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ONE


The Last Humans


THIS BOOK IS ABOUT YOU, what you are, and how you got here.


Biology puts beyond doubt that you are an organism. Like all living organisms, humans metabolize and reproduce. Your genome uses the same dictionary as a tulip and overlaps considerably with the genetic makeup of yeast, bananas, and mice. You are an animal. Like all animals, you have to eat other organisms—whether plant, fungus, or animal—for sustenance. You tend to approach things you want to eat while avoiding things that want to eat you, just as spiders do. You are a vertebrate. Like all vertebrates, your body has a spinal cord that leads up to the brain. Your skeleton is based on the same blueprint—four limbs and five digits—as that of a crocodile. You are a mammal. Like all placental mammals, you grew inside your mother and after birth received her milk (or someone else’s). Your body features the same terminal hair as a poodle. You are a primate. Like other primates, you have an immensely useful opposable thumb. Your view of the world is based on the same color vision as that of a baboon. You are a hominid. Like all hominids, you have shoulders that allow your arms to fully rotate. Your closest living animal relative is a chimpanzee. Yet it would be prudent of me to call you an ape only from a safe distance.


Humans tend to think of themselves as better than, or at least separate from, all other species on this planet. But every species is unique, and in that sense humans are no different. In the tree of life each species is a distinct branch with characteristics that set it apart from others. Humans differ from chimpanzees and other primates in some notable respects. We can lock our knees straight, have longer legs than arms, and habitually walk upright, freeing our hands to do things other than carry our weight. We have a chin. Our body surface is covered in sweat glands that provide a more effective cooling system than those of other primates. We have lost our canines and much of our protective fur, leaving males with the apparently pointless, but persistent, growth of beards. The iris of our eyes is relatively small and surrounded by white rather than dark sclera, making it easy for us to identify the direction of another’s gaze. Human females show no outward markers of their fertile phase, and human males lack a penis bone.


These are not exactly groundbreaking traits, compared to, say, the emergence of wings in birds, which predictably catapulted their bearers into a new sphere of possibility. Yet despite the paltry list of distinct physical attributes, we have managed to seize control of much of the planet. That is because our extraordinary powers do not derive from our muscles and bones but from our minds.


It is our mental capacities that have allowed us to tame fire and invent the wheel. They enable us to construct tools that make us stronger, fiercer, faster, and more precise, resilient, and versatile than any beast. We build machines that speed us from one place to the other, even to outer space. We investigate nature and rapidly accumulate and share knowledge. We create complex artificial worlds in which we wield unheralded power—power to shape the future and power to destroy and annihilate. We reflect on and argue about our present situation, our history, and our destiny. We envision wonderful, harmonious worlds as easily as we do dreadful tyrannies. Our powers are used for good as they are for bad, and we incessantly debate which is which. Our minds have spawned civilizations and technologies that have changed the face of the Earth, while our closest living animal relatives sit unobtrusively in their remaining forests. There appears to be a tremendous gap between human and animal minds, the nature and origin of which is the topic of this book.


WE HAVE BECOME SO SUCCESSFUL that many of us think a god singled our species out to run the world. Jewish, Christian, and Islamic traditions, for example, all share the fundamental belief that a universal god created humanity in his image, that only we are imbued with a soul, and that a glorious afterlife awaits those who follow a set of divine prescriptions. Nonhuman animals in these plots are cast as extras, and humans are given express rights to exploit them.


However, a couple of hundred years ago a range of inconvenient facts emerged to paint a very different picture of our place in nature. None were probably more profound than the extraterrestrial observations of Wilhelm Herschel. After moving from Germany to England, Herschel started to construct telescopes and study the night sky. His first breakthrough was the discovery of a new planet in our solar system, Uranus, in 1781. With the help of his sister Caroline and the royal support of King George III (before the madness), Herschel changed our view of the centrality of our Earth well beyond what Copernicus had done, cataloguing thousands of new star clusters and nebulae, and discovering the dynamic nature of the universe. He recognized that our solar system is traveling through space and that astronomical objects are born, change, and eventually die—a fate also in store for our own sun. He realized that starlight travels such enormous distances that some stars we see today have in fact already long died. The world turned out to be bigger, older, and more dynamic than anyone had anticipated.


Astronomy has demonstrated that we sit on a tiny speck in one of the billions of solar systems of the Milky Way, itself a galaxy among billions of others. This puts humanity, and all our troubles, in a radically new perspective—as Monty Python’s “Galaxy Song” urges us to recognize, while memorably summarizing some of the key discoveries about our place in the cosmos:


Just remember that you’re standing on a planet that’s evolving and revolving at 900 miles an hour


That’s orbiting at 19 miles a second, so it’s reckoned, a sun that is the source of all our power


The sun and you and me, and all the stars that we can see are moving at a million miles a day


In an outer spiral arm, at 40,000 miles an hour, of the galaxy we call the Milky Way.1


Herschel’s work gave humans a first glimpse at the really big picture. The realization that our planet and even our solar system are far removed from the center of anything cast serious doubt on previous theories that had put our species at the heart of a divine design. Indeed, with these discoveries, more secular views began to emerge. Pierre Laplace, for instance, proposed in 1799 that the sun, just as in other solar systems, originally condensed out of a nebulous cloud and then spun off the planets. When Napoleon asked him why there was no reference to God in his work, Laplace is said to have replied, “I had no need of that hypothesis.”


Scientific approaches also began to threaten long-held beliefs about our special position on Earth. Again, the Herschel family played a pivotal role. Wilhelm’s son John Herschel, who, like his father, served as president of the Royal Astronomical Society, wrote an influential book in which he promoted the new scientific approach, which allowed scholars to more effectively establish and accumulate knowledge. His inductive method of science had three parts: first, the gathering of data through observation and experimentation; second, the generation of hypotheses from these data; third, the testing of these hypotheses to see if they could be disproved. This systematic approach led to rapid progress across the disciplines, from astronomy to botany and from chemistry to geology.


Herschel’s book, together with that of Alexander von Humboldt, another romantic founder of modern science, was a key influence on Charles Darwin, who was inspired to make his own contribution to our understanding of our place in the world. Our relationship to animals would never be quite the same.


Descended from the apes? My dear, we will hope it is not true. But if it is, let us pray that it may not become generally known.


—REPUTED REMARK BY THE WIFE OF A CANON OF WORCESTER CATHEDRAL


DARWIN APPLIED HERSCHEL’S INDUCTIVE APPROACH in exemplary fashion. When he sailed around the world, he gathered enormous amounts of data on plants and animals. These led him to a new hypothesis explaining how species originated. On the Origin of Species was eventually published in 1859, after years of subsequent observation and experimentation had failed to disprove his theory of evolution by natural selection.


The theory is simple, elegant, and immensely powerful.2 Most importantly, 150 years of subsequent attempts have still failed to disprove it. In fact, science has unearthed a wealth of additional supporting evidence as well as further aspects of evolution, such as a detailed fossil record and the genetic foundation of life, which were unknown to Darwin. The implications of his work for humans’ view of themselves did not escape him. However, he only dared to make a brief reference to the human species in his seminal work. The notion that we have evolved like all other animals, that we share common ancestors with animals, that the same rules apply to us and them, that we are them, was unthinkable for many at the time—heresy even.


Nonetheless, twelve years later Darwin tackled the difficult but inevitable task of applying evolutionary theory to our own species head-on. In The Descent of Man he argued that humans, like all other animals, are the product of evolution; he went so far as to propose that humans’ closest living relatives are African apes. Today, various lines of evidence substantiate that this is indeed the case. Modern genetic comparisons have helped identify our animal family tree. Of all creatures compared to human DNA the two species of chimpanzee (common chimpanzees and bonobos) are clearly the closest match.3


In fact, the DNA of chimpanzees matches ours more closely than it does that of the African apes that look more like them: gorillas. In other words, from the perspective of chimpanzees, humans are their closest living relatives. Thus, by studying them we may perhaps learn more about the human condition than about the “animal condition.”


Though it has become widely known that we are descended from apes, it is still often misunderstood to mean we have evolved from chimpanzees. We did not. Chimpanzees could equally be argued to have evolved from humans. Common descent means humans and chimpanzees share a common ancestor, just as you and your cousin do on a much shorter time scale. Both chimpanzee and human lineages have had equal time to evolve since their lines of descent split. Recent genetic analyses and fossil finds suggest that the split occurred some six million years ago.


IN THE ABSENCE OF MICROBIOLOGICAL and fossil evidence, Darwin’s initial case for human evolution rested on signs of continuity. Descent with modification implies gradual change and therefore links between species. One can often find species with traits that are somewhat in between those of two other groups of species. Darwin, for instance, was most impressed  with the Australian platypus, a so-called monotreme creature that appears to combine characteristics of mammals and reptiles (e.g., it has hair and lays eggs).4 The importance of signs of continuity to Darwin’s theory drove the search for so-called missing links, such as fish with rudimentary legs. To this day, almost every major fossil find is greeted in the press as a, or even the, Missing Link. (I will discuss the found links of human evolution in Chapter 11.) But even without fossils a strong case can be made for continuity between humans and animals.


The similarities in anatomy and bodily functions between humans and other primates are quite plain. We are made of the same flesh and blood; we go through the same basic life stages. Many reminders of our shared inheritance with other animals have become the subject of cultural taboos: sex, menstruation, pregnancy, birth, feeding, defecation, urination, bleeding, illness, and dying. Messy stuff. But even if we try to throw a veil over it, the evidence for continuity between human and animal bodies is overwhelming. After all, we can use mammalian organs and tissues, such as a pig’s heart valve, to replace our own malfunctioning body parts. A vast industry conducts research on animals to test drugs and procedures intended for humans because human and animal bodies are so profoundly alike. The physical continuity of humans and animals is incontestable. But the mind is another matter.


How can anyone prove a gradual descent (or ascent if you prefer) from animal to human mind? This was arguably Darwin’s greatest challenge. The seemingly vast gap between animal and human mind reeked of discontinuity. Even the co-discoverer of the principle of natural selection, Alfred Russel Wallace, and close scientific allies such as Charles Lyell were not convinced that natural selection could account for it.


Followers of René Descartes, who in the seventeenth century argued that animals are mere automata (machines governed by definable rules), thought that animals had no mental experience at all. Our own bodies may also be conceived of as mere machines; they are only the containers and vehicles of our exalted minds. In many cultures it is thought the mind governs and restrains the body. With the generous help of sanctions and taboos, the mind reins in the beast within. Now stop farting.5 This dualism between mind and body still penetrates much of Western science and society.


Yet modern science has established that the mind is inextricably intertwined with the body. Lesions to your brain, say, from a tumor or a stroke, have predictable effects on your mind. For example, a lesion in the temporal lobes just behind your ear can destroy your ability to comprehend language. A subdiscipline of modern psychological science called “embodied cognition” examines more subtle links, showing that people’s mental experiences and judgments change when their bodies are slightly manipulated. For instance, one finds the same situation more or less funny depending on whether one has a pen in the mouth or not. Try it while watching your favorite comedy. The pen prevents overt smiling and laughing, and thus reduces the subjective experience. People seem to judge a hill to be steeper when they are wearing a heavy backpack than when they are not. There are many ways to demonstrate that states of the body influence the mind. Ultimately, when our brain dies, all evidence points to the conclusion that our mind does, too.


What, then, about the brains of our primate cousins? Around the time On the Origin of Species appeared, Richard Owen, the founder of the British Museum of Natural History, argued that the human brain had unique structures, such as a hippocampus minor. However, Thomas Henry Huxley, who came to be known as Darwin’s bulldog, won the subsequent scientific debate. He demonstrated that on close examination mammalian brains differ in size but share all major structures with humans. That conclusion has been influential to this day, although there have been recent challenges. For the time being, the case for Darwinian continuity between human and animal brains had been won.


The extreme position that animals have no minds at all became hardly tenable, given the continuity evident in brains, coupled with the evidence linking mind and brain. Animals’ neurochemical and behavioral reactions to physical insult, for example, closely resemble ours. They apparently mind being injured. And like us, they do not seem to mind injury when under anesthetic.


It is reasonable to assume, then, that many animals have the basic foundation of conscious experience. Yet people often reserve the word “consciousness” for higher functions of thinking. After all, Descartes was convinced of his own existence only on the basis of reflection: “I think therefore I am.” But consider the Czech novelist Milan Kundera’s astute reply: “‘I think therefore I am’ is the statement of an intellectual who underrates toothache.” When you have a toothache, no further thinking is required to be sure of your existence and the fact you mentally experience things. The next time you doubt your own existence, go to the dentist (and decline anesthetic). The psychologist William James argued at the end of the nineteenth century that consciousness gives animals “interests.” Because animals can feel, survival is made an imperative rather than a chance rule. They actively seek the experience of pleasure and relief from pain. Rats with inflamed joints, for example, will choose painkillers over usually preferred tastes when given the opportunity.


Even if we grant animals some mental experience, human minds appear to be vastly different from animal minds. In The Descent of Man Darwin tackled the problem of the apparent mental gap by comparing psychological characteristics such as emotion, attention, memory, and abstraction in animals and humans. Citing various anecdotal accounts he argued that animals have more sophisticated minds than is often assumed, and concluded that human minds differ only in degree and not in kind. The mental difference between ape and fish was greater, he argued, than that between ape and human. These conclusions remained controversial, even though Darwin predicted in On the Origin of Species that the study of the mind would be revolutionized by evidence for continuity: “In the distant future I see open fields for far more important researches. Psychology will be based on a new foundation, that of the necessary acquirement of each mental power and capacity by gradation. Light will be thrown on the origin of man and his history.”


He must have peeked into quite a distant future, as over 150 years later psychology has not yet been placed on this foundation. Theories and scientific traditions from behaviorism to cognitive psychology, from Freudian psychoanalysis to ethology, have attempted to unravel various intertwined secrets of behavior, evolution, and the mind, yet there is still no consensus on what mental powers humans share with which other animals, nor have such questions been central to psychological inquiry. Even evolutionary psychology, which studies the nature of the human mind as a product of a long evolutionary history—“Our modern skulls house a stone-age mind,” as two of its founders, Leda Cosmides and her husband, John Tooby, claim—has not yet taken seriously the challenge of investigating the apparent gap. Whole textbooks on evolutionary psychology barely mention our closest animal relatives, the great apes, or even our ancestral species.


Nevertheless, throughout the last century the work of some researchers, starting with pioneers such as Wolfgang Köhler examining the minds of chimpanzees, has been directly relevant to understanding the gap. In recent years, studies in comparative animal psychology have increased dramatically, and a clearer picture of the competences and limits of various nonhuman minds is finally emerging. Together with a more sophisticated understanding of the human mind and its development, I think we are finally in a much better position to tackle the question of what separates us from other animals.


Although signs of continuity between the minds of humans and animals were critical to Darwin’s original case for human evolution, today we know that whatever the size and nature of the gap turns out to be, the evolutionary account is compellingly supported by genetic and fossil evidence. Even vast gaps need not be incompatible with evolution through descent with modification. Evolutionary biology can accommodate the possibility of profound changes, as illustrated, for instance, by Stephen Jay Gould and Niles Eldredge’s arguments for rapid transitions followed by periods of relative stability. Most important, questions of continuity or discontinuity are, of course, about the evolutionary past and not about the present state of affairs. Current gaps are a function of what forms happen to have survived to this day. There is no need to assume that intermediate links must have survived (or that fossils of such links must be found). Indeed, most species that ever existed on Earth are extinct.


GREAT APES HAVE NOT ALWAYS been our closest living relatives. Only two thousand generations ago humans still shared this planet with several upright-walking, fire-controlling, tool-manufacturing cousins, including big Neanderthals (Homo neanderthalensis) and small “Hobbits” (Homo floresiensis). With its various bipeds it was a world reminiscent of Tolkien’s Middle Earth. Our ancestors forty thousand years ago would have had much less reason to believe they were far removed from the rest of the Earth’s creatures. We were but one of a group of similar species.


Perhaps because of the search for continuity and links, a picture persists of our ancestors evolving in a straightforward, single, and direct trajectory, up a stairway to Homo sapiens. This was not the case. For millions of years, many species of humans, technically called “hominins,” wandered the planet and sometimes shared the same valleys. For example, between 1.6 and 1.8 million years ago, there were probably six or seven species in the human family,6 ranging from the slender Homo habilis, makers of stone tools, to the stockier Paranthropus robustus with their massive, powerful jaws. There were also other types of apes such as the spectacular Gigantopithecus—an ape three meters tall that may have resembled Chewbacca from Star Wars. Our direct line of descent is only one branch on a flourishing, bushy tree of closely related species.


Some of these species were immensely successful. Paranthropus boisei, a heavily built hominin with a wide face, and the tall and large-brained Homo erectus each graced the planet for well over a million years. Modern humans have been here a mere fifth of that time. While there are clear signs of gradual change in, for instance, increasing cranial capacity and tool sophistication, diversity is also in evidence. Several new species have been described in the last decade. If the frequency of recent discoveries is anything to go by, archeologists will find many more fossils of hitherto unknown relations. We can expect an ever more complex family tree.


Yet today Homo sapiens is the only member of the human family left on this planet, and it so happens that a few species of great apes are our closest remaining relatives. A gap is defined by both of its sides. In an important sense, then, the answer to the question of why we appear so different from other animals is that all closely related species have become extinct. We are the last humans.


WHY IS OURS THE ONLY surviving lineage in this multitude of human forms? Why did the others die out? Radical environmental changes, such as ice ages and volcanic eruptions, are often responsible for extinctions. Such challenges have no doubt played a significant role in our relatives’ past as well. The various extinctions were probably complex processes involving a multitude of factors, and the constellation of these factors likely differed in the demise of different hominin species. But for the disappearance of our close relatives we should consider another potential culprit: our ancestors.


Humans have been responsible for the demise of many species in recent times and, although we have no direct evidence, may well have had a hand in the extinctions of Neanderthals and other close relatives. Once our ancestors had managed to control much of the classic ecological challenges of survival, including predation by big cats and bears, members of the human family probably became their own primary adverse force of nature. We are more likely to be threatened, coerced, or killed by another human than by any animal. Aggression and conflict may have greatly affected hominin evolution.


A technologically advanced population can have devastating effects on other groups. People may be exterminated not only through killing but also indirectly through competition, habitat destruction, or even the introduction of novel germs. In his book Guns, Germs, and Steel the evolutionary biologist and geographer Jared Diamond vividly recounts the extraordinary case of a mere 168 conquistadors ransacking the Inca Empire in 1532. Most Incas were, in fact, killed by smallpox. The invaders brought the deadly disease, which swept ahead of their advance. The wholesale loss of life was an advantageous side effect for the Spanish—a result of hundreds of years of suffering from the disease in Europe. But some conquerors may have been aware of such causal chains and actively facilitated the process, guaranteeing widespread deaths as a result. British colonists, for example, have been accused of intentionally giving blankets infested with smallpox to native North Americans. It is unclear how common such callous acts were. What is evident is that humans are capable of them.


Yet we are also capable of extraordinary cooperation, empathy, and kindness. We can, and I would hasten to say should, make ethical choices that avoid exterminations of other people or species. As Steven Pinker recently documented in The Better Angels of Our Nature, violence has gradually declined over the course of history. In other words, war, blood feuds, murder, rape, slavery, and torture have been more commonplace in our past. Evidence of violent conflict goes back to prehistoric hunter-gatherers, but it is unknown when this dark side first emerged. Common chimpanzees are the only other primate species known to cooperate to directly kill members of their own species. So cooperative aggression may have ancient roots indeed.


No doubt our forebears at times would have also attempted to interbreed with close relatives, and they may have assimilated those with whom they could successfully reproduce. There is some anatomical evidence that humans and Neanderthals interbred, and in 2010 the first genetic evidence demonstrated that Europeans and Asians, in contrast to Africans, still carry some Neanderthal inheritance estimated at between 1 percent and 4 percent.7 I am part Neanderthal. In December 2010, a thirty-thousand-year-old finger and tooth of another previously unknown human family member were described. Genetic analysis revealed that these so-called Denisovans were distinct from modern humans and from Neanderthals. They contributed about 5 percent to the genome of modern-day Melanesians.


Although sometimes represented as alternatives, making love and making war are not mutually exclusive possibilities. There is love as well as rape in times of war, and romance can result in conflicts. One way or another, it seems likely our forebears played important roles in the disappearance of at least some of our closest relatives. The reason the current gap between animal and human minds seems so large and so baffling, then, may be because we have destroyed the missing links. By displacing and absorbing our hominin cousins, we might have burned the bridges across the gap, only to find ourselves on the other side of the divide, wondering how we got here. In this sense, our exceedingly mysterious and unique status on Earth may be largely our own, rather than God’s, creation.


What follows is the story of the chasm that currently separates human and animal minds. Chapters 2 and 3 first take a closer look at what is known about our closest remaining relatives and how we can establish animal mental capacities. In Chapters 4–9 I examine the major claims about what makes our minds unique: language, foresight, mind reading, intelligence, culture, and morality. I explain what we know about the nature and development of the human faculties and assess what is known about parallels in animals. Although some species have communication systems, can predict what happens next, can solve certain social and physical problems, have traditions and perhaps even empathy, we will discover that human minds are distinct for a small number of recurring reasons. Chapter 10 distills what is common about the gap in all of these domains and why. Our prehistoric forebears and clues about the evolution of our minds are the focus of Chapter 11. Finally, in Chapter 12 I consider the future of the science of what separates us from other animals, as well as the future of the gap itself.
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            1    Our galaxy itself contains a 100 billion stars, it’s a 100,000 light-years side-to-side It bulges in the middle, 16,000 light-years thick, but out by us it’s just 3,000 light-years wide We’re 30,000 light-years from galactic central point, we go round every 200 million years And our galaxy is only one of millions of billions in this amazing and expanding universe.


The universe itself keeps on expanding and expanding, in all of the directions it can whiz As fast as it can go, at the speed of light you know, 12 million miles a minute, and that’s the fastest speed there is


So remember, when you’re feeling very small and insecure, how amazingly unlikely is your birth And pray that there’s intelligent life somewhere up in space, because there’s bugger all down here on Earth.


“Galaxy Song,” Eric Idle/Terence Jones (PKA John Du Prez) ©1983 Kay-Gee-Bee Music. Used by permission of EMI Virgin Music Publishing Australia Pty Limited (ABN 71 002 884 915) PO Box 35, Pyrmont, NSW 2009, Australia International copyright secured. All rights reserved.


2      From his travels Darwin noted that characteristics of animals and plants seem to fit their function, and that populations vary in relation to their geographic isolation from each other. He also noted that no two organisms are exactly identical—be that two dogs or two spiders. Given finite resources and competition, some variants inevitably leave more successful descendants in the next generation than others. In other words, some inherited variations have an adaptive advantage over others. If these are continually passed down the generations, the number with this advantage increases and eventually replaces lineages without them. Over large time spans organisms come to function better in their environment, and eventually, especially in geographic isolation, descent with modification results in different species. This is Darwin’s theory in a nutshell.


3      Note that figures such as a 99.4 percent match between chimpanzee and human DNA, though frequently cited, can be misleading. Common sense, for example, suggests that a zero percent match would indicate that two species are unrelated. However, given that genetic code of all creatures on Earth consists of only four molecules (adenine, thymine, guanine, and cytosine), the baseline is 25 percent and not zero percent. That is, if you compare a string of only one molecule, say, adenine, with the DNA of any species, be that rhubarb, porcupine, or human, you will find that on 25 percent of all DNA locations there is a match. About 25 percent of DNA is adenine. Furthermore, in addition to single base-pair substitutions, structural differences such as insertions, deletions, and duplications need to be considered when comparing genomes. For these, and some other reasons, one should take such figures like the 99.4 percent match with a grain of salt. Nonetheless, the relative match between different species can be interpreted in a straightforward manner.


4      This is especially interesting given that there are no truly native placental mammals in isolated Australia. Today the platypus is thought to be a surviving member of an early branch of mammalia, and a later branch is thought to have evolved into modern placental mammals and marsupials.


5      Do you find such an example offensive or misplaced for a serious discussion of human nature? Well, that is part of the point. We often like to think of ourselves as better than that.


6      Traditionally these are Homo habilis, Homo erectus, Homo ergaster, Homo rudolfensis, Paranthropus robustus, and Paranthropus boisei. In 2010, a seventh species, Australopithecus sediba, was described.


7      The logic is simple. When Neanderthal DNA is compared to different African groups of humans, they are equally different from each group. If, however, the DNA is compared to a European and an African, it more often matches the European than the African DNA. The same is true for tests with Chinese DNA. This suggests that when modern humans migrated out of Africa, they mixed with Neanderthals, presumably in the Middle East, where fossil evidence demonstrates prolonged cohabitation (see Figure 11.10), and then carried the Neanderthal component of their genome to the world outside of Africa.




TWO


Remaining Relatives


WE ARE PRIMATES. PRIMATES ARE generally adapted to life in trees and, because of the fatal risk of falling out of them, have evolved novel and sophisticated capacities for accurate seeing and grasping. Primates typically have forward-facing eyes and stereoscopic color vision, on which they rely more than on their noses. They have lost the whiskers characteristic of other mammals and also have a relatively reduced olfactory (smell-processing) brain.1 Primates have evolved grasping hands with five separate digits, and many feature a versatile opposable thumb and fingernails rather than claws. We would not perceive and interact with the world the way we do were it not for our primate heritage.


Compared to those of most other animals, primate brains are large and primate minds are smart. When observing the lives of, say, gorillas, one may well wonder why they would need smarts. Gorillas often do little more, it seems, than sit in the giant salad bowls of the forest, munching away. This observation prompted the philosopher Nick Humphrey to propose that it is social problems, rather than physical challenges, that might have driven the evolution of primate intelligence. This idea has increasingly attracted followers because most primates are indeed deeply social, and our closest relatives are especially so.


It is hardly an exaggeration to say that a chimpanzee kept in solitude is not a real chimpanzee at all.


—WOLFGANG KÖHLER


The intricacies of primate social lives have been extensively documented by field observations, which reveal that group structures are held together through relationships maintained by individual attention to others within the group. Primates are fond of grooming; it is relaxing and leads to release of endorphins and oxytocin, and sometimes to the groomed individual falling asleep. As tension and parasites are removed, social bonds are formed. Alliances are forged and repaired. The larger the group, the more time its members tend to spend grooming each other. While other animals aggregate in much larger numbers than primates do—wildebeest or sardines, for example, live in groups numbering many thousands—the individuals may be entirely anonymous to one another. Primates, on the other hand, know each individual group member.


In addition, primates appear to have some understanding of the relationships other group members have in terms of dominance, kinship, and friendship. Upon hearing the call of her infant, a vervet monkey mother will look toward the origin of the call, whereas other group members look to the mother—in apparent recognition that her infant is calling. Close observation of primate groups reveals that such knowledge is essential to their social lives. Therefore a fight between two individuals may affect the relationship between other members of the group. I once observed a young chimpanzee sneak up to an older female, holding a branch behind his back. When the female tried to groom the juvenile, he suddenly hit her with the branch and ran away, chased by the enraged female. This event had ripple effects throughout the community, as different chimpanzees appeared to take sides. Retaliations target not only perpetrators but sometimes also their kin or associates.


Primate social lives can be multilayered affairs. Achieving high rank is a function not always merely of brute strength but also of shrewdness. By grooming the right individuals one can gain support in power struggles. Social problems therefore require significant attention and consideration on the part of individual primates, especially as group size increases. In fact, evolutionary psychologist Robin Dunbar established that the greater the typical group size of a primate species, the bigger their brain—or, more precisely, the ratio between the neocortex and the rest of the brain. The larger the group the more cognitive power an astute social player may require to keep track of the increasingly complex web of information.


Primate foraging is also more complicated than is sometimes assumed. They feed not only on bananas but on a great variety of things including leaves, roots, sap, and meat in the form of insects and small mammals. To obtain such foods some primates employ tools. Capuchin monkeys, for example, open nuts with stones. Others have developed sophisticated processing techniques. Gorillas, for instance, carefully fold nettles to avoid being stung. Yet others cooperate, as chimpanzees do to hunt monkeys. In these ways primate species exploit a diverse range of niches.


Taxonomists subdivide primates into groups based on a variety of traits. Not all primates are monkeys. Much of this has to do with noses—there are two suborders, one that comprises prosimians such as lemurs and lorises, which have wet noses (called Strepsirrhini), and the other primates that have dry noses (Haplorrhini). The latter includes the two groups known as monkeys: the new-world monkeys, whose nostrils point away from each other and the old-world monkeys, whose nostrils are in parallel. New-world monkeys, as implied by their name, are only found in the Americas and include tamarins, marmosets, howler monkeys, spider monkeys, squirrel monkeys, and capuchins. Some of these species have evolved a prehensile tail allowing them to grasp and hang from branches while feeding using their hands. They sometimes use it like an arm: when I presented a choice task to a spider monkey, she made her selection with her tail about as often as she did with her hand. Old-world monkeys live in Africa and Asia and do not have a prehensile tail. They tend to walk on top of branches on all fours, rather than hang below them, and their tail only helps with balance. They can sleep sitting upright and therefore often have thick red calluses on their behinds (so-called ischial callosities). Well-known old-world monkeys include macaques, baboons, mangabeys, colobus monkeys, and langurs. Apes and humans belong to a group of dry-nosed, old-world primates that have lost their tails altogether.2 Let’s have a look at our closest remaining animal relatives.


APES ARE GENERALLY LARGER THAN other primates. They have relatively long arms, a broad chest, and no snout. Apes usually depend on trees for a living, but because of their weight they typically hang below branches rather than balancing on top of them. A rotational ability in the shoulders serves this mode of locomotion and is essential not only for our capacity to hang off branches or high bars but for throwing spears or balls with precision. Ancient apes were also relatively large and, up in the trees, probably quite safe from predation. Such security allows species to live longer and slower lives. Indeed, living apes grow up slowly, with long periods of gestation and of parental care. They reach sexual maturity late and have an overall long life span of up to about fifty years. This extended life history is a fundamental ape adaptation that provided the opportunity to grow bigger brains.


Apes were once diverse and widespread, but both their numbers and distribution have radically been reduced. The most likely culprit is the climatic changes that destroyed the rainforest habitat to which they were adapted. Humans, of course, became ground-dwellers and are responsible for much of the deforestation in recent times. We are the most widespread and abundant primate—over seven thousand million of our one species compared to a few hundred thousand apes of all other species combined.


When apes were first brought to Europe in the seventeenth and eighteenth centuries, people were immediately struck by their resemblance to humans, even if they were perceived as grotesque distortions. They were often considered half human and half beast. In German, monkeys are referred to as Affen, and apes are known as Menschenaffen (“humanapes”). In Indonesian and Malay, orang utan means “man of the forest,” and an early European anatomist adopted a Latin version with the same meaning, Homo sylvestris, to describe an initial specimen from the African apes. Ever since Carl Linnaeus systematically classified organisms and placed humans among the primates, there have been debates about the appropriate groupings of apes and humans on the tree of life.
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FIGURE 2.1.


Phylogenetic tree of humans and their closest animal relatives.


Although the relationships between primates are well established, the groupings and labels have been revised repeatedly in light of new data, most recently from genetics. In the latest and most widely used classification, and the one I will follow in this book (though only sparingly), humans and all apes are a group called hominoids. Humans and great apes, but not small apes (i.e., gibbons), are classified as a family group called hominids. Finally, the term “hominin” is used to refer only to humans and our extinct relations since the split from the last common ancestor with chimpanzees.


THE SMALL APES OR GIBBONS are, indeed, the smallest apes.3 The first one I ever encountered used my arm like a tree branch as it swung past me to land on the path ahead. I stood flabbergasted somewhere in a Sumatran rainforest. Small apes have extremely long arms and are famous for their acrobatics. They are true brachiators, swinging from branch to branch (or arm to branch as the case may be). No other mammal comes close to their ability to rapidly move through the canopy. But when faced with one on the ground, you will see a much less elegant form of locomotion. The gibbon was walking toward me on two legs with its arms swinging awkwardly in the air, in a style reminiscent of John Cleese’s funny walks. I was very much endeared by the cute little ape waddling up to me. I had been told that there were some semihabituated white-handed gibbons around, and so I was happy to make its acquaintance. Later on it even jumped on my lap. I stroked it and promptly got bitten.


[image: Siamang at Adelaide Zoo (photo Andrew Hill).]
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Siamang at Adelaide Zoo (photo Andrew Hill).


The line that led to the small apes split off from the ancestors of great apes and humans some eighteen million years ago. Today small apes live exclusively in Southeast Asia. They comprise four distinct genera: siamangs (Symphalangus), hoolocks (Bunopithecus), crested gibbons (Nomascus), and lar gibbons (Hylobates). These genera differ in various ways including the form of their skulls and even in the number of their chromosomes (ranging from thirty-eight in hoolocks to fifty-two in crested gibbons). There are several species of crested gibbons and lar gibbons, with little overlap between their habitats—only siamangs (the largest small apes) and white-handed-gibbons (a lar gibbon species) share territory in the forests of Sumatra and peninsular Malaysia.


Unlike great apes, but like many humans, gibbons live in small, monogamous families composed of a mated pair and several dependent offspring. Pairs stay together for years, and males invest time and effort in the rearing of the young. Siamang males even become the primary carrier of their offspring when the infant has reached the age of one year. When gibbons become sexually mature, they leave their “nuclear” family to start their own.


Each family typically has a territory of several hectares, which it vehemently defends. Gibbons mark their territory through their characteristically clamorous songs, which tend to last several minutes and are typically produced at specific times of the day. Different species of small apes can be identified through their songs, which range from booming and piercing cacophonies to haunting wails. Pairs often sing different parts in duet. The vocalizations of the small apes are far more diverse in range than those of the great apes. It has been argued that their ability to voluntarily produce such a diversity of sounds may be a better model of what our hominin ancestors turned into speech than the vocalizations of great apes. However, the functions of these small ape vocalizations seem to be restricted to territory marking, mate attraction, and, in case of the duets, pair bonding.


Surprisingly little is known about gibbons’ cognitive abilities. What work has been done is largely limited to studies on lar gibbons. Even these studies have been few relative to the myriad of psychological tests conducted on great apes. I found this a curious omission, given their close relationship to us, but soon learned the reason. It turns out that psychological testing of gibbons is rather difficult. Unlike great apes, captive gibbons do not tend to sit still opposite a human experimenter and then readily follow an experimental procedure. Perhaps because they are more vulnerable to predation, they are generally more fearful and flighty. In the studies my colleagues and I conducted, they frequently interrupted testing by indulging their penchant for energetic, high-speed acrobatics.


Small apes used to be widespread in Asia. Early Chinese texts report their presence as far north as the Yellow River. Today, however, they are confined to ever smaller areas of primary forest in Southeast Asia. Habitat destruction, hunting, and illegal trade have made them critically endangered. In fact, several gibbon species are alarmingly close to extinction in the wild.4 The silvery gibbon (Hylobates moloch) is down to about four thousand individuals and the western black crested gibbon (Nomascus concolor) to fewer than two thousand. The worst situation, however, is that of the Hainan black crested gibbon (Nomascus hainanus). This species, at last count, consisted of twenty-two individuals.


THE GREAT APES COMPRISE THREE genera: orangutans, gorillas, and chimpanzees. As the name suggests, they are larger than the small apes, with some male gorillas reaching over 200 kilograms.5 Great apes differ widely in the way they make a living, where they spend their time, and their social structure. However, unlike the small apes, they build nests in trees or on the ground to sleep in. They also make vocalizations akin to laughter when they engage in chasing games, wrestling, and tickling. As in humans, the armpits and the belly are particularly ticklish. The apparent joy of these activities does not seem to disappear with age—nor does their immense curiosity.


In the 1960s the curiosity of Louis Leakey, already famous for his discoveries in paleoanthropology, spawned long-term field studies of our closest living relatives. He sent out three female researchers to study each of the great ape genera in the wild. They are sometimes affectionately called “Leakey’s Angels.” Jane Goodall went to Tanzania to study chimpanzees, Dian Fossey to Congo and Rwanda to research gorillas, and Birute Galdikas to Borneo to investigate orangutans. Their approaches were initially considered unorthodox, but their persistence in recording behavior over long periods had a lasting influence. While Fossey’s efforts ended in tragedy in 1985 (as dramatized in the film Gorillas in the Mist), Goodall’s and Galdikas’s projects are ongoing. These long-term studies, together with a few other committed undertakings such as Toshisada Nishida’s work in Tanzania and Christophe and Hedwig Boesch’s work in the Ivory Coast, have yielded an extraordinary amount of new knowledge about our closest relatives.


ORANGUTANS ARE RED APES THAT live in the remaining jungles on the islands of Sumatra and Borneo. They are classified as two species (Pongo abelii and Pongo pygmaeus), but they can interbreed in captivity. Orangutans hardly ever descend from the trees. They prefer the lofty heights and have a corresponding air of aloofness about them when they gaze down at us ground dwellers. At least that is what it felt like to me, as my neck started to ache from prolonged upward staring. Male orangutans can weigh over 80 kilograms, making their climbing relatively slow and considered. I sympathized with their climbing efforts, as the branches move or break in roughly the way they would if I were trying to do the same thing. They have one distinct advantage over us, however: they have four hands, each with an opposable thumb at their disposal.
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FIGURE 2.3.


A male orangutan in Ketambe, Sumatra (photo Emma Collier-Baker).


Orangutans spend a good deal of the day in search of fruit. They supplement their diet with juicy stems and insects. Occasional meat eating has also been observed. For example, Sumatran orangutans sometimes kill slow lorises—a slow-moving, wet-nosed primate. Perhaps because fruiting trees can only feed so many orangutans at a time, they do not live in social groups like other great apes. Instead, adult males usually live a largely solitary life.6 Females travel with their offspring, as males do not partake in the rearing. Adult males grow to twice the size of females, and some develop large cheek flanges and throat sacs that they use to emit long calls. They range over a particular territory, and receptive females join them occasionally for a period of up to three weeks. They tend to repeatedly copulate during this time, including face-to-face intercourse. It can look very intimate.
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Utama, a female Sumatran orangutan at Perth Zoo (photo Andrew Hill).


For some time researchers thought there was another smaller species of orangutan. Today, it is clear that this is a second form of mature male, sometimes called the Peter Pan morph. These mature males are transient and stay in the subadult (unflanged) stage for many years. In spite of the usually gentle nature of orangutans, these males may physically force females to copulate with them. As they look like adolescents, they may escape the ire of resident adult males. Upon some cues, possibly when an old flanged male disappears, a Peter Pan morph can grow into a flanged full-grown male.


The tendency to attempt forceful intercourse in some circumstances appears not to be restricted to Peter Pan morphs, or even to males. One researcher who had regular contact with a female orangutan once told me that he had to turn away a direct advance, upon which the snubbed orangutan would no longer cooperate in his research efforts.


Apart from holding large leaves as umbrellas when it rains, tool use among orangutans was long thought unusual. In recent years, however, primatologist Carel van Schaik and colleagues have documented a variety of cases. For example, some orangutan groups in Sumatra use stick tools to get to the seeds of Neesia fruit and to obtain insects from holes. This appears to be socially maintained behavior. In Borneo, Anne Russon and Birute Galdikas documented orangutans’ capacities as imitators. At the reintroduction center of Tanjung Puting, orangutans sometimes even copy peculiar human behavior. One orangutan, called Supinah, has been particularly curious about humans’ ability to light and control fire—not unlike King Louie in the Disney film adaptation of The Jungle Book. The ensuing experiments with kerosene and other materials understandably raised some concern but were ultimately unsuccessful.


Orangutans are able to solve a range of other problems. I once observed a subadult male reaching over from a somewhat isolated tree to the outer branches of its neighbor. He then stayed in a rather awkward horizontal position between the trees for what seemed to be far too long for comfort. He hung on until a juvenile, maybe three years old, made its way down from the top of the trunk and used him as a living bridge across the gap. In this way, the subadult offered himself as a tool to the juvenile.


[image: Orangutan bridge in Ketambe, Sumatra.]
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Orangutan bridge in Ketambe, Sumatra.


In spite of all the attention the enigmatic red ape receives from the public and governments, the remaining populations are rapidly declining. The latest population estimate for Sumatran orangutans is a mere 7,300 individuals. The figures for the orangutan of Borneo are slightly better, with estimates of between 45,000 and 69,000 individuals, but their numbers are also declining. Continuing habitat destruction (especially for palm oil plantations), bush fires, hunting, and the pet trade are reducing the population. According to the International Union for the Conservation of Nature (IUCN), Bornean orangutans are endangered, and Sumatran orangutans are critically endangered; that is, they are likely to be extinct in the near future.7


GORILLAS ARE THE LARGEST OF the great apes, so it is not surprising that King Kong was cast as a gorilla. In spite of the size of male silverbacks and their impressive chest-beating displays, gorillas are largely placid vegetarians. I once had the pleasure of visiting a habituated group of mountain gorillas in Uganda (something I highly recommend both as an experience and for the sake of conservation), as they were relaxing in the forest. The silverback was lying on his side studying his fingernails. He then casually grabbed his butt cheek, lifted it a little, and let one rip—a parallel to human behavior seldom discussed. The only chest beating I saw came from a one-year-old infant.


There are two generally recognized species of gorilla: the Western gorilla (Gorilla gorilla) and the Eastern gorilla (Gorilla beringei). In 2012 the first draft of the gorilla genome was published and suggested that these two species diverged some 1.75 million years ago, albeit with some subsequent gene flow. The majority of both species live in the lowland, but the Eastern species include the mountain gorillas. There are only a few hundred mountain gorillas left, and their habitat differs starkly from the typical rainforest most Eastern and Western lowland gorillas call home. Much of what is known about natural gorilla behavior comes from detailed studies of mountain gorillas first initiated by Dian Fossey.
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A mountain gorilla spying on us from behind a bush in Bwindi Impenetrable National Park, Uganda.


Mountain gorillas live in small family groups comprising an adult male, a few females, and their offspring. As they reach maturity, females leave to join another group. A full adult male is larger than the females in his harem and develops the distinctive silver-gray hair patch on his back. “Bachelor” adult males tend to live solitary lives until they can take over such a group.


In spite of their colossal weight, gorillas are generally good climbers. On the ground, gorillas usually move on all fours using their hand knuckles. Mountain gorillas mainly eat ground-level roots, shoots, and leaves. Lowland gorillas eat somewhat more fruit, which they gather in trees. Recent fecal analyses suggest they occasionally also eat mammalian meat. To maintain their size on a predominantly plant-based diet, gorillas, unsurprisingly, spend a lot of their time feeding. Some plants have serious defenses, such as thorns; others only have tiny cores that are edible. The psychologist Dick Byrne has documented gorillas’ painstaking procedures to get to these juicy bits without getting hurt. These techniques can be quite complex, involving multiple steps, and young gorillas acquire them by observing their elders.
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Kigale, a female Western Lowland gorilla, at the National Zoo, Smithsonian Institute, Washington, DC (photo Emma Collier-Baker).


In captivity, gorillas have long been known to be adept at using tools, much like orangutans and chimpanzees. In the wild, such behavior had not been reported until quite recently. In 2005, a gorilla was observed using a stick to dig up tubers and to check water depths while wading through a swamp. One reason for the paucity of tool use in the wild may be that the gorillas’ immense strength provides them with alternate avenues to solve problems. My occasional collaborator Andrew Whiten told me that he once gave a puzzle box to a gorilla, a box that had previously been used to investigate chimpanzees’ imitative capacity at manipulating cogs and levers, and quickly learned that the gorilla had an easier way of getting at the treat inside: he simply smashed the entire thing open.


Mountain gorillas are critically endangered, with an estimated 680 individuals surviving in the wild.8 The Eastern lowland gorilla population comprises only a few thousand animals. The IUCN lists Eastern gorillas as endangered and Western gorillas as critically endangered. The Western subspecies known as Cross River gorillas are down to only about 250 individuals. The total number of Western lowland gorillas used to be estimated at more than 90,000 individuals, but the population appears to be rapidly declining. In 2006, an Ebola epidemic killed some 5,000 gorillas. Yet for once there has been welcome news about numbers in the wild. In 2008 a previously unknown large population, possibly up to 100,000 individuals, was found in the Congo—a fantastic discovery. Alas, there is little hope that any other uncharted habitats will be found in the future.


CHIMPANZEES ARE SUBDIVIDED INTO TWO species: the common chimpanzee (Pan troglodytes) and the pygmy chimpanzee or bonobo (Pan paniscus). Because chimpanzees are our closest living relatives and bonobos are in some aspects quite distinct from common chimpanzees, I shall introduce them separately.


Common chimpanzees live in large areas across the sub-Saharan forests of central Africa and are often subdivided into four subspecies (Western, Eastern, Central, and Nigerian chimpanzee). Young chimpanzees regularly feature in movies (from Tarzan’s Cheetah to Ronald Reagan’s Bonzo), and this has created a public impression that chimpanzees are small and cute. Adult males can in fact be large and ferocious. They are a lot stronger than most humans, and it is dangerous to get in their way when they are excited. They can also be temperamental. We sometimes work with two male chimpanzees at Rockhampton Zoo in Australia, and they are exceptionally friendly, sitting on the other side of the mesh attending our psychological tests. However, a loud lawn mower, a bus, or some other trigger can set them off into a frantic rage. They scream, beat the mesh, jump and charge hysterically through the enclosure, and spit. In other words, they go ape-shit. You certainly do not want to be carrying one of them on your shoulders like Tarzan.


In the wild, common chimpanzees are by far the best studied of all the apes. There are now data from several study sites that have observed specific groups for dozens of years. Chimpanzees live in large groups with typically forty to sixty members (some with over a hundred), but they usually travel and feed in smaller subgroups. Membership of these subgroups changes, and the whole group comes together only from time to time. This flexible system is known as fission-fusion—a lot of coming and going. It provides opportunity to spend time with selected individuals but poses special social cognitive problems of keeping track of changes in relationships and in the social hierarchy.


Females migrate to join another group when they become sexually mature, whereas males tend to stay in their group of birth. Achieving high rank is important to males, as it secures greater sexual access to females. Female chimpanzees advertise their sexual readiness through distinctive pink genital swelling and during that time may mate between five and an astounding fifty times a day. Mind you, intercourse usually only lasts seven seconds. Copulating with many males, even when already pregnant, may be a strategy to reduce the likelihood of males in the group killing the baby. Unlike gorilla silverbacks, which monopolize access to females, chimpanzee males cannot be certain about their paternity.


[image: The common chimpanzee Ockie at Rockhampton Zoo.]


FIGURE 2.8.


The common chimpanzee Ockie at Rockhampton Zoo.


As Jane Goodall famously documented, the social lives of chimpanzees are complex and intriguing. For instance, gaining the support of the alpha female may elevate a male’s position. Coalitions may allow lower-ranking males to topple the reigning alpha male. In turn, other alliances may retaliate against usurping individuals and their associates. As the primatologist Frans de Waal aptly observed, there is good cause to refer to “chimpanzee politics”—which is what he called his seminal book on the subject. The notion that humans are the only political species, as Aristotle proposed, can only be upheld with appropriate restriction of the term’s definition.


War is often said to be an extension of politics. The territory of each chimpanzee community has distinct boundaries that male groups patrol. Goodall observed how chimpanzees on these patrols killed chimpanzees from a neighboring group. At that time it was widely believed that only humans had that deplorable trait to cooperate in the murder its own kind. The ferocity of the killing shocked a lot of people. The outnumbered victims were held down while assailants beat and mauled them, dragged them back and forth along the ground, and attacked them long after they had stopped defending themselves. Many examples of chimpanzee raids and violence against neighbors have been recorded since. Given that humans and chimpanzees share this cruel potential, it may be an ancient trait indeed, which, as already noted, may have had an important role in the very creation of the gap.


Chimpanzees also share the human penchant for hunting. Some groups supplement their diet with small animals and even baboons. Hunting primates, such as swift colobus monkeys, seems to involve sophisticated cooperation. For example, one chimpanzee may drive the prey toward others that appear to hide in ambush. What cognitive abilities are involved, however, is subject to considerable debate. (Various pack animals, such as lions and wolves, also engage in cooperative hunting.) In 2007 chimpanzees in the savannah of southeastern Senegal were reported to sharpen sticks and spear bushbabies—small nocturnal primates—hiding in tree holes.


Although significant, meat is by no means a major food source for most chimpanzees. About half of what they typically consume is fruit, and other vegetable matter such as leaves and bark is also commonly eaten. Some groups have been observed digging for tubers. There have even been reports that chimpanzees seek out medicinal plants when sick. Many chimpanzees obtain protein by eating ants and termites and have developed ingenious ways of fishing them out of their holes. Small sticks are stripped of their leaves, inserted, and retracted once insects have gathered on the tool.9 Protein requirements are sometimes further supplemented by consumption of nuts. In the Tai forest, for instance, chimpanzees spend considerable time cracking open nuts with stone hammers and anvils, and appear to have done so for a long time in this region. At one site an archeological study indicates that chimpanzees used such stone tools 4,300 years ago—the chimpanzee stone age predates human farming in the area. Chimpanzee foraging is much more complex and diverse than once thought. They have developed ingenious ways of obtaining varied food sources, and some of these methods are passed on, apparently over thousands of years, through social learning.


Groups differ in what tools they use and how they use them. Leaves are used for cleaning, branches are shaken and stones are hurled in aggressive displays, rocks and logs are used as hammers and anvils, and sticks are employed to obtain objects otherwise out of reach. Some tools are made to suit the task (e.g., stripping and sharpening a stick and adjusting its length), and the same kind of objects may be employed for a range of different purposes (e.g., leaves may be used as toilet paper, sponges, and umbrellas). In short, as we will see throughout the book, our closest animal relatives have rather clever minds.


Common chimpanzees used to be, well, common in Equatorial Africa, living in over twenty countries. Current estimates put the total chimpanzee population size to above 170,000 but less than 300,000. This comprises over 20,000 Western, 90,000 Eastern, and 70,000 Central chimpanzees. There are fewer than 6,500 Nigerian chimpanzees remaining. Though these numbers are higher than for most of the other apes, it may be instructive to compare them to the populations of a few towns and to imagine those settlements were all that is left of humanity on the planet. Numbers are declining primarily as a result of habitat destruction and degradation, as well as hunting for the bush meat trade and the pet trade. The common chimpanzee is thus classified as endangered by the IUCN.10


BONOBOS, OR PYGMY CHIMPANZEES AS they used to be known, were only described in 1929. They are more petite than their better-known cousins; have a black, relatively flat face, pink lips, and a higher forehead; and look well groomed, with their hair often parted neatly down the middle. Together with a relatively straight posture when standing upright, which they do about a quarter of the time when on the ground and especially when carrying things, they look eerily like one might imagine an early human ancestor.


Bonobos live in a limited region south of the river Congo. It may have been river barriers that led to their separation from common chimpanzees between one and two million years ago. They eat mainly fruit, complemented with some leaves and, on occasion, a small amount of animal protein. Only in 2008 were bonobos first described to collaboratively hunt monkeys and share the spoils. There has been no evidence yet of bonobos using tools in the wild, but that may only be a matter of time and patient observation. They certainly do use them effectively in captivity. Little is known about wild bonobos, with only two permanent study sites currently in operation.
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Young adult male bonobo Kevin (photo by and courtesy of Frans de Waal).


Like common chimpanzees, bonobos live in fission-fusion societies and can typically be found in subgroups of up to twenty-five individuals. The entire group may be as large as two hundred individuals. What little study there has been of bonobos in the wild suggests distinct traits that separate them from common chimpanzees. They show far less aggression, are less male-dominated, and have a lot more sex. There is sex between all ages, genders, and ranks. Bonobos seem to enjoy sex and indulge in a variety of positions, including face-to-face intercourse, tongue kissing, and even oral sex. Bonobo sex, like human sex, is not just used for procreation. In certain situations sex seems to serve a tension-reducing function. After conflicts, for example, sex is often used as a means to establish reconciliation. Perhaps there is a lesson here.


As enthusiastically documented by Frans de Waal, bonobos have a peaceful—some might call it “utopian”—society. De Waal argues that bonobos have compassion, empathy, and kindness. The relationship between the sexes is quite egalitarian. There is little violence compared to the frequent outbursts observed in common chimpanzees. Recall, though, that we know a lot less about bonobos than we do about common chimpanzees. More extensive research is highly desirable and may well reduce some of the apparent differences between these species of chimpanzee. It took years of observation before Jane Goodall found that common chimpanzees engage in collective killing.


Estimates of bonobo population size range between 30,000 and 50,000 individuals. Bonobos are classified as endangered by the IUCN and face similar pressures from human activity as the other great apes. Since they only live in the Democratic Republic of Congo, the local political situation is crucially important in the continuing survival of this fascinating hominid.11


AS OUR CLOSEST REMAINING RELATIVES, these species of ape provide context for our discussion about the nature and origin of the apparent gap that separates animal and human minds. Given that minds are generated by brains, I’ll close this chapter with a comparison of human brains and those of our animal relatives.


Thomas Huxley found that mammalian brains are broadly equivalent in structure and differ primarily in size. Size matters. Even within our own species, there is some evidence that people with larger brains are more intelligent than those with smaller brains, at least as measured by IQ tests. Do humans, then, simply have the largest brains?


The brains of small apes weigh about 80 grams and those of great apes between about 300 and 450 grams. Humans have by far the largest brains of all primates, typically weighing between about 1.25 and 1.45 kilograms, and containing some 170 billion cells, about half of which are neurons. Metabolically we heavily invest in brain activity. Our brain comprises about 2 percent of our body mass but consumes some 25 percent of our energy. (Thinking is exercise and costs you 20 to 25 watts to run. Yes, you are exercising right now.) However, brain size alone cannot explain the gap—alas, we do not have the biggest. Elephant brains can weigh over 4 kilograms, and whales have much larger brains still, weighing up to 9 kilograms.


However, if you take overall body size into account, humans have much larger relative brain sizes than these giant creatures, whose brains comprise less than 1 percent of their bodies. Yet, in spite of its initial intuitive appeal, it is not entirely clear why relative brain size should matter. Perhaps larger bodies require larger brains in terms of innervations and neural management, but shouldn’t cognitive processing be independent of body size? After all, we don’t become more or less smart when we change relative brain size through losing or gaining weight, do we? Furthermore, some large animals, such as crocodiles, do fine with walnut-sized brains. Why should we adjust brain measures according to body size when large bodies can be run by small brains?


In any case, the outcomes of relative size comparisons have also not been supportive of humans’ sense of superiority. Some shrews and mice, it turns out, have brains that are up to five times larger than ours relative to body size. They can have an extraordinary 10 percent of their body be brain, compared to our 2 percent. This may please fans of Douglas Adams, whose fictional laboratory mice were smarter than us and conducted experiments on human scientists who thought they were experimenting on them, but there are no signs of extraordinary mouse intelligence I am aware of.


Since we get beaten by large mammals in the first scheme and small mammals in the second, a third scheme has been devised that takes into account that as mammals get larger, brains get absolutely larger but relatively smaller. The psychologist Harry Jerison calculated so-called encephalization quotients, or EQs, which compare the actual size of a species’ brain to the size one would expect for an average animal of its size from the same taxon. Among mammals the average animal is calculated to be a cat. Table 2.1 lists some examples of mammalian EQs. In this influential scheme, humans emerge on top with a brain over seven times larger than that predicted for the average mammal of our size. Many other animals seem to be ranked in line with common assumptions. Some findings, however, are unexpected. Capuchin monkeys, for instance, have surprisingly large EQs that put them well ahead of chimpanzees. One may also worry about the influence of the reference group. If instead of comparing us to the average mammal, we narrow this down to a comparison to the average primate, or expand it to a comparison to the average vertebrate, the results change. Not surprisingly, then, debate continues over which measure is most informative.12


TABLE 2.1. Some sample encephalization quotients


[image: ]


Given the limitations of both absolute and relative measures, Andrew Whiten and I combined the two. We took Jerison’s EQs for primates and computed the absolute brain mass that is in excess of that predicted for an average mammal of the same body size (see Figure 2.10). Lo and behold, humans came out on top, with our closest relatives lined up in an order that appears to make intuitive sense. The great apes enjoy absolute neural resources well beyond that typically evident in a mammal of their size, and substantially more than monkeys. Humans have disproportionally more computing power still.


[image: Average excess brain in grams over and above that predicted by body size.]


FIGURE 2.10.


Average excess brain in grams over and above that predicted by body size.


This makes us feel good, perhaps, if a little uneasy. Are we just massaging data to get the results we want? A lot of ink has been spilled on the pros and cons of various measures of brain size comparison, but it remains uncertain whether any of them have unearthed some hidden truth or whether we are simply using statistics to confirm our preconceptions.


The obsession with size may be misleading. When the neurologist Korbinian Brodmann produced his seminal comparative brain maps at the beginning of the twentieth century, Huxley’s claim about structural similarity between mammalian species was confirmed. However, Brodmann appreciated that more sophisticated methods might eventually find differences in internal organization.


New methods are indeed beginning to reveal some subtle differences. For example, new techniques for estimating the number of brain cells in mammals suggest that different scaling rules link brain size and number of neurons for rodents, insectivores, and primates. It turns out that ten grams of monkey brain contain a lot more neurons than ten grams of rat brain. However, these data also suggest that human brains are simply linearly scaled-up primate brains in terms of cell numbers.


Brain characteristics other than cell numbers and overall size may be responsible for our peculiar minds. The human olfactory bulb (the brain area that processes smell) as well as the primary visual area at the back of the brain are relatively smaller in humans than they are in our close relatives. Such changes may reflect some brain reorganization that occurred in human evolution.13


Modern neuroscience is beginning to identify finer differences. The first documented microscopic distinction between ape and human brains has been a unique cell organization in a layer of humans’ primary visual cortex—not an area typically associated with higher cognitive functions. There is also some suggestion that humans differ in the neural connections in the prefrontal cortex, an area very much associated with higher cognitive functions. While neurons in the back of the brain have relatively few connections, and human brains differ little from other primates in this respect, there are many connections in the prefrontal cortex. Their density is much higher in humans than in other primates that have been examined thus far. Much more fine-grained counting will be necessary to determine exact quantitative differences.


Future research may well identify characteristics that distinguish various mammalian brains. Some evidence suggests that certain species even differ in the types of cells that constitute the brain. The brains of great apes and humans, for instance, contain a distinct type of large cell that is unusual in other species.14 We are only beginning to unravel the mysteries of brains, so we may hold out for as yet undiscovered features that set human brains critically apart from the rest.


As it stands, however, it is not clear what it is about our brains that causes our minds to be special. The study of the brains of different primates has not clarified what their minds are capable of and what their limits are. To find out about the nature of the gap we need to return to behavior as an indicator of mind. Long-term field studies have increasingly provided details about the ecology and natural behavior of our closest animal relatives. Controlled experimental studies aim to infer their mental capacities. So next we turn to comparative psychology and the tools of studying minds.
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1      Anatomically, primates are recognizable by a peculiar small bone covering part of the inner ear (the petrosal bulla).


2      Barbary macaques also do not have a tail and are therefore sometimes called apes—but they are monkeys.


3      Small apes are also often called “lesser apes,” but I shall refer to small apes to avoid unfortunate connotations of inferiority.


4      To learn about gibbon conservation, see http://www.gibbonconservation.org


5      Humans can be even greater apes: the heaviest recorded specimen reached more than an astonishing 500 kilograms.


6      Orangutans are an exception to the social brain hypothesis that links large brains to large group sizes. One reason for this may be that the ecological niche of modern orangutans is quite different from the context in which they evolved. In captivity, orangutans show more social affiliation, so it is also possible that the complexity of their social lives high up in the trees has been underestimated.


7      As I write this, fires apparently set by a palm oil company are raging through one of the remaining few Sumatran orangutan habitats, the Tripa Swamp forest. For orangutan conservation, see the Borneo Orangutan Survival Foundation (http://orangutans.or.id) or the Orangutan Project (http://www.orangutan.org.au).


8      For protection of the gorillas, see the International Gorilla Conservation Program: http://www.igcp.org.


9      When Jane Goodall first documented this tool manufacture in 1964, it caused quite a stir. Curiously, this observation was not as novel as had long been believed. It turns out that a Liberian stamp from 1906 already depicts a chimpanzee using a stick to forage for termites long before any scientist documented such behavior.


10      For chimpanzee conservation, see, for example, the Jane Goodall Institute: www.jane-goodall.org.au.


11      For bonobo conservation visit, for example, the Bonobo Initiative: http://www.bonobo.org.


12      Other schemes have been proposed, such as ratios between different parts of the brain. For example, we have already encountered the ratio between the neocortex and the rest of the brain; Robin Dunbar used it when relating group sizes in primates to cognitive powers. There is some difficulty in demarcating different sections of the brain in different species, so this also has not been universally accepted. Concern has been raised about ignoring absolute brain matter altogether in favor of ratios or quotients. Surely there must be something about absolute neuronal resources that enable or limit cognitive capacities. If you have only one thousand neurons, there is only so much computation that can be done regardless of EQ or relative brain size. Indeed, it has been argued that absolute size is the better predictor of capacities in primates. But given that body size appears to have some effect on brain size, we cannot entirely ignore this factor either.


13      One idea is that the primary direction of information flow has reversed in humans from the typical flow from the back to the front of the brain, to one biased toward flow from the front to the back.


14      For a while these so-called Von Economo neurons were thought to be unique to great apes and humans, but recent work has documented them in the brains of elephants, whales, and macaques.




THREE


Minds Comparing Minds


MIND IS A TRICKY CONCEPT. I think I know what a mind is because I have one—or because I am one. You might feel the same. But the minds of others are not directly observable. We assume that others have minds somewhat like ours—filled with beliefs and desires—but we can only infer these mental states. We cannot see, feel, or touch them. We largely rely on language to inform each other about what is on our minds. But even when someone says what is on his mind—that he is, say, sorry or happy—you might question whether or not he is telling the truth. Still, when verbal and behavioral indicators point in the same direction, we can generally be confident about another’s mind.


Similarly, we can use behavior to infer the minds of animals. In the absence of verbal self-reports, however, we may be less certain about what goes on in their minds, as they lack the ability to confirm our conclusions or set us straight. So people sometimes maintain opinions about animal minds that are in stark contrast to each other. At one extreme, humans imbue their pets with all manner of mental characteristics, treating them as if they were little people in furry suits. At the other, humans regard animals as mindless bio-machines—consider the ways animals are sometimes treated in the food industry. Many people vacillate between these interpretations from one context to another.


Scientists are supposed to guard against preconceived ideas that bias their research. Nonetheless, the philosopher Daniel Dennett notes that comparative psychologists also gravitate toward opposing positions: the “romantics,” who ascribe complex, humanlike abilities to animals, and the “killjoys,” who are reluctant to do so.1 In other words, some researchers favor what I like to call “rich” interpretations, while others prefer “lean” accounts. One might suspect, as Dennett does, that the truth typically can be found somewhere in the middle. But when scientists themselves have such biases, we have a problem—and a clue why progress on establishing what we share with other animals and what sets us apart has been somewhat slow.


To get to the truth, we need to go beyond preconceptions and apply methods and criteria that can compellingly establish animal mental capacities. In this chapter I will illustrate the approaches of modern comparative psychology by reviewing evidence for some mental faculties apes seem to share with us. Only a prudent and cautious analysis will allow us to make systematic progress on identifying the gap. It is about time that we do. If we can establish scientific consensus about what we share with which other animals, it will have important implications, for instance for establishing the genetic and neurological bases of mental capacities and, arguably, for animal welfare. For us humans, nothing less is at stake than our place in nature.


DARWIN TRIED TO SUPPORT HIS case for continuity with anecdotes of behavior purportedly showing that animals possess the rudiments of many facets of the human mind. He wrote that “the senses and the intuitions, the various emotions and faculties, such as love, memory, attention, curiosity, imitation, reason, &c, of which man boasts, may be found in an incipient, or even sometimes in a well-developed condition, in the lower animals.”


However, anecdotes are difficult to verify and may be biased by preconceived ideas of the person reporting them. For instance, one nineteenth-century scholar cited an anecdote of a dog burying the remains of a duck to argue that the dog was aware that murdering the duck was a crime and that it was trying to conceal the evidence. Maybe so. Yet we can explain why dogs bury bones without having to suppose that they scheme about thwarting law enforcement. Conway Lloyd Morgan, one of T. H. Huxley’s students, argued that we should not interpret animal behavior as the outcome of a higher “psychical” faculty when it can be fairly explained as the result of a lower one. This principle came to be known as Lloyd Morgan’s canon and is a favorite of killjoys.


Even impressive and unusual animal behaviors often have simple explanations. A classic cautionary event occurred at the beginning of the twentieth century. A German schoolteacher named Wilhelm von Osten had trained his horse to give apparently intelligent answers to a great variety of questions. The horse became a sensation and was widely known as Clever Hans (Der Kluge Hans). He could answer questions about simple addition (e.g., What is 5 plus 7?) by stomping his foot the right number of times. Hans could also correctly reply to questions about calendar days (If Monday is the eighth, what is Friday’s date?). And it did not stop there. Herr von Osten developed a table that would translate stomps into letters, allowing Clever Hans to answer questions in words. The idea that this horse understood the German language and how calendars work may seem a bit rich. But no one could explain how else the animal might do what it did. A scientific committee, headed by the leading psychologist Carl Stumpf, examined the case and, failing to come up with a leaner alternative explanation, endorsed the equestrian genius.
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