down the line.5 It is therefore quite possible, if not all but certain, that part of the reason you are reading this now is because somewhere in the depths of time a dinosaur sneezed.




    That such strange and inexplicable things should be going on everywhere, and right under our noses, seemed perfectly ridiculous to me back in high school and in many ways still does. Thirty-three years and four engineering degrees later, I'm still not quite sure what to make of it all and can sympathize with those who find the vagaries of quantum indeterminacy and Chaos Theory a hard pill to swallow. To paraphrase a scientist whose work figures prominently in the pages to follow: to suppose that the Earth and everything we see around us arose through accidental processes aimed at no particular outcome seems, I freely confess, absurd in the highest possible degree. Despite all the success that scientists have had in uncovering the secrets of nature—successes visibly borne out by the technologies of our age—there is no denying that the current scientific account of the universe defies all commonsense notions about how the world works, including the popular perception that there is agency in nature and that we are all somehow meant to be here.




    And therein lies the problem. In the space of just a few generations science has all but shattered our most cherished notions about what it means to be human while at the same time giving rise to technologies that make the continued belief in these notions more and more dangerous. To say that human history is rapidly becoming, as H. G. Wells put it, “a race between education and catastrophe,” is no exaggeration.6 In some ways our species has grown up too fast, racing from adolescence to adulthood without allowing ourselves the time to adjust our thinking accordingly. But adjust we must—and not just for our sake. Ignorance of what science has to teach us about the world and ourselves might not bring human civilization to an apocalyptic end, but it is certainly the biggest threat to our continued development as an enlightened species, especially where our sense of moral responsibility toward our fellow travelers, human and nonhuman, is concerned.




    My reason for writing this book is to make the case that scientific rationality and critical thinking are not only good for our physical well-being but also good for the soul—and essential to our achieving the kind of global stewardship worthy of our spiritual aspirations. Although science makes no claim to knowledge that is absolute, the scientific process has proven to be far and away the most open, direct, and dependable way there is to tell truth from fiction. And there has never been a time when making that distinction has been more important. Now more than ever we need to recognize that scientific literacy and critical thinking are not just tools for professional scientists; they are basic life skills, as vital to our personal and intellectual growth as reading, writing, and arithmetic. And contrary to popular belief, the fundamentals of scientific inquiry and critical thinking are concepts that lie well within the bounds of the average intellect. The fact that so many people don't really “get” how science works is a failure of our education system, not our students. Our failure as scientists and educators to talk about science in ways that everyone can understand might not account for all the muddled thinking surrounding issues like evolution and global warming, but it certainly adds to the confusion regarding the reliability of scientific information in general. What's more, the demotic misapprehension of science as a way of knowing poses a serious threat to the future of all democratic societies, which rely on the participation of a rational, literate citizenry for their maintenance. That normal scientific uncertainty can be so easily exploited to undermine the legitimacy of real scientific knowledge is a sure sign that we have been failing our children in this regard for some time now. And if we can't even agree on what is true, we will never agree on what threats we face as a global civilization, much less what to do about them.




    As critical as the understanding of science is from a global perspective, the benefits don't stop there. The scientific worldview also offers something that many people might not expect: a profound sense of wonder, connectedness, and yes, even optimism. Far from providing a cold and sterile outlook on the nature of things, the scientific method is actually responsible for more wondrous revelations about our world and our selves than any sacred text you can name, not the least of which is the knowledge that all life on Earth is connected through the bonds of common descent. Indeed, what science has revealed about the nature of humankind—how great the similarities and trivial the differences—is knowledge that completely destroys all claims to intellectual, racial, or ethnic superiority. Anyone who truly understands the science of evolution would no more look upon their fellow human beings with categorical disdain than they would kill an animal for sport.




    Of course there is more to life than simply understanding our true place in the grand scheme of things. Facts without feelings are cold comfort at best, and we all deserve better. But if the best we can do is fool ourselves into believing ridiculous falsehoods about the world and our selves, where is the meaning—or the morality—in that? Happily, the evidence suggests that human beings on the whole are capable of a great deal more. The main thing that stands in the way in most cases, apart from the nostalgia we feel for the simple answers of simpler times, is the fear that the scientific outlook is emotionally impoverished and spiritually bankrupt. After all, in a dispassionate mindscape ruled by facts and reason alone, what room is there for passion, poetry, and love?




    It's a fair question, but those who worry that a purely objective scientific worldview would provide poor sustenance in a world hungry for love are missing an important point. You might not know it by reading the daily newspapers, but there is no lack of love in the world. Love is everywhere and comes in an encouraging number of forms. Romantic love, love for our children, love of nature, love of god, love of country, love of community, love of family and friends—even our pets can, and often do, stir our deepest affections. Love is as plentiful as it is powerful. Unfortunately, love without understanding is a volatile thing. The plain truth is, we need both…and if we are ever to rise above our parochial passions, it is on the rungs of the latter where we must begin our ascent. After all, genuine concern for the welfare of others, especially those unfamiliar to us, begins not with feelings of love but with pangs of sympathy.




    If there is a single message I would like readers to take away from this book, it's that science is far more accessible—and a lot less scary—than people realize. Contrary to popular belief, the scientific outlook is not only something that most everyone can understand on an intellectual level; it is also as emotionally satisfying as any faith-based philosophy you can imagine. Indeed, despite all fears to the contrary, scientists are finding that moral truths and personal meaning are not merely the stuff of religious doctrine; these are tangible realities that can be discovered through an honest examination of ourselves and of the world around us. I like to think this is what Darwin meant when he wrote, “There is grandeur in this view of life.”7 And at a time when a shared scientific outlook is so desperately needed yet so rarely sought, there has never been a more urgent need to reaffirm his hopeful vision.
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    Innocence about science is the worst crime today.




    —SIR CHARLES PERCY SNOW




    When one thinks about science and what it's good for, the first thing that usually comes to mind are the myriad benefits of modern technology—and understandably so. These days it's hard to imagine our lives without electric lights, automobiles, radio, television, cell phones, microwave ovens, personal computers, and the Internet. Not to mention the host of medical advances that now allow us to enjoy these creature comforts longer than ever before. Air travel, antibiotics, refrigeration, radar imaging, vaccines, lasers, digital electronics…the list of technological marvels borne of scientific discovery is as extensive as it is impressive. But there is another benefit of science and the scientific method that, while less obvious, may ultimately prove to be far more important in the long run: namely, the ability to look beyond our preconceptions and see the world and ourselves in a truer light.




    Coming from a working scientist this might seem a tad self-indulgent—another case of someone with a hammer approaching every problem as if it were a nail. And I admit there may be some measure of truth to that. Like most people, the more I learn about something—whether it's science, art, music, or just about anything else—the more important it seems. It's a common affliction. We all have our biases when it comes to the things we feel are important, and the things we know best are the things we tend to value most. For this reason alone every scientist can be expected to extol the virtues of scientific literacy just as historians tout the importance of historical literacy, artists endorse artistic literacy, and Microsoft promotes computer literacy. But while all forms of literacy are important in their own right, there are good reasons for listing scientific literacy among the most essential of modern-day skills. The surprising thing—and what I hope to convey in this book—is that these reasons have less to do with advancing our ability to solve emerging technological challenges than establishing an informed, rational foundation for our moral attitudes and behavior.




    What makes the understanding of science indispensable from a moral perspective might not be obvious at first glance, but on closer inspection the connection is inescapable. In fact, the link between scientific knowledge and moral reasoning is so fundamental it can be summed up in a single sentence: In order to have a true sense of right and wrong one must first know what is true. You don't have to be a professor of ethics to know that basing our moral concerns on false precepts is probably a bad idea. Everyone understands this on some level, just as every educated person understands that false beliefs have led ordinary people to do some extraordinarily horrific things in times past. In Mesoamerica, for example, rituals involving human sacrifice were once performed on a routine basis in order to appease gods that every sane human being now agrees existed only in the imagination of the faithful.1 These days everyone familiar with this chapter of human history understands that the religious beliefs of the Incas, Mayans, and Aztecs were tragically misguided and that, because of those beliefs, hundreds of thousands of people were systematically tortured and killed for no real reason at all.




    Certainly had the Aztecs understood the world the way we understand it today things would have been very different, especially for those on the receiving end of the sacrificial blade. But, fundamentally speaking, things are not so different now as we would like to think. The fact is, we are still, some five hundred years and one scientific revolution later, largely governed by hand-me-down beliefs for which there is no rational justification. And like the Aztecs, many of us still treat those beliefs as though the world depends on them. Unfortunately, history teaches that things tend to get ugliest when people fail to temper their beliefs with the simple understanding that they might actually be wrong. Racism, sexism, religious inquisitions, the slave trade, “holy” wars, the Holocaust, and a long list of genocides past and present are all examples of what can happen when people silence the better angels of their nature with gratuitous moral certainties. Indeed, the instant our beliefs become set in stone we lose the ability to recognize—and thus learn from—our mistakes, at which point all intellectual progress ceases and our ability to think for ourselves withers away.





    REASONABLE DOUBT




    Given the none-too-subtle lessons of human history, one would think that the perils of faith-based reasoning would be something that every human being would take great pains to avoid. Instead, billions of people continue to eschew the scientific outlook in favor of the same sorts of inherited beliefs that inspired the Aztecs to casually eviscerate their fellow human beings. How is this possible?




    The simplest, and perhaps most charitable, explanation is that people of faith imagine that their particular belief system is somehow more valid and/or less harmful than the discredited beliefs of the ancients. Unfortunately for everyone, the evidence suggests otherwise. While it is true that ritualistic human sacrifice is now largely a thing of the past, people the world over continue to be harassed, injured, and even killed in reprisal for offenses committed against one deity or another, including such make-believe crimes as blasphemy, homosexuality, lewd behavior (women), apostasy, idolatry, and practicing witchcraft. There are even certain places in the world where expressing belief in anything other than the prevailing faith of the region is not just dangerous, it's practically suicidal.




    And the damage doesn't stop there, for although the cost of in-group dogmatic thinking would figure to come mostly at the expense of perceived outsiders, the sectarian faithful pay a price that is just as steep. To be clear, this is not to suggest that there are no practical benefits to living among like-minded individuals who share a similar outlook on life, even if that outlook is not particularly rational. There are, in fact, plenty of practical advantages to be gained through the practice of conformist thinking, and there is no denying that, on the whole, they have served humanity extremely well up to now. The problem, however, is that modern technology has now pressed us to the point where global cooperation is an absolute must, and arbitrary dogmatic beliefs are the perfect impediment to consensus building between groups of people that, for reasons bound to history, happen not to share the same subjective take on reality. Indeed, while evidence-based worldviews tend to converge upon a single objective version of reality that can be revised as new information comes to light, faith-based worldviews can assume any form imaginable and brook no compromise. Needless to say, these are not the best conditions for fostering cooperation of any sort, much less the global kind. Worse still, because dogmatic beliefs often couch conflicting interpretations of reality in terms of eternal punishment and reward, the tension created by competing dogmas can be brutally intense, as demonstrated by the extreme expressions of sectarian violence that pepper the news with depressing regularity.




    Of course, the ill effects of dogmatic thinking are not always so overt. People who preach nonviolence while condemning the “evils” of condom use and stem cell research, for instance, are more subtle in their methods but no less harmful. The truth is, these pious individuals, well meaning though they may be, add mightily to the excess of misery in the world by facilitating the spread of preventable diseases among the faithful and delaying the development of effective cell-based treatments for devastating diseases like cancer, diabetes, heart failure, neurological disorders, and Alzheimer's. But again, the damage doesn't stop there. Religious taboos against blood transfusions and the practice of faith healing are thought to be responsible for dozens of preventable deaths every year in the United States alone, infants and children chief among them.




    The depths of this travesty were recently plumbed in a paper published in the journal Pediatrics, in which researchers examined cases of 172 American children who died between 1975 and 1995 and were denied medical treatment due to the religious beliefs of their parents.2 One fatality cited in the report was a two-year-old girl who choked on a bite of banana for nearly an hour while “her parents frantically called other members of [their] religious circle for prayer.” Another was a twelve-year-old who was kept out of school for seven months “while the primary osteogenic sarcoma [tumor] on her leg grew to a circumference of 41 inches” before her death. Overall the study found that 140 of these youngsters had a 90 percent chance of survival if standard medical care had been provided, meaning that 126 children lost their lives as a direct result of their parents' inability to evaluate truth claims in accordance with the evidence. This same failing is also why many parents, despite all evidence, are now refusing to vaccinate their children for fear of autism, giving the viruses that cause polio and measles (among others) a second chance at life—and another stab at our kids.3




    As painful as it is to contemplate the senseless deaths of these young innocents, however, we must also bear in mind that the little children are not the only ones to suffer for “their” faith. Less lethal (usually) but just as pernicious are the faith-based assumptions that oblige hundreds of millions of women today to live as second-class citizens purely because of their sex. If the mass of men live lives of quiet desperation, how much more desperate are the lives of those women born in subjugation to the faith of their fathers? Likewise, the caste system in India, an enduring corruption of the Hindu faith, continues to condemn tens of millions of Indian citizens to lives of abject poverty despite government efforts to outlaw caste-based discrimination.




    These are but a few of the demons of our lesser nature unleashed by our blind allegiance to traditional beliefs. Many more, too numerous to mention, are let loose on the world every day as people move heaven and earth to justify beliefs that play to their prejudices but defy all reason. And for all their subtlety, the ill effects are painfully obvious. So even if the long history of faith-based atrocities—ritualized murders, genocides, inquisitions, subjugations, holy wars, 9/11, the whole lot—were somehow secreted away in an effort to conceal the dark side of unthinking belief, the glaring facts of modern-day life should nonetheless make it blindingly obvious to every educated person on the planet that basing our moral sense on anything other than tangible reality is fraught with the worst kind of danger.




    And yet, despite mountains of evidence attesting to the unrivaled power of the scientific method to separate fact from fantasy, the idea that science might offer the most accurate account of the human condition, and thus provide the best measure of our moral obligations, is a notion that few people are prepared to even consider, much less accept. The question is why.




    A FAILURE TO COMMUNICATE




    Part of the problem is that the scientific process as a way of knowing is a concept that is not widely understood outside the scientific community; a situation that makes it difficult, if not impossible, for scientists to communicate counterintuitive theories like evolution and the Big Bang in a way that nonscientists will find convincing. Fortunately, this “failure to communicate” has less to do with the intellectual acumen of the general public than the way we teach science. In truth, people are far more capable of understanding science than they realize. The main reason they tend not to is because the scientific method—arguably the single most important intellectual tool we have to bestow upon our children—has been given short shrift in science classrooms in deference to a longsome list of isolated facts that students are expected to memorize in order to pass their exams. This mind-numbing approach to science education, apart from being deadly dull, has proven disastrous from a scientific literacy standpoint in that most students manage to retain reams of scientific information (for a time) but learn very little about critical thinking and evidence-based problem solving in the process.




    There are several reasons why this should worry us. Not only does this “poor man's science” impose an impoverished view of the world on people who might otherwise come to appreciate the “grandeur in this view of life”—a grave injustice in itself—it also paves the way for a host of other, more tangible, problems. For starters, our failure to provide our children with a proper science education, and the BS detection skills that come part and parcel, sets them up for a lifetime of exploitation by those with more education than scruples. This might not bother the quacks and charlatans of the world, but it should. Why? Because the concentration of critical thinking skills in the hands of a select few not only makes for a shyster's paradise; it also seriously retards the decision-making ability of local communities, nation-states, and humanity as a whole. This is bad news for everyone no matter where they live or what they do, especially at a time when swift and concerted efforts are needed to address looming global threats presented by nuclear proliferation, biodiversity loss, and climate change (to name just three). As for self-governing republics like the United States, this situation is doubly precarious because without critical thinking skills voters cannot begin to fulfill their responsibility as stewards of a free and democratic society. Worst of all, our failure to promote critical thinking skills from the earliest grade levels undermines our ability as rational human beings to examine old assumptions in the light of new evidence and adjust our thinking accordingly, the very thing that makes intellectual and moral progress possible.




    Of course, I am not the first to have noticed this gaping hole in our public education system. Many prominent scientists, including such luminaries as Albert Einstein and Carl Sagan, have written at length of their own struggles to overcome the same type of stultifying teaching practices that many youngsters face today. And thousands of reform-minded educators across the country have been quick to voice similar concerns. In the summer of 2010, for example, a committee of the National Research Council on K–12 science education in US schools released a draft framework for improved science standards in which they acknowledge:




    There is widespread recognition that too often standards are long lists of detailed and disconnected facts, reinforcing the criticism that the U.S. science curriculum tends to be ‘a mile wide and an inch deep.’ Not only is such an approach alienating to young people, but it can also leave students with fragmented elements of knowledge and little sense of the intellectual and creative achievements of science or its explanatory coherence.4




    Wading ankle-deep through the shallows of scientific knowledge without the tools to navigate deeper waters, it is easy to see how students might come away feeling frustrated and uninspired with little or no sense of how science—or the world—really works. Why wouldn't they? From the narrow viewpoint imposed by current instruction methods, science is made to look less like a path to self discovery than an odd collection of trivial facts amassed by an equally odd collection of brainiac scientists; not exactly the best attitude to cultivate if our goal is to build an inclusive, enlightened society. Indeed, one of the great ironies of our time is the fact that, while we live in a society increasingly dependent upon science and technology for its maintenance, hardly anyone outside the scientific profession understands how science works in general or how scientists work in particular. If this situation is not yet a crisis in the most literal sense of the term, it soon will be. To quote Carl Sagan: “This is a prescription for disaster. We might get away with it for a while, but sooner or later this combustible mixture of ignorance and power is going to blow up in our faces.”5




    At this point you might be wondering: If the situation is really so dire, why aren't more scientists following Sagan's lead and joining efforts to stem the tide of scientific illiteracy? Why, with so much at stake, is there no concerted effort among American scientists to make science education a top national priority? What's holding them back?




    As much as I would like to offer a nobler explanation (excuse?) for this apparent lack of concern from the scientific community, the main culprits in this crime of dispassion are, in fact, the usual suspects: time and money. Although job satisfaction polls indicate that most scientists are very happy with their career choice, the fact remains that doing science for a living can be as exhausting as it is rewarding. Gone are the days when scientists were mostly men of means who could afford to dabble in the empirical arts at their leisure. Today, science is an intensely competitive profession where time spent promoting science education is time lost in the struggle to keep the cycle of research, publication, and fund raising from grinding to an ignominious halt. So while few working scientists doubt the importance of a science-savvy citizenry, many consider public outreach efforts to be a luxury they simply cannot afford.




    There is also the possibility, distasteful as it is to admit, that some small portion of the scientific community might not be especially eager to level the scientific playing field to such a degree. After all, viewed from the halls of academia, the dark cloud of scientific illiteracy is not without its silver lining. Oddly enough, the feelings of inadequacy and intimidation that many people experience when talking about science has been something of a public relations bonanza for researchers who, through no fault of their own, tend to receive a generous amount of respect and admiration due to the perceived perplexity of their craft. Apart from being extremely flattering, the enhanced reputation that scientists enjoy amid the present rash of science phobia has proven extremely useful in securing public funds for scientific research, which, trust me, is no small benefit. Thus, viewed from the narrow standpoint of professional pride and career advancement, the current epidemic of scientific illiteracy looks like a pretty good deal for working scientists.




    Increasingly, however, gaining scientific prestige at the expense of common scientific literacy smacks of a Faustian bargain in that the lack of scientific understanding among nonscientists creates a serious barrier to the type of rational public discourse and consensus-building that is needed to address humanity's most pressing problems. And in the long run this is an extremely bad deal for everyone, scientists included. So whatever personal incentives there might be pressing in the opposite direction, my guess is that most of my scientific colleagues would gladly trade their status as card-carrying members of the intellectual elite for a society replete with critical thinkers. The dangers of rampant scientific illiteracy in modern times are simply too obvious—and too frightening—for even the most self-serving scientist to ignore.




    But while instilling a broad appreciation for the scientific process is a cause that virtually every scientist can support in principle, achieving that goal will take more than mere lip service from those of us who do science for a living. Moral support is all well and good, but in order to bring critical thinking to the forefront of human discourse working scientists will have to become actively involved in demystifying the scientific process and convincing the public that their own understanding of the fundamentals of science is of critical importance to the continued well-being of not just themselves and their loved-ones but of every sentient being on the planet.




    The main goal of this book is to help advance this cause by explaining, in the context of Darwinian evolution, what science is, what it is not, and why it is important that everyone understands the difference. But more than that, it is meant to remind researchers that their responsibility as working scientists does not stop at the laboratory door. Part of our job—and not the least part—is to promote the public understanding of science from the earliest grade levels through mentoring, educational outreach, and any other means at our disposal. We need to convince youngsters that understanding science is not only easy and fun; it is the key to unlocking life's greatest mysteries and realizing our fullest potential as both compassionate human beings and thoughtful stewards of a fragile planet.




    Unfortunately, the gap between science and society cannot be bridged with the alacrity that circumstances demand without convincing a sizeable portion of grownups as well, and it's easy to see how the halting nature of the scientific process might be disconcerting to those adults who stand outside the scientific profession. After all, classroom science has for generations been largely about parsing time-honored experiments and established facts, which can make the entire scientific enterprise seem remarkably neat and precise. It's a flattering portrayal to be sure, but this is not how science really works. Real science involves untried experiments and unknown unknowns that render the process a lot messier than most people realize. Indeed, the inherent vagaries of empiricism—the residue of those hidden variables that prevent any single scientific experiment from being definitive in the most common sense of the term—are a constant source of frustration for scientists and nonscientists alike, especially where the complexities of biology and medicine are concerned. Add to the mix suspicions of statistical chicanery that have persisted since the days of Samuel Clemens (lies, damned lies, and statistics) and the occasional high-profile case of scientific fraud, and it's easy to see how the credibility of science might suffer in the minds of those who were never taught how transparent and ultimately self-correcting the scientific process really is.6




    GETTING PERSONAL




    Whatever doubts people may have about the technical bona fides of the scientific process, however, they pale in comparison to worries over what might happen should the scientific outlook ever become so commonplace as to empty the pews. And this, it seems to me, is where the ultimate challenge lies. It is one thing to teach people how science works from an intellectual standpoint. It is quite another to get them to stare, unblinking, at the things they fear most while at the same time lowering their defenses. This is a lot to ask of anyone, much less everyone. Life is challenging enough without adding more uncertainty to the mix. And science, unlike religion, offers no guarantees.




    The good news is that once you understand what science has discovered about the true nature of the human condition, you realize that many of our worst fears about the scientific worldview are largely, if not entirely, unfounded. Consider the issue of morality for example. One of the biggest dangers ascribed to the broad acceptance of the matter-of-fact worldview that science affords is that it would strip away all incentives toward moral behavior and, in so doing, lead straight to social chaos. This concern is perhaps best distilled in a quote that Jean-Paul Sartre attributed to Dostoyevsky in The Brothers Karamazov wherein Ivan Karamazov claims, “If God did not exist, all things would be permitted.”7 Admittedly, if this were true it would be a good reason to think twice about teaching children to calibrate their beliefs strictly in proportion to the evidence (the logic being that it is better to live in blissful ignorance than painful enlightenment). In truth, however, worldwide health and crime statistics suggest nothing of the sort and, if anything, imply just the opposite. There is, in fact, no positive correlation between the proportion of religious believers and societal health—a finding that doubtless comes as no surprise to the hundreds of millions of good, honest people currently living exemplary lives without the benefit of religious belief. Moreover, there is a large and growing body of evidence in the scientific literature indicating that our sense of right and wrong is an inherent feature of our mental makeup—and that of many other species besides.8 In short, science has shown in no uncertain terms that morality is something we come by naturally; an empathic instinct that can be either nurtured and developed or starved and stunted. It need not be imposed from the outside by threats of reprisal in this life or the next. Thanks to science, we now understand that we are better than that.




    But even if there were a strong positive link between morality and religiosity, there would still be no reason to abandon the scientific outlook purely on religious grounds because, contrary to popular belief, there is nothing inherently anti-religious about science. It may sound counterintuitive, but science holds no a priori prohibitions against the kinds of things that religious people tend to believe—even the really crazy stuff. The scientific process can only confirm or refute; it does not define or limit what is possible ahead of time. If what you believe is true, you can rest assured that science will not prove you wrong. If, on the other hand, what you believe is not true, then you should ask yourself: what is it, exactly, that I am holding on to? A hope? A dream? And at what expense?




    Perhaps even more disconcerting to religious thinkers than the social ramifications of widespread rationalist thinking is the fear that the scientific outlook is too reality-bound to provide the same sense of hope and meaning traditionally derived from less empirical ways of looking at the world. But this assumes that the practice of calibrating one's beliefs in proportion to the evidence means rejecting the possibility that there is much more to this world than meets the eye, and nothing could be further from the truth. Nobody understands the limits of human knowledge better than scientists. Any scientist worthy of the title would not hesitate to acknowledge that our understanding of the cosmos, while vastly improved these last few centuries, is far from perfect and probably always will be. No matter how much we learn about our universe there will always be mysteries that lie beyond the power of science to unravel entirely, fundamental things we can never know for sure. What came before the Big Bang, for example, is one nut that scientists will probably never crack, which leaves open a whole host of fact-friendly possibilities for the spiritually minded to intelligently explore.




    It could be, for example, that the universe we see today is just the latest in an infinite series of cyclic events in which sentient beings like ourselves are recycled along with the heavens. If this is true—and there is no evidence to prove that it isn't—then the life we are experiencing now may be just the latest in an endless string of lives, each one a completely independent existence with an entirely fresh beginning. So far as science can tell, our conscious selves may have been around before, in one form or another, in some distant past and may eventually come around again in the far future. This vision of the cosmos might, in fact, represent the best of all possible worlds in that it avoids the world-weariness that is bound to overtake and consume any intelligent being condemned to live continuously and forever. And that goes double for eternal beings living under what most people would consider to be “heavenly” conditions, bereft of dangers to avoid, problems to solve, and challenges to overcome. (One might also wonder in passing exactly what sort of “meaning” there is to be gained from such an idyllic existence.)




    If you are convinced that there can be no meaning without permanency—a sentiment I do not share but can certainly understand—there must be dozens of ways to envision our eternal continuance that are perfectly compatible with the current scientific understanding of the cosmos. We need not resort to the cosmology of the Iron Age to imagine ourselves to be a lasting part of something far greater than ourselves. We simply need to acknowledge what we already know (that is to say, what science has revealed thus far) and consider the possibilities. This, to my mind, makes the continued belief in an eternal, judgmental, punishment-metering overlord—for which there is not a smidgen of compelling evidence—not only pointless but perfectly perverse given the demonstrable downsides.




    The point is that we don't have to pretend to be certain about beliefs we cannot defend in order to live full, meaningful lives. Just because there are many things about our world that we don't fully understand doesn't mean we must deny the things we do understand in order to preserve our sense of purpose and meaning. It simply isn't necessary. Knowing that the universe was not created specifically for our benefit need not diminish our collective or individual sense of self-worth. The plain fact that we are here, that life exists at all, is proof positive that something wonderful is going on here. It might not be what we expected, but that doesn't make it any less meaningful. If anything, knowing how fragile and fleeting we really are—and not knowing for sure what may or may not come after—makes life all the more precious.




    This is why a healthy dose of doubt is one of the best gifts any parent can give to their children, for it is doubt that causes us to hesitate, to stop and think. Doubt can't keep us from making mistakes, of course, but it can keep us from compounding them to the point where others are made to suffer as a consequence. Indeed, the surest way to turn an honest mistake into something sinister is to wield it with unyielding certainty. As fallible human beings we not only have the right to express uncertainty about claims backed by little or no evidence; we have an obligation to do so, not only to challenge the dictates of others but to reinforce the habit of questioning our own assumptions about the way things are.




    Not only is the willingness to question our every belief the only real way forward in an intellectual sense, it is the only way to ensure that the mistakes we make in interpreting the nature of things are not compounded by the kind of dogmatic certainties that serve to validate prejudices, silence the conscience, and keep people from thinking deeply and critically about the things that matter most. Although science teaches that in principle we can never be one hundred percent certain about anything, we can be reasonably sure that Aztec priests harbored no serious doubts about their core beliefs as they tore the beating hearts from the chests of their still-conscious victims. Likewise, seventeenth-century scientists, secure in the knowledge that animals were mere “automatons” lacking both sensation and self-awareness, would casually nail dogs to boards by their four paws and flay them open while still conscious in order to study the circulation of the blood.9




    Looking back, these acts seem about as horrifying and unconscionable as any we can imagine. And yet, these people never intended to be cruel. Nor were they aware of the intense and gratuitous suffering being delivered at their hands. On the contrary, they were all acting in good faith, supremely confident that what they were doing was the right thing. The fact that they didn't understand what they were really doing may excuse the crime, but it does nothing to lessen the misery that resulted from their abject certainty. If we ever hope to bring this type of horrific, well-meaning behavior to an end we must first resolve to stop pretending to be sure of things that no human being can be sure about. We must learn to embrace the uncertainty of life and face the realities that face us, or risk repeating the same unwitting atrocities for the remainder of our tenure here on Earth. It sounds daunting I know, but, as I hope to show in the pages to follow, there is much more to be gained than lost in freeing ourselves from our most cherished certainties, be they religious, scientific, or otherwise.




    BETWEEN THE COVERS




    This book, at its heart, is my response to a growing “crisis of faith,” a situation that threatens to derail our development as a sane and sensible species. Everything from the modern creationist movement to the increasing role of religion in politics speaks to our failure as a society to secure the blessings of rational discourse for ourselves and for our posterity. The good news is that it doesn't have to be this way. Far from being the sole province of scientists and academicians, critical thinking is a skill that can, and indeed must, be taught to every child from the earliest grade levels. Now more than ever we must arm our children with the wherewithal to think for themselves, teaching them how to tell proof from propaganda, rational beliefs from superstition, and objective reality from abject fantasy. Only then will the prevailing culture of dogmatic thinking and the hostility it inspires give way to an era of responsible global stewardship, a time when all decisions great and small are based on demonstrable facts and not just wishful thinking.




    Although it is hard to imagine a topic more compelling than this, the trick, as always, is in the telling. And like any true-life drama, this story cannot be told to any meaningful effect without first setting the stage. After all, as wondrous and inspiring as our journey of scientific self-discovery has been, one cannot truly appreciate the astonishing things that science has revealed about the human condition without first understanding what it is about science that makes it worthy of our trust. People are smart, but they face a cacophony of conflicting claims that are not always easy to resolve by common sense alone. Scientific evidence is all well and good, but experience teaches that things are not always as they seem, and even the “experts” don't always interpret the same data in the same way. So with all the controversy swirling around those areas where scientific knowledge challenges conventional wisdom, how can we be sure that scientific ways of knowing are more reliable than traditional tenets, time-honored social doctrines, scriptural teachings, or even our own base intuitions?




    Part 1 of this book, From So Simple a Beginning, attempts to answer this question in the context of what is easily the most emotionally charged scientific theory of our time: the evolution of species. By examining the way in which Darwin arrived at his theory of natural selection and his struggle to come to terms with what his research had revealed, I hope to make clear not only how the scientific process works in principle but also how scientists work in practice to, however haltingly, arrive at the truth despite their own preconceptions. To underscore the importance of knowing both what science is and what it is not, I also describe how evolutionary opponents have—sometimes unwittingly and sometimes not—turned the scientific process on its head in order to preserve many of those same cherished preconceptions.




    The second section, Science for Everyone, explains why scientific ways of thinking do not come naturally to the human mind (hence the need for universal science education) and challenges the popular belief that science is too difficult for the general public to understand. The take-home message here is that scientific literacy and critical thinking are not just tools of the scientific trade. Like reading and writing, the ability to evaluate empirical evidence and adjust our views accordingly are essential life skills that can, with sufficient effort, be mastered by most everyone.




    This is easier said than done of course, and if there is one major stumbling block that scientists and educators tend to overlook when it comes to promoting the public understanding of science, it's the simple fact that getting at the truth of things isn't always at the top of everyone's agenda. In fact, when it comes to certain “big picture” questions, honest inquiry tends to rank rather low on our list of priorities, as the perceived need to preserve hopeful beliefs about the world (and ourselves) often trumps our desire to know what's really going on. This is why, by and large, you cannot reason someone out of a position they didn't reason themselves into. For many people of faith the issue isn't about determining which beliefs are true and which are false but, rather, deciding which beliefs are good and which are bad. Thus, from an educational perspective it is important to understand that if someone really wants—or feels the need—to believe something, no amount of evidence or clever argumentation is going to dissuade them because the truth is not what truly interests them most. In the end what people really want is a worldview they can live with, not knowledge they might prefer to live without. If this is true, then the only realistic way to loosen our collective grip on our most dangerous delusions is for rationalist thinkers to (somehow) convince people of faith that (1) the traditional beliefs they assume to be both good and necessary are, in fact, neither, and (2) the objective reality that science has revealed is not nearly as dark and gloomy as commonly thought.




    With this realization in mind, part 3, Transcending Faith, challenges readers to reexamine the common conviction that, right or wrong, the benefits of unthinking faith are worth the cost. Being realistic, this is a topic I approach with some trepidation, as there are literally billions of people—family and friends included—who take no small comfort in their religious convictions. It's hard to put a value on those things that give us peace of mind, no matter what their source. And while there is certainly something to be said for pursuing the truth for truth's sake, it would be cruel to rob anyone of their fondest hopes and dreams merely to chasten them with the cold, hard realities of the “real” world. This, however, is not my intention. Instead, what I hope to do here is convince readers that the damage we inflict upon one another in the service of our most durable and divisive myths is wholly unnecessary in light of what science has revealed about the world and our place in it. The truth is, the marvels of the “real” world as revealed by science are far more inspiring—and more liberating—than anything we have ever imagined for ourselves.




    The final chapters, grouped under the Adamsian heading Life, the Universe, and Everything, explore the “big picture” implications that stem from the current body of scientific knowledge, including what it means to be human in a universe that didn't know we were coming. Here the reader will find more questions than answers, but perhaps it's only fitting that a book rooted in science should lead to more puzzles in the end. And there are plenty left to be solved. For example, given what we know about our fortuitous rise from the swirling dustbin of creation, what are the odds that there are other advanced civilizations out there contemplating the cosmos along with us? Are we alone? And if our fragile planet really is, as some suggest, a singular “bastion of animals in a sea of microbe-infested worlds,” what would that mean to us?10 Is there significance to be found in being a part of something so rare and precious? And what about the long view? Does the fact that we live in a universe with an expiration date make our existence ultimately pointless, or does life's true meaning transcend mere permanency?




    These are but a few of the “big questions” that modern science has given us the opportunity to ponder in an informed way for the very first time; the ones that really matter. We may never find the answers to all our questions about life, the universe, and everything, but one thing seems clear enough: if these questions matter, then so must we.
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    Sit down before fact as a little child, be prepared to give up every preconceived notion, follow humbly wherever or whatever abysses nature leads, or you will learn nothing.




    —THOMAS H. HUXLEY, LETTER OF REPLY TO


    CHARLES KINGSLEY (SEPTEMBER 23, 1860)




    When you stop to think about it, the enormous body of knowledge that we humans have come to appreciate in our brief stint on this planet is really quite remarkable. Our species, Homo sapiens, having branched from our hominid lineage a mere two thousand centuries ago, has far outstripped the cognitive capacity of every other earthly life form that has ever existed. We alone have come to understand the immensity of the universe, the workings of the stars and planets, and the forces that drive the seasons and turn night into day. Only humankind has managed to grasp the nature of the elements, the unity of matter and energy, the activities of the cell, and the function of the heart. These and countless other insights have, through the power of observation and reason, all become the exclusive province of the human mind.




    Even more impressive is the stunning rapidity with which so many of nature's secrets have yielded to the ceaseless probings of humanity. Cave paintings and archaeological artifacts aside, the whole of recorded human history spans a surprisingly short period of time—fewer than five thousand years. And yet the vast majority of human knowledge has accumulated over an era much briefer still; a nascent epoch measured in mere centuries. Indeed, practically everything we've come to know about the natural world can be traced to the Renaissance and the formal adoption of what is now known as the scientific method. This objective approach to scientific inquiry, freed from the age-old compulsion to reconcile observation with preconceived worldviews, led quickly to the dissolution of numerous long-established and firmly entrenched beliefs that had effectively stymied scientific progress for nearly two thousand years. Chief among these doctrines were the geocentric astronomical system of Ptolemy and the Aristotelian conception of gravity and motion. Once these tenacious tenets were finally dispatched in the sixteenth century by the likes of Copernicus, Kepler, and Galileo, the flood gates were opened. As suddenly as the dropping of Sir Isaac's apple, the modern era of free scientific inquiry and technological advancement had begun, promising to elevate humankind to heights scarcely imagined—perhaps even to know the mind of God.




    As one discovery led inexorably to the next, however, the underlying assumptions that had buttressed our ancestors' views of creation since time immemorial came increasingly into doubt, creating a surge of societal angst that lingers to this day. Being plucked from our celebrated position at the center of the universe was bad enough, but then to suffer the indignity of evolution! The irony was piercing. It seemed the more enlightened we became, the more sanctified by intellect and reason, the further our status as unique, eternal beings was undermined. Could it be that man, in truth, was simply the latest in a long line of ephemeral animal species culled from the primordial seas by the forces of natural selection? Was it really possible that human beings, who had come to dominate the Earth and its creatures so completely, were actually related to these beasts?




    To most people of the Victorian era this notion seemed perfectly absurd and, as such, was summarily dismissed as the idle ruminations of the academic fringe. To the scientific community, however, the body of evidence unearthed by the diggings of one Charles Darwin was not so easily ignored. Indeed, the voluminous observations that Darwin amassed in his 1859 opus The Origin of Species had clearly provided the best evidence to date that life in all its complexity had evolved from simpler forms and that the forces of change were still at work.1 But that was the least of it. What really caused scientists to sit up and take notice was that Darwin had for the first time tied the evolutionary process to a scientifically viable mechanism of biological adaptation—something he called “descent with modification.”





    DARWIN'S DANGEROUS IDEA




    Though the implications of Darwin's thesis were both provocative and far reaching, The Origin of Species might have emerged largely unnoticed beyond the cloistered walls of academia had its author not already published a popular tome on his Journal of Researches some two decades earlier.2 As it was, word that Darwin was finally ready to publish his “big book on species” created something of a stir among the English book-buying public…so much so, in fact, that the original printing of 1,250 copies sold out to booksellers in a single day. Despite its popular appeal, however—or perhaps because of it—a massive groundswell of resistance had already begun to take shape by the time the second edition was released just six weeks later. If Darwin had hoped to forestall his detractors with a surfeit of supporting evidence, he could harbor the fantasy no longer. The theory of evolution by means of natural selection, no matter how logical in construct or well supported by physical proof, was not about to go unchallenged.




    Predictably, it was the clergy who spearheaded the backlash of opposition. But theirs were not the only voices raised in protest. Joining in the chorus were a goodly number of scientists who, for reasons known only to God, felt obliged to defend the long-standing supposition that all life forms had been created de novo in their present form. But to be fair, even the unchurched had every reason to be skeptical at first. After all, in the 2,500-year-history of Western philosophical thought, the fixity of species had scarcely been questioned, much less seriously challenged. Like begets like, that was the natural order among all living things. People beget people, swine beget swine, and tulips beget tulips—it was that obvious. And besides, unlike the ministerial dictates on celestial mechanics that had long stood in opposition to astronomical observations, there had never been a compelling reason to doubt the teachings of the church in this regard. No one, for example, had ever witnessed a cow begetting anything but another cow, and chicken eggs, when they hatched, never yielded anything apart from a chick. But perhaps more importantly, the idea of a perfect and unchanging natural world had, by Darwin's time, become more than just a provincial belief borne of cultural norms. It had also gained a large measure of scientific legitimacy, thanks to the 1735 publication of Systema Naturae, a seminal treatise on natural order in which Swedish botanist Carl Linnaeus introduced his scheme for classifying organisms according to their physical similarities, a scientific discipline known nowadays as taxonomy.3




    The Linnaean system, still the basis for most taxonomic classifications used in biology today, was created under the explicit assumption that each class, order, family, and species of animal and plant in existence had remained unaltered since the world was new. Although the facts now speak strongly against this hypothesis, from a scientific perspective this was a perfectly legitimate place for the young Linnaeus to start, given the dearth of paleontologic (fossil) evidence at his disposal and the complete lack of genetic, embryologic, and biochemical clues available at the time. All in all, it was the kind of mistake that good scientists make all the time, and like all good scientists Linnaeus was not opposed to amending his hypotheses in deference to newfound facts. Indeed, as more information slowly came to light, Carl von Linné (as he would later come to be known) would ultimately abandon his original contention that species were fixed and would conclude instead that some—if not most—species had arisen after the creation of the world through the process of hybridization. He was, after all, the first to propose that whales be grouped with cows, mice, and other quadrupeds. Still, as the son of a Lutheran minister, there were certain ideological lines that Linnaeus was not prepared to cross; time-honored beliefs that would ultimately blind him to the possibility that these changes might, in fact, be an open-ended process devoid of divine direction.




    But while Linnaeus's work did cast a long shadow over all those who followed in his wake, Darwin's dilemma did not stem from just one man's narrow interpretation of an incomplete dataset. Linnaeus had simply advanced what Darwin had reason to believe was a false hypothesis, and the dissolution of false hypotheses is what ultimately pushes scientific knowledge forward. Linnaeus had done his part and Darwin was doing his, just as scientists were supposed to do. The problem was, the immutability of species was no ordinary hypothesis. This was a scientific paradigm with biblical backing; a theory that people very much wanted to believe. Thus, contrary to the base principles of scientific inquiry, the “fixity of species” hypothesis had in the minds of many come to assume the mantle of essential truth—an unassailable tenet that stood beyond all questioning. As a consequence, Darwin found himself not merely challenging a long-standing scientific conjecture but casting doubt upon a cherished article of faith. Pressing ahead meant that he would have to tread lightly and have plenty of proof to back his claims.




    As Darwin prepared to publish his thesis, he was very much aware of the maelstrom he was about to unleash, this despite the fact that biological evolution was an idea that had already been bandied about for quite some time. The Greek philosopher Anaximander of Miletus (610–545 BCE) was among the first to broach the subject, having deduced, quite correctly, that humans had evolved from fishlike aquatic creatures that had somehow adapted to life on dry land.4 For reasons lost to history, however, his proposal never grew legs and was all but forgotten until the Italian Renaissance when philosopher Lucilio Vanini finally revived the notion of human evolution in 1616, suggesting that humans descended from apes.5 Unfortunately, the revival was short-lived, as the outspoken theorist was burned as a heretic just three years later. Still, despite this discomfiting reception, speculation concerning the evolution of species persisted and was widely discussed—albeit discreetly—in scientific circles even as a young Charles Darwin set sail as an unpaid naturalist on the British survey ship H.M.S. Beagle in December of 1831.




    Upon his return to England, Darwin's five years of field work studying the flora and fauna of Africa, South America, and the Galápagos archipelago quickly coalesced into a singular insight of immense importance: namely, that natural selection was the driving force behind the evolution of all living things. It finally made sense: a random variant within a population would, in time, become more prevalent if environmental conditions were to favor that particular characteristic. An elongation of the beak, a thickening of the fur, a flap of skin tucked between the toes, a bony protuberance here and there: just about any arbitrary nonconformity could do the trick under the right circumstances. Even the slightest competitive advantage might act to enhance survival, yield more offspring, and increase the prevalence of a particular trait among individuals of a species. And once a population had changed enough to become reproductively isolated from its progenitors, taxonomists would come to recognize these individuals as members of a new and separate species, similar yet distinct. String enough of these speciation events together and only the faintest similarities would survive from one end of the chain to the other; a situation that, in the prescientific era, provided the perfect pretext for humans to distance themselves from their animal kin.





    At last, a self-consistent explanation for the evolution of species had been pieced together from the shards of evidence available to pre-genomic scientists. But was the public ready to hear it? Reaction to the publication of Vestiges of the Natural History of Creation in 1844 suggested to Darwin that they might not be.6 Indeed, just as he was putting the finishing touches on a detailed sketch of his thesis, Vestiges author Robert Chambers had unwittingly given Darwin a sobering glimpse at the kind of reception his ideas were likely to receive. And it was quite an eyeful. Darwin could hardly help but notice the vitriol that Chambers had inspired with his suggestion that the Earth and its inhabitants had not been created all at once but had instead evolved gradually through a vast sequence of incremental changes. Although the author had cited evidence both copious and credible to support his conclusions, the idea that the creation process had taken considerably longer than biblical literalists had assumed did not play well with traditionalist thinkers. But this was nothing compared to the righteous indignation that greeted Chambers's proposition that humankind had, on a geological time scale, emerged quite recently as a transmutation of the great apes. Many people had taken this final assertion as a personal affront and were not shy about voicing their displeasure. Fortunately, these were gentler times and no one had sought to put the author's feet to the fire—at least not in the literal sense.




    Still, it was easy to see why Chambers had chosen to publish Vestiges anonymously. It had taken more than a dozen generations for people to fully digest the idea of an itinerant Earth circumnavigating its parent star, and by all indications most folks had little appetite for a second course of scientific revelation, especially one so unpalatable as the evolution of species. So despite having a 231-page treatise already in hand—a landmark essay that explained how natural selection might act to cull new species from existing varieties—Darwin hesitated. For better or worse the stormy politics of evolution had stayed his hand, redoubling his want to test every aspect of natural selection to the greatest possible extent before releasing his findings to a vexed and volatile public. This combination of diligence and trepidation had proved so viscous a mix, in fact, that it would ultimately prevent Darwin from publishing his theory for another fifteen years. Until, that is, he received a parcel from Alfred Russel Wallace.





    GREAT MINDS…




    For ten years prior, Wallace had worked in the Amazon and Malay archipelago as a collector of exotic specimens for European buyers and in the course of his travels had ample opportunity to study the stunning variety of flora and fauna to be found there. He, like Darwin, had harbored a long-standing interest in the causes of organic evolution and had surmised in a sudden flash of recognition that the proliferation of plants and animals might very well operate under principles that parallel the economic checks and balances described by Thomas Malthus in his Essay on the Principle of Population (1798).7 Like a bolt out of the blue, both men were struck by Malthus's observation that plants and animals naturally produce far more offspring than can possibly survive and thus create intense competition among siblings for limited resources. This singular insight, in concert with emerging geological evidence that spoke to the immense age of the Earth, raised the prospect that the tremendous diversity of modern species might, in fact, be the residue of innumerous varieties struggling over untold eons to survive amid shifting environmental conditions.




    Excited over his breakthrough, which had come to him in dramatic fashion during a two-week bout with malaria, Wallace wasted little time. As soon as he was well enough, Wallace penned a brief essay on what he called the “progression and continued divergence of varieties from their parent species” and sent it off to Darwin, a man he knew through prior correspondence to be interested in “the species question.” With it he included a brief note asking Darwin to review the manuscript and, if he thought it worthy, forward it to Charles Lyell, whose Principles of Geology had also figured prominently in his thinking.8




    Darwin was stunned. Wallace had summarized his 1844 essay with such precision that he could scarcely imagine writing a better outline himself. The similarities were indeed uncanny, and though on some level Darwin must have been pleased to receive so clear an affirmation of his secreted theory, he was understandably pained to surrender ownership of his life's work and agonized over what to do next. True to his patrician upbringing, Darwin's first impulse was to stand aside and cede priority to Wallace, who, despite having started a distant second, was obviously prepared to publish first. On the other hand, Charles Lyell and botanist Joseph Hooker had for years urged Darwin to make public a sketch of his original essay and were resolute in their insistence that Darwin should now issue an abstract of his own to preserve the precedence that was rightfully his.9 Still, Darwin worried that doing so might seem petty and underhanded given the circumstances, writing to Lyell in a letter dated June 25: “I shd be extremely glad now to publish a sketch of my general views in about a dozen pages or so. But I cannot persuade myself that I can do so honorably…. I would far rather burn my whole book than that he or any man shd think that I had behaved in a paltry spirit.”10




    For Darwin, however, the issue of precedence would soon be eclipsed by more pressing concerns, as his infant son Charles—not yet nineteen months old—had recently taken ill with scarlet fever and was growing sicker by the day. Knowing that several children in the village of Downe had already died in the wake of the contagion, Darwin was consumed with worry and could think of little else, confessing to Hooker that under the circumstances it was “miserable in [him] to care at all about priority.”11 Conflicted and heartsick, Darwin soon lost all interest in what now seemed to him a trifling affair and was content to have his “two best & kindest friends” settle the matter in whatever way they thought fair.




    Because they couldn't be sure that Wallace had not already sent a copy of his monograph elsewhere for publication, Lyell and Hooker felt obliged to act quickly. Their solution, though contrived primarily to preserve Darwin's priority, was perhaps as fair a compromise as could be struck under the circumstances. The plan was to credit both men by presenting a brief sketch of Darwin's original 1844 essay together with Wallace's monograph to the distinguished members of the Linnaean Society, who were scheduled to meet in London the following week. Sadly, by the time word of the arrangement reached Darwin, he and his wife Emma were arranging for the funeral of their son and preparing to move the other children out of Downe until the contagion had passed. “I have just read your letter, & see you want papers at once. I am quite prostrated & can do nothing but I send Wallace & my abstract of abstract [sic] of letter to Asa Gray, which gives most imperfectly only the means of change & does not touch on reasons for believing species do change. I daresay all is too late. I hardly care about it.”12




    On July 1, 1858, Charles and Emma Darwin buried their son in the parish churchyard. Later that same day, unread by Darwin and unbeknownst to Wallace, their shared accounting for the transmutation of species was formally announced to the world, effectively serving to solidify the mounting slurry of taxonomic data into a concrete science held firm by the mortar of natural selection. Here for the first time scientists were presented a self-consistent hypothesis regarding the actual means by which complex organisms might evolve from simpler forms—an idea supported by an abundance of evidence that could be put to the test.




    If Darwin had been expecting to raise a row, however, he would have to wait. Taken completely unawares by this last-minute addition to the agenda, the twenty-five members of the Linnaean Society in attendance that evening had little opportunity to form a considered opinion of the work and so, perhaps wisely, offered very few comments at meeting's end. It would, in fact, take some time for the implications of Darwin's theory to sink in, as evidenced by the remarks made by society president Thomas Bell in an address delivered the following May. He (now famously) opined that the prior year's meetings had not “been marked by any of those striking discoveries which at once revolutionize, so to speak, the department of science in which they bear.”13 In the end, of course, Bell's words could not have rung less true.




    Although the significance of Darwin's proposal had managed to elude the Linnaeans in the short term, publication of the Origin of Species some seventeen months later had just about everyone talking, scientists and laymen alike. Passions ran high as the debate quickly reached a fevered pitch, igniting yet another skirmish in the ongoing battle between reason and sentiment.




    But try as they might, the truth of evolution would never truly be tested by the loud and spirited objections that chimed steadily from church pulpits. Nor would it be undermined by the impassioned opposition of biblically minded naturalists like Richard Owen, whose storied debates with T. H. Huxley (a.k.a. Darwin's bulldog) were to become the stuff of legend. Indeed, the veracity of evolution via natural selection would not—and, indeed, could not—be challenged by those who simply rejected the notion out of hand, as their inability (or plain refusal) to faithfully weigh the evidence effectively stripped them of all authority to judge the matter.
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