
      
         
        
 
 

         
      

   
      
         
         
         
         Advance Praise for Catching Fire

         
         
         
         
         
         ‘In modern times we are all obsessed with how to cook, but this book answers the much deeper question of why we cook, and in doing so highlights the fact that what has become an art form, was at its inception the driving force for
            us, humans-to-be, becoming the dominant species on the planet.
         

         
         
         
         
         Wrangham’s explanations are always thorough without feeling like you’re swimming through treacle. They are simple, logical
            and compelling, whilst answering some of the biggest questions out there.
         

         
         
         
         
         At a time when less people are cooking, this book gently reminds us that we in the developed world are walking away from the
            very thing that made us what we are, and we should squander this defining skill at our own peril.’ Allegra McEvedy, Guardian



         
         
         
         
         
         ‘A feast of new ideas on human evolution’ Steven Pinker, author of How the Mind Works and The Stuff of Thought



         
         
         
         
         
         ‘Richard Wrangham is the perfect master of paleoanthropology, primatology, archaeology, human biology, and the chemistry and
            physics of food. No one else could combine these disciplines to yield revolutionary insights about food history’ Felipe Fernandez-Armesto,
            author of The World: A Global History



         
         
         
         
         
         ‘A tour de force on how to study human evolution, combining original ideas with an extraordinary range of science. With elegance and clarity,
            Wrangham has shown how cooking permeates all human life, and must have played a major part in making us what we are as a species’
            Robert Foley, Director of the Centre for Human Evolutionary Studies, University of Cambridge
         



         
         
         
         
         
         ‘Superbly lucid and comprehensive ... this masterful work shows how cooking was – and continues to be – an essential part
            of humanity’ David Pilbeam, Professor of Human Evolution, Harvard University
         



         
         
         
         
         
         ‘The claim that “cooks made us” now has exciting evolutionary support. Let cooks lead the celebrations!’ Michael Symons, author
            of A History of Cooks and Cooking



         
         
         
         
         
         ‘Catching Fire is a brilliant, pathbreaking book. Every reader will be inspired by it’ Nicholas Humphrey, author of The Mind Made Flesh and Seeing Red



         
         
         
         
         
         ‘This is a fascinating tour through an everyday event so important we hardly notice, cooking: a human habit for some two million
            years, which turns out to be a key to much of who we are. Beautifully written, with convincing logic and evidence throughout’
            Robert Trivers, winner of the 2007 Crafoord Prize
         



         
         
         
         
         
         ‘Catching Fire is convincing in argument and impressive in its explanatory power. A rich and important book’ Michael Pollan, author of In Defense of Food and The Omnivore’s Dilemma
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         INTRODUCTION

         
         
         
         
         
         The Cooking Hypothesis

         
         
         
         
         
         “[Fire] provides us warmth on cold nights; it is the means by which they prepare their food, for they eat nothing raw save
               a few fruits . . . the Andamanese believe it is the possession of fire that makes human beings what they are and distinguishes
               them from animals.”

         
         
         
         
         —A. R. RADCLIFFE-BROWN, The Andaman
Islanders: A Study in Social Anthropology

         
         
         
         
         
         The question is old: Where do we come from? The ancient Greeks told of human shapes being molded by gods out of clay. We know
            now that our bodies were molded by natural selection and that we come from Africa. In the distant past, long before people
            first wrote or tilled the soil or took to boats, our ancestors lived there as hunters and gatherers. Fossilized bones reveal
            our kinship with ancient Africans a million years ago and more, people who looked much like we do today. But in deeper rocks
            the record of our humanity dwindles until around two million years ago, when it gives way to prehuman ancestors and leaves
            us with a question that every culture answers in a different way, but only science can truly decide. What made us human?

         
         
         
         
         This book proposes a new answer. I believe the transformative moment that gave rise to the genus Homo, one of the great transitions in the history of life, stemmed from the control of fire and the advent of cooked meals. Cooking
            increased the value of our food. It changed our bodies, our brains, our use of time, and our social lives. It made us into
            consumers of external energy and thereby created an organism with a new relationship to nature, dependent on fuel.

         
         
         
         
         The fossil record shows that before our ancestors came to look like us, they were humanlike in walking upright, but mostly
            they had the characteristics of nonhuman apes. We call them australopithecines. Australopithecines were the size of chimpanzees,
            they climbed well, they had ape-sized bellies, and they had protruding, apelike muzzles. Their brains, too, were barely larger
            than those of chimpanzees, which suggests that they would have been as uninterested in the reasons for their existence as
            the antelopes and predators with which they shared their woodlands. If they still lived today in some remote area of Africa,
            we would find them fascinating. But to judge from their ape-sized brains, we would observe them in national parks and keep
            them in zoos, rather than give them legal rights or invite them to dinner.

         
         
         
         
         Although the australopithecines were far different from us, in the big scheme of things they lived not so long ago. Imagine
            going to a sporting event with sixty thousand seats around the stadium. You arrive early with your grandmother, and the two
            of you take the first seats. Next to your grandmother sits her grandmother, your great-great-grandmother. Next to her is your
            great-great-great-great-grandmother. The stadium fills with the ghosts of preceding grandmothers. An hour later the seat next
            to you is occupied by the last to sit down, the ancestor of you all. She nudges your elbow, and you turn to find a strange
            nonhuman face. Beneath a low forehead and big brow-ridge, bright dark eyes surmount a massive jaw. Her long, muscular arms
            and short legs intimate her gymnastic climbing ability. She is your ancestor and an australopithecine, hardly a companion
            your grandmother can be expected to enjoy. She grabs an overhead beam and swings away over the crowd to steal some peanuts
            from a vendor.

         
         
         
         
         She is connected to you by over three million years of rain and sun and searching for food in the rich and scary African bush.
            Most australopithecines eventually went extinct but her lineage slowly changed. Evolutionarily, she was one of the lucky ones.



         
         
         
         
         
         The transition is first signaled at 2.6 million years ago by sharp flakes dug from Ethiopian rock. The fragments testify to
            cobblestones being deliberately clashed to produce a tool. Cut marks on fossil bones show that the simple knives were used
            to cut tongues out of dead antelope and to get hunks of meat by slicing through tendons on animal limbs. This new behavior
            was remarkably effective—it would have allowed them to skin an elephant quickly—and was far more skillful than anything chimpanzees
            do when eating meat. Knife-making suggests planning, patience, cooperation, and organized behavior.

         
         
         
         
         Old bones continue the story. By around 2.3 million years ago, the first tentative record emerges of a new species, a habiline.
            Habilines, still poorly understood, are the “missing link” between apes and humans. They were truly missing until 1960, when
            Jonathan Leakey, the twenty-year-old son of paleontologist Louis Leakey and archaeologist Mary Leakey, discovered them in
            the form of a jaw, skull, and hand in Tanzania’s Olduvai Gorge. Even now there are only six skulls that tell us the brain
            size of the principal species, and just two reasonably complete specimens showing their limbs, so our portraits of these intermediate
            beings are fuzzy. Habilines appear to have been about the same small size as australopithecines and had long arms and jutting
            faces, leading some people to call them apes. Yet they are thought to be the knife makers, and they had brains twice as big
            as those of living nonhuman apes, so others place them in the genus Homo and thereby call them human. In short, they show a mixture of prehuman and human characteristics. They were like upright chimpanzees
            with big brains, and we might guess they were just as hairy and almost as good at climbing trees.

         
         
         
         
         After the habilines emerged, it took hundreds of thousands of years for the evolutionary gears to start turning rapidly again,
            but between 1.9 million and 1.8 million years ago, the second critical step was taken: some habilines evolved into Homo erectus, and with their arrival the world faced a new future.

         
         
         
         
         The mental abilities of Homo erectus are open to question. We do not know whether they used a primitive kind of language, or how well they controlled their tempers.
            But Homo erectus looked much more like us than any prior species. They are considered to have walked and run as fluently as we do today, with
            the same characteristic stride that we have. Their various descendants, including Neanderthals more than a million years later,
            all exhibited the same form and stature. If they time-traveled to a modern city, they might suffer some sidelong glances but
            they could be fitted for clothes in a typical store. Their anatomy was so similar to ours that some anthropologists call them
            Homo sapiens, but most give these pioneers their own distinct name of Homo erectus because of such features as smaller brains and lower foreheads than are found in modern humans. Whatever we call them, their
            arrival marks the genesis of our physical form. They even appear to have grown and matured slowly, in the manner of modern
            humans. After their emergence it would be mainly a question of time and brain growth before modern humans emerged about two
            hundred thousand years ago.

         
         
         
         
         So the question of our origins concerns the forces that sprung Homo erectus from their australopithecine past. Anthropologists have an answer. According to the most popular view since the 1950s there
            was a single supposed impetus: the eating of meat.



         
         
         
         
         
         Hundreds of different hunter-gatherer cultures have been described, and all obtained a substantial proportion of their diet
            from meat, often half their calories or more. Archaeology indicates a similar importance of meat all the way back to the butchering
            habilines more than two million years ago. By contrast, there is little to suggest that their predecessors, the australopithecines,
            were much different from chimpanzees in their predatory behavior. Chimpanzees readily grab monkeys, piglets, or small antelopes
            when opportunities arise, but weeks or even months can go by with no meat in their diets. Among primates we are the only dedicated
            carnivores, and the only ones to take meat from large carcasses.

         
         
         
         
         Those smaller-brained ancestors could not have obtained meat without confronting dangerous animals. Their physical abilities
            often would have proved wanting. The first meat eaters certainly would have been slow, they had small bodies, their teeth
            and limbs made feeble weapons, and their hunting tools were probably little more than rocks and natural clubs. Greater ingenuity
            and improved physical prowess would have helped bring down prey. Hunters might have chased antelope on long runs until the
            quarry collapsed from exhaustion. Perhaps they found carcasses by watching where vultures swooped down. Predators such as
            saber-toothed lions brought further challenges. Teamwork might have been necessary, with some individuals in a hunting party
            throwing rocks to keep fearsome animals at bay while others quickly cut off hunks of meat before all retired to eat in a defensible
            site. So it is easy to imagine that the rise of meat eating fostered various human characteristics such as long-distance travel,
            big bodies, rising intelligence, and increased cooperation. For such reasons the meat-eating hypothesis, often called “Man-the-Hunter,”
            has long been popular with anthropologists to explain the change from australopithecine to human.

         
         
         
         
         But the Man-the-Hunter hypothesis is incomplete because it does not explain how hunting was possible without the economic
            support gathered foods provided. Among hunter-gatherers, gathering is mostly done by women and is often responsible for half
            the calories brought to camp. Gathering can be just as critical as hunting because men sometimes return with nothing, in which
            case the family must rely entirely on gathered foods. Gathering depends on abilities normally considered to be absent in australopithecines,
            such as carrying large bundles of food. When and why did gathering evolve? What breakthroughs in technology enabled females
            to gather? Or did habilines get their meat without being involved in an economy of exchange? These are core questions Man-the-Hunter
            leaves unanswered.

         
         
         
         
         A different kind of difficulty is even more severe: the habilines show that there were two changes in the path from ape to
            human, not just the one implied by Man-the-Hunter. The two steps involved different kinds of transformation and occurred hundreds
            of thousands of years apart—one probably around 2.5 million years ago, and the second between 1.9 million and 1.8 million
            years ago. It makes no sense that the two kinds of change should have been prompted by the same cause.

         
         
         
         
         Meat eating accounts smoothly for the first transition, jump-starting evolution toward humans by shifting chim-panzeelike
            australopithecines into knife-wielding, biggerbrained habilines, while still leaving them with apelike bodies capable of
            collecting and digesting vegetable foods as efficiently as did australopithecines. But if meat eating explains the origin
            of the habilines, it leaves the second transition unexplained, from habilines to Homo erectus. Did habilines and Homo erectus obtain their meat in such different ways that they evolved different kinds of anatomy? Some people think the habilines might
            have been primarily scavengers while Homo erectus were more proficient hunters. The idea is plausible, though archaeological data do not directly test it. But it does not solve
            a key problem concerning the anatomy of Homo erectus, which had small jaws and small teeth that were poorly adapted for eating the tough raw meat of game animals. These weaker
            mouths cannot be explained by Homo erectus’s becoming better at hunting. Something else must have been going on.



         
         
         
         
         
         How lucky that Earth has fire. Hot, dry plant material does this amazing thing: it burns. In a world full of rocks, animals,
            and living plants, dry, combustible wood gives us warmth and light, without which our species would be forced to live like
            other animals. It is easy to forget what life would have been like without fire. The nights would be cold, dark, and dangerous,
            forcing us to wait helplessly for the sun. All our food would be raw. No wonder we find comfort by a hearth.

         
         
         
         
         Nowadays we need fire wherever we are. Survival manuals tell us that if we are lost in the wild, one of our first actions
            should be to make a fire. In addition to warmth and light, fire gives us hot food, safe water, dry clothes, protection from
            dangerous animals, a signal to friends, and even a sense of inner comfort. In modern society, fire might be hidden from our
            view, tidied away in the basement boiler, trapped in the engine block of a car, or confined in the power station that drives
            the electrical grid, but we still completely depend on it. A similar tie is found in every culture. To the hunting-and-gathering
            Andaman Islanders of India, fire is “the first thing they think of carrying when they go on a journey,” “the center round
            which social life moves,” and the possession that distinguishes humans from animals. Animals need food, water, and shelter.
            We humans need all those things, but we need fire too.

         
         
         
         
         How long have we needed it? Few people have thought about this question. Not even Charles Darwin pursued it, though he had
            every reason to be interested. During his five-year voyage around the world, Darwin learned what it was like to be hungry
            in the wild. When camped in harsh places, such as the sodden moors of the Falkland Islands, he made fire by rubbing sticks
            together. He cooked with hot rocks in an earth oven and called the art of making fire “probably the greatest [discovery],
            excepting language, ever made by man.” His gritty experiences taught him that “hard and stringy roots can be rendered digestible,
            and poisonous roots or herbs innocuous.” He understood the value of cooked food.

         
         
         
         
         But Darwin showed no interest in knowing when fire was first controlled. His passion was evolution, and he thought fire was
            irrelevant to how we evolved. Like most people, he simply assumed that by the time our ancestors first controlled fire they
            were already human. He cited his fellow evolutionist Alfred Russel Wallace approvingly: “man is enabled through his mental
            faculties ‘to keep with an unchanged body in harmony with the changing universe.’” The control of fire was just another way
            for an unchanged body with an adept mental faculty to respond to a natural challenge. “When he migrates into a colder climate
            he uses clothes, builds sheds, and makes fires; and, by the aid of fire, cooks food otherwise indigestible . . . the lower
            animals, on the other hand, must have their bodily structure modified in order to survive under greatly changed conditions.”

         
         
         
         
         The notion of prehistoric humans having an “unchanged body” while inventing new ways to make their lives easier is mostly
            right. Little change has occurred in human anatomy since the time of Homo erectus almost two million years ago. Culture is the trump card that enables humans to adapt, and compared to the two-million-year
            human career, most cultural innovation has indeed been recent. Before two hundred thousand years ago, the main novelties recorded
            by archaeology were stone tools and spears. Art, fishing tools, personal decoration with necklaces, and stone-tipped weapons
            all came later. Why should the control of fire be any older? Most anthropologists have followed Darwin’s assumption that cooking
            has been a late addition to the human skill set, a valuable tradition without any biological or evolutionary significance.
            We use fire, Darwin seemed to imply, but we could survive without it if we had to. The implication was that cooking has little
            biological importance.

         
         
         
         
         A century later, cultural anthropologist Claude Lévi-Strauss produced a revolutionary analysis of human cultures that implicitly
            supported the biological insignificance of cooking. He was an expert on the myths of Brazilian tribes, and he was deeply impressed
            with the way in which cooking served to symbolize human control over nature. “Not only does cooking mark the transition from
            nature to culture,” Lévi-Strauss wrote in his influential 1960s book, The Raw and the Cooked, “but through it and by means of it, the human state can be defined with all its attributes.” Lévi-Strauss’s insight that
            cooking is a defining feature of humanity was perceptive. But strikingly, for him its significance appeared to be entirely
            psychological. Fellow anthropologist Edmund Leach presented Lévi-Strauss’s views crisply: “[People] do not have to cook their
            food, they do so for symbolic reasons to show that they are men and not beasts.” Lévi-Strauss was an elite anthropologist,
            and his implication that cooking had no biological meaning was widely touted. No one challenged this aspect of his analysis.



         
         
         
         
         
         Despite the predominant skepticism about the role of fire in human evolution, a few contrarians have argued that cooking has
            been a core influence on human nature. The strongest voices have come from students of food and eating. The celebrated French
            gastronomist Jean-Anthelme Brillat-Savarin sounded evolutionary even when Charles Darwin was still a teenager. “It is by fire
            that man has tamed Nature itself,” he wrote in 1825. His experience told him that cooking helps us to eat meat more easily.
            After our ancestors started cooking, he argued, meat became more desirable and valuable, leading to a new importance for hunting.
            And since hunting was mainly a male activity, women took on the role of cooking. Brillat-Savarin was prescient in tracing
            a link from cooking to households, but his ideas were not richly developed. They were throwaway lines hidden in a voluminous
            output, and they have never been taken seriously.

         
         
         
         
         In the past half century, ideas suggesting how the control of fire might have influenced human behavior or evolution have
            been proposed by writers in physical anthropology (by Carleton Coon and Loring Brace), archaeology (especially by Catherine
            Perlès), and sociology (by Joop Goudsblom). But such analyses have been tentative, leaving it to the specialized field of
            cooking history to provide thoughts as bold as those of Brillat-Savarin. In 1998 cooking historian Michael Symons combined
            intellectual ingredients from a range of disciplines, and based on the idea that cooking affects many aspects of life from
            nutrition to society, he made a stronger claim than any before him. Symons concluded, “cooking is the missing link . . . defining
            the human essence. . . . I pin our humanity on cooks.” In a 2001 book on the history of food, historian Felipe Fernandez-Armesto
            likewise declared cooking an “index of the humanity of humankind.” But neither these authors nor any other writer advocating
            the importance of cooking understood how cooking affects the nutritional quality of food. Critical questions therefore were
            left untouched, such as whether humans are evolutionarily adapted to cooked food, or how cooking had its supposed effects
            on making us human, or when cooking evolved. The result was a series of ideas that, however intriguing, were not tied down
            to biological reality. They suggested that cooking had shaped us, but they did not say why or when or how.

         
         
         
         
         There is a way to find out whether cooking is as biologically insignificant as Darwin implied, or as central to humanity as
            Symons asserts. We need to know what cooking does. Cooked food does many familiar things. It makes our food safer, creates
            rich and delicious tastes, and reduces spoilage. Heating can allow us to open, cut, or mash tough foods. But none of these
            advantages is as important as a little-appreciated aspect: cooking increases the amount of energy our bodies obtain from our
            food.

         
         
         
         
         The extra energy gave the first cooks biological advantages. They survived and reproduced better than before. Their genes
            spread. Their bodies responded by biologically adapting to cooked food, shaped by natural selection to take maximum advantage
            of the new diet. There were changes in anatomy, physiology, ecology, life history, psychology, and society. Fossil evidence
            indicates that this dependence arose not just some tens of thousands of years ago, or even a few hundred thousand, but right
            back at the beginning of our time on Earth, at the start of human evolution, by the habiline that became Homo erectus. Brillat-Savarin and Symons were right to say that we have tamed nature with fire. We should indeed pin our humanity on cooks.

         
         
         
         
         Those claims constitute the cooking hypothesis. They say humans are adapted to eating cooked food in the same essential way
            as cows are adapted to eating grass, or fleas to sucking blood, or any other animal to its signature diet. We are tied to
            our adapted diet of cooked food, and the results pervade our lives, from our bodies to our minds. We humans are the cooking
            apes, the creatures of the flame.

         
         
         
      

   
      
         
         
         
         CHAPTER 1

         
         
         
         
         
         Quest for Raw-Foodists

         
         
         
         
         
         “My definition of Man is, a ‘Cooking Animal’. The beasts have memory, judgement, and all the faculties and passions of our
               mind, in a certain degree; but no beast is a cook. . . . Man alone can dress a good dish; and every man whatever is more or
               less a cook, in seasoning what he himself eats.”

         
         
         
         
         —JAMES BOSWELL, Journal of a Tour
to the Hebrides with Samuel Johnson

         
         
         
         
         
         Animals thrive on raw diets. Can humans do the same? Conventional wisdom has always assumed so, and the logic seems obvious.
            Animals live off raw food, and humans are animals, so humans should fare well on raw food. Many foods are perfectly edible
            raw, from apples, tomatoes, and oysters to steak tartare and various kinds of fish. Tales of raw diets are numerous. According
            to Marco Polo, Mongol warriors of the thirteenth century supposedly rode for ten days at a time without lighting a fire. The
            riders’ food was the raw blood of their horses, obtained by piercing a vein. The cavalry saved time by riding without cooking,
            and they avoided producing the smoke that might reveal their position to hostile forces. The men did not like the liquid diet
            and looked forward to a cooked meal when speed was not essential, but there is no suggestion that they suffered from it. Such
            stories make cooking seem like a luxury, unimportant to our biological needs. But consider the Evo Diet experiment.

         
         
         
         
         In 2006 nine volunteers with dangerously high blood pressure spent twelve days eating like apes in an experiment filmed by
            the British Broadcasting Corporation. They lived in a tented enclosure in England’s Paignton Zoo and ate almost everything
            raw. Their diet included peppers, melons, cucumbers, tomatoes, carrots, broccoli, grapes, dates, walnuts, bananas, peaches,
            and so on—more than fifty kinds of fruits, vegetables, and nuts. In the second week they ate some cooked oily fish, and one
            man sneaked some chocolate. The regime was called the Evo Diet because it was supposed to represent the types of foods our
            bodies have evolved to eat. Chimpanzees or gorillas would have loved it and would have grown fat on a menu that was certainly
            of higher quality than they could find in the wild. The participants ate until they were full, taking in up to 5 kilograms
            (10 pounds) by weight per day. The daily intake was calculated by the experiment’s nutritionist to include an adequate 2,000
            calories for women, and 2,300 calories for men.

         
         
         
         
         The aim of the volunteers was to improve their health, and they succeeded. By the end of the experiment their cholesterol
            levels had fallen by almost a quarter and average blood pressure was down to normal. But while medical hopes were met, an
            extra result had not been anticipated. The volunteers lost a lot of weight—an average of 4.4 kg (9.7 pounds) each, or 0.37
            kg (0.8 pounds) per day.

         
         
         
         
         The question of what kind of diet we need is critical for understanding human adaptation. Are we just an ordinary animal that
            happens to enjoy the tastes and securities of cooked food without in any way depending on them? Or are we a new kind of species
            tied to the use of fire by our biological needs, relying on cooked food to supply enough energy to our bodies? No serious
            scientific tests have been designed to resolve this problem. But whereas the Evo Diet investigation was short-term and informal,
            a few studies of long-term raw-foodists give us systematic data with a similar result.



         
         
         
         
         
         Raw-foodists are dedicated to eating 100 percent of their diets raw, or as close to 100 percent as they can manage. There
            are only three studies of their body weight, and all find that people who eat raw tend to be thin. The most extensive is the
            Giessen Raw Food study, conducted by nutritionist Corinna Koebnick and her colleagues in Germany, which used questionnaires
            to study 513 raw-foodists who ate from 70 percent to 100 percent of their diet raw. They chose to eat raw to be healthy, to
            prevent illness, to have a long life, or to live naturally. Raw food included not only uncooked vegetables and occasional
            meat, but also cold-pressed oil and honey, and some items that were lightly heated such as dried fruits, dried meat, and dried
            fish. Body mass index (BMI), which measures weight in relation to the square of the height, was used as a measure of fatness.
            As the proportion of food eaten raw rose, BMI fell. The average weight loss when shifting from a cooked to a raw diet was
            26.5 pounds (12 kilograms) for women and 21.8 pounds (9.9 kilograms) for men. Among those eating a purely raw diet (31 percent),
            the body weights of almost a third indicated chronic energy deficiency. The scientists’ conclusion was unambiguous: “a strict
            raw food diet cannot guarantee an adequate energy supply.”

         
         
         
         
         The amount of meat in the Giessen Raw Food diets was not recorded but many raw-foodists eat rather little meat. Could a low
            meat intake have contributed to their poor energy supply? It is possible. However, among people who eat cooked diets, there
            is no difference in body weight between vegetarians and meat eaters: when our food is cooked we get as many calories from
            a vegetarian diet as from a typical American meat-rich diet. It is only when eating raw that we suffer poor weight gain.

         
         
         
         
         The energy consequences of forgoing cooked food lead to a consistent reaction, illustrated by journalist Jodi Mardesich when
            she became a raw-foodist. “I’m hungry. These days, I’m almost always hungry,” she wrote. A typical day began at 7 A.M. when
            she cut and juiced two ounces of wheat grass. At 8:30 A.M. she had a bowl of “energy soup,” which she describes as a “room-temperature
            concoction made of sunflower greens, which are the tiny first shoots of a sunflower plant, and rejuvelac, a fermented wheat
            drink that tastes a lot like bad lemonade.” She added a couple of spoonfuls of blended papaya for interest. Lunch was a salad
            of sunflower greens, sprouted fenugreek seeds, sprouted broccoli seeds, fermented cabbage, and a loaf made of sprouted sunflower
            seeds, dehydrated seaweed, and some vegetables. Dinner was more sprouts, avocado chunks, pineapple, red onion, olive oil,
            raw vinegar, and sea salt. An hour later she was hungry again. In photographs she looks distinctly thin, but she was happy.
            She described herself as feeling energized, mentally sharper, and more serene. Nevertheless, after six months, during which
            she lost 18 pounds (8.2 kilograms), she could not resist slipping out for a pizza. Mardesich was not alone in finding a wholly
            raw diet a challenge. The Giessen Raw Food study found that 82 percent of long-term raw-foodists included some cooked food
            in their diets.

         
         
         
         
         To judge whether the energy shortage experienced by raw-foodists is biologically significant, we need to know whether raw-induced
            weight loss interferes with critical functions—ideally, for a population living under conditions similar to those in our evolutionary
            past. In the Giessen study, the more raw food that women ate, the lower their BMI and the more likely they were to have partial
            or total amenorrhea. Among women eating totally raw diets, about 50 percent entirely ceased to menstruate. A further proportion,
            about 10 percent, suffered irregular menstrual cycles that left them unlikely to conceive. These figures are far higher than
            for women eating cooked food. Healthy women on cooked diets rarely fail to menstruate, whether or not they are vegetarian.
            But ovarian function predictably declines in women suffering from extreme energy depletion, such as marathoners and anorexics.

         
         
         
         
         Raw-foodist men sometimes also report an impact on their sexual functions. In How to Do the Raw Food Diet with Joy for Awesome Health and Success, the author, Christopher Westra, wrote: “In my own experience, starting on living foods brought about a change in sexuality
            that was dramatic and completely unexpected. In just a few weeks, the number of times per day I thought about sex decreased
            tremendously.” Westra believed that seminal emissions are designed to remove toxins from the body. After a few weeks of a
            raw diet, he said, the intake of toxins had fallen to the point where ejaculation was no longer necessary. In a similar way
            some raw-foodists regard menstruation as a mechanism for removing toxins and therefore regard its cessation as a sign of the
            health of their diets. Perhaps it is unnecessary to note that medical science finds no support for the idea that toxins are
            removed by seminal emissions or menstruation.

         
         
         
         
         Reduced reproductive function means that in our evolutionary past, raw-foodism would have been much less successful than the
            habit of eating cooked food. A rate of infertility greater than 50 percent, such as was found in the Giessen Raw Food study,
            would be devastating in a natural population of foragers. And since the Giessen study was of urban people enjoying a life
            of middle-class ease, such dramatic effects on reproduction are mild compared to what would have happened if these German
            raw-foodists had been searching for food in the wild.

         
         
         
         
         Most raw-foodists prepare their food elaborately in ways that increase their energy value. Techniques include mild heating,
            blending, grinding, and sprouting. Any system of reducing the size of food particles, such as grinding and crushing, leads
            to predictable increases in energy gain. The German raw-foodists also had the advantage of eating oils produced commercially
            by industrial processing. Koebnick’s team found that about 30 percent of the subjects’ calories came from these lipids, a
            valuable energy source that would not have been available to hunter-gatherers. Yet even with all these helpful conditions,
            at least half the German women eating raw foods obtained so little energy from their diet, they were physiologically unable
            to have babies.

         
         
         
         
         The Giessen subjects had further advantages. There is no indication that they engaged in much exercise, unlike women in foraging
            populations. Anthropologist Elizabeth Marshall Thomas describes bushman women in Africa’s Kalahari Desert returning to camp
            at the end of their ordinary long day thoroughly exhausted, because for much of the day they have been squatting and digging
            and walking, and hefting large loads of food, wood, and children. Even in populations that cook, these natural activity levels
            are high enough to interfere with reproductive function. If we imagine the lives of our German raw-foodists made more difficult
            by a daily regime of foraging for food in the wild, their rate of energy expenditure would surely be substantially increased.
            As a result, many more than 50 percent of the women would be incapable of pregnancy.

         
         
         
         
         Then add that the subjects of the Giessen Raw Food study obtained their diets from supermarkets. Their foods were the typical
            products of modern farming—fruits, seeds, and vegetables all selected to be as delicious as possible. “Delicious” means high
            energy, because what people like are foods with low levels of indigestible fiber and high levels of soluble carbohydrates,
            such as sugars. Agricultural improvements have rendered fruits in a supermarket, such as apples, bananas, and strawberries,
            far higher in quality than their wild ancestors. In our laboratory at Harvard, nutritional biochemist NancyLou Conklin-Brittain
            finds that carrots contain as much sugar as the average wild fruit eaten by a chimpanzee in Kibale National Park in Uganda.
            But even carrots are better quality than a typical wild tropical fruit, because they have less fiber and fewer toxic compounds.
            If the German raw-foodists had been eating wild foods, their energy balance and reproductive performance would have been much
            lower than found by Koebnick’s team.

         
         
         
         
         Supermarkets offer a year-round supply of the choicest foods, so the German raw-foodists had no seasonal shortages. Foragers,
            by contrast, cannot escape the tough times when sweet fruits, honey, or game meat become no more than occasional luxuries
            rather than daily pleasures. Even subsistence foods can then be hard to find. Anthropologist George Silberbauer reported that
            among the G/wi bushmen of the Central Kalahari, early summer was a time when all lost weight and everyone complained of hunger
            and thirst. In deserts like the Kalahari the result can be difficult indeed, but periodic shortages of energy like this are
            routine in all living hunter-gatherers, just as they are in rain-forest chimpanzees. Judging from studies of bones and teeth,
            which show in their fine structure the marks of nutritional stress, energy shortages were also universal in archaeological
            populations. Until the development of agriculture, it was the human fate to suffer regular periods of hunger—typically, it
            seems, for several weeks a year—even though they ate their food cooked.



         
         
         
         
         
         Raw-foodism seems to be an increasingly popular habit, but if raw diets are so challenging, why do people like them? Raw-foodists
            are very enthusiastic about the health benefits, as described in books with such titles as Self Healing Power! How to Tap Into the Great Power Within You. They report a sense of well-being, better physical functioning, less bodily pain, more vitality, and improved emotional and
            social performance. There are claims of reductions in rheumatoid arthritis and fibromyalgia symptoms, less dental erosion,
            and improved antioxidant intake. Mostly such assertions have not been scientifically tested, but researchers have found improved
            serum cholesterol and triglyceride values.

         
         
         
         
         Raw-foodists offer philosophical reasons too. “Natural nutrition is raw,” asserted Stephen Arlin, Fouad Dini, and David Wolfe
            in Nature’s First Law, a popular guide to raw-foodism. “It always has been. It always will be. . . . Cooked food is poison.” Many follow the pseudoscientific
            ideas of vegetarian Edward Howell, who theorized in a 1946 book that plants contain “living” or “active” enzymes, which, if
            eaten raw, operate for our benefit inside our bodies. His followers therefore prepare their foods below a certain temperature,
            normally about 45–48oC (113–118oF), above which the “life force” of the enzymes is supposedly destroyed. To scientists the idea that food enzymes contribute
            to digestion or cellular function in our bodies is nonsense because these molecules are themselves digested in our stomachs
            and small intestines. The “living enzyme” idea also ignores that even if food enzymes survived our digestive systems, their
            own specific metabolic functions are too specialized to allow them to do anything useful in our bodies. But while the idea
            of a “life force” in “living foods” is not accepted by physiologists, it persuades many raw-foodists to persist in their diet.
            By permitting some use of low heat, Howell’s philosophy also enables the “raw” food to be somewhat more palatable, easier
            to prepare, and more digestible than a truly unheated food would be.

         
         
         
         
         Other raw-foodists are guided by moral principles. In 1813 the poet Percy Bysshe Shelley argued that meat eating was an appalling
            habit responsible for many of society’s ills and was obviously unnatural, given that humans lack claws, have blunt teeth,
            and dislike raw meat. Since he concluded that the invention of cooking was responsible for meat eating, and hence for such
            problems as “tyranny, superstition, commerce, and inequality,” he decided that humans were better off without cooking.

         
         
         
         
         Instinctotherapists, a minority group among raw-foodists, believe that because we are closely related to apes we should model
            our eating behavior on theirs. In 2003 I had lunch with Roman Devivo and Antje Spors, whose book Genefit Nutrition argues that cooked food provides an unhealthy diet to which we are not adapted. They were lean and healthy. They were clear
            about their preference, which was to eat all their food not merely raw but without any preparation at all. They politely declined
            a salad because its ingredients had been chopped and mixed. The natural way, they explained, is to do what chimpanzees do.
            Just as those apes find only one kind of fruit when eating in a given tree, so we should eat only one kind of food in any
            meal.

         
         
         
         
         To illustrate their habit, Devivo, Spors, and a friend had brought a basket containing a selection of organic foods. They
            sniffed at several fruits, one at a time, to allow their bodies to decide what would suit them best (“by instinct,” they said).
            One chose apples; another chose a pineapple. Each ate only his or her first choice. The third decided on a protein-rich food.
            He had brought frozen buffalo steaks and pieces of buffalo femur. Today was a marrow day. The femur chunks were the size of
            golf balls. Inside each was a cold pink mush that looked like strawberry ice cream. He cleaned out several pieces of bone
            with a teaspoon.

         
         
         
         
         However strange it may be to think that we should eat to conserve living enzymes, or to reduce violence, or in the manner
            of apes, such concepts are helpful to raw-foodists because they bolster a strong commitment to principle. Eating raw intrudes
            into social life, demands a lot of time in the kitchen, and requires a strong will to resist the thought of cooked food. It
            can create personal problems, such as annoyingly frequent urination, and for meat eaters it increases the risk of eating toxins
            or pathogens that would be destroyed by cooking. There are other health risks too. Recent studies indicate that low bone mass
            in the backs and hips of raw-foodists was caused by their raw diet. Raw diets are also associated with low levels of vitamin
            B12, low levels of HDL cholesterol (the “good” cholesterol), and elevated levels of homocysteine (a suspected risk factor
            for cardiovascular disease).

         
         
         
         
         In theory the precarious energy budgets experienced by the Giessen study subjects could be misleading. Maybe modern raw-foodists
            are so far removed from nutritional wisdom that they are just not choosing the right combination of foods. What about reliance
            on raw food in nonindustrialized cultures? This has often been reported. At the end of the nineteenth century, anthropologist
            William McGee, president of the National Geographical Society and cofounder of the American Anthropological Association, claimed
            that the Seri hunter-gatherers of northwestern Mexico ate meat and carrion largely raw. Four thousand years ago Sumerians
            in the Third Dynasty of Ur said that the bedouin of the western desert ate their food raw. As late as 2007, pygmies in Uganda’s
            Ruwenzori Mountains were reported in a national Ugandan newspaper to be living off raw food. Writers from Plutarch to colonial
            sailors of the nineteenth century made similar claims, but all have proved illusory, often colored by a racist tinge. “Only
            savages can be satisfied with the pure products of nature, eaten without seasoning and as nature provides them,” sniffed the
            entry in an eighteenth-century encyclopedia. In 1870 anthropologist Edward Tylor examined all such accounts and found no evidence
            of any being real. He concluded that cooking was practiced by every known human society. Similarly, all around the world are
            societies that tell of their ancestors having lived without fire. When anthropologist James Frazer examined reports of prehistoric
            firelessness, he found them equally full of fantasy, such as fire being brought by a cockatoo or being tamed after it was
            discovered in a woman’s genitals. The control of fire and the practice of cooking are human universals.



         
         
         
         
         
         Still, in theory, societies could exist where cooked food is only a small part of the diet. The quirky nutritionist Howell
            thought so. In the 1940s he stated as part of his theory of the benefits of raw foods that the traditional Inuit (or Eskimo)
            diet was dominated by raw foods. His claim about the Inuit eating most of their food raw has been an important mainstay of
            the raw-foodist movement ever since.

         
         
         
         
         But again it has proved exaggerated. The most detailed studies of un-Westernized Inuit diets were by Vilhjalmur Stefansson
            during a series of expeditions to the Copper Inuit beginning in 1906. Their diet was virtually plant-free, dominated by seal
            and caribou meat, supplemented by large salmonlike fish and occasional whale meat. Stefansson found that cooking was the nightly
            norm.

         
         
         
         
         Every wife was expected to have a substantial meal ready for her husband when he got back from the hunt. In winter a husband
            came home at a predictably early time and would find the smell of boiling seal meat and steaming broth as soon as he entered
            the igloo. The long days of summer made the time of a husband’s return home less predictable, so wives often went to bed before
            he came back. Anthropologist Diamond Jenness accompanied Stefansson, and described what happened if a wife failed to leave
            cooked meat for her husband: “Woe betide the wife who keeps him waiting after a day spent in fishing or hunting! . . . Her
            husband will probably beat her, or stamp her in the snow, and may even end by throwing her household goods after her and bidding
            her begone forever from his house.”

         
         
         
         
         Arctic cooking was difficult because of the shortage of fuel. In summer women made small twig fires, whereas in winter they
            cooked over burning seal oil or blubber in stone pots. After the snow had melted to water, the process of boiling meat took
            a further hour. Despite the difficulties, the meat was well cooked. “I have never seen Eskimo eat partly cooked meat so bloody
            as many steaks I have seen devoured in cities—when they cook, they usually cook well,” Stefansson wrote in 1910.

         
         
         
         
         The slow cooking and shortage of fuel meant it was hard for men to cook when they were out on the hunt, so during the day
            they would sometimes eat fresh fish raw, either the flesh or in the case of large fish, just the intestines. Hunters also
            made caches of excess fish, which they could recover later for a cold meal. However, even though these foods were uncooked
            they were affected by being stored: fish from the cache became “high”—in other words, smelly because they were partially rotten.
            Most people liked the strong taste. Jenness saw “a man take a bone from rotten cariboumeat cached more than a year before,
            crack it open and eat the marrow with evident relish although it swarmed with maggots.”

         
         
         
         
         Though many raw foods were eaten for convenience, some were taken by choice. Blubber was often preferred raw. It was soft
            and could be spread easily over meat like butter. Other meats eaten raw were also soft, such as seal livers and kidneys and
            caribou livers. Occasionally there was evidence of more exotic tastes. Stefansson’s hosts were horrified to hear of a distant
            group, the Puiplirmiut, who supposedly collected frozen deer droppings off the snow and ate them like berries. They said that
            was a truly repulsive habit, and anyway it was a waste of a good dropping. Those pellets were a fine food, they said, when
            boiled and used to thicken blood soup. The only vegetable food that was regularly eaten raw was the lichen eaten by caribou,
            which the Copper Inuit ate when the lichen was partially digested. In summer they would take it directly from the rumen and
            eat it while cutting up the carcass. As the cold closed in during the fall, they were more likely to allow the full stomach
            to freeze intact with the lichens inside. They would then cut it into slices for a frozen treat.

         
         
         
         
         The Inuit probably ate more raw animal products than other societies, but like every culture the main meal of the day was
            taken in the evening, and it was cooked. In a scene captured by anthropologist Jiro Tanaka, the !Kung of the Kalahari illustrate
            the typical pattern for hunter-gatherers of a light breakfast and snacks during the day, followed by an evening meal. “Finally,
            as the sun begins to set, each woman builds a large cooking fire near her hut and commences cooking. . . . The hunters return
            to camp in the semidarkness, and each family eats supper around the fire after darkness has fallen. . . . Only in the evening
            does the whole family gather to eat a solid meal, and indeed people consume the greater part of their daily food then. The
            only exception is after a big kill, when a large quantity of meat has been brought back to camp: then people eat any number
            of times during the day, keeping their stomachs full to bursting, until all the meat is gone.”

         
         
         
         
         The Inuit consumed raw food mostly as a snack out of camp, as is typical of human foragers. In 1987, anthropologist Jennifer
            Isaacs described which foods Australian aborigines ate raw or cooked. Although foragers sometimes lit fires in the bush to
            cook quick meals such as mud crabs (a particular favorite), the majority of animal items were brought back to camp to be cooked.
            A few items, such as a species of mangrove worm, were always eaten raw, and these were not brought back to camp. Isaacs reported
            three types of food that were eaten sometimes raw and sometimes cooked—turtle eggs, oysters, and witchetty grubs—and in each
            case they were eaten raw by people foraging far from camp but were cooked if eaten in camp. Most fruits are preferred raw
            and are eaten in the bush, whereas roots, seeds, and nuts are brought back to camp to be cooked. Everywhere we look, home
            cooking is the norm. For most foods, eating raw appears to be a poor alternative demanded by circumstance.



         
         
         
         
         
         What happens to people who are forced to eat raw diets in wild habitats, such as lost explorers, castaways, or isolated adventurers
            simply trying to survive despite losing their ability to cook? This category of people offers a third test of how well humans
            can utilize raw food. You might think that when humans are forced to eat raw, they would grumble at the loss of flavor but
            nevertheless be fine. However, I have not been able to find any reports of people living long term on raw wild food.

         
         
         
         
         The longest case that I found of survival on raw animal foods lasted only a few weeks. In 1972 a British sailor, Dougal Robertson,
            and his family lost their boat to killer whales in the Pacific and were confined to a dinghy for thirty-eight days. They began
            with a few cookies, oranges, and glucose candies. By the seventh day they were forced to eat what they could catch on a line.
            They spent their last thirty-one days at sea mostly eating raw turtle meat, turtle eggs, and fish. There were occasional treats,
            such as chewing the liver and heart of a shark, but their staple was a “soup” of dried turtle in a mix of rainwater, meat
            juice, and eggs.

         
         
         
         
         They caught more food than they could eat, and they survived in good cheer. Indeed, their diet suited them so well that by
            the end of their ordeal, Robertson reported that their physical condition was actually better than when they had begun their
            journey. Sores that had been present when their boat was sunk had healed, and their bodies were functioning effectively. The
            only problem was that nine-year-old Neil, despite being given extra portions of bone marrow, was disturbingly thin.

         
         
         
         
         And all were hungry. They “enjoyed the flavour of the raw food as only starving people can.” Their fantasies focused on cooked
            food. By the twenty-fourth day, Robertson recorded, “our daydreams had switched from ice cream and fruit to hot stews, porridge,
            steak and kidney puddings, hotpots and casseroles. The dishes steamed fragrantly in our imaginations and as we described their
            smallest details to each other we almost tasted the succulent gravies as we chewed our meager rations.” The Robertsons’ raw
            diet supported survival but it also brought a sense of starvation.

         
         
         
         
         Their resourcefulness enabled them to emerge from a terrifying situation in fine condition. They may have been hungry and
            thinner, but they were apparently not starving to the point of danger. Their experience shows that with abundant food, people
            can survive well on a raw animal-based diet for at least a month. But people sometimes survive with no food at all for a month,
            provided they have water. The lack of any evidence for longer-term survival on raw wild food suggests that even in extremis, people need their food cooked.

         
         
         
         
         The case that comes closest to long-term survival on raw wild food is that of Helena Valero. This exceptional woman was a
            Brazilian of European descent who reportedly survived in a remote forest for some seven months in the 1930s. She knew the
            jungle well because at about age twelve she had been kidnapped by Yanomamö Indians. She became a member of their tribe but
            her experience was very hard. One day, after her life was threatened, she escaped her captors. She took a firebrand wrapped
            in leaves so she could cook, but after a few days a heavy rain drenched it. Unwilling to return to Yanomamö life, she wandered
            alone, fireless and increasingly hungry, until she found an abandoned banana plantation. Valero was lucky because villagers
            had planted the trees in a dense grove. There, she said, she survived by eating raw bananas. She counted the seven months
            by the passage of the moon. Valero did not record her condition at the end of her exile, but she was eventually found by Yanomamö.
            She returned to the comforts of village life, married twice, had four children, and eventually feared for her children’s lives
            and escaped again at about age thirty-five. She never found happiness in Brazilian society.

         
         
         
         
         Valero’s tale could not be verified, but if anyone were to survive on raw food in the wild, it makes sense that they would
            have the fortune to have an abundant supply of a high-calorie domesticated fruit. Bananas are often touted as nature’s most
            perfect food.

         
         
         
         
         In more ordinary circumstances starvation is a rapid threat when eating raw in the wild. Anthropologist Allan Holmberg was
            at a remote mission station in Bolivia in the 1940s when a group of seven Siriono hunter-gatherers arrived from the forest.
            They were so hungry and emaciated that, as one of them told Holmberg, if they had not arrived when they did they might have
            died. This group had been part of a band that had thrived in the rain forest until they were taken to a government school.
            They had been so resentful of their forced removal that they had escaped with the aim of returning to their ancestral homeland.
            To avoid capture they had moved fast, walking even in heavy rain. Without proper cover the smoldering logs they were carrying
            were extinguished. After that the little group was reduced to a raw diet of wild plants until they were rescued after three
            weeks. They walked less than five miles per day and even though they knew the forest intimately and found raw plants to eat,
            they still could not obtain sufficient energy from their diets. Two of the men had bows and there was lots of game, so they
            might have done better but for a taboo on raw meat, which they claimed not to eat under any conditions. But even hunter-gatherers
            often live well with little meat for weeks on end, as long as they cook. The Siriono experience suggests that raw diets are
            dangerous because they do not provide enough energy.

         
         
         
         
         In 1860 Robert Burke and William Wills led an ill-fated expedition from southern to northern Australia. When they ran out
            of food they asked the local Yandruwandha aborigines for help. The Yandruwandha were living on the abundant nardoo plant.
            They pounded nardoo seeds into a bitter flour, washed it, and then cooked it. The explorers liked the flour but apparently
            omitted the washing and cooking. The result was disaster. “I am weaker than ever,” wrote Wills, “although I have a good appetite,
            and relish the nardoo much, but it seems to give us no nutriment.” Burke and Wills died from poisoning, starvation, or both.
            However, they had a companion who survived and joined the Yandruwandha, ate lots of cooked nardoo flour, and was in excellent
            condition when he was rescued ten weeks later.

         
         
         
         
         The cases I have listed are exceptional because it is rare for people to even attempt to survive on raw food in the wild.
            When Thor Heyerdahl took a primitive raft across the Pacific to test his theories about prehistoric migrations, he had a primus
            stove with him and one of his crew was a cook. When an airplane crashed in the Chilean Andes in 1972 and stranded twenty-seven
            people for seventy-one days, the survivors resorted to cannibalism and cooked the meat. When the whale ship Essex went down in the Pacific and its sailors cannibalized one another in small lifeboats, they cooked on stone-bottomed fires.
            Several Japanese soldiers lived alone in the jungle after World War II. One of them, Shoichi Yokio, stayed in Guam until 1972,
            surviving on fruits, snails, eels, and rats. But he did not eat them raw. Life in his underground cave depended on his smoke-blackened
            pots, just as it did for all such holdouts.

         
         
         
         
         Perhaps the most famous real-life castaway was Alexander Selkirk, the model for Robinson Crusoe. In 1704, after quarrelling
            with the captain of his ship and rashly demanding to be put ashore, Selkirk began more than four years alone on the island
            of Más a Tierra, 670 kilometers (416 miles) west of Chile in the Pacific Ocean. He had his Bible, a musket with a pound of
            powder, some mathematical instruments, a hatchet, a knife, and a few carpenter’s tools. He ended up very wild, dancing with
            his tamed goats and cats and barely recognizable as human. But when his gunpowder was nearly spent, “he got fire by rubbing
            two sticks of Piemento Wood together upon his knee.” He was able to cook throughout his time in isolation.



         
         
         
         
         
         Raw-foodists, it is clear, do not fare well. They thrive only in rich modern environments where they depend on eating exceptionally
            high-quality foods. Animals do not have the same constraints: they flourish on wild raw foods. The suspicion prompted by the
            shortcomings of the Evo Diet is correct, and the implication is clear: there is something odd about us. We are not like other
            animals. In most circumstances, we need cooked food.
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