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  INTRODUCTION

  “All truth passes through three stages: first, it is ridiculed; second, it is violently opposed; third, it is accepted as self-evident.”

  —Anonymous1

  Sixty-five million years ago, an asteroid more than six miles wide, traveling at a speed of 67,000 miles per hour, slammed into the earth off the coast of southern Mexico with a force 500 million times greater than the atomic bomb that was dropped on Hiroshima. That event triggered major disruptions in the earth’s climate, ultimately producing an environmental catastrophe that resulted in the extinction of the dinosaurs and 75 percent of all species of life on Earth.

  We are now in the process of another mass extinction of plants and animals caused by human activity that may ultimately become as deadly as the previous five mass extinctions that have taken place in the earth’s geologic history. A majority of biologists believe that more than half of all living things will become extinct within the next century or two, with unknown consequences for the future and for the dwindling number of species that will remain alive.

  We humans are no longer a species of simple hunters and gatherers living within the constraints of a stable natural world. Instead, freed from many of our natural limitations by the relentless progress of technology, we have become the unbound masters of the biosphere.

  Over the course of the last five million years, eight key technologies have profoundly altered the relationship of our species with the natural environment, liberating us from the natural forces that restrain the populations of all other living things. One by one, each of these technologies has initiated a major transformation, or metamorphosis, in human life and society. These metamorphoses have revolutionized the structure of our bodies, expanded the capabilities of our minds, and given birth to human societies of unparalleled size and power.

  In the modern era, humanity has gained control over nearly all of the earth’s natural environments and has essentially converted the entire planet into a vast production unit for its own exclusive benefit. In the process, the newly unbound human species has taken over much of the natural environment, polluted the earth’s soils, oceans, and atmosphere, and brought our world to the brink of catastrophe.

  Our species is unique among all earthly creatures in its ability to comprehend and plan for the long term. Yet we are still motivated by ancient animal instincts, including the drive to expand and multiply to the limits of the possible. Other living things are limited in their ability to reproduce by the relatively fixed nature of their relationship to the environment. But by allowing us to escape the bonds of our biological destiny, technology has made it possible for us to continue multiplying, even as we have moved the world ever closer to an uncertain and potentially disastrous future.

  Five million years ago, the adoption of fabricated spears and digging sticks by our ape-like ancestors encouraged us to stand, walk, and run upright. This innovation eventually produced a radical restructuring of mammalian anatomy that freed the forelimbs from the duties of locomotion. With the free use of their powerful forelimbs and dexterous hands, our ancestors were able to control fire, fashion clothing, and build dwellings. These technologies liberated us from the need to live in the tropical environments where we originated and allowed us to populate the vast temperate regions of Europe and Asia.

  One hundred thousand years ago or more, when we began to use verbal and visual symbols to communicate, we freed ourselves from the limitations of direct personal experience. We gained the ability to share information over space and time, enabling us to pool our knowledge with others and develop cultures that were passed down through the generations in the oral traditions of song, story, and mythology.

  Ten thousand years ago, the technology of agriculture liberated us from the constant search for food that preoccupies every other animal species. In the process, we were no longer bound to the endless wandering that had always been our fate as hunters and gatherers. We began to grow our own food, live in villages, and accumulate both the material wealth and the knowledge and wisdom that we passed down to our descendants.

  Five thousand years ago, we developed powerful new technologies of transportation and communication. These included large seagoing ships, wagons pulled by beasts of burden, and forms of writing that enabled us to record information for posterity and to communicate with others over vast distances. These technologies of interaction enabled us to build cities, create civilizations, and evolve increasingly sophisticated forms of art, science, commerce, warfare, and religion that soon lifted humanity into a new position of supremacy over all other forms of life.

  Five hundred years ago, the precision instruments of clocks, sextants, compasses, microscopes, and telescopes freed us from the limitations of our unaided sensory organs. And scarcely more than two hundred years ago, the technology of reciprocating engines liberated us from our ancient dependence on the physical power of the human body and our beasts of burden. As a result, we have conquered the world with the powers of science and the machinery of industry, and we have created immense nations in which millions of people live and work together as members of a single human society.

  An eighth metamorphosis is now under way, triggered by the key technology of digital information, which has made it possible for all human beings to visit and communicate with each other, anywhere on Earth. This has enabled us to create a global culture and society that transcends national boundaries. The challenge for humanity will be to embrace this global civilization without sacrificing either the individual liberties or the ethnic identities that we all need to realize our goals in life and belong to something larger than ourselves.

  But before we begin the remarkable story of how technology has freed humanity from the bonds of its natural origins, I would like to define and clarify four essential concepts that I have used in this book in ways that are a bit out of the ordinary. These concepts are 1) the nature of technology in the broadest sense of the word; 2) my decision to use the term “hominids” instead of the currently more fashionable “hominins”; 3) the three distinct phases of human evolution as they unfolded over the past five million years; and 4) the essential difference between a revolution and a metamorphosis.

  The Nature of Technology

  In modern speech, we generally use the word “technology” when referring to the most complex machines, structures, tools, techniques, and processes of modern life—things like spacecraft, automation systems, chemical processes, computer networks, and electronic devices. But in this book I have used the word “technology” as it has been defined by anthropologists and primatologists, who encountered preindustrial technologies in the ancient societies of hunters and gatherers and in the primeval societies of wild chimpanzees. Thus, anthropologists have defined technology—in its widest and most inclusive sense—as the deliberate modification of any natural object or substance with forethought to achieve a specific end or serve a specific purpose. Anthropologists have always regarded the tools, weapons, garments, and dwellings of hunting and gathering societies as true technologies. This book faithfully follows this traditional view.

  Unlike the very simple technologies of chimpanzees and other animals, most human technologies involve complex processes and multiple materials that are used together to achieve a specific end. The prehistoric bow and arrow, for example, was typically made of a stone arrowhead and bird feathers fastened to opposite ends of a wooden shaft with vegetable gum and bound together with animal sinews. Each of these materials was not only derived from a different source but also required its own process of extraction and preparation—yet we typically regard the bow and arrow as a single technology. Each of the eight key technologies described in this book is actually a complex collection of things and processes. What ties each of them together as a single entity is the common purpose for which each was created and used.

  Hominids, Hominins, or Homininas?

  For the past 250 years, all of the fully upright bipedal primates in the human family tree were called hominids—a word derived from the Latin term Hominidae, originally defined by the eighteenth-century Swedish naturalist Carolus Linnaeus, who founded the modern scientific method for classification of species. For many decades, scientists and writers have used the term “hominid” to refer to all of the species, both prehistoric and modern, who walked and ran fully upright and whose arms and hands were free, uniquely among the higher animals, to make and carry things.

  But the traditional meaning of the term “hominids” changed in the 1990s, when major revisions were made to the classification of the monkeys and apes that belong to the mammalian order called primates. Advances in DNA analysis in the 1990s made it possible to quantify the precise genetic distance between one species and another, and since the genetic distance between humans and the great apes—such as the chimpanzee and gorilla—turned out to be relatively small, the official classification was substantially revised.

  Under the new classification, the Pongidae—the biological family that formerly included the chimpanzees, gorillas, and orangutans—was abolished, and all of these species were placed together with humans into the family Hominidae. Therefore, technically speaking, the term “hominids” no longer means “the family of modern and prehistoric humans” but now literally means “the family of modern and prehistoric humans, chimpanzees, gorillas, and orangutans.”

  Once the Hominidae or hominids were no longer restricted to two-legged animals, anthropologists and paleontologists began to use the term “hominins” to refer to modern and prehistoric humans. Unfortunately, however, “hominins” has exactly the same problem as “hominids,” because the subfamily Homininae includes not only humans but also gorillas and chimpanzees—and the tribe Hominini includes not only humans but also chimpanzees.

  Technically, therefore, neither “hominids” nor “hominins” refers exclusively to prehistoric and modern humans. In fact, the only remaining scientific term that refers exclusively to the upright, bipedal humans, both modern and prehistoric, is the subtribe Hominina. But still struggling with the change from “hominids” to “hominins,” writers and scientists can be forgiven for their reluctance to transition yet again to the unused and little-known “homininas”—especially considering that the subtribe Hominina may be doomed to the same fate that has already befallen its predecessors. Some scientists have proposed that the chimpanzees be reclassified as a species of our own genus, Homo. If this should come to pass, even the Hominina will include the chimpanzee, a quadrupedal animal neither built for, nor capable of, true bipedal locomotion—and not by any stretch of the imagination a legitimate member of the human family.2

  For all of these reasons, I have used the traditional term “hominid” throughout this book as the preferred term for all prehistoric and modern bipedal species in the human family tree. Unlike “hominins”—which has recently become the favored term in academic anthropology and paleontology—the term “hominids” has been part of the scientific lexicon for centuries. It long ago became firmly accepted in common usage, and it continues to be recognized and understood by all educated readers. Most importantly, it is no less appropriate than “hominins,” given the current scientific definitions of the Hominidae, Homininae, and Hominini.

  The Three Distinct Phases of Human Evolution

  If we go back to its earliest beginnings, we can see that human evolution has unfolded in three distinct phases. The hominids of each phase possessed a characteristic anatomy, a characteristic range of brain sizes, a characteristic collection of tools and weapons, and a distinct geographical distribution. The species that typify these three phases can be easily identified as falling into three groups, which I will refer to in this book as “early hominids,” “emerging humans,” and “modern humans.”

  The first phase—that of the early hominids—began several million years ago, when a population of prehistoric apes gradually evolved the ability to stand, walk, and run fully upright. The famous fossil remains of Lucy, one of the most ancient of these early hominids, was an Australopithecus afarensis, and at least five other species are currently recognized by paleontologists.

  The early hominids made crude Oldowan stone tools but left no evidence that they used fire or lived in caves. Although they stood, walked, and ran fully upright, they retained the long arms, curved finger bones, long toes, and narrow shoulders typical of their tree-dwelling ancestors. The persistence of these ape-like characteristics in the fully upright early hominids is compelling evidence that they continued to climb high into the trees to sleep at night to avoid the large predators, especially the big cats, that were their most dangerous natural enemies.

  Although they were inventive and resourceful, it is unlikely that the early hominids were significantly more intelligent than the great apes. Compared to the modern human brain’s average size of roughly 1,400 cubic centimeters (cc), the brains of the early hominids were only slightly larger than the 375 cc brain of a typical chimpanzee—and their brains never expanded in any meaningful way during the millions of years that they inhabited tropical Africa.

  The long history of the early hominids should be viewed as the successful adaptation of upright posture and bipedal locomotion by primates with the brain power of very intelligent apes. These creatures made spears and digging sticks, successfully hunted and killed other animals, defended themselves against their natural enemies, and flourished for about four million years—a period of time roughly eight hundred times longer than the entire history of urban civilization that began in ancient Mesopotamia five thousand years ago.

  Beginning sometime after two million years ago, a population of more highly evolved hominids, with significantly larger brains, began to appear on the African continent. Over the course of the next million or so years, these emerging humans, with their superior Acheulean stone tools and technologies, gradually outcompeted and replaced the more primitive early hominids. By approximately one million years ago, all evidence of the early hominids had disappeared from the fossil record. They had apparently become extinct.

  The emerging humans were larger and taller, with the broad shoulders and narrow waist that characterizes modern human populations. Moreover, the bones of their fingers were straight, not curved, their arms were shorter, and their toes were short and stubby. This indicates that the emerging humans were no longer adapted to climbing into the trees to sleep at night. The emerging humans became cave dwellers, and they developed a different strategy—the use of fire—to protect themselves from the large and dangerous predators in their environment.

  Homo erectus, the most important and most successful of the emerging humans, migrated out of Africa to inhabit the tropical environments of South and East Asia and eventually settled across all the colder northern latitudes of Eurasia, from the British Isles to China. The brains of Homo erectus, which in the earliest finds averaged about 650 cc, grew in size until they reached 1,250 cc—almost within the normal range of modern human beings. It was Homo erectus, the “upright man,” who decisively crossed the gulf between humanity and the rest of the animal kingdom.

  Finally, beginning approximately 250,000 years ago, the first modern humans began to appear in Africa, sporting giant brains of 1,300 and 1,400 cc—roughly triple the size of the early hominid brains. Homo sapiens, the “thinking man,” spread throughout the African continent, while other populations of modern humans migrated into Europe and Asia. Their descendants included the Neanderthals who hunted the wooly mammoth and the wooly rhinoceros during the last ice ages and the anatomically modern humans who made the famous cave paintings of prehistoric France and Spain.

  Between twenty-five thousand and fifteen thousand years ago, some of the tribes of anatomically modern humans who were living in Siberia crossed into Alaska, rapidly spread throughout all of North and South America, and completed the human conquest of all the earth’s continents.

  Early hominids, emerging humans, and modern humans were thus the three dominant populations during each of the major phases in the evolution of humanity. The early hominids survived for well over four million years, the emerging humans for nearly two million years. We modern humans, with our “superior” brains, have inhabited this earth for at most a quarter of a million years—one-eighth as long as the emerging humans and one-sixteenth as long as the early hominids. Modern humans have a long way to go before equaling the longevity of our most ancient ancestors.

  Eight Metamorphoses, Many Revolutions

  Although numerous revolutions have come and gone in the course of human history, humanity has experienced only seven fundamental transformations, or metamorphoses. Some of these metamorphoses have been called revolutions (the metamorphosis of agriculture is often called the Neolithic revolution, and the metamorphosis of science and industry is commonly known as the industrial revolution).

  But the word “revolution” is also used to describe any sudden and sweeping change in a particular political power structure or in a particular realm of culture, including science, technology, and art. A metamorphosis, however, describes a sweeping change in every aspect of culture and society: diet, habitat, social relationships, economic behavior, group size, technology, evolutionary pressures, and even human anatomy itself. There have been thousands of revolutions in the course of humanity’s evolution and history, but there have been only a few genuine metamorphoses.

  The first three metamorphoses occurred literally millions of years ago, among populations of prehistoric apes, early hominids, and emerging humans. These metamorphoses led to the fabrication of lethal weapons, the development of full upright posture and bipedal locomotion, the expansion and intensification of sexual behavior, the control of fire, the fabrication of clothing and dwellings, and the creation of that uniquely human innovation, the nuclear family.

  The next three metamorphoses occurred thousands of years ago, among populations of biologically modern humans. These transformations led to the invention of language and symbolic communication, the emergence of tribal and ethnic identities, the domestication of plants and animals, the birth of civilizations, and a massive increase in the earth’s human population.

  The seventh metamorphosis, which produced the industrial revolution, occurred only a few centuries ago and is well-documented by a wealth of historical sources. This technological transformation so radically increased the ability of humans to feed and protect their offspring that human overpopulation has now become the primary threat to the earth’s environment.

  At the present time, an eighth metamorphosis is under way, set in motion by the key technology of digital communications. For the first time in human history, it has become possible for anyone on Earth to interact with almost anyone else on Earth, quickly and affordably. Human society will be transformed as much by this latest metamorphosis as it was by the seven key technologies of the past and the seven metamorphoses they unleashed.

  May the Fittest Hypotheses Survive

  My goal in writing this book has been to identify the fundamental biological and cultural transformations—and the technologies which triggered them—by which, step by step, the human species has arrived at our present exalted yet precarious state of being. In the process, I have attempted to make sense out of several distinctive anatomical characteristics of hominids that exist nowhere else in the animal kingdom and for which a clear evolutionary advantage has not always been apparent.

  Why did our ancestors adopt upright posture in the first place? Why did we lose the formidable dental weaponry we inherited from our primate ancestors and become unable to defend ourselves without fabricated weapons? Why are human females the only mammals whose breasts swell and become permanently enlarged at sexual maturity, regardless of whether they are pregnant or nursing? Why is our sexual behavior more or less continuous, rather than coordinated with periods of fertility, as it is with every other species? How did we become the only animal on Earth that is attracted to fire rather than repelled by it? Why did we lose the natural protective coat of fur possessed by all other primates and become naked? Why did humans, the descendants of a group of mammals that evolved to live in the treetops, become adapted to living not just on the ground but in some cases actually beneath the ground, in caves both natural and artificial? And how do all of these uniquely human characteristics fit together as a coherent whole?

  When Galileo proposed that the earth revolved around the sun, he was denounced by the papacy and the astronomers of his day, convicted of heresy, and condemned to house arrest for the rest of his life. When Darwin proposed that the human species had evolved from an ape-like ancestor, he was greeted with skepticism, scorn, and ridicule by the learned scholars of his time.

  In modern times, scholars and scientists have been no less prone to dismissing an unorthodox explanation, if it happens to challenge the assumptions of conventional scientific wisdom. Full upright posture and bipedal locomotion turned out to be millions of years older than was originally believed. The use of fire is hundreds of thousands of years older than was originally believed. Chimpanzees make and use a variety of tools, a capability once considered the exclusive province of humans. And the astonishing realism of prehistoric art turned out to be tens of thousands of years older than the early paleontologists were prepared to believe.

  Readers familiar with the study of human evolution will find that some of the explanations I have offered concerning human origins run counter to orthodox scientific thinking. In itself, this should trouble no one, since orthodox scientific thinking about human origins and human evolution has changed many times, and in some cases what was heresy in one generation has become orthodoxy in the next.

  Most of the facts and theories about human evolution presented in this book are consistent with current scientific thinking. When they are not, I have attempted to show why I believe an alternative explanation is called for. Some of the hypotheses I have proposed in this book may be unorthodox, but in my view they best fit all the facts as we know them. It will be up to others to evaluate their validity and to determine their fitness for survival within the scientific understanding of human origins.
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  CHAPTER 1

  THE PRIMATE BASELINE

  Tools, Traditions, Motherhood, Warfare, and the Homeland

  “We must . . . acknowledge . . . that man, with all his noble qualities . . . still bears in his frame the indelible stamp of his lowly origin.”

  —CHARLES DARWIN, The Descent of Man

  When Charles Darwin first advanced the idea that the human species had evolved from an ape-like ancestor, he was greeted with howls of indignation from the clergy, the public, and many of the learned scholars of his time. In spite of all the obvious similarities between the human body and the bodies of monkeys and apes, Darwin was portrayed as a heretic whose theories contradicted not only the biblical story of creation but also the widely held belief that the human species was far too unique to have sprung from such a “lowly origin” (see Figure 1.1). By the time of his death, however, Darwin’s views on evolution had become widely accepted, and since his time, the evolutionary connection between humans and prehistoric apes has been demonstrated by paleontologists and geneticists with a thoroughness and precision that Darwin himself could never have imagined.

  Human beings may be related to apes and monkeys in the sense that we share a common ancestry, but humans are unique in ways that unequivocally separate us, not only from primates, but also from all other forms of life. Most of this book explores the technology-driven changes that gradually transformed us into much more than just another animal species. But in order to make sense out of the strange complexities of human society and culture, we have to begin by understanding the primate baseline—the anatomy and behavior of monkeys and apes. These were the genetic starting points, the natural raw materials, out of which the unique anatomy and behavior of human beings evolved. By understanding the nature of these evolutionary building blocks, we can more fully appreciate how far we have come—and how far we have yet to go.

  The stamp of our primate ancestry is obvious in every aspect of human anatomy. The human hand evolved from the need to grasp the branches of trees with a powerful, secure grip. The human shoulder, which allows the arm to rotate into a fully vertical position, evolved from the need to hang by the arms from overhead branches. The human foot, beautifully adapted to walking and running on two legs over the open ground, was originally a grasping “hand” designed for climbing trees.

  Apart from its comparatively small mouth and high forehead, the human face is a typical primate face. It is hairless around the eyes, ears, nose, and mouth, with prominent eyebrows.1 The nose is short, because the sense of smell is not important for survival in the trees. And both eyes face forward for binocular vision, because this type of vision enables primates to judge distances in three-dimensional space and is thus vital for moving quickly and easily through the trees.

  Even the human voice evolved from the ancient primate need to communicate with friends, relatives, or rivals who may be hidden in the dense tropical foliage. In fact, all primates are vocal, and most species make a variety of sounds, each with its own special meaning. The gibbons of Southeast Asia even invent their own songs, which they sing in the forest every day before dawn. And while our bodies are no longer capable of climbing trees to dizzying heights with the ease of apes and monkeys, we still find a singular pleasure in being perched in high places with commanding views.

  In addition to providing us with the basic features of our distinctive human physical characteristics, the influence of our primate ancestry can be clearly seen in many basic elements of human behavior. Like most primates, we are a social, group-living species. We mature slowly and remain dependent on our mothers for the first several years of our lives, and we form intense bonds with our mothers, siblings, and mates that often last for our entire lives. We organize ourselves into social hierarchies, and within these hierarchies we compete with our siblings, classmates, and coworkers who are similar in rank to ourselves. At the same time, we defer to our parents, teachers, and bosses who outrank us, and we expect deference from our children, students, and employees whom we outrank.

  Even the much-vaunted human ability to create and pass on distinctive cultures exists in a rudimentary form among many other higher animals, including whales, elephants, and even prairie dogs. Modern field studies by primatologists have established beyond question that monkey and ape societies are also capable of creating and maintaining the basic building blocks of culture, in which customs and traditions are invented by individuals, passed to other members of the group through imitation and practice, and handed down to succeeding generations from parents to offspring. Lastly, the use of tools and weapons, once considered the defining difference between humans and all other animals, has been identified unequivocally as part of the normal behavior of our closest genetic relative, the common chimpanzee.

  Group Solidarity and the Homeland

  Primates are highly social animals, and for the most part they spend their days in the companionship of other members of their group, sharing a common territory or home range from which other groups are excluded. While a group of primates willingly shares its homeland with its own members, it will aggressively drive away other members of its own species who belong to groups from other territories, and it will defend its own territory against neighboring groups—just as we do now and the hunter-gatherers did before us (see Figure 1.2).

  For every primate group there is a “we” and a “they”—the insiders who belong to one’s own group and live in one’s own territory versus the outsiders who belong to other groups and live in alien territories. And every primate group defends its homeland against rival groups with noisy, hostile, and sometimes violent confrontations that often take place at the borders where adjacent territories meet. The members of two different groups of monkeys or apes scream at each other, make threatening gestures, break branches, throw things, and generally attempt to intimidate the other side.

  Primates also distinguish between two fundamentally different types of ownership: communal property and personal property. The territory and natural resources of a group’s homeland—including sleeping trees, fruit trees, honeycombs, birds’ nests, drinking places, and so on—are generally considered to be the communal property of the group as a whole, and any member of the group has a right to use them. But when a particular piece of fruit is picked, a tasty insect is captured, or a nest of branches is constructed in a sleeping tree, that nest or morsel of food becomes the property of the individual who gathered or built it—and it is rarely shared with others.

  Human societies all recognize these two types of property in the personal possessions that belong only to individuals versus the public territory shared by all members of the community (which in our society includes streets, roads, parks, and other public spaces). To these, humans have added a third type of property, the family possessions (especially food and dwellings) that are shared by the members of the family but not by the society as a whole.

  Primate groups vary in size from a handful to 150 or more individuals. This size range is exactly the same as that found among the nomadic bands of human hunters and gatherers studied by anthropologists. The smallest primate groups consist of little more than a mother and her offspring, but most primate species live in larger groups that include adults, juveniles, and infants of both sexes. Some groups are little more than harems, in which several females live with a single dominant alpha male. This pattern is typical of gorillas, langurs, howler monkeys, and baboons.2 Still other species, such as rhesus monkeys and chimpanzees, live in groups with multiple males and females. These species typically have strong and lasting bonds with their mothers, but their sexual relationships are, from our human point of view, promiscuous—very casual and neither permanent nor exclusive.

  Almost all primate groups consist of a complex web of relationships that binds the members of the group together with four distinct types of social bonds that are also fundamental building blocks in all human societies. These are: 1) the maternal relationship between mother and offspring; 2) the social hierarchies that bind individuals together in relationships of dominance and submission; 3) the friendships and alliances that can form between any two individuals; and 4) the sexual relationships that are formed and maintained between adult males and females.

  Primate Motherhood

  The maternal bond tends to be stronger and more intense among mammals than other animals simply due to the physical and emotional attachments formed during the weeks, months, or years that every female mammal spends nursing her young. And because primates are specially adapted to living in the trees, the maternal bond is more powerful and lasting among them than it is among any other group of mammals. Almost alone among the many species of placental mammals, primate mothers must physically carry their offspring with them, wherever they go, throughout the first months or years of life.

  The reasons for this extraordinary maternal burden are easily identified. Since primates are adapted for a life in the trees—and since they must be constantly on the move to search for seasonal tree-borne foods—primates cannot construct permanent nests or burrows. This means that—unlike burrowing animals such as mice, rabbits, or foxes—they cannot hide their young from danger until they are old enough to be on their own. Moreover, a single stumble or fall from the treetops could easily be fatal to the immature primate.

  It requires literally years of development before a young ape or monkey can safely travel through the treetops on its own, and until then it is dependent on its mother to provide safe transport from place to place. This is very different from terrestrial animals, whose young can harmlessly stumble and fall over and over as they learn to walk and run. For these reasons, the intensity, duration, and life-or-death significance of intimate physical contact between the primate mother and her offspring dwarfs that of any other higher animal.

  In infancy, a monkey or ape will cling to the fur on its mother’s body with all four limbs, riding upside down under her belly almost continuously during the first few weeks or months of life. As it grows larger and stronger, the baby primate will begin to move about cautiously on its own, but it rushes back to its mother at the first sign of danger. As it passes out of infancy, the juvenile ape or monkey gradually makes the transition from riding upside-down on its mother’s belly to riding right-side-up on her back or shoulders—and this will continue for months or even years before it is old enough to give up this constant need for maternal contact.

  The bond that develops between the primate offspring and its mother during these initial months and years of intimate physical contact typically lasts for life (see Figure 1.3). It is not surprising, therefore, that the maternal bond is central in the social life of all species of primates, while the paternal bond varies, depending on the species, from great importance to complete irrelevance.

  The already powerful maternal bond typical of all primates became even more intense as four-legged, tree-dwelling primates evolved into two-legged, ground-dwelling humans. Human offspring mature more slowly than those of any other primate, and the period of maternal dependence is correspondingly longer. In the societies of monkeys and apes, adult females gain status and prestige in the group when their offspring are born. Likewise, the unique burdens and responsibilities of motherhood are recognized, valued, and celebrated in every human society by a wealth of cultural traditions that honor the special, life-long relationship between the human mother and her children. Humans are, however, unique in the strong bonds that typically develop between fathers and their offspring, a revolutionary development among group-living primates.

  Primate Sexual Relationships

  Stable sexual bonds and exclusive sexual relationships, including cooperation between males and females in the rearing of their offspring, appeared long ago in the history of life on Earth. Such relationships can be found among animals as primitive as fish, and they are nearly universal among birds, some of whom, such as geese, mate for life. Among mammals, however, sexual relationships are often neither stable nor exclusive, and they tend to vary greatly in character and importance from one species to another.

  Sexual relationships among goats and sheep, for example, are usually limited to a few brief acts of copulation. The alpha males in these species, who have exclusive sexual rights over their herd of females, are far too busy mating and defending their rights to help any of their dozens of mates with the task of rearing their offspring. This is a typical pattern among animals that live in herds, such as the grazing herbivores.

  At the other end of this continuum, the titi monkeys of South America form monogamous, often exclusive sexual relationships, and pairs of titi monkeys are rarely out of each other’s sight. When at rest, mated titis often sit next to each other with their tails intertwined, and they often seem to be more disturbed by expressions of distress from their mates than by expressions of distress from their offspring. It is notable that among titis, both sexes participate actively in caring for the young. In fact, after the first three months of infancy, the male titi may carry the offspring as much as 90 percent of the time. On the surface, this seems to parallel a pattern common to many human societies, but unlike the titi, different human societies vary tremendously in their attitudes toward the care of the young by males.

  The various species of apes and monkeys exhibit many different patterns of sexual relationships, and not surprisingly the sexual relationships typical of humans are very different from those of any monkey or ape. Yet for all their differences, human sexual relationships contain many of the elements found in the typical relationships of the non-human primates, including the tendency of both humans and other primate males to compete for access to sexually active females. But among the most important differences between humans and all other primates is that women are the only female primates capable of being sexually active more or less continuously from puberty to old age.

  When female monkeys and apes ovulate, they go into heat—technically the state of estrus—for approximately five to seven days about once each month, and females are sexually active only during these relatively brief estrus periods when they are ovulating and fertile. Estrus in most primates is characterized by a sudden and intense appetite for sex, accompanied by a conspicuous swelling of the female genitalia. But when estrus subsides, sexual relations cease until ovulation occurs again.

  Among all non-human primates, females who are immature, pregnant, nursing, or have become infertile with age do not ovulate, do not experience estrus periods, and with rare exceptions do not engage in sexual intercourse at these times. Although different primate species vary greatly in the age of sexual maturation, in the frequency and duration of estrus, and in the intensity of sexual interactions, all non-human primate species—and indeed all higher animals—exhibit some version of this ancient sexual pattern.

  The only exception to this rule occurs among the bonobo, or pygmy chimpanzee, in which many kinds of sexual play and genital stimulation take place daily between individuals of the same and opposite sexes and even among individuals of very different ages. But most of this sexual behavior does not include actual intercourse and seems to have little or no connection to either procreation or to forming bonds between males and females. Instead, sexual behavior among bonobos seems to function as a means of resolving conflict and reducing tension between individuals.

  It is notable that of all the primates, the bonobo, by far the most sexually active of all primates (followed closely by the common chimpanzee), is generally considered to be most closely related to humans genetically. Bonobos have extremely long estrus periods (thirty days, versus approximately five to seven days for most primates), and estrus among bonobos occurs about once every forty-five days, leading to considerably more opportunities for sexual intercourse than is typical for other non-human primates. Even the hypersexual bonobos, however, do not continue having sexual intercourse during pregnancy, during nursing, or after menopause, as most humans do.

  It is also noteworthy that neither bonobos nor common chimpanzees are sexually possessive or sexually exclusive. This is a striking contrast with humans, who are intensely competitive over sexual partnerships and who tend to be extremely possessive toward their mates. The significance of this radical departure from typical primate behavior will be explored in detail in the next chapter.

  While intermittent sexual relations governed by the hormonal cycles of ovulation and estrus are universal among apes and monkeys, the patterns of mating and sexual bonding among the various primate species vary greatly between one species and another.

  Monogamy, the most common form of sexual bonding among humans, is nonexistent among 97 percent of all mammalian species and is rare among apes and monkeys. Among the orangutans of Southeast Asia, a single adult male will establish a sexual relationship with two or more adult females who live apart from each other. Each female orangutan and her immature offspring typically live by themselves in the rainforest, where they are visited periodically by the adult male that fathered these offspring. At other times, this same adult male may also visit his other mates and their offspring living in nearby areas.

  The gibbons and the closely related siamangs of Southeast Asia also live in isolated nuclear families, where male gibbons play an active role in caring for the offspring. The Southeast Asian rainforest is characterized by widely dispersed food sources, and this is thought to be the reason for the lack of large groups in this habitat. Groups this small, essentially consisting of a single nuclear family, however, tend to be rare in the primate world.

  Two other types of sexual bonding among primates are much more common than the nuclear family group. The first is the harem system, in which a single dominant or alpha male has exclusive sexual rights over a specific group of females. The second is the multi-male, multi-female system, in which sexual relationships are transitory and sexual behavior is generally considered promiscuous.

  The harem system is typical of gorillas, patas monkeys, langurs, and most baboons. It is no coincidence that these species are all largely terrestrial and spend most of the daylight hours on the ground foraging for food. In these species, the females form a stable community, together with a dominant adult male who protects them and who has exclusive sexual rights to any of them that come into estrus. At the same time that a single adult male monopolizes several females, most of the immature and older adult males are condemned to a form of “bachelorhood” in which they live alone, or with shifting groups of other bachelors, each waiting for the opportunity (which for most of them never arrives) to acquire a harem of his own. The alpha male must therefore always be on his guard, ready to defend his position against the many would-be challengers lurking nearby in other parts of the homeland.

  As time passes and the dominant male ages, he is increasingly challenged and ultimately replaced by a younger and stronger male who had previously been living as a bachelor. A series of increasingly vicious confrontations will usually end with the defeat and departure of the original alpha male, who, if he is lucky enough to survive the final battles, will live out the rest of his life in the twilight of aging bachelorhood. Meanwhile, the females remain together as a group and accept the dominance of the new alpha male.

  Upon assuming ownership of the harem, the new alpha male often kills the offspring that are still in infancy. Since these infants were fathered by the previous male, this behavior probably evolved to ensure that the new male will be able to invest his time and energy protecting and defending the survival of those offspring that are carrying his own genes rather than the genes of his predecessor. And once ovulation is no longer suppressed by the hormones released during nursing, the now childless females begin ovulating again, come into estrus, become sexually active again, and eventually conceive new offspring fathered by the new alpha male.

  Given the pattern of violent competition among adult males of these species to possess their own harems, natural selection among such species tends to favor males that are larger, more aggressive, more possessive, and more dangerous. This constant selection in favor of superior fighting abilities and possessiveness toward females promotes the qualities that make it more likely that the males of such species will defend their harems and offspring from terrestrial predators. If a primate group wanders far out into open country and cannot easily flee to the safety of the trees, it is the males who must confront and defend the group from the lions, wild dogs, hyenas, and other predators that hunt in the open countryside.

  The multi-male, multi-female system is probably the most common type of primate group. It is characterized by males and females of all ages living together within a single group structure. Chimpanzees and bonobos, as well as savannah baboons, macaques, and many other Old World monkeys, all live in multi-male, multi-female groups. Sexual bonds in such groups are not exclusive, and sexual possessiveness is either greatly diminished or nonexistent. Both males and females have sexual relations with a variety of partners. Among the promiscuous species, females in estrus typically have sexual relations with several different males, often one right after another, while an adult male will readily have sex with any estrus female who will accept his advances.

  Yet even among the multi-male, multi-female species, a sexually active female and a particular male often form a more permanent bond known as a consort pair. The consort pair tends to separate themselves from the group, engage in frequent sex and mutual grooming, and even share food—a behavior that is otherwise exceedingly rare among primates. In fact, primate mothers have been known to snatch food away from their own offspring and eat it themselves.

  The consort pair relationship tends to be transitory, however, typically lasting only for the few days during each monthly cycle that the female ape or monkey remains sexually active. Yet the consort relationship seems to have provided the biological starting point for the evolution of the human nuclear family—and a strong, stable nuclear family is an indispensable feature of all successful human cultures.

  Like all other primates, humans have an intense and abiding interest in sex. But the continuous sexual relationship typical of humans goes far beyond the norm for any other primate—or for that matter, any other animal. The origins and implications of this greatly expanded sexuality will be discussed in detail in the next chapter. But what is most striking about the patterns of human sexual bonding is that is does not conform to any of the various types that have just been described. Instead, it includes elements of all of them—monogamy, polygamy, and promiscuity—to one degree or another.

  Monogamy is by far the most common sexual bond among humans, but in the majority of cases it coexists in the same societies with forms of polygamy similar to the harems of monkeys and apes. Primate groups that form harems are often compared to human societies that practice polygyny—the type of polygamy in which a single man is allowed to marry and father children by more than one woman. It has often been noted that there are (or at least used to be) many more cultures and societies that allowed polygyny than there were cultures and societies in which it was prohibited. But there are also important differences between the harems of non-human primates and the human practice of polygyny.

  The first difference is that, since female apes and monkeys have sex only during ovulation and estrus, it is rare for more than one female in a group to be sexually active at any given time—except in the case of a takeover of a group by a new alpha male and the wholesale slaughter of infants. Female humans, however, tend to be sexually active most of the time (except immediately before and after childbirth—and, in many societies, during menstruation).

  The effect of this continuous sexual availability is a constant undercurrent of competition and jealousy among human co-wives for the sexual attention and favors of their shared husband. Anthropologists who study such societies typically report that friction between co-wives is the bane of their polygynous marriages. In fact, the most productive hunters and most prosperous farmers who practice polygyny in these societies do so more for the economic advantages of having more women to work for them and more children to support them in their old age than for any expectation of sexual nirvana.

  The second important difference is that even in societies that permit polygyny, the vast majority of marriages are monogamous, because most men simply cannot afford to provide for more than one wife. By contrast, in the single-male, multi-female societies of non-human primates, essentially all of the adult females belong to one of the harems of females who mate with their currently reigning alpha male on the relatively rare occasions when they are ovulating.

  Finally, the human tendency toward promiscuity often overwhelms even the strictest cultural prohibitions, and in some of the sexually permissive cultures studied by anthropologists, certain kinds of sexual possessiveness were frowned upon. In fact, in some cases, the sharing of sexual partners was not only tolerated but was actually considered good form. The Inuit Eskimos of the Arctic were famous for sharing their wives and unmarried daughters with other males who came to stay as visitors or guests. To the Inuit, sexual possessiveness was an undesirable trait, and an Inuit man would no sooner deny his guest the pleasure of his wife than he would deny him the hospitality of food or shelter.

  Primate Friendships

  Animal friendships exist in many different forms. In primates, these can range from casual acquaintances with familiar members of the group to special “political” alliances among adults who may be sticking together for mutual defense or who may be competing with other individuals and alliances for status and power. Bonds of friendship are found to some extent in most higher animals, and primates are notable in the important role played by bonds of friendship in the course of their daily lives.

  Lastly, there is a special bond that can develop between any two individuals who are usually (but not always) members of the same group or species. Most birds are monogamous during the nesting season, when both males and females engage in the arduous tasks of raising the next generation, including building the nest, hatching the eggs, and feeding and protecting the young. In fact, many species of birds, such as geese, mate for life.

  Elephants, dolphins, wolves, lions, and many other mammals may develop intense and lifelong bonds with members of their own species. Many domesticated animals, including dogs, cats, horses, pigs, parrots, and geese, are capable of forming strong attachments with other species—including human beings—sometimes for reasons that defy logic. It is tempting to think that only human beings fall in love, but the intense affection and attraction for another individual—an attraction that often rises to the level of an obsession with the other individual—occurs among many animal species and is entirely consistent with our definition of “love.”

  Primate Social Hierarchies

  Higher animals that live in groups typically form social hierarchies in which every individual occupies a specific place in a pecking order, with the most dominant individuals at the top and the most submissive individuals at the bottom. The highest-ranking chickens can peck any of the chickens below them in the hierarchy, while lower-ranking chickens are pecked by those above them and in turn can peck those below them. Unable to defend themselves or attack others, the lowest-ranking chickens are often pecked to death. While we humans may regard this behavior as cruel, the ability to form social hierarchies based on differences of dominance and submission among individuals is actually essential to the preservation of peace and solidarity within the group.

  Social hierarchies promote social stability in a very simple way: they ensure that the members of a group will not engage in repeated battles as they compete for food, mates, sleeping places, and other desirable things. Hostile confrontations between individuals of similar rank may occur, but they will typically continue only until one individual wins and the other loses. The winner becomes dominant over the loser, who becomes and remains subordinate in the relationship. From that time forward, the subordinate individual will normally yield to the dominant individual whenever they both desire the same thing, whether it is an attractive member of the opposite sex or a favorite item of food tossed on the ground between them. The original hostilities between them have been resolved by a stable arrangement. There will be no further confrontations, battles, or life-threatening injuries.

  All primates—humans included—tend to act in submissive ways toward their elders and in dominant ways toward their juniors. At the same time, they tend to fight and compete for dominance with those of similar status, especially members of their own age group. These struggles for dominance are particularly intense in adolescence and young adulthood, when the social hierarchies of the newly mature generation are being established. The most dangerous of these struggles for dominance occurs when the position of an aging alpha male is challenged by a younger and stronger individual, temporarily upsetting and destabilizing the known and familiar social hierarchy that has been in effect for months or years up to that time.

  While on the surface it may seem odd to describe hierarchical behaviors such as dominance and submission as a type of bonding, the fact is that these hierarchical relationships tend to be exceedingly stable and long-lasting. Social hierarchies are common among group-living animal species because they minimize hostilities among the members of the group as well as provide a mechanism that allows the entire group to take concerted action when necessary.

  Just as monkeys and apes compete for dominance and social rank within their particular hierarchies, we humans also compete for dominance and social rank within our own hierarchies of art, science, technology, business, government, fashion, entertainment, and sports. But while the players change, the play remains the same: a stable social hierarchy in which each individual has a particular rank, in which life-or-death battles are infrequent, and in which winners and losers know their status, and stay in their places, but nevertheless remain watchful for opportunities to move up in the hierarchies to which they belong.

  The Fission-Fusion Society

  One particularly distinctive type of social structure that is typical of certain primate species—a type that is particularly common in human societies and that has been greatly elaborated by humans—is called the fission-fusion society. In these species, the active group tends to vary in size and composition from hour to hour, day to day, and season to season. The fission-fusion society breaks apart (the fission phase) into individuals and smaller groups that disperse throughout the home territory at certain times of day, or in certain seasons of the year, and then gathers together (the fusion phase) in a single location at other times to form one very large group. This type of society is typically found among three types of primates: 1) monkeys that have adapted to a terrestrial way of life; 2) the apes mostly closely related to hominids, especially the common chimpanzee and the bonobo; and 3) human beings.

  In a fission-fusion society, the individual members of the group often spend their daylight hours scattered throughout the territory of their homeland, each individual or small group setting off in pursuit of some particular kind of plant or animal food in the morning. Later, all return to the home base as the day comes to an end, gathering for safety in the sleeping trees, cliffs, or (in the case of humans) campsites and dwellings. In spite of their many differences in social organization, all human societies exhibit the same type of fission-fusion behavior. The persistence of this pattern is quite evident in our own society, in which family members typically disperse to their separate destinations during the day and then gather at the end of the day to eat and sleep together in their single shared dwelling.

  Perhaps because the composition of the various groups fluctuates constantly—each consisting of a different mix of individuals appropriate to the time of day or season of the year—species that practice this fission-fusion pattern are also more likely to interact with and even mingle with other groups from other home ranges. Chimpanzees are well known for the periodic occasions when two separate and independent groups undergo a kind of temporary fusion and mingle as a single group for hours at a time. The members of the two groups interact with great excitement, the males of each group putting on displays of dominance: hooting, screaming, and charging about, sometimes breaking off branches and brandishing them ferociously during their performance. After a while, the excitement dies down, the members of the different groups separate, the original groups reassemble, and the two groups go their separate ways.

  These dominance displays function not only as a warning to other males but also as a means of attracting sexually active females from the other group, in the hopes of having sexual liaisons with one of them. When they do occur, these liaisons may persist even after the original groups re-form and depart to different destinations, resulting in the younger, lower-ranking females leaving the group into which they were born to join their new mates in a new group. This is a fundamental primate mating practice called “exogamy” that will be discussed later in this chapter.

  The Inuit or Eskimos, who lived north of the Arctic Circle, typically spent the brief Arctic summer foraging for birds’ eggs, berries, and small game in small family groups scattered widely throughout the mushy tundra. But in the winter, the hunt for large game such as caribou, seal, and walrus often required the cooperation of several families. During this time of year, the Inuit would build their igloos close together in a sheltered location, forming winter camps that included dozens or scores of people who often got together to gossip, share experiences, recount the traditional folktales, and practice the traditional ceremonies of their ancestors.

  The !Kung Bushmen, hunters and gatherers of equatorial Africa’s Kalahari Desert, typically scattered into widely dispersed family groups during the rainy season, when water was plentiful and easy to find. But during the dry season they would gather into camps consisting of dozens of families, settling close to each other in the vicinity of the few permanent water holes, where they would pass the time interacting with members of other families, while they waited for the rains to come again.

  In our modern society, extended families often live scattered over large geographical areas, yet they will often go to great lengths to gather together periodically for the ceremonial occasions that are enshrined in our own cultural traditions, such as holidays, birthdays, weddings, anniversaries, and funerals. Modern civilization has created a complex variety of overlapping and interlocking groups related to many different spheres of human life, all made possible by the great human elaboration of the fission-fusion society.

  We are members of our own nuclear families of parents and children and also of the larger extended families that include our grandparents, aunts, uncles, cousins, nieces, nephews, and grandchildren. We belong to several other groups defined by the communities in which we live, the schools we attend, the trades and professions we pursue, and the organizations we work for. We are born into a family with a specific ethnic identity (or mix of ethnic identities), and each of these ethnicities is associated with a specific geographic region, language, history, religion, diet, value system, and mode of dress.3

  Finally, we express our individuality and satisfy our unique personal interests by purposefully joining one or more of the thousands of voluntary associations that have proliferated in modern times. These include religious groups, political parties, charitable organizations, social clubs, and the many professional associations that have sprung up in science, medicine, technology, commerce, sports, entertainment, the arts, and every other area of human endeavor.

  Each of these many human groups has certain requirements for membership and certain obligations demanded of its members. Human society as we know it would not exist were it not for the innate primate passion for group identity and solidarity combined with the flexibility of the fission-fusion society. Our instinct for group identity allows us to form groups with enough coherence to stick together with a feeling of solidarity and to work together to achieve common goals. Our instinct for both fissioning and fusing allows many groups to proliferate within a single society, each defined in a different way, and each meeting a different set of social needs.

  As we trace the evolution of modern humans and the development of increasingly complex human societies, we will see how the fusion phase of the fission-fusion cycle has allowed our species to forge new forms of solidarity within increasingly larger human groups. Modern nations and political movements include thousands or millions of members, most of whom have never met and never will meet, yet they collectively identify themselves as belonging to the same group and living within a single circle of trust.

  The history of our species has, in fact, been marked by ever-larger patterns of fusion. These began to occur when hunter-gatherers developed tribal identities; it expanded again when members of different tribes began living together in villages, towns, and city-states, and it finally expanded to its present size when many thousands of city-states were forged into approximately two hundred nation-states, in which the members of our group typically number in the millions and tens of millions.

  Primate Exogamy and the Incest Taboo

  In spite of the group solidarity typical of primates—and the antagonistic relationships primate groups have with each other—most primates interbreed on a regular basis with members of rival groups. Upon reaching puberty, the adolescent primate typically leaves its mother’s group and actively seeks out friendships and sexual relationships with members of another group—and ultimately to gain acceptance as a permanent member. This is called exogamy—meaning “marriage outside of the group”—and among most primate species it is the males who leave to join another group, a phenomenon known as male exogamy.

  Thus, the most common type of primate group is composed of a core of females who are related to each other as mothers, sisters, and daughters. These females have spent their whole lives together, are familiar with each other’s idiosyncrasies, have foraged for food together, shared some of their babies with each other, and have long since formed a strong and stable social hierarchy that promotes cooperation and peaceful relations within the group.

  Some species of primates, however—most notably the chimpanzees—practice just the reverse: female exogamy. Chimpanzee males remain in the group to which they were born and have lifelong bonds not only with their mothers but also with their fathers, brothers, and sons. Female chimpanzees, however, gradually wander away from their home group upon reaching maturity, seeking to establish sexual relationships and other friendships with the members of a completely different group. If they are persistent, they will ultimately win acceptance by the adult males and females of the new group. Eventually, they will become pregnant and bear offspring themselves, and while their daughters will grow up and move away, their sons will remain with them for the rest of their lives.

  The universal primate practice of exogamy is reflected in the social structure of all human societies, although it takes many different forms, including both male and female exogamy. The traditional peasant societies of China and India practiced a form of strict village exogamy based on residence. In these agricultural villages, all the land and dwellings were owned by males and inherited strictly in the male line. Thus, the men never moved from the village of their birth, while the women—whose property was limited to portable possessions such as clothing, jewelry, and furniture—left their home village forever upon marrying and spent the rest of their lives in their husband’s village. But in the traditional island villages of Polynesia, the land and dwellings were owned by women and inherited strictly in the female line—and thus it was the males who moved away from their home villages when they married to spend the rest of their lives as inhabitants of their wife’s village.

  In addition to these forms of exogamy based on residence, all human cultures require a form of exogamy that applies to kinship relations, namely the universal human prohibition against incest. Incest taboos require men and women to choose partners from outside of their own kinship group. In our society, the kinship group is defined very narrowly as the nuclear family of parents and children—and to a somewhat lesser extent, the extended family of uncles, aunts, and cousins. But in tribal cultures where kinship relationships are more important and more complex than they are in our society, incest prohibitions are often based on clan affiliations that can define hundreds or even thousands of potential relationships as incestuous and therefore completely off limits.

  Exogamy benefits primate societies in two ways. First, it ensures that there is constant genetic mixing among groups who live in adjacent territories, even if the groups are hostile to each other. This tends to minimize inbreeding, with its deleterious effects. Second, it ensures that within each group there are many adults that were born in other groups and already have relationships with their friends and family members who are members of those other groups.

  These links between different and often competing groups help to minimize hostilities and violence between one group and another. In many tribal and peasant societies, certain clans and villages traditionally exchanged partners with certain other clans and villages. This custom, often observed for generations, tended to produce a web of social bonds between the groups that would bind them together, minimizing hostilities between them and providing them with valuable allies in case of attack from enemy groups.

  Primate Hunting and Warfare

  Monkeys and apes were once regarded as peaceful gatherers pursuing a vegetarian way of life supplemented by the occasional insect, bird’s egg, or small reptile. But in recent years, field studies of primates in their natural habitats revealed that a number of them—including vervets, macaques, mandrills, baboons, orangutans, and chimpanzees—actively hunt and kill other warm-blooded animals, including other primates.

  Chimpanzees are probably the most effective hunters among all the non-human primates. Chimpanzees have been observed hunting and killing at least nineteen different species of mammals, including wild pigs, antelopes, and several types of monkeys (their favorite prey). One chimpanzee group was found to have routinely killed more than 10 percent of the red colobus monkeys living in its territory every year—a kill rate equivalent to that of hyenas and lions. The hunt is usually carried out by a group of adult males, who cooperate in pursuing and corralling their prey until they can get close enough to kill it. This is basically the same method used by human hunters the world over, with one important difference: the chimpanzee must kill its prey by biting it with its long, razor-sharp canine teeth and mutilating it with its bare hands, while the human kills its prey with fabricated weapons that can inflict lethal injuries from a distance, avoiding the dangers of close combat.

  Until recently, it was believed that, of all the primates, only humans engaged in lethal violence against members of their own species. Behaviors such as murder, warfare, and cannibalism were once believed to be unknown among the largely vegetarian (and presumably more peaceable) societies of apes and monkeys. But field studies of primates in their natural habitat have completely disproved this earlier view. Over a period of ten years, a particularly aggressive group of chimpanzees in Uganda were observed killing eighteen members of rival groups, a kill rate several times higher than the average for human hunter-gatherers. Numerous other studies have documented many instances of murder, infanticide, and cannibalism among a wide variety of primate species.

  But of all the violent behaviors that were once believed unique to humans, perhaps none was more unexpected than the discovery that certain groups of chimpanzees are capable of sustained campaigns of violence against neighboring groups with the ultimate goal of occupying portions of their territory and claiming it as their own. This form of “warfare” is strikingly similar to the raiding parties carried out by hunter-gatherers and agricultural villagers all over the world.

  One particularly large and aggressive group of chimpanzees lives at Ngogo in the Kibale National Park in Uganda. This group was studied by a team of American primatologists from 1999 to 2008, who discovered that the adult males of the Ngogo group were engaging in systematic raids in the territories of neighboring groups, periodically ambushing and killing other chimpanzees that belonged to these groups.

  Chimpanzees typically move about in their own home range in noisy and rambunctious gangs, in which individuals may be scattered about in the forest within earshot of each other. But the behavior of the Ngogo chimpanzees changed dramatically when they embarked upon a raid into another group’s home territory.

  About once every ten to fourteen days, up to twenty adult males from Ngogo would set out to conduct a raid on one of their neighbors, falling silent and forming a single file as they crossed the border between their neighbors’ territory and their own. As they penetrated deeper into “enemy territory,” they would carefully scan the treetops for signs of the enemy and react nervously to the slightest sound.

  If they encountered a group of defenders that outnumbered them, the Ngogo males would break ranks and flee back to their own territory. But if they chanced upon an unlucky male alone in the forest, they would pursue him, hold him down, and beat him to death. If a female was ambushed, she was usually released, but her offspring were usually killed and eaten. The majority of the Ngogo killings were directed at one particular group that lived to the northeast, and after several years of attacks, the Ngogo group moved into and appropriated a large portion of their neighbors’ territory, expanding the area of their own home range by 22 percent.

  The practice of infanticide is also common among many species of primates, occurring most often when a new alpha male wrests control of a harem of females from the alpha male that previously owned it. The new male will systematically kill all of the infants sired by his predecessor, which causes the now childless females to become fertile again and triggers the resumption of estrus and sexual activity. By mating with his new harem, the new alpha male can sire his own offspring, increasing the number of his own descendants and thereby maximizing the spread of his own genes.

  Primate Tools and Weapons

  In October of 1960, the primatologist Jane Goodall was in the first year of her historic research into the behavior of wild chimpanzees, living in an observation camp in a protected reserve on the shores of Lake Tanganyika in East Africa. One rainy October morning, wet and exhausted from hours of searching fruitlessly through the rain-soaked valleys for a chimpanzee to observe, she suddenly saw a movement in the long grass and focused her binoculars on the spot. Recognizing one of the adult males from the group she was studying, she cautiously approached.

  The adult male was sitting next to a termite nest, repeatedly inserting a long grass stem into the entrance holes to the nest. After each insertion, he would withdraw the stem, now covered by clinging termites, lick the termites off the stem, and eat them. If the end of the stem became bent, he would bite it off to make a new end, or he would discard the stem and pick another. He feasted on the termites for an hour and then wandered away.

  Goodall set up an observation post near the termite nest and soon was able to observe other members of the group fishing for termites, using not only the grass stems close at hand but also vines and twigs brought from several yards away, which they deliberately modified by stripping off the leaves (see Figure 1.4).

  Before Goodall’s research, the conventional wisdom generally accepted by behavioral scientists was that humans were the only species capable of deliberately fashioning tools from natural materials and using them for specific purposes. This was, in fact, one of the principal criteria used to distinguish humans from all other animals. But by 1973, Jane Goodall had recorded thirteen different types of tools made and used by the chimpanzees she was studying, and since that time more than twenty-five distinct types of tools, each deliberately fashioned from natural materials and each used for a specific purpose, have been identified by primatologists studying chimpanzees in the wild.

  In addition to the probes they make for termite fishing, chimpanzees select and clean twigs and small sticks for a variety of uses, including gathering honey, extracting the edible portions of nuts from their shells, and teasing out the marrow from the bones of their prey. A primitive hammer and anvil made from stones or wood is used by one group for cracking kola nuts, and a pounding pestle made from the trunk of a palm tree is used for deepening holes in trees. Large, flat leaves are picked for use as mats for sitting on wet ground and as disposable “hats” when it rains, and smaller leaves are chewed into a soggy mass that the chimpanzees use as a sponge for collecting water and cleaning wounds.

  Chimpanzee technology also includes weapons made from the natural materials in their environment. When engaging in their periodic threat displays, male chimps will break off branches and wildly brandish them about as they dash screaming through the forest. When they are attacking others, chimps will gather fruit, sticks, and even stones and throw them at their adversaries, and the members of at least one group of chimpanzees in West Africa have been observed making wooden “spears.” Selecting a suitable branch about three or four feet long, they strip off the leaves and twigs, sharpen one end with their teeth, and use the spear to stab and kill bush babies, a small, primitive species of primate that typically sleeps in the cavities of hollow trees.

  Technology gave humans a new kind of power over nature, but this power did not begin with the industrial revolution, the rise of civilizations, the development of agriculture, or even the invention of stone tools. The richness and variety of chimpanzee technologies indicates that the human use of technology began with prehistoric apes that were ancestral to both humans and chimpanzees.

  Technology as a force in human evolution appeared millions of years ago, with the invention of the first primitive weapons—not by humans, but by prehistoric apes—who, by adopting wooden spears and digging sticks, set themselves upon the evolutionary path that eventually produced human beings. The evidence and rationale for this proposition will be presented in detail in the next chapter.

  Primate Customs and Traditions, the Building Blocks of Culture

  In the early 1950s, a group of primatologists from Kyoto University began a long-term study of a colony of about one hundred wild Japanese macaques that had been living on Koshima, a tiny islet off the coast of southern Japan. To better observe the monkeys’ social behavior, the scientists would throw piles of sweet potatoes on the beach every time they visited the little island. The macaques would emerge from the forest to gather up the sweet potatoes, but before they would begin eating them, they would laboriously brush the sand off the potatoes with their hands, as is typical of this species.
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