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Preface

Anthropology is a holistic discipline embracing all sorts of intellectual endeavor in a synthesis. Its major contribution to science—natural or social—lies in the juxtaposition and integration, the bringing together, of what otherwise would be disparate ideas. Geneticists are experts in genetics, anatomists in anatomy, and so it goes for every discipline and its practitioners. Anthropologists cross the boundaries; we fuse notions, producing a “new” perspective or idea. This is the context for my daring to write on the physiological effect of fire in the evolution of humans. My interest in this question first announced itself almost thirty years ago, but the demands of teaching, publication, and family did not support researching something so speculative. Serendipitously, it was just as well that I waited: an explosion of articles on the circadian clock appeared beginning in 2001. Each article added a bit to, or totally refuted, the one before it, and the complexity of the subject seemed to grow exponentially. Not the least of these concerned how humans became human.

There is no doubt that hominization—the process of becoming human—accelerated over time and with reference to other primates. The anthropologist Bronislaw Malinowski described what has since been named “emergent” properties of human culture: a spiraling effect that emanates from basic needs. Ivory chopsticks, for example, have less to do with getting food to the mouth than they serve as a symbol of wealth, class, aesthetics, and even the resources used to make them. Basic needs of the senses, of the body, of the mind are met, satisfied, and exceeded by cultural objects, which in turn give rise to other cultural objects, giving rise to mind, giving rise to body. Much of human evolution reflects this feedback process as described in the following pages.
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ONE

Burning Bright

The Turning Point in Human Evolution

Gracie was a chimp at the primate center at Holloman Air Force Base. An old female, but still perky, she had been sent to Holloman from a circus and remembered all the things she had learned and, I guess, enjoyed in that human environment. One of those things was a keen appreciation of tobacco. The chimps lived across a moat from the rest of the base, and Gracie would come to the moat and vocalize at whoever was standing nearby. The intent was apparently to get someone to throw her a lighted cigarette, which she gratefully and gracefully retrieved. She would grasp it like a tube: thumb beneath and two first fingers on top and, smiling, happily puff away. She had other strange habits that she learned in the circus, including making faces and obscene gestures accompanied by vocalizations, but this one really struck me. Here was a chimpanzee smoking a burning cigarette. Certainly she smelled the smoke, felt the heat as she dragged on the lit tobacco, and saw the lighted end. What, I wondered, would make apes—and here I was thinking of them as a prototype of the human ancestor—overcome a fear of things burning and, to the contrary, approach or use it? And if they did approach it, how long would it take before these beings would habitually seek a burning stump to stay near, and then how long till they began to feed the fire until, finally, fire in their lives became something ordinary?

Yet we know that while fire eventually became “ordinary” in the lives of our human ancestors—a vital part of daily activity and survival—it also became one of the most potent of all human symbols and the inspiration for many myths and folklore. How humans acquired fire has been the source of legend through time and across cultures. The association between sun and fire is blatant. There is heat and light. The colors are the same, both burn, and both are essential. Many cultures have stories that tell how the trickster or the champion captured a piece of the sun in order for humanity to have fire. The trickster takes an animal form, often one who seems the weakest or most vulnerable, like Europe's fox, West Africa's spider, or its import to North America as the “trickster” par excellence, rabbit. This being invariably and inevitably succeeds at duping some larger, putatively more powerful animal. Champions, or heroes, on the other hand, are in the mold of Prometheus, who, according to Greek mythology, brought fire to humankind. So great an undertaking requires no less than a superhuman being and often one who defies the greater powers that be. No less often that rebellious hero, once again like Prometheus, is punished throughout eternity for making humanity godlike.

A Choctaw story from Tennessee tells about how “the People” acquired light (Choctaw Tales 2005). In its essence, it recounts how wit and age, here in the person of Grandmother Spider, found a way to trap the light from the sun to relieve the dark world, for in the beginning there was no light. Opossum tried first and ventured to the sun to trap a piece of light. He tucked it under his tail, which burst into flame, so he dropped the piece and returned home empty-handed. Then Buzzard tried, but he kept the piece of sun on his head; he did not succeed in trapping the light because his feathers burned, which is why buzzards have bald, red heads to this day. Finally, old Grandmother Spider journeyed to the place of the sun, marking her way with a trail of spider silk and taking with her a clay bowl. She caught a piece of the sun, put it into her bowl, and managed to bring it back. That is why the People have light, why bowls get baked in fire, and why spiders make webs like the rays of the sun.

The Apache story features another trickster, Fox, the hero who manages to capture fire. He does so at the village of the being Firefly, whose people know fire and can make bonfires. Fox attaches bark to his tail and ignites it. Using a magic cedar tree, he escapes the village, but, as he is running to his burrow, he tires and gives the burning bark to Hawk who, in turn, gives it to Crane who continues to disperse it, the sparks flying hither and yon. Firefly catches up with Fox and pronounces his punishment—while fire is now available to the Apaches, Fox will never be able to make use of it himself (Welker 2005).

The number of tribes in Africa defies counting, and the number of myths per group is a multiple of that. Some tales reflect Muslim influence, while others have a Christian flavor. There are, however, tales that go back to “time out of mind” and that tell of the capture of fire in ways similar to those already described. The Nuer (in Sudan), as reported by the famous anthropologist Evans-Pritchard, had a creation myth in which the original “Eden” was populated by animals who befriended one another and by a human form who never felt hunger since its stomach wandered independently, eating insects. People did not labor, and there was no desire to mate as male and female sex organs lived apart from them and separate from each other. People had no knowledge of fire, nor did they know of or use the spear. Then chaos erupted. In one version, it started with Fox telling Mongoose to throw a club in Elephant's face. As a result of this discord, the sexual organs found their male and female homes, and man and woman began to desire each other. It was Mouse who was instructive in this, teaching man how to make children and woman how to bear them. Fox, the one who brought the dissension, introduced man to the spear and taught him how to use it. That was when the killing began, and the first victims were Cow and Buffalo. In this time of conflict, Dog came and brought fire to the people. In this context, fire has a mixed meaning: while it is a necessity, it also brings pain and destruction; its coals and embers can burn, its flames can destroy a home.

So how this complex, quasireligious relationship with fire began, we can only suppose. There is absolutely no evidence for fire being controlled until just over 1 million years ago in Kenya (Bellomo 1994a; 1994b), and just under 1 million years ago in Israel (Goren-Inbar et al. 2004). This newest data confirms that, by this time, a very humanlike species named Homo erectus had learned to manage this source of energy. To me, this presupposes an intimate and long-standing connection to, and association with, fire. We also know from Neanderthal burials that the heat and color of fire inspired symbolic parallels to life and death. Here, the dead were rubbed with red ochre, and it is assumed that by smearing the red pigment on their dead, the kinsfolk were symbolically restoring heat—as in the red of sun or fire—and thereby returning life to the deceased. But my question is concerned with beings who could not yet speak, who were just beginning to walk regularly on two legs, who were still using trees for sleeping and feeding while they ventured into drier habitat. What if they had had a relationship with fire? What could they have known about fire? What is the evidence for their association with and use of fire? Which of our ancestors was responsible for conquering fire? How and why did they do it?

I think that the very act of associating with fire was the turning point in human evolution—the “moment” when humanity became an agent as powerful as other forces in nature, such as waves, light, or wind. What happens when dark does not come because firelight intrudes into the night? All organisms have their biological cycles set to light, so how did association with fire affect the daily and annual rhythms, or the reproductive system, or even the “mind”? What would it have meant to the prehumans in terms of that other major property of fire—light? So the most important, and the most difficult, question concerns the light emitted by fire and what that light did to our forebears as it entered the eye and changed from energy to hormones. Brain hormones communicate with the rest of the body, and hormones regulate all sorts of processes: temperature, growth, and cycles, to name a few. What evidence is there for the genetic changes underlying the obvious differences between contemporary apes and ourselves? What are the mechanisms that caused them? What actions performed by our ancestors impelled these changes? And basic to all of these is the question of when the relationship to fire might have begun.

Logically speaking, it would have to have been when there was a “critical mass” of intelligence, behavior, and certain anatomical characteristics—in particular the ability for sustained movement on two legs. The required intelligence includes being conscious of the value of the relationship with fire and to therefore seek it out. The behavioral prerequisites imply actions in the repertoire that reflect intelligence, in particular cultural behaviors—patterns transmitted from one generation to the next. Because behavior does not leave a fossil, inferences about it are drawn from whatever clues can be gathered, including pollen, feces, stone, and the bones themselves. In addition, we have, in a sense, a witness to those eras in the behavior of modern-day chimpanzees—both the smaller bonobos as well as the common chimp—with whom we share ancestors.

Bipedalism is critical. It is a major criterion of “humanness,” this ability to walk on two legs—not shuffle or run, but walk with a smooth, through gait. In the time of Buffon, one of the greatest eighteenth-century naturalists, anthropoid primates were called—indifferently—quadrupeds or quadrumanous, recognizing that the front “feet” were indeed hands, manipulators as well as locomotors. Bipedality would have meant that the hands were free to carry a desired object from one site to another. Monkeys do sit erect, freeing their forelimbs for various tasks involved in getting food and for social behaviors like grooming. Modern apes habitually locomote on minimally three limbs, they will stand and run bipedally, but they cannot walk bipedally—they do not have the anatomical requisites: the Achilles tendon and certain vertebrae (Filler 2007). Find a bipedal hominiform fossil (one that looks human), and you find a creature that represents a stage clearly on the way to becoming human. Good evidence of this now exists at 6 mya (or 6 million years ago), and some argue that various different forms of bipedalism existed as far back as 15 mya. The body plan in the lower back permitting bipedalism was already present around 20 mya (Filler 2007), although efficient human walking probably did not occur until around 3.5 mya (Sellers et al. 2005; Wang et al. 2004). (A note on dating: mya—megaannum—and kya—kiloannum—are the International Standards convention ISO 31–1, standing for millions of years and thousands of years respectively.) Over the millennia, bipedalism was progressively favored by natural selection (Sellers et al. 2003; Sellers et al. 2005), as witness the development of a longer lumbar curvature and changes in vertebrae to compensate for the front load in pregnancy (Whitcome et al. 2007). There is now increasingly clear genetic evidence as to which genes, which genetic mechanisms (Calarco et al. 2007), and which rates of mutation (Hahn et al. 2007) spurred the evolution of genetic differences that brought about the physiological, anatomical, and hormonal divergence between apes and humans.

There are three major periods of time in which intelligence, anatomy, and behavior could have reached the “critical mass” suggested earlier. The first, known as the divergence, is the span of time during which each of two branches of apelike beings changed in different ways: apes to apes in one pattern, apes to ancestors of humans in another. This is thought to have happened somewhere between as early as 10 million years ago to as late as 5 million years ago. (A note on terminology is important here. For the purposes of this book, I will be referring, from here onward in the text, to the human “Ancestor” of this first period with a capital A. This informal designation, not part of scientific terminology, will encompass the beings that were ancestral to humans only at the time of the divergence from apes, that is, somewhere in the broad expanse of time between 5 and 10 million years ago.) The second period in which this relationship might have begun is somewhere between 4 to 3.5 mya. In this million-and-a-half years, an “explosion” of types within the ancestral group adapted to different conditions. This is the most logical period in which to place the start of the association with fire because there is sufficient fossil evidence about anatomy to infer the sort of intelligence and behavior needed to meet the criteria given above: bipedality, consciousness, culture. It is even more tempting, however, to place the events surrounding the relationship with fire much closer to our own time, in the third and best-known period of transition—around 2.6 to 1 million years ago. This is the time of ancestral relatives known as late australopiths (Wood and Richmond 2000) and the emergence of Homo, the genus to which we belong, and we know a lot about these people.

At 2.6 to 1 mya, there are enough fossils to present a picture of group life and the range in forms—male, female, old, young—and to make clearer interpretations about diet and behavior. In effect, we can determine just about their entire way of life. The oldest stone tools date from 2.6 mya, and many other events occurred at this time as well—genetic mutations in jaw muscles, which indicate changes in diet, posture, and facial structure (Stedman et al. 2004), and in cognitive abilities—which makes it appealing to place the control of fire within this interval. It seems to me, however, that this period marks achievement: the basic “work” of becoming human has already been accomplished. Surely it will have taken a long, long time to get that way, and a lack of evidence from the earliest period does not indicate that nothing was going on! Stone tools leave a trace, but bone tools would hardly be distinguishable from some animal's dinner, and wooden ones rot to dust. Indeed, the earliest tool of wood that has been found more or less intact is a spear. It was found in Germany, and while it is incredible to think that a shaped and used piece of wood could last from 400 kya (400,000 years ago), the spear has been dated to that time (Thieme 1997). The find is impressive, but deceptively so.

Watching nonhuman primates, especially the apes, gives testimony to the abilities that must have existed before language developed (see figure 1). We know that species like monkeys, which are even more primitive than apes, use wood as hurling objects, and apes are known to fashion tools from wood (Goodall 1986; Boesch and Boesch 1990). They use twigs, sticks, and even bark in their “expedient technology” as tools with which to dig tubers from the soil to a depth of nearly 25 cm (10 in) (Hernandez-Aguilar et al. 2007). For more mobile food, these apes craft sticks and twigs to capture social insects, like ants or termites (McGrew et al. 2005). They have an inventory of twenty-six different tools, and they choose their spears when they go to hunt galagos (Pruetz and Bertolani 2007) or squirrels (Huffman and Kalunde 1993) in the forest, poking into the nest cavity of the tiny primate. It stands to reason, therefore, that wood would have been used as some kind of tool long before the first evidence of it. Being organic, wood is subject to rapid decay, so it is unlikely that archaeologists would find such tools—even if the Ancestor made them—in the earliest time horizons. By the same reasoning, fire too would have become part of everyday existence long before any trace of that phenomenon ever left evidence of its use.

The profound similarities between apes and humans and the equally stunning differences between us indicate that something major occurred in our line at the divergence accompanying the ability to walk on two legs. The ability to climb was not yet forsaken, however; evidence of long forelimbs suggests that a facility in the trees accompanied the first forays in bipedalism. It is for these genetic and anatomical reasons that I am setting the scenario of fire association and use over the long period during which apes and humans diverged, but after the first appearance of bipedalism, that is from 6 to 4 million years ago. This recognizes that the Ancestor in this early time frame had certain qualities: freedom of the forelimbs, erect posture, at least the equivalent of ape intelligence to experiment and assimilate experience. There appear to be stages in the millions of years of relationship to fire, beginning with the willingness to approach, sit near, tend and use, and ultimately to manufacture fire. It is this latter achievement—the domestication of fire—that is a hallmark of our species, Homo sapiens. But “humanness,” or hominization, is a process. It began slowly but each step caused the next one to accelerate over the vast tracts of geological time. Change triggered further change at ever increasing speed, and once past a critical threshold, the iterations accelerated ever faster. I see the advent of fire in humanity's life as a consequence of who they were and a precipitator of who they were to become. Fire was not a by-product, nor simply another influence: it was a, or maybe the, major contributor to the manifold changes that made us human.

[image: images]

FIGURE 1. Adult male bonobo attempts to crack open a nut with a stone tool. Courtesy of Pamela Heidi Douglas and the LuiKotale Bonobo Project, Democratic Republic of the Congo.

What could have made the Ancestor want to approach fire? Because the Ancestor did not rely on eating or hunting big-game animals, other foods, especially fat- and protein-rich insects, were probably a significant part of the diet. Insects continue to be amongst the favorite foods of nonhuman primates. They eat a huge variety of these, although the most voracious insect eaters are New World monkeys and prosimians—the earliest forms to evolve in the primate group, suggesting a long and well-established dietary habit. This behavior is also well documented in Old World monkeys. They too eat a considerable variety of insects and are quite adept at plucking them from the air. They are equally capable of discriminating between edible and foul. Apes tend to be particularly interested in termites, and among chimpanzees it is mostly females who pursue the termite fishing pastime with twigs they shape to poke easily into the entrances of the nests.

Certain fire-loving insect species congregate near embers, attracting other creatures to their harvest. The desirability of these insects could well have tempted the Ancestor—like modern-day chimps—to prowl the edge of a smoldering fire to pluck out some succulent bug. Modern apes will, under special conditions, approach a burning fire, or even imitate how humans use it. Finding this behavioral accommodation in contemporary apes suggests that familiarity with fire, and use of fire, were behaviors beginning to take place as humans and apes diverged. Fear of the heat and flames of an active fire in animals is quite common, although, importantly, it is not universal. A cooling fire, reduced to embers and coals, on the other hand, attracts birds and other animals looking for charcoal as medicine (Struhsaker et al. 1997) or prey that got trapped and roasted. The inclination of all primates to gorge on insects whenever possible, whether flying ants or termites, grasshoppers, and other bugs and beetles, makes it reasonable to assume that the Ancestor was similarly attracted, as are a variety of peoples around the planet today. There are insects, known as pyrophilous or fire-loving insects, which abound in and around a cooling fire. An apelike creature with a love of nourishing insects would certainly know their availability, and where and when to find them. The absence of fear enabled them to approach and tolerate burning fires where they slept and ate.

It is the premise of this book that proximity to fire stretched out the period of light and irreparably altered hormonal cycles that are dependent on light and darkness. Understanding the impact of firelight on the brain means delving into how light gets into the brain, how the eye works, and its anatomical and hormonal connections to structures deep inside the brain. This means understanding light itself, at least as far as campfire flame is concerned—a daunting inquiry at best. Is the spectrum of light in a campfire sufficient to stimulate sensors in the eye and brain? Over eons, would the impact of firelight at night affect the brain to the point where cycles dependent on the day-night contrast would be altered? Would the physiology of reproduction change as a consequence of increased exposure to light and its hormonal consequences, and with it social relationships and roles?

Certainly, changing the light-dark cycles had major implications for social structure in prehumans who, like other primates, were social animals. Primates tend to develop organization and structures in and around breeding rights and parental care. Social animals live by rules and tend to have developed cognitive processes: “mind” and “thought,” which depend on memory. In turn, these social and cognitive characteristics impact settlement patterns, food-sourcing patterns, division of labor, and on and on. Changing light-dark cycles has major implications for these, as melatonin, a hormone involved in the regulation of biological rhythms, seems to interfere with memory formation (at least in zebrafish) (Rawashdeh et al. 2007). Extrapolating from their findings, I wonder if firelight, by inhibiting melatonin, enhanced memory formation and associative patterns in the Ancestor.

Perhaps even language acquisition was enhanced by the extended day afforded by the fire. Not that fire inspired the ability to speak, but it may have provided a place and the conditions that created and encouraged communication in connected tones more specific than gestures or single sounds. Imagine the evening: the sun having set, the heat of the day is dispelled in the breeze that rustles the branches of trees. The sounds of crickets, bats, and nocturnal animals punctuate the night. The sounds beyond the crackling of the wood in the fire create a comforting place of this area, bathed as it is in the firelight. Prehumans sit there, tired, playing with children, grooming each other, removing dirt, bits of twigs, leaves, ticks, and other biting insects. Certainly the complex communication systems observed in our primate cousins permit us to imagine an exchange of objective information (“This tree is in fruit”), as well as subjective information (“I am thrilled about the ripe fruit”). Increased reliance on communicating information itself fostered development of structures already present. Over ages, the need to transmit information also promoted genetic selection of anatomical structures that enhanced both nuance and precision. As human consciousness developed, the meaning of fire and firelight expanded (Rilling et al. 2008), and all sorts of power and volition were attributed to it. As social animals that could speak, modern humans invested events and phenomena around them with symbolism. Recognition of fire's power led to tales of magic and awe and divided the world into light and dark and forces of light and dark. The firelight dispelled whatever it was that lurked beyond the shadows.

The impact of fire on human evolution is complex, and there is much to understand, connect, and process. Every fact leads to a new question, every fact is debatable, and every fact is an exciting contribution to a picture of a creature moving irrevocably along a trajectory over which it gains greater control. Because I have studied monkeys for over thirty years, I have developed an understanding—part intuition, part analysis—of what inspires their actions and, more significantly, their reactions. I know what monkeys are capable of, be it their motor skills or their intellectual limitations. And yet the facts of monkey life are often obscured by the nature of their bigger relatives, the apes.

The genetic similarity of apes to us helps promote the idea that ape behavior is basic to human behavior. But monkey behavior is basic to ape and human behavior. What monkeys can do warrants attention in terms of reconstructing the mentality of the ancient hominoids and their descendants, the hominids, closer and closer to the hominins that include us and our direct ancestors. A word on new vocabulary is needed here. There has been a profusion and consequent confusion of names referring to humans and their relatives (see, for example, Underdown 2006). These terms all begin with “homin.” For the sake of clarity, and in keeping with modern scientific parlance as per the following citation, I am using “hominin” to include chimps, gorillas, humans, and their direct ancestors back to 6 mya, referred to as “early hominins” by scientists following the work of Wood and Richmond (2000) and Wood and Lonergan (2008).

[F]or the family Hominidae has become more inclusive, and now refers to the common ancestor of the living African apes (i.e., Homo, Pan, and Gorilla) and all of its descendants. The appropriate vernacular term for a member of the human clade is now “hominin.” (Wood and Richmond 2000, 20)

At time horizons in the millions of years ago, the behavior of our ancestors can only be inferred. Most of the reconstruction depends on behavioral observations of contemporary apes and monkeys. (There is simply no other model to go by.) In the heyday of the apes, the time called the Miocene, nearly 25 to 5 million years ago, there were some tens of different kinds of apes roaming from Asia through Eurasia to Africa; now there are only gorillas, common and bonobo chimpanzees in Africa, and orangutans in Asia. There is no other living form that can provide a mental image to project back in time.

Primates—including humans—differ from other mammals in the nature of their brain and the capabilities that structure permits. Darwin already noted that humans are less reliant on teeth and nails than are other mammals (Darwin 1871). Evolution in the human line is characterized, instead, by increasing reliance on the brain, its product “mind,” and the further development of mind, the construct “culture.” Innovations in the brain in turn affect anatomical structure and function, which feed back to the brain. Mind and culture became evolutionary pressures selecting for more mind and brain. Primates, as a group, are acknowledged as being flexible organisms, able to adapt to local demands—environmental and social—not only through genetic evolution but also, importantly, through cultural processes devised in group living. This behavioral system is faster than physical evolution, although it requires flexible systems of communication. Nonhuman primates use sounds and gestures to ensure the accurate transmission of social behaviors (Dunbar 1996). A big brain with lots of storage space, aided by a system of recall and quick association of distinct memories, has been the hallmark of the primate-to-human evolutionary pathway.

The premium placed on mind begins early in primate history and accelerates with each new form of primate. That prosimians, those smaller primates like lemurs and bush babies, gave rise to subsequent types of primates is now accepted fact. The evolutionary events that conferred on the South Asian tarsierlike prosimian a flat face with overlapping fields of vision also propelled relatively rapid development of the brain. Mind resides in the brain and depends on the cortex to store images, thoughts, ideas, and feelings, all of which are life experiences. That is, they are not “hard-wired” in the sense that the term instinct was meant to indicate. What is required in this storage facility is a system that retrieves memories and joins one to another rapidly, thereby allowing purposeful action. Present, past, and future have meaning to humans, and, in a nascent form, to chimps as well; there are, after all, not only differences in the action of genes, but in the development of cerebral structures those genes control (Oldham et al. 2006).

What happens in the brain is so complex that there are many different scientific disciplines to cover it all. The infinitely tiny aspect of this question that particularly concerns me is the interaction between the conquest of fire as an adaptive tool and its effects on the development of mind. This relationship of mind to the acquisition of fire is basic to understanding the process of becoming human. The scenario accounting for this interaction relies in part on the inherent adventurousness of young primates. The more daring amongst our prehuman forebears would venture toward the cinders that still had flares of flame here and there—monkeys and ape children are like that—picking up burning twigs and flinging coals. Given the dynamics of cultural transmission in these primates, such behavior would make subsequent generations even more enterprising. I have frequently observed that monkeys readily overcome unease through play. They hurl themselves into space from high, often dead, trees to plunge into deep lakes and then swim to shore; they leap across huge expanses, legs flailing in a superhero sort of way, to reach a branch or rock overhang an impossible distance away. Apes are no less inclined to wild play. Adults lob branches in the “rain dance”; young apes throw branches from trees, swing on vines, race down hillsides and back up again. It is the role of the young to introduce innovation (Burton 1977). What could be more innovative than combining previously practiced behaviors with a fiery stalk or a burning twig? Youngsters grow up observing adults and each other. In turn, as adults, they use the behaviors they witnessed and memorized. These memories extend the repertoire, and in turn become the basis for new behaviors. This may not be progress, but it is change. And in a system, a small change in one place can force accommodation to that change in other parts of the system.

The most solid evidence for cohabitation with fire goes back to the site of Koobi Fora, in Kenya, dated at 1.6 mya (see chapter 6). The next closest is a hearth found at Swartkrans, in South Africa, and dated to 1.5 mya—virtually modern history! But whether the fire was made or brought to the hearth is unknown. There is no sure way of knowing how manufacture began or when. Stone tool manufacture, however, has a million-year history by the time of these sites. Perhaps the errant spark as stone struck stone led to repeating this technique over dried moss or leaves. Certainly the final stage, the manufacture of fire, appears to be recent—perhaps accompanying our type of human, Homo sapiens, after 250,000 years ago. This is known from materials the archaeologist has found, the physicist has dated, and the electron microscope has analyzed, so that it is certain the artifact is old and of a certain date and made by someone's hand in a manufactured fire.

But use of fire is a great deal older. Some scholars consider it an emergent behavior because nonhuman primates do not display behavior that could be considered ancestral to fire use (Ronen 1998; Rolland 2004). We know from contemporary accounts that people used to care for fire, carrying embers from hearth to hearth, reigniting torches by setting fire to grass on long journeys, igniting tree stumps to keep the fire going, borrowing embers from neighbors, and even giving embers as a wedding gift—all without rekindling the source. Like any major technological advance (i.e., the cell phone or the microwave), as soon as it is acquired it is virtually impossible to give up. Once approaching fire was the norm, and associating with fire became increasingly habitual, the care of fire, the feeding of it, and the transporting of it would have become as essential to a family group as recharging batteries for the cell phone. Consider the benefits of fire: in a study of contemporary foragers and nomads, Worthman and Melby (2002) found that besides light and heat, the smoke fumigates the home, keeping insects, rodents, and snakes away from thatched roofs. It offers protection from predators, particularly where homes do not have solid walls, such as amongst these peoples. In so doing, it promotes a sense of security. An ancillary benefit might be, these scholars suggest, the vigilance, comfort, and stimulation provided by caring for the fire, sitting by it, and watching the flames (2002, 75–76).

So what is needed is evidence of hearths—of fires strategically located wherever the Ancestor slept. The kind of evidence archaeologists look for includes charcoal, sediment that has been baked and is therefore hardened and discolored, bones or stones that have been changed by heat, and—best of all—some kind of structural feature like a hearth, recognizable by a concentration of ash and charcoal in a limited area, and sometimes bordered by rocks. A recent find in Israel establishes just such concentrations in specific places; possibly these were actual hearths. In addition, six different kinds of wood were burned at the site; two of these are from edible plants: wild grape and the olive. What is more, seeds were found of plants important in the diet like wild barley (Goren-Inbar et al. 2004). There are tempting hints of hearths or at least campfires going back toward 2 million years ago. The difference is important. A hearth implies a home site; a campfire is temporary. Archaeological evidence becomes startlingly difficult to find at these early dates. But we do know there were bipedal hominins at 6 mya. What might their relationship to fire have been? Native peoples before the cultural present (1965) carried firebrands from sleeping place to sleeping place. There they used the firestick to ignite a campfire and perhaps stay a few days. They may have constructed a temporary lean-to, or may not have bothered, depending on circumstances. They left and started the process once again. Evidence of these temporary encampments blows, drifts, gets washed away. Could the Ancestors have used fire but left no trace (at least a trace we cannot find)?

Owning fire would have meant the ability to make more fire—to light up the evening sky by setting fire to nearby grasses or trees, to build a bonfire to keep away stalking predators, to define “inside” from “outside” the circle of light. Caves would no longer have been unapproachable and migration to colder zones would have become possible (Rolland 2004; Gowlett 2006). Ultimately, after millions of years of association with fire, access to foods that were inedible became possible. Monkeys dig into the ground to 10 cm or so to find corms, bulbs, and tubers; apes go further (Hernandez-Aguilar et al. 2007). These fleshy storage organs of plants provide good nutrition. Some, however, are so large or so hard that they cannot be eaten, or contain compounds that make the consumer ill. Placing them in the embers of a fire changes that. Now they are softened, the pulp accessible, and the toxins removed. Then too, the cellulose of the plant itself would be changed with heat, permitting the contents of the cells to be assimilated. The achievement of roasting tubers is most likely associated with Homo erectus at times a good deal closer to the present (Wrangham 2001).

But what about meat? Meat has not been included as “newly” acquired in the dietary repertoire. Many Old World (Africa, Asia) monkeys—macaques, vervets, and baboons, to name but three—do eat meat. And so do the even older, (in a paleontological sense) New World (Central and South American) monkeys (capuchins and howler monkeys). Eating meat has been around a long time. The meat eaten is from small vertebrates, like lizards. That term—meat—is reserved for taking flesh. The issue of “what's in a name?” here creates a strong bias in the study of becoming human. It is not nutrition from protein or fat that becomes the issue, but rather the package these nutrients are found in. I wonder, though, if that was an issue to the Ancestor. Insects are not categorized as meat, although they are nutritively similar. Indeed, the winged form of several species of termites were found to contain between 613 and 761 kcal of fat, while three species of African caterpillars averaged just under 500 kcal of fat. These insects were equally stuffed with vitamins and minerals, and although low in some amino acids, they are equally high in others. Taking off the outside “shell”—that is, the chitin exoskeleton—increases the quality of protein so that it is quite comparable to “meat” from vertebrates (DeFoliart 1992). Retrieving insects from the embers of natural fires might have achieved this for them.

Meat in one form or another, then, has long been utilized by primates. What the hominins would have added to the dinner was the cooking of it. How that began is, of course, unknowable, although Charles Lamb's essay “On Eating Roast Pig” has long been cited as an amusing but rational supposition. But his method requires that people lived in huts, had rope of some sort, and had already domesticated the pig that ended up roasted when the hut caught fire. Still, the idea of an accident eventually resulting in something useful underlies the story, and that may have happened millennia before there were huts or rope. Perhaps someone did drop a piece of meat into the fire; perhaps someone toasted a piece of flesh on purpose because insects tasted so much better that way. In any case, cooking occurred at some ancient time, but evidence is more difficult to find. Recently some scholars suggested that meat eating had to have begun at 1.9 mya because there is increasing evidence of big-game hunting with Homo erectus, and mammalian meat would have been too fibrous and tough to be eaten with the teeth and jaws that these near-humans had (Wrangham and Conklin-Brittain 2003). In addition, fossil evidence from Homo ergaster indicates that tapeworms derived from animals had infested this fossil hominin by 1.7 million years ago (Hoberg et al. 2001), which suggests that the cooking was either not done long enough to kill the parasitic larvae or the fire was not hot enough. It also means that there was eating of mammals. While big-game meat eating may have required the skills, organization, and cognitive abilities of Homo, the process of utilizing fire to alter food, I suggest, would have begun as early as the Ancestor was using fire. Indeed, if they did begin with gathering the fire-loving, pyrophilous insects, the connection would have been made there, at approximately 6 million years ago.

[image: images]

The foregoing discussion underscores just how many different ways life changed for the Ancestor who learned to use and control fire—physically, mentally, environmentally, and socially. There is little dispute about that. In this book, though, I am proposing a much earlier date for the first ancestral contact with fire than has generally been entertained, a proposal that will surely be controversial given that archaeological evidence for the control of fire suggests a date no earlier than approximately 1.6 million years ago (at Koobi Fora, in Kenya). I will argue, however, that such a date represents a much later point toward finalization of both hominization and control of fire. I think that the very act of associating with fire occurred much earlier and was in fact the turning point in human evolution—the “moment” when humanity became a powerful agent of its own continued creation. Thus, in thinking about the whole process of hominization and the role fire played in it, I have begun to see these earlier hominins, not the later members of the genus Homo, as being responsible for the first steps in the domestication of fire.

The significance of these first steps lies in the subsequent influence they had on the course of human evolution itself. I suggest that the more that these hominins of approximately 6 million years ago did something to the environment by way of intervening with natural processes—in this case, artificially increasing the daily hours of exposure to light—the more they dampened the effect of the environment on themselves. In consequence, they took over the direction of their own evolution on many important fronts, the most significant of which may be the development of mind. The acquisition of fire is precisely the kind of intervention that could have initiated and perpetuated this chain of events. The chapters that follow detail the interplay of who, where, what, when, how, and a little of why, as they focus on the question of how fire influenced human evolution.





TWO

The Anatomy of Fire

What Made the Ancestor Approach?

Fire can be dangerous, lethal, and horrifying in its potential for devastation. So why do any creatures associate with it at all? Why and how did the Ancestor begin and gradually deepen a relationship with fire? There are two major questions here: (1) the ecological role of fire in the African savanna, and (2) what we know of contemporary, nonhuman primates—their diet, their cognitive and social capacities, and their likely motivations to approach fire, as well as observations of their experiences with fire. These questions lead to a model of the steps the Ancestor might have traveled in first identifying the beneficial uses of fire: proximity with it, learning about its properties, containing and nurturing it, and ultimately learning to manufacture it.

The African Savanna

The larger, environmental context within which all of this experience and learning would have come about, and in which the Ancestor was evolving, was the African savanna in the Miocene. The Miocene as a geological period began about 23 million years ago and has long been considered the time of grasslands. Recent evidence from phytoliths—little stonelike fragments in plants—indicates that grasses originated and had already diversified millions of years before primates were even born (Piperno and Sues 2005). Knowing that these grass environments existed much, much earlier than previously thought is new and significant in extending the habitat for the earliest hominins and the fauna they lived with.

The African savanna, historically and still today, experiences such widespread burning as part of its normal cycle of devastation and regeneration that Africa has long been called the “fire continent” (Govender 2003; Keeley et al. 2005). How widespread is the savanna ecosystem in Africa, and what role does fire play in its maintenance? Savannas are now spread over almost 50 percent of the landmass of Africa—some say 65 percent (although much is giving way to desert). By definition, these are zones where grasses and trees are found together. Savannas can range from mostly grasses to mostly parkland, depending on the openness, and are complemented by gallery forests that run along streams. These permit animals to retain their forest adaptations while exploiting the neighboring savanna. Annual rainfall in savannas can be quite low—as little as 15.24 cm (6 in) has been recorded. The amount usually ranges from 51 to 127 cm (20–50 in) per year, although as much as 25.4 cm (10 in) has been noted in one rainfall. The alternation of wet and dry periods is essential to the maintenance of savanna. Too much rain, and the area becomes forested; too little, and it becomes desert. Rainfall is concentrated in 6 to 8 months of the year, after which a long dry period follows, bringing fires with it. The dry season provides the tinder. The grassy understory dries and provides the extremely flammable fodder—the plant material that has dried throughout those months (FAO 2001). Current research indicates that 2 to 3 metric tons of tinder per hectare is necessary for fire to get started (Danthu et al. 2003). Lightning is the primary ignition source maintaining the savanna system. Since the mid 1990s alone, reports of lightning striking and killing a giraffe (southern Africa), two tea-station workers, and several prisoners, among others, have been reported (Govender 2003). Currently, according to NASA's new lightning detectors, central Africa is the area receiving the most strikes, although southern Africa is receiving more than its share.

Although our image of a grassland fire is one of a virtual holocaust of flame, smoke, and devastation, under natural conditions—that is, where invasive plants have not yet gained a foothold—the savanna community is hardly devastated. Observations made in southern Africa have shown that the temperature of fire grows hotter where there are “alien” plants and that animals are more often burned under these kinds of conditions. Seeds, too, are devastated in the increased heat (Farm 2006). Some seeds, however, profit from the heat to split open, some are suspended above the grass and are relatively untouched, while others are buried within the soil where the high temperatures do not reach them (Danthu et al. 2003). Furthermore, in a “natural” burn, fire burns near the ground in a discontinuous front, resulting in a mosaic of burned and unburned areas that provide shelter and food. While the dry matter of plants—leaves and stalks—is consumed by fire, the roots, tucked under the ground, are not. These contain considerable amounts of starch as well as moisture and are the source of new growth. Savanna trees tend to be fire resistant, this benefit being conferred on them by their corklike bark or a trunk that has a good deal of resin in it, the moisture protecting the tree from harm. Some trees use chemical protection: the bark of the mopane tree, common in southern Africa, contains crystals of calcium oxalate, a natural fire retardant. At high temperatures (around 370°C), the crystals decompose and give off carbon dioxide (Naskrecki 2005).

Fire burns the litter layer of debris on the ground, killing a variety of insects and their larvae. Although insects are the most affected by fire, they return nutrients to the community, beginning with plants that profit from the additional nitrogen available from burned insect exoskeletons and ending with the minerals and other nutrients that have been returned to the earth in the drifting ash. The burned area may look like the surface of the moon, scorched and blackened, but it provides a veritable feast for a variety of animals. While the ash is still hot, birds and mammals—especially nonhuman primates—come to seek newly available food resources like seeds and nuts, opened by the heat. Insects like grasshoppers, stick insects, and beetles are plentiful, and small vertebrates like mice and lizards either become visible due to the loss of cover or are already dead. A variety of insects, the fire-loving pyrophilous insects, are attracted to burn areas because of the nitrogen, and can arrive at a fire site within 24 hours, oftentimes in great numbers (Whitehouse 2000). Among these fire-loving insects are those that go out of their way to consume dead or dying wood (Whitehouse 2000), the saproxylic insects. Of these, perhaps the most important are the termites, whose huge mounds are architectural marvels on the savanna. In some parts of eastern Africa, these mounds provide soil for tree growth; elsewhere, they are virtual banks of seeds, nuts, and other food sources that the insects have hoarded (House and Hall 2005).
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