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CHAPTER 1


Talking Heads





To be groomed by a monkey is to experience primordial emotions: the initial frisson of uncertainty in an untested relationship, the gradual surrender to another’s avid fingers flickering expertly across bare skin, the light pinching and picking and nibbling of flesh as hands of discovery move in surprise from one freckle to another newly discovered mole. The momentarily disconcerting pain of pinched skin gives way imperceptibly to a soothing sense of pleasure, creeping warmly outwards from the centre of attention. You begin to relax into the sheer intensity of the business, ceding deliciously to the ebb and flow of the neural signals that spin their fleeting way from periphery to brain, pitter-pattering their light drumming on the mind’s consciousness somewhere in the deep cores of being.


The experience is both physical sensation and social intercourse. A light touch, a gentle caress, can convey all the meanings in the world: one moment it can be a word of consolation, an apology, a request to be groomed, an invitation to play; on another, an assertion of privilege, a demand that you move elsewhere; on yet another, a calming influence, a declaration that intentions are friendly. Knowing which meaning to infer is the very basis of social being, depending as it does on a close reading of another’s mind. In that brief moment of mutual understanding in a fast-moving, frenzied world, all social life is distilled in a single gesture.


To recognize what this simple gesture signals in the social world of monkeys and apes, you need to know the intimate details of those involved: who is friends with whom, who dominates and who is subordinate, who owes a favour in return for one granted the week before, who has remembered a past slight. The very complexity of the social whirl creates those ambiguities we are so familiar with from our own lives.


Take, for instance, Jojo, who has just given birth to her first offspring. She cradles it in her arms, at once puzzled by this strange, wet thing and unsure what she should do. Already alert, the baby struggles to turn its head, as though surprised by the unfamiliar sights and sounds that surround it. They are not alone for long. Jojo’s mother, Persephone, comes across. She peers down at the baby, sniffs it tentatively, and reaches out a hand to touch its rump. Persephone gives a quiet grunt and begins to groom Jojo, leafing through her fur, busying herself with the rituals of social interaction. But she cannot take her mind off the baby and keeps pausing to reach down and groom its head briefly, making smacking noises with her tongue and lips as she does so.


Jojo relaxes to the rhythm of her mother’s grooming, and her eyes half close. But she jolts awake again when her baby gives a whimper. Two young juveniles are poking at the infant, fascinated by its wriggling as they pull tentatively on a leg. Jojo pulls the baby away and turns her back on them, disrupting Persephone’s grooming. Persephone stares meaningfully at the two juveniles, her head lowered and her eyebrows raised in threat. The juveniles scamper off to annoy someone else.


Jojo and Persephone happen to be baboons, members of a troop whose life centres on a rocky outcrop in the wooded grasslands of eastern Africa. But they could be almost anywhere in Africa. Indeed, they could be members of any one of about a hundred and fifty species of monkeys and apes that live in the forests and woodlands of Asia, Africa and South America. Moreover, there is something eerily familiar in the process of their actions and responses – as if they might be humans too, members of any one of some 6000 cultural groups scattered across the globe from Alaska to Tasmania, Benin to Brazil. Here, in the minutiae of everyday life, is a point of convergence between ourselves and our nearest relatives, the monkeys and apes. Here is behaviour with which we instantly empathize, the innuendoes and subtleties of everyday social experiences.


Yet there is one difference: our world is infused through and through with language, while theirs goes about its business in wordless pageant.


A human baby produces its first real words at about eighteen months of age. By the age of two, it has become quite vocal and has a vocabulary of some fifty words. Over the next year it learns new words daily, and by the age of three it can use about 1000 words. It is now stringing words together in short sentences of two or three words, calling your attention to objects, requesting this and that. Its command of grammar is already nearly as competent as an adult’s, though it will still make amusing yet plainly logical mistakes, saying ‘eated’ instead of ‘ate’, ‘mouses’ instead of ‘mice’. Then the floodgates open. By the age of six, the average child has learned to use and understand around 13,000 words; by eighteen, it will have a working vocabulary of about 60,000 words. That means it has been learning an average of ten new words a day since its first birthday, the equivalent of a new word every 90 minutes of its waking life.


This is an extraordinary achievement. It is no wonder that the machinery which makes this possible is so expensive to maintain. Although your brain accounts for no more than 2 per cent of your body weight, it consumes 20 per cent of all the energy you eat. In other words, pound for pound, the brain burns up ten times as much energy to keep itself going as the rest of the body does. The situation is even more extreme in young children, where the brain is actively growing as opposed to just ticking over. During the last stages of pregnancy, the foetus’s brain is growing very rapidly and consumes 70 per cent of the total energy the mother pumps into her baby via the umbilical cord – and she, of course, has to provide all that. Even after birth, the brain still accounts for 60 per cent of the infant’s total energy consumption during the first year of life. Lactation is an exhausting business.


It will come as no surprise to discover that we humans have the largest brains relative to body size of any species that has ever existed. Our brain is nine times larger than you would expect for a mammal of our body size. It is thirty times larger than the brain of a dinosaur of the same body size. Only the porpoises and dolphins come close to us in this respect; yet even though dolphins are renowned for their intelligence and sociability, they still do not compete with humans on the verbal scale. Complex though their natural language of whistles and clicks may be, it does not seem to be in the same league as human language.




*





Because it seems to be unique, language appears all the more miraculous. Other species bark and scream, grunt and wail, but none speak. Perhaps inevitably, this has encouraged us to view the human species as special, reinforcing our habits of self-worship. Yet, when we look at our nearest relatives, the monkeys and apes, we find much that is familiar – the same intensity of social life, the petty squabbles, the joys and frustrations, the same whining children irritating exasperated parents as in our own private lives. However, neither monkeys nor apes have language in any sense that we would recognize from our everyday experience of human conversation.


How did it come about that we, the descendants of just such dumb apes, have this extraordinary power when they do not? The puzzle seems all the greater because we feel so at home with the social lives of monkeys and apes. What makes it seem familiar to us is the time they spend in close physical contact, busily attending to each other’s needs in endless grooming sessions. They think nothing of spending hours leafing through each other’s fur, combing, picking, parting the hairs with the single-mindedness of a human mother attending to her child’s tangled mop.


The answer to this apparent puzzle lies, I suggest, in the way we actually use our capacity for language. If being human is all about talking, it’s the tittle-tattle of life that makes the world go round, not the pearls of wisdom that fall from the lips of the Aristotles and the Einsteins. We are social beings, and our world – no less than that of the monkeys and apes – is cocooned in the interests and minutiae of everyday social life. They fascinate us beyond measure.


Let me give you a few statistics to reinforce the point. Next time you are in a café or a bar, just listen for a moment to your neighbours. You will discover, as we have in our research, that around two-thirds of their conversation is taken up with matters of social import. Who is doing what with whom, and whether it’s a good or a bad thing; who is in and who is out, and why; how to deal with a difficult social situation involving a lover, child or colleague. You may happen on a particularly intense exchange about a technical problem at work or a book just read. But listen on, and I’ll wager that, within five minutes at the most, the conversation has drifted away again, back to the natural rhythms of social life.


Even were you to listen to the conversations in university common rooms or the restaurants of multinational companies, there at the very hub of our intellectual and business life the situation would not be all that different. To be sure, you will occasionally come across an intense discussion of some abstruse scientific technicality or business deal. But that will only be when a visitor is being entertained or when individuals meet for the specific purpose of thrashing out some key problem of mutual concern. For the rest of the everyday conversations, it’s unlikely that more than about a quarter would be concerned with matters of such intellectual weight as the cultural, political, philosophical or scientific issues of the day.


Here are two more statistics, this time gleaned from the world of the printed page. Of all the books published each year, it is fiction that tops the list in terms of volume of sales. Take a glance around your local bookshop: university campus bookshops aside, two-thirds of the shelf space will contain fiction. Even then, it is not the rip-roaring adventure yarns that attract us, but the unfolding intimacies of the main characters. It is the way they handle their experiences that fascinates us, their reactions to the vagaries of life – those ‘there but for the grace of God go I’ situations. And out of all this fiction, it is not the writings of the acclaimed masters that top the publishers’ sales-lists, but romantic fiction.


Everything else – from art history to photography and sport, from the sciences and handicrafts to car mechanics for the home enthusiast – is put together under the all-encompassing label of ‘non-fiction’. Only biographies can lay any claim to a significant share of the market in their own right. Every year, a torrent of such books appears, retelling the life experiences of the rich, the famous and the also-rans. Every TV newscaster, every politician, every actress, every minor sportsman from darts to football, has published his or her story. Long-dead novelists, generals and politicians all command their fair share of attention.


And why do we buy such books? It’s not to learn about the sport in question, or how to read the news on TV, but to learn about the private lives of our heroes or those who have become as familiar to us as our own families. We want the intimate details, the gossip, their innermost thoughts and feelings, not detailed technical analysis of method acting or parliamentary procedure. We want to know how events affected them, how they reacted to the highs and lows of life, what they thought about their friends and relations, the indignities they suffered, the triumphs they took part in.


Take another look at your daily paper. How many column-inches are devoted to substantive news about politics and economics? Here is the score for two of yesterday’s papers, the upmarket London Times and the mass-market UK tabloid The Sun. No less than 78 per cent of the 1063 column-inches of text in the downmarket Sun was concerned with ‘human interest’ stories, stories whose sole purpose seemed to be to enable the reader to become a voyeur of the intimate lives of other individuals. That leaves just 22 per cent for news and commentary on the political and economic events of the day, for the sports results, for news of upcoming cultural events, and for everything else. Even the august Times only devoted 57 per cent of the 1993 column-inches of text in its main news and review sections to political and technical news; 43 per cent was devoted to human interest stories (interviews, news stories of a more salacious kind, and so on). The number of actual column-inches devoted to ‘gossip’ was virtually identical in the two papers: 833 and 850 respectively.


It’s clear that most of us would rather hear about the doings of the great and the not-so-good than about the intricacies of economic processes or the march of science. The trial of O. J. Simpson aroused more interest and achieved higher viewing figures than the deliberations of US congressional committees, despite the fact that the conclusions of those committees will have an impact on our future lives far beyond any conceivable impact that OJ’s guilt or innocence might have.


Here, then, is a curious fact. Our much-vaunted capacity for language seems to be mainly used for exchanging information on social matters; we seem to be obsessed with gossiping about one another. Even the design of our minds seems to reinforce this. Of course, great things are possible with language: Shakespeare and T. S. Eliot are not figments of our imagination, neither are the unsung writers of instruction manuals; we really can use language for profit and pleasure. And language remains our greatest treasure, for without it we are confined to a world that, while not one of social isolation, is surely one that is a great deal less rich. Language makes us members of a community, providing us with the opportunity to share knowledge and experiences in a way no other species can. So how is it that we have this extraordinary ability, yet most of the time seem to do so little with it?


A century of intensive research in linguistics, psychology and speech science has taught us a great deal about language: how it is produced, what grammar does, how children learn it. Yet at the same time, we know almost nothing of why it is that we alone, of all the tens of thousands of living species, possess this extraordinary ability. We do not know for sure when it evolved or what the first languages ever spoken sounded like. However, during the last ten years we have learned more about the background to human evolution and the behaviour of our nearest relatives, the monkeys and apes, than we had in the previous thousand years put together; and this new evolutionary perspective, firmly rooted in modern Darwinian biology, has focused our attention on questions about language that have hitherto been overlooked. In the process, aspects of our own past that had been buried beneath the murky waters of history for hundreds of millennia have finally come to light.


The approach I adopt is thus very different from the perspectives of those who study language conventionally. For the past century, the study of language has focused prinicpally on three main areas: linguistics (with its pervasivie interest in the structure of grammars); socio-linguistics (with its interest in the way sex and social class influence the words we use and how we pronounce them); and the neurobiology of language (the brain structures that allow us to speak and understand). Although there has been some interest in the archaeology and the history of language (and the processes of dialect formation), these have been considered both peripheral and trivially speculative by the mainstream interests.


Even less attention has been devoted to the function of language and the reasons why we have it and other species do not. Indeed, such questions have often been deliberately eschewed. Instead, language has often been viewed as an ‘epiphenomenon’, something that appeared as a by-product of other biological processes (notably, our super-large brains) and for which no other kind of explanation is necessary.


This curious state of affairs owes its origins largely to the claim (widely held in the social sciences) that human behaviour in general, and language in particular, are social phenomena and thus lie beyond the pale of biological explanation. Neurobiology might provide us with insights into the machinery of language production and comprehension, but beyond that, biology sheds little light on the nature of language. By and large, biologists have respected this demarcation line. But the recent developments in evolutionary biology have had far-reaching implications for our understanding of human behaviour as well as that of other animals, and language has inevitably come under this new and more powerful microscope.


This book is about those new discoveries, and about the origins of our capacity for language. I shall examine not only what we do with language but also the more fundamental questions of why we have it, whence it came and how long ago it appeared. The story is a magical mystery tour that will take us bouncing from one unexpected corner of our biology to another, from history to hormones, from the very public behaviour of monkeys and apes to the moments of greatest human intimacy. It will take us back through the chapters of human history to the time before we were human, when we were but apes of a not especially unusual kind. What did the earliest languages sound like? Who spoke them? And why, from these early hesitant steps, did languages evolve, changing and diversifying so much that now we have around 5000 mutually incomprehensible tongues (and that’s not counting the ones that became extinct in the millennia before anyone could write them down)?



















CHAPTER 2


Into the Social Whirl





What characterizes the social lives of humans is the intense interest we show in each other’s doings. We spend literally hours in each other’s company, stroking, touching, talking, murmuring, being attentive to every detail of who is doing what with whom. You might think that this marks us out as a cut above the rest of life, but you would be wrong. If we have learned anything from the last thirty years of intensive research on monkeys and apes, it is that we humans are anything but unique. Monkeys and apes are just as social as we are, just as intensely interested in the social whirl around them.


So to set the scene on the human story, we need to go back in time to our primate heritage. What is it about primates that makes them so different from other animals, that in turn gives us our unique character? The answer is that primates live in a very much more sophisticated kind of social world than other animals do.


The Monkey on my Back


Monkeys and apes are highly social species. Their lives revolve around a small group of individuals with whom they live, work and have their being. Without its friends and relations, a monkey would no more be able to survive than a human being could. The social life of primates is intense and all-consuming. They spend a great deal of the day engaged in social grooming with their special friends. Like Jojo and Persephone, whose story opened Chapter 1, these are often matrilineal relatives, related through their mother’s line in an unbroken chain of personalized mother-daughter relationships that run back through the mists of time to some ancestral primate pre-Eve. 


The biologist Richard Dawkins has reminded us just how short this chain of ancestry really is. Imagine yourself, he says, standing on the Indian Ocean shore just where Kenya abuts on to the southern border of Somalia. Face south and reach out to hold your mother’s left hand in your right hand. Facing you is a chimpanzee of the same age and sex, holding its mother’s hand in its left hand. Your mother is holding her mother’s hand in her right hand, and the chimpanzee’s mother is holding her mother’s hand in her left hand. The double chain of generations snakes its parallel way across the African plains westwards towards the distant peak of Mount Kenya, a faint brown smudge emerging above the clouds on the horizon. By the time the chain reaches Mount Kenya itself, a distance of no more than 300 miles, the mother-daughter lines have converged and met in a single mother-Eve. She lived somewhere on the East African savannahs some time between 5 and 7 million years ago.


The number of generations between you and this ancestral Eve is surprisingly small. Even allowing a modest yard and a half for the span of outstretched arms and twenty years as the average generation length, there are no more than 350,000 individuals separating you on the Kenyan coast from her on the slopes of Mount Kenya. That’s barely a third of the people who work for the National Health Service in the UK, no more than the total population of a modest English county town or, to put it into really dramatic perspective, about half the number of babies born in England and Wales each year. Even allowing just ten years per generation (probably a better estimate of the typical age at which females give birth for the first time among chimpanzees and our earliest ancestors), the line of life would stretch no further than the western shore of Lake Victoria, some 600 miles from the coast, perhaps 700,000 individuals in all.


It’s a sobering thought that so few generations separate us from the common ancestor we share with the chimpanzees. Here, indeed, is not just our cousin but our sister-species. It is no wonder that some biologists have started to refer to us humans as the third chimpanzee (in addition, that is, to the common chimpanzee and its closely related sister species the bonobo or pygmy chimpanzee). 


But let’s pursue Dawkins’ graphic metaphor a little further back in time. How much further will we need to go to reach the common ancestor of the Old World monkeys and apes?


At most 85 miles further on, a week’s easy walk beyond Mount Kenya, we come to the common ancestor of the gorilla and the chimp-human lineage. That’s something like 100,000 generations if females give birth for the first time at about ten years of age, as most great apes do. On the same scale, some 700 miles further on we come to the common ancestor of the human-chimp-gorilla family and the orang-utan, the endearing red ape of the Asian forests. We are now just on the Uganda-Zaïre border, a mere stone’s throw to the north of the Virunga Volcanoes where Dian Fossey lived and died watching her beloved mountain gorillas.


Generation lengths get shorter as we go further back among the smaller-bodied species, perhaps 5-6 years on average once we are past the common ancestor of the living species of great ape – but at the same time, the length of an outstretched arm is now no more than 18 inches, a yard between adjacent noses. It’s just another 400 miles to the common ancestor of the great apes and the gibbons, the lesser apes now found only in south-eastern Asia. From there to the common ancestor of all the monkeys and apes of Africa and Asia will be another 1100 miles. By now, we are somewhere in the middle of Congo-Brazzaville, with still another 500 miles to go to the Atlantic Ocean. We have not even traversed the African continent at its narrower part. We have travelled back in time through 30 million years, and there have been just four million females in the unbroken chain that links you and that long-dead pre-pre-Eve that gambolled through the tree-tops in an ancient African forest. That’s less than half the population of London or Paris, barely a quarter of the population of modern-day Rio de Janeiro.


We are almost exactly half-way back in time towards the Age of Dinosaurs. We are still a long way from the origins of the first, primitive pre-primates in the dying days of these great reptiles’ empire. Most people are surprised to find that, so far from being a new and advanced product of evolution, the primates are in fact one of the oldest lineages of mammals, a close relative of the insectivores, the bats and the flying foxes. Their and our early ancestors dodged the same heavy-footed lizards in the twilight years of the long reign of the dinosaurs.


The ancestral primates were small, squirrel-like animals with long pointed noses that scuttled among the bushes and trees of the dense tropical forests that existed during the closing millennia of the Age of the Dinosaurs. In the new freedom brought by the post-dinosaur years, they diversified into myriad new species in hundreds of different niches, mostly in the northern hemisphere in what is now Europe and North America. These species were all prosimians, whose living descendants include the lemurs of Madagascar and the galagos and lorises of Africa and Asia. For 30 million years they dominated the woodlands and forests of the northern hemisphere.


Then the earth’s climate cooled rapidly over a period of around two million years. Water surface temperatures in the tropical Pacific dropped from a sultry 23°C to around 17°C.1 The tropical zones shifted southward towards their present equatorial position. As these climatic changes developed, one of these prosimian groups began to evolve in an entirely new direction. Brain size increased, faces became more rounded. It was the beginning of a major break with the past that ultimately gave rise to the so-called anthropoid primates (the monkeys and apes as we know them today). By this time, primates were confined pretty much to their present distribution in the equatorial regions of Africa, Asia and South America. Soon afterwards, contact between Africa and South America was lost. The South American monkey populations went their own way, evolving into species that are still reminiscent of the ancestral anthropoid primates of 35 million years ago.


In Africa and Asia, meanwhile, evolution proceeded apace. Around 30 million years ago, this branch of the primates split into two major families, the Old World monkeys (now represented by colobus and langur monkeys, baboons and macaques) and the apes. It was to be the apes that dominated the forests of the Old World for the next 15–20 million years, however. The monkeys remained relatively insignificant.


Some time around 10 million years ago, the forests of the Old World began to retreat as the climate started to dry out and temperatures once more plummeted. Surface temperatures on the earth’s oceans dropped by another 10°C. Within a few million years the apes had succumbed, and the monkeys, better adapted to a terrestrial way of life and able to out-compete the apes by eating poorer-quality diets, came into their own.


Part of the problem seems to have been that, unlike the monkeys, apes lack the ability to neutralize the tannins in unripe fruit. Tannins are poisons that plants produce to make their parts inedible. Mature leaves often contain high concentrations of tannins, apparently to prevent herbivores from stripping the leaves off a tree and thereby killing it. But sometimes animals can be useful to plants. Rooted to the spot, plants have a problem about dispersing their seed. It doesn’t pay to have all your children growing under your feet, because they simply compete with you and each other for sunlight and the nutrients in the soil. It does pay to disperse your seeds widely, where the young plants will compete with (and, you hope, out-produce) other plants’ offspring. The problem that plants face is how to achieve this dispersal.


Their saviours, if you like, were animals. Mammals such as monkeys can travel several miles in a day. By harnessing their energies, a plant can disperse its seeds over a very wide area indeed. Species like figs, plums and apples provide their seeds with a luxurious coating of energy-rich flesh to entice animals to eat the seed. The seed passes slowly through the animal’s gut (a passage that can take two or three days, by which time the animal may be several miles away), and gets dumped to germinate far from its parent.


Plants that adopt this strategy have a problem, however. The seed has to develop to its final form and size to be able to germinate under its own steam. All the nutrients required for the early stages of germination have to be provided by the mother plant. To prevent fruit-eating animals from destroying the immature seed before it can fend for itself, plants that produce these kinds of seed protect their fruits with tannins and other compounds. These poisons gradually break down as the fruit ripens, so that by the time the seed at the centre of the fruit is ready to cope with its great journey through life, the flesh that surrounds it has shed its chemical defences. It is the tannins that give unripe fruit that bitter, mouth-drying taste.


We share with the great apes an inability to digest unripe fruit. Lacking the enzymes that break down the tannins, we suffer a stomach-ache or, in the worst cases, diarrhoea if we eat too much of it.


However, some time during their evolutionary history the Old World monkeys acquired the enzymes and other mechanisms that allow them to beat the chemical defences of plants. Being able to eat unripe fruit may well have given monkeys like the baboons and macaques a distinct edge over the ape lineages as things began to get tough in the forests seven million years ago. With significant quantities of fruit being eaten before it ripened, there was much less available for the apes. Gradually but inexorably, the apes went into decline and the monkeys took over as the dominant primates of the forest. Those few species of apes that survived were forced into increasingly marginal habitats like the forest floor and the forest edge, where monkeys seldom ventured. Today, the remnants of that once-successful ape lineage cling to survival by their fingernails, confined to small pockets here and there in Africa and Asia, their populations dwindling by the decade.


Meanwhile, whole new groups of monkey species appear for the first time in the fossil record and soon begin to dominate the scene. The macaques, now confined to Asia but once widespread throughout Europe and north Africa, appear some 10 million years ago. The baboons appear a few million years later. The guenons are more recent still: the earliest recognizable guenons are barely two million years old – younger than the first truly recognizable members of our own genus, Homo, who inhabited the lake and river margins of eastern Africa some two and a half million years ago.


Most of us naturally assume that the monkeys of Africa and Asia represent the ancestral condition through which we all passed in this long story. Traditional conceptions of the evolution of the primates envisaged a natural progression by which the common monkey of the Old World transformed itself first into apes and then into modern humans. Most people are surprised to discover that this is incorrect. The new science of molecular genetics, combined with a better understanding of anatomy and a newly discovered wealth of fossil material, has revealed that the familiar monkeys of Africa and Asia, like the baboons, guenons and macaques, are in fact upstart newcomers by comparison with the apes, the lineage to which we humans belong.


The disaster that hit the luckless apes 10 million years ago was not, of course, complete and final. One lineage of apes did survive the depredations of the climatic changes: the lineage that eventually led to us. Some time around 7 million years ago, one population seems to have begun to make increasing use of the more open savannahs that bordered the forest to which the apes were (and still are) so well adapted. They were probably forced to do so by their failure to compete successfully with the other ape species that were vying with increasing desperation for the ancestral forest-home. But as so often happens in evolutionary history, the challenge of exploiting a marginal habitat forced the pace of evolutionary change. Mortality would have been desperately high, but those that survived did so because they were able to exploit the new conditions. In that crucial moment, a mere blink of an eye on the geological time-scale, our history hung in the balance between extinction and survival. It must have been touch and go. 


Despite their very different and at times turbulent histories, all these lineages have faced the same agonizing problem: how to survive the depredations of a seemingly endless catalogue of predators ranging from sabre-tooth cats to lions and leopards, from hyenas and hunting dogs to monkey-eating eagles and occasionally even other primates. Finding food is, of course, a perennial problem for any animal, but given enough time it can almost always scratch a living from the natural world. The problem is that, as it does so, it inevitably exposes itself to the risk of being taken unawares by a predator. In order to gain the advantage of surprise over their prey, most predators rely on stealth before throwing themselves into the final chase. So every minute spent travelling from one feeding site to another, every minute spent with its attention focused on removing a fruit or a leaf from the branch in front of it, exposes an animal to the risk of being caught by a predator lying in wait for an inattentive prey.


The intensity of predation depends on your size. For species as large as chimpanzees and gorillas, the risks of predation are much reduced (though by no means altogether absent). But for smaller species it can be an ever-present threat. It has been estimated that about a quarter of all vervet monkey deaths are due to predation (mostly by leopards), while as many as 20 per cent of all red colobus monkeys at the Gombe National Park in Tanzania fall prey to hunting by Jane Goodall’s famous chimpanzees.


Predation is a significant evolutionary problem, because animals that find themselves on the inside of a predator no longer have the opportunity to breed and reproduce. Since animals that fail to reproduce do not contribute any of their genes to future generations, there is intense pressure to find ways of circumventing this unhappy fate. Evolution is the outcome of successful solutions to the problem. Indeed, the very fact that you and I are alive today is a consequence of the remarkable circumstance that every one of our ancestors – back to, and far beyond, that ancestral prepre-Eve – successfully solved the problem of survival, at least for long enough to reproduce.


They did so by exploiting two main facts about predators. One is that a predator cannot easily handle a prey animal significantly larger than itself. Only a handful of specialized, group-hunting predators can do this successfully. Hence by increasing your body size, you considerably reduce your vulnerability to predators. Terrestrial species are more vulnerable to predators than arboreal species because they have less opportunity to escape into the dense foliage or fine outer branches of trees where pursuit becomes too risky for predators. As a result, all the terrestrial species are larger than their arboreal counterparts.


The other way of reducing the risk of predation is to live in large groups. Groups reduce the risk in a number of ways. One is simply by providing more eyes to detect stalking predators. Most predators have to get within a certain distance of their prey undetected in order to have any chance of catching it. That’s why your cat inches its way, belly-down in the grass, towards the birds pecking at the breadcrumbs you so kindly threw on to your lawn. Using every blade of grass and every molehill as cover, the cat moves only when it is sure the birds are not looking, freezing in its tracks the moment it senses the birds might be suspicious.


Each predator has its own attack distance, depending on its speed and its style of attack. For a cheetah, capable of hitting 70 miles an hour within seconds from a standing start, the attack distance is 70 yards; for the slower and more bulky lion it is 30 yards, while for the lighter leopard it is just 10 yards, often less. If prey can detect a stalking predator before it can get within its attack distance, they will always be able to outrun the predator. Most predators are well enough aware of that, if only by virtue of past experience, and rarely bother to chase a prey that has already seen it. That’s one reason why you will occasionally see a lion walking through a herd of wildebeest with the herd simply parting like the biblical Red Sea around the advancing predator. The wildebeest know that so long as they stay outside the lion’s attack distance they are relatively safe and need do no more than keep a wary eye on it.


Larger groups are also an advantage as a deterrent. Most predators will be less enthusiastic about attacking a prey animal if they know that several others will come to the victim’s aid. Although it is virtually unknown for species like wildebeest to go to the aid of a fellow herd-member brought down by a lion or hunting dogs, group defence is more common among primates. Baboons have been known to drive leopards up a tree, and have occasionally even killed them. Red colobus monkeys are significantly less likely to be attacked by chimpanzees if an adult male of their group is nearby; even chimps seem unwilling to risk a mass counter-attack launched by an animal that’s barely a quarter of their own weight. Think of it in human terms. Being handbagged by one granny would not put off the average mugger, but even the most determined thug will balk at being handbagged by twenty grannies simultaneously.


Last but not least, a group creates confusion in a predator. Predators succeed by locking on to a target animal and running it down. When the prey runs into a group, there are animals running every which way and the predator becomes momentarily confused. That moment of lost attention is often just enough for the prey to make good its escape.


So primates live in groups as a mutual defence against predation. Indeed, sociality is at the very core of primate existence; it is their principal evolutionary strategy, the thing that marks them out as different from all other species. It is a very special kind of sociality, for it is based on intense bonds between group members, with kinship often providing a platform for these relationships. Primate groups have a continuity through time, a history built on kinship (usually mother-daughter relationships, but very occasionally father-son ones too).


A Friend in Need


Living in groups creates its own tensions, as any member of a close-knit community knows only too well. There is that once-in-a-while thoughtless transgression on your personal space, the time when someone treads on your tail in the mêlée around a particularly attractive food source. Or worse still, the time when some other scoundrel unashamedly steals the very food from your mouth just as you settle down to feed. These are the everyday trials of social life, the hassles of crowding so familiar to city commuters and the inhabitants of inner-city high-rise tenements, the frustrations of chronically overcrowded housing and large families. They are the centrifugal forces that drive us all apart in search of the peace and serenity of being alone.


Social animals hang in perpetual balance between two forces: the centripetal forces, driven by fear of predation, which have produced the feelings of sociableness that make us seek out company; and the centrifugal forces, generated by overcrowding, that send us scurrying for the sanity of a solitary life. When predators become common (and for humans, those predators can just as easily be neighbouring human groups rampaging through your territory on raids), we hanker for the close proximity of friends and tolerate all kinds of overcrowding. When predators are rare, the stresses of crowding overwhelm us and we disperse. Group size is the product of this balancing act.


Primates have evolved a distinctive response to this problem. Large, tightly bonded groups are their solution to the risks of predation; but in order to be able to increase group size, it was first necessary to develop a mechanism that enabled them to keep fellow group members just far enough away so that they don’t become too much of a nuisance, while at the same time not driving them away altogether. The fine balance is brought about by coalitions between small numbers of animals. A mother and her daughters, or two sisters perhaps, form an alliance in which they provide mutual support against everyone else. It’s an ‘if you’ll help me, I’ll help you’ arrangement. It seems to be unique to the higher primates. Although male lions form coalitions to take over prides of females, these are often temporary affairs, formed on the spur of the moment with a specific end in view. The coalitions of monkeys and apes are long-term commitments, often formed months ahead of their being needed. They are a promise of future action in circumstances as yet unimagined.


Of the thousands of hours I have spent watching monkeys in Africa, perhaps the most unashamedly enjoyable were those spent studying an obscure but unusually attractive species of baboon found only on the high mountains of the Ethiopian plateau. This is the gelada, once also known by the evocative name of the bleeding heart baboon because of the hourglass-shaped patch of bare red skin on its chest. The males are truly magnificent, sporting lion-like capes of long russet and black hair that hang from their shoulders and float on the breeze as they run along the cliff-tops. Gelada live in harems that typically consist of four or five females, their dependent offspring and a breeding male (the harem male). While sons usually leave to join an all-male bachelor group soon after puberty, daughters mature into the group to join their mothers, older sisters, aunts and female cousins in a coalition of great intensity and loyalty. In effect, these alliances are formed at birth, the product of being born to a particular mother.


These deeply rooted alliances have important implications for the harem males. They are perpetually at risk of being displaced by younger males anxious to get a foot on the ladder of immortality by finding females with whom they can breed. Because there are four or five females in each harem but only one breeding male, many of the males in the population are excluded from breeding. These form the core of the all-male groups, biding their time in anticipation of a suitable opportunity. Sooner or later, desperation forces their hand and they make a bid to take over a harem of females. Needless to say, the incumbent harem males are less than enthusiastic about the prospect of losing their harems – for once the harem is lost, they have no further opportunity to mate and breed.


In an effort to forestall the inevitable, harem males devote a great deal of their time to trying to scare off the opposition on the sidelines with impressive displays. At the same time, they try to ensure that their females do not stray too far from them lest they find an opportunity for illicit dallyings with these males. Whenever a female wanders too far away, or inadvertently finds herself too close to another male (even another harem male), her male will warn her with raised eyebrows and panted threats. Occasionally, these may escalate into a charge, culminating in a vigorous display of threats over the cowering female.


The harem male’s attempts to ride herd on his females when they stray too far from him often backfire at this point. The luckless victim’s grooming partners invariably come to her aid. Standing shoulder to shoulder, they outface the male with outraged threats and furious barks of their own. The male will usually back off and walk huffily away, endeavouring to maintain an air of ruffled dignity. Occasionally, however, the male will persist, feeling perhaps unusually sensitive about his honour or security. This only leads to more of the group’s females racing in to support their embattled sisters. The male invariably ends up being chased round the mountainside by his irate females in an impressive display of sisterly solidarity.


These alliances are established and maintained by grooming, the most social activity in which monkeys and apes engage. In some species, as much as a fifth of the entire day may be spent grooming, or being groomed by, other group members. A mother will spend hours devotedly grooming her offspring, carefully leafing through its fur in search of dead skin, matted hair, bits of leaf and burrs that have become entangled in its hair as the animal brushes its way through the vegetation during the day’s foraging. She will also groom her friends and relations, in what seems to be selfless devotion to their hygienic interests. Keeping the fur clean and the skin healthy is obviously an important factor in the life of any animal.


But there is more to grooming than just hygiene, at least in the monkeys and apes. For them, it is an expression of friendship and loyalty. Robert Seyfarth and Dorothy Cheney of the University of Pennsylvania spent the better part of a decade during the late 1970s and early 1980s studying the vervet monkeys that live in Kenya’s Amboseli National Park. In one of their studies, they recorded the screams uttered by individual vervets that were being attacked by another member of the group. Then, when the screaming animal was physically out of sight, they played these calls back over loudspeakers hidden in bushes, at the same time recording on video the responses of the target animals sitting immediately in front of the loudspeaker.


When they played the calls for help back to most of the animals in the group, they elicited little response other than a cursory glance in the direction of the hidden speaker. But when they played the calls back to an animal that the caller had groomed with during the previous two hours, that animal immediately looked up and stared into the bushes. It was as though it was trying to make up its mind whether to go and investigate more closely, in order to fulfil its obligation to a grooming partner. Did the situation warrant help, or was it a minor spat that would quickly blow over?


The vervets clearly differentiated between the animals they groomed regularly and those they didn’t. A grooming partner is something special, someone who deserves particular attention, who should be supported in moments of need, on whose behalf the taking of risks is warranted.


Gelada operate in the same way. Even on the small scale of the harem unit, the females are very selective about those they groom and those whom they support in altercations. The frequencies with which females are supported (both when they are involved in squabbles within their own unit and when they are attacked by members of another harem for accidentally transgressing into their space) correlate with the frequency with which they are groomed. They are clearly well aware of whom they owe loyalty to, and they don’t have to have groomed with them half an hour beforehand to know it.


Not all primate societies exhibit these characteristics, it must be said. Prosimians like the lemurs of Madagascar and the galagos of Africa rarely exhibit coalitionary behaviour, even when they live in groups. And while not unknown, it is by no means common among South American monkeys and some lineages of Old World monkeys like the colobus. Those species that show coalitionary behaviour at its most highly developed tend to be those like the baboons, macaques and vervet monkeys, and the chimpanzee, that live in relatively large groups.


Enter Machiavelli


Coalitionary behaviour seems to be possible only because the animals understand how other individuals tick and how they rate as allies against possible opponents in the group. These are the kinds of knowledge that cannot always be acquired firsthand. Fights are not so common in a primate group that you would be able to see every potential ally fighting against everyone else in turn. Instead, the monkeys seem to weigh up the possibility that if Peter can beat Jim and Jim can defeat Edward, then it’s very likely that Peter would defeat Edward should they ever come to blows.


This kind of inference about social relations, combined with an acute sense of others’ reliability as allies, seems to be the foundation on which primate alliances are built. At the cognitive level, they are really quite sophisticated kinds of social inference to make. But given that you can make them, a new possibility presents itself. Knowledge can be put to bad use, as in propaganda, as well as good. Monkeys and apes use their social skills to exploit each other.


A classic case of this was observed by Andrew Whiten and Dick Byrne during their studies of chacma baboons in southern Africa. A young adult female named Mel was digging a succulent tuber out of the ground. It was a particularly tough job, and one far beyond the strength of all but an adult animal. But the prize of a nutritious tuber in the impoverished habitat these animals inhabit is well worth the effort. Meanwhile, a young juvenile named Paul had been quietly watching Mel at work. Just at the crucial moment when Mel managed to wrench the tuber clear of the ground, Paul let out an ear-splitting scream, of the kind commonly uttered by juveniles who are being attacked by someone much bigger and stronger than themselves. Paul’s mother, who had been busy feeding out of sight on the far side of some bushes, immediately came racing through. She took in the situation at a glance, added two and two and made five: Mel had obviously threatened her darling little boy. She fell on the unsuspecting Mel with the kind of enthusiasm uniquely characteristic of mothers whose children are being molested. Needless to say, the startled Mel dropped her tuber and fled, with the outraged mum in hot pursuit. Paul nonchalantly picked up the abandoned tuber and settled in to enjoy lunch.


Observations of this kind are not uncommon. The Swiss zoologist Hans Kummer described a case in which a young female hamadryas baboon spent twenty minutes edging her way inch by inch across a distance of just two yards to get to a rock behind which lay the group’s young male follower. Once there, she began to groom with him, sitting upright with the top of her head in full view of her harem male a few yards away. Hamadryas have a similar social structure to the gelada, with small harems of two or three females monopolized by a single breeding male. One key difference between the two species, however, is that hamadryas males are completely intolerant of their females grooming (or even being near) other males. It seemed as though the female had engineered herself into a position where her male would be left with the impression that she was engaged in some completely innocent activity.


In his book Chimpanzee Politics, the Dutch zoologist Frans de Waal describes a classic example of the subtle balancing act that the more advanced primates can sometimes engage in. In the captive group of chimpanzees housed at Arnhem Zoo in the Netherlands, the young male Luit had just overthrown the old male Yeroen. Yeroen had been dominant male for some years and during that time he had enjoyed more or less exclusive access to the females when they were ready to mate. But his fall to second rank meant that he lost his privileges to Luit. Worse was to follow a few months later, when the young male Nikkie reached the point where he was able to defeat Yeroen too. Yeroen sank to third rank and lost all privileges. Then came the stroke of genius: rather than bemoaning his bad luck and getting depressed, the wily old male formed an alliance with the young Nikkie. Being younger than Luit, Nikkie was no match for the new dominant male on his own. But with Yeroen’s support, he was able to defeat Luit. The result was a new ranking, with Nikkie at the top and Yeroen second, and Luit squeezed back into third place.


Then came the coup de grâce. Yeroen proceeded to make use of his position to mate with the females. Nikkie, of course, took instant umbrage and set about chastising the presumptuous Yeroen. Yeroen patiently bided his time. On the next occasion when Nikkie and Luit got into a squabble, Yeroen simply sat on the sidelines and refused to go to Nikkie’s help. So Nikkie lost the battle, and would have lost the war had he not quickly settled his difference with Yeroen. So long as he tolerated the old male mating with at least some of the females, things worked out just fine. But every time Nikkie forgot himself in his jealousy, Yeroen would remind him by withdrawing his support against Luit.


These manipulations are only possible because monkeys and apes are able to calculate the effect their actions are likely to have. This does not of course mean that Yeroen was working out the odds on his pocket calculator; indeed, it is not even clear in this case how much of Yeroen’s success came from deliberate scheming and how much from luck. We can stand outside the events and, with hindsight, read a cunning plan into the story as it unfolds. But when we ourselves are embroiled in the action, we rarely think about it in quite such clinical terms. Like Yeroen, we act more by instinct, sensing an opportunity to be gained on the hoof. Still, there was a consistency to Yeroen’s behaviour that implies some kind of forethought, even if only at the superficial level of recognizing the opportunities that circumstances pushed his way. The fact that similar behaviour has been observed in wild chimpanzees by the Japanese primatologist Toshisada Nishida lends credence to the view that chimps at least are capable of seeing the implications of their actions and factoring these into their plans for the future. Nishida gave the rather evocative name ‘alliance fickleness’ to Yeroen’s kind of manipulation of Nikkie.


There is considerable evidence to suggest that monkeys and apes are sensitive to the risks they run in these kinds of situation and adjust their behaviour accordingly. Saroj Datta has shown that juvenile female rhesus monkeys are significantly less likely to rush into supporting an ally against a higher-ranking opponent when the opponent’s mother is nearby than when she is out of sight. It is as if they know that the opponent’s mother is unlikely to sit by while they flatten her precious offspring – and, worse still, that high-ranking mothers tend to have large numbers of relatives who are easily drawn into a squabble in defence of their collective status. There is no point in helping a friend if by so doing you merely exacerbate the situation and cause both of you to end up being flattened.


I have seen gelada behave in a similar way. One day, a young female was attacked by her harem male for straying too far away from the rest of the group. He stood over her, threatening and grinding his teeth in high dudgeon. The female’s mother was feeding about five yards away at the time. She looked up the moment the commotion started, but made no effort to intervene. Eventually, his point made, the male turned and stalked off to start feeding a few yards away. As the victim walked disconsolately back towards the rest of the group, her mother called to her with a soft grunt. The victim at once turned and walked over to her mother, who then began to groom her. I had the distinct impression that the mother did not want to become involved in a squabble with the male (perhaps because she sensed that doing so would simply escalate the fight), but at the same time she realized that failing to do so had weakened her relationship with her daughter. The grunt and the grooming seemed to say, ‘I’m sorry!’


Frans de Waal has described similar behaviour in chimpanzees and macaques, and has termed it ‘reconciliation’. You might think of it in terms of an apology designed to restore the status quo in an alliance that has been damaged by the thoughtless behaviour of one of its members. In most cases, reconciliation involves grooming, touching or other physical actions. Chimpanzees kiss each other on the lips; macaques groom or hold another’s rump in a half-mount; male baboons will reach through to touch another male’s penis. However, Joan Silk, Dorothy Cheney and Robert Seyfarth have recently reported vocal forms of reconciliation, similar to those just described in the gelada, in chacma baboons inhabiting the Okavango swamps of Botswana. They found that dominant females will give conciliatory grunts when approaching lower-ranking females with whom they want to interact. More importantly, they are more likely to grunt before approaching a female they have threatened earlier than one they haven’t. It’s as though they want to say, ‘Don’t worry, my intentions are strictly friendly.’


Reconciliations may also occur between males at times when alliances form an important part of their social strategies. When a male gelada acquires a breeding group of females by defeating an incumbent harem male, his position is far from secure. He was only able to wrest the harem away from the former incumbent because the females’ loyalty to that male was weak. The two males will have fought a veritable Battle of the Titans, and probably have sustained serious injuries from each other’s two-inch-long canine teeth in the process. But despite the intensity and bravado of the fight, the decision on who wins and who loses lies in fact in the hands of the females; it is they who ultimately decide whether or not to desert their current male in favour of the rival, and they may decide in his favour even though he has been losing the long-running battle with the rival. The problem for the rival if he wins is that, since the females are clearly willing to desert one male in favour of another, they may be just as willing to desert the second, should he prove no more to their taste than the first. There are always plenty of onlookers at a take-over battle who would be willing to give it a go at the slightest hint that the loyalty of the females might be in doubt. And it does sometimes happen.


Caught in this awful bind, victorious males work fast to establish an alliance with their defeated predecessor. The two males may have spent a whole day, sometimes two, locked in intermittent and often bloody combat, but once the decision has been made and the defeated male has accepted the verdict, the winner sets about building a new relationship with him. This involves making a number of tentative overtures. The new male approaches the defeated male in a non-aggressive, almost submissive way. The defeated male is, of course, suspicious at first. He has just received the beating of his life at the hands of this thug. He is sore, exhausted, and nervous of another unprovoked attack. But he wants to stay on in the unit because the current batch of infants represents his last throw of the reproductive dice, and he would like to see them through at least to the point where they can survive on their own.


So the two males have interests in common: the new male would like to have the old male’s support against further takeover attempts (at least over the initial period while his position is still uncertain), and the old male would like to stay on in order to protect his offspring. After one or two false starts, the deal is struck surprisingly quickly; there is a simple ritual of reconciliation in which the old male reaches through to touch the new male’s penis as the latter presents his rear. Then the two males groom each other with the kind of enthusiasm reserved for the aftermath of patched-up quarrels. And after that, the two are as inseparable as twins when it comes to defending the females against outsiders.


It is the subtleties and complexities of these interactions that give the societies of monkeys and apes their special quality. We can watch the soap opera of daily life unfolding before us, and empathize with the stratagems and counter-stratagems as they evolve. It all looks so familiar, so reminiscent of everyday life in our own societies. This is our primate heritage, our common evolutionary experience. It has important implications for the way our minds are designed, and so in turn for the design of our brains.


A Darwinian Detour


When Charles Darwin published his landmark book On the Origin of Species in 1859, he set in motion a revolution that has radically altered our understanding of the living world. So it seems odd, nearly one hundred and fifty years later, to be reminding you that the natural world is a Darwinian world. Yet the lessons of Darwin’s revolution in the biological sciences remain widely misunderstood, not just by the layman but also by many scientists outside organismic biology.2 With even scientists confused, it’s small wonder that (according to the latest surveys) 48 per cent of the population of the USA still believes that the biblical story of Genesis is literally true.


This all sits very incongruously with the fact that Darwinian evolutionary theory3 is widely recognized to be the second most successful theory in the history of science (after modern quantum physics). Not only has it been extraordinarily effective in explaining why the biological world is as it is, but it has also proved remarkable in its ability to continue generating new questions to stimulate and guide empirical research. Yet, a century and a half after Darwin first proposed his theory, most people’s views of the biological world are still heavily coloured by opinions that were current during the eighteenth century, long before Darwin was even born.


Darwinian evolutionary theory is so fundamental to our understanding of the events I describe in this book that I am obliged to pause in my story to ensure that we all start with the same clear understanding of what the Darwinian account entails. The popular literature is so full of misconceptions and, in some cases, plain fictions that misunderstandings can easily arise. (Readers who feel thoroughly at home with the modern Darwinian perspective may wish to skip the rest of this chapter and go straight to the next.)


One trivial example is the fact that most people are surprised to discover that Darwin did not invent the theory of evolution. In fact, biologists had come to accept the idea of evolution long before Darwin published his seminal work. The second half of the eighteenth century had witnessed a number of significant challenges to the overpowering influence of the biblical world view. One was the realization that the diversity of life on the planet could be more easily explained as a consequence of evolution than by the conventional biblical creation story. The first concerted attempt to provide a general theory of evolution was made as early as 1809 by the renowned French biologist Jean Baptiste de Monet, Chevalier de Lamarck – more commonly known to succeeding generations of biologists as plain Lamarck. Darwin’s contribution to this debate was not to prove the theory of evolution, but to provide a mechanism – natural selection – that could explain why evolution took place.


Lamarck’s views were premised on the Aristotelian scala natura, the ‘scale of nature’, sometimes known as the Great Chain of Being. This curious hangover from the ancient Greeks supposed that all life formed a natural hierarchy which began with things like insects and worms – the original Greek version actually started with earth and water on the lowest rungs of all – proceeded through more advanced forms like fishes, reptiles and birds, to end with mammals, humans and, at the pinnacle of all, the gods. Adopted more or less wholesale by the early Christian Church – with the angels and, on the final rung, God himself substituting for the ancient deities – the Great Chain of Being coloured the way everyone in post-medieval Europe thought about the biological world. Lamarck and his contemporaries built these ideas into their theories of evolution, supposing that each species begins life on the lowest rungs of the ladder and, over long periods of time, gradually progresses up through the hierarchy of life in response to a natural unfolding of some inner force.


Darwin turned all this on its head by insisting that there was no natural progression up an evolutionary ladder. In fact, no species – not even humans – could be considered as better or worse than any other. There is only one biological standard by which a species can be judged, namely its success at reproducing itself. We are all, bacterium and human alike, equally ‘good’ because we are each sufficiently well adapted to our particular circumstances to thrive and reproduce. The fate of all species is eventually either to become extinct or to be transformed into new species. But in either case, it is natural selection – reflected in the individual organism’s ability to survive and, more importantly, reproduce – that drives these changes, not some internal biological principle or ‘life force’ as Lamarck assumed.


Darwin’s theory has two important lessons for us when we come to think about behaviour. One is that evolutionary change is driven by animals’ need to adapt to changing circumstances. The geological sciences have revealed that the earth’s climate has been in a constant state of flux, oscillating between the overheated and the frigid with almost monotonous regularity. In the 65 million years since the dinosaurs became extinct, for example, average global temperatures have dropped by an astonishing 18°C. Even the Antarctic was once clothed in dense forest. Associated with these climatic changes have been dramatic changes in vegetation and fauna.


Most of these shifts in climate have been triggered by the changing shape and distribution of the continental masses as they have slithered around on the surface of the planet’s soft inner core. Other factors have also played a role, including long-term changes in the distance between the earth and the sun and in the tilt of the earth’s axis. Interspersed throughout the 450 million-year history of life on earth there have been five (possibly six) episodes of mass extinction when virtually all existing life forms were wiped out.4 The handful of survivors provided the seed corn for a whole new series of evolutionary developments that took life on earth off in an entirely new and often quite arbitrary direction.


The way in which climatic changes drive evolution is nicely illustrated by the fact that deep-sea creatures like sharks (whose origins predate the dinosaurs) have remained virtually unchanged for hundreds of millions of years, whereas species like antelopes and humans (both of whom are of very recent origin) have changed dramatically in appearance over a very short period of time. Unlike land habitats, the deep-sea environment tends to be much less affected by global temperature changes; consequently, deep-sea creatures face much the same conditions now as their ancestors did 200 million years ago. In contrast, the environments faced by land animals have changed dramatically as a result of sometimes catastrophic changes in the world’s climate and vegetation.


Darwin’s theory can account for changes of this kind because, unlike Lamarck’s species-based theory, it assumes that the individual is the basic unit of evolution. It is the individual that reproduces or doesn’t reproduce, and the individual that passes on its particular traits.5 Where earlier biologists viewed species as ideal types (clones, you might say), Darwin and his colleagues began to see the species as simply a collection of sometimes quite variable individuals who shared a number of key traits. That variation was the potential that allowed species to evolve, though evolution would only occur if natural selection made change advantageous.


The other key lesson of the Darwinian approach is that in real life nothing comes for free. Evolutionary change is not automatic; it always occurs against a gradient of stability imposed by the organism’s natural biological coherence. Change along one dimension of an organism’s biology (let’s say growing taller) always incurs costs. One reason is that the change may throw other aspects of the system out of kilter: a taller individual tends to be more gangly, and so less fast at escaping predators. A second problem is that any change (such as growing taller or developing a bigger brain) costs energy: bigger individuals need more food to fuel their bigger bodies. For evolution to occur, the benefits to be gained from changing a character have to exceed the costs. When there is no advantage to change, the costs of making changes act as a stabilizing force, selecting for constancy. To understand evolutionary change, we have to understand both the costs and the benefits of any particular course of action.


The one exception to this arises in those cases where the characters
 concerned are protected from the immediate impact of the forces of selection. This happens when different versions of a gene produce the same effect. When there is no selection pressure for or against a change, genetic traits can drift as a result of chance events that affect which individuals happen to reproduce. Consequently, a population that splits into two halves which remain reproductively isolated for a long enough period will accumulate minor genetic differences. The theory of neutral selection, originally promulgated by the Japanese geneticist Motoo Kimura in the 1970s, has proved a valuable tool for evolutionary biologists because it allows us to determine the length of time since any two species had a common ancestor. It is simply a matter of determining the number of mutations by which their DNA differs and multiplying this by the average rate at which spontaneous mutations occur. This is how we know that humans and chimps shared a common ancestor who lived some time around 5 to 7 million years ago.


One final point needs to be emphasized. Many people find Darwinism disturbing because they confuse it either with Social Darwinism, with its associations with the eugenics movement of the early 1900s, or with genetic determinism. The first of these confusions is frankly bizarre, because despite its name Social Darwinism had very little to do with Darwinism; it was largely the brainchild of the social philosopher Herbert Spencer, aided and abetted by the distinctly anti-Darwinian founder of genetics Francis Galton (ironically a cousin of Darwin’s). Irrespective of whether Darwin was himself a Social Darwinist, the movement’s basic philosophy – maintaining the purity of the species – was distinctly Lamarckian in conception. Indeed, by the 1920s it became apparent that Darwinism had pulled the intellectual rug well and truly from under it. The Social Darwinists (and their curious after-image, the Nazis in the 1930s) were motivated by fears that the excessive fertility of the socially unfit underclasses was diluting the viability of the human species. In fact, the underclasses were behaving in a respectably Darwinian fashion: reproducing as fast as they could to ensure that their genes made it into the next generation, despite the high mortality rates their children suffered thanks to their grinding poverty. If anything, they were dutifully increasing the range of diversity on which natural selection has to work, thereby reducing the likelihood of our species’ extinction in the long term. Heaven forbid that we should all have ended up as clones of the upper classes!


The bugaboo of genetic determinism is for many a modern-day version of Social Darwinism. But once again, the problem is largely one of misinformation – sometimes exacerbated by a refusal to listen. Evolutionary biology has no preconceptions about the genetic determinism of behaviour, even though at some point genes must be involved. Many features of an animal’s behaviour can be explained in terms of strategies that maximise genetic fitness, even though the behavioural rules they use are learned or culturally inherited. Learning is just another example of a Darwinian process: it is differential survival of traits (behavioural rules in this case) as a result of selection. When animals make decisions about how to behave, they do so on the basis of past experience, and in the light of the costs and benefits of particular courses of action. Their decisions may well be guided by genetically instilled intuitions about how fitness can be maximized, but they do not act blindly in response to inner drives beyond their control; advanced organisms can act or hold back, according to circumstances. Every day of their lives animals make decisions about whether the risks entailed in behaving in a particular way are worth what they will gain by it.


So much for our Darwinian detour. Now back to monkeys.






1. We can determine temperatures in the remote past thanks to a curious quirk of physics. There happen to be two isotopes (or forms) of oxygen, one being fractionally heavier than the other. A molecule that happens to have been formed with atoms of the heavier isotope, oxygen-18, will not evaporate from the oceans as easily as its counterparts made from the lighter oxygen-16 atoms; but once evaporated, it condenses more rapidly to form snow. Hence, by measuring the ratio of the two forms of oxygen in ice or snow, we can tell whether one time period was colder or warmer than another: colder periods will have a higher proportion of the lighter oxygen isotope. Ice cores drilled from the Greenland or Antarctic ice caps are examined inch by inch for changes in the ratio of the two oxygen isotopes. With their ratio in samples of today’s snow as a standard, the series can be anchored to current global temperatures, and past temperatures can be read off. Another way of doing it is to examine the composition of the calcium carbonate in the shells of extinct oceanic plankton. The plankton take up oxygen from the seas in which they live to make their skeletons. In cooler times, there will be a higher proportion of the heavier oxygen isotope in sea water because more of the lighter ones will have evaporated







2. The biological sciences can be divided into three rather broad levels. Organismic (or whole organism) biologists study the emergent properties of an animal’s behaviour: this includes such topics as as ecology, animal behaviour, population biology and evolutionary processes. Infra-organismic biologists study the processes that make an animal tick: among these can be numbered physiology, cell biology, anatomy and embryology. Finally, molecular biologists study the chemical processes that produce organisms: this newest and in some ways most successful of the sub-disciplines of biology focusses on the way DNA and the other components of the genetic system build cells in the great miracle of life. Although all three layers of biological science are united into a single structure by Darwin’s theory of evolution by natural selection, they do not all need to worry about its details to the same extent. While organismic biologists would find it very difficult (if not impossible) to do their research in the absence of Darwin’s theory, infra-organism and molecular biologists are much less dependent on it (and indeed, a handful of them even manage to adopt an overtly anti-Darwinian position without compromising their science). A theory of evolution is just not needed to study how a cell works, even though it is all but imposssible to understand the behaviour of the organism of which the cell is a part without the benefit of evolutionary theory. Laymen are sometimes confused by this, assuming that the fact that a cell biologist can do without Darwin must mean that Darwin is wrong. Cell biologists undoubtedly do better biology with the benefit of Darwinian theory as a working framework, but they can get by quite adequately without it, at least for the time being. Whether, as our knowledge of cell biology grows, they will always be able to get by without it remains to be seen.







3. The modern theory is Darwinian but it is not, strictly speaking, Darwin’s. It contains many elements that Darwin would not have recognized and could not have known about. Over the last 150 years, biologists have built on Darwin’s original insights to produce what, by any standards, is one of the most remarkable and comprehensive theories in science.







4. There is growing (but still controversial) evidence that these mass extinctions were associated with the impact of comets or large asteroids. The dust and water vapour thrown up into the atmosphere by these collisions is presumed to have blocked out the sunlight and created what amounts to a ‘nuclear winter’. The last of these mass extinctions occurred 65 million years ago and saw the demise of the dinosaurs.







5. Strictly speaking, as Richard Dawkins has reminded us in his book The Selfish Gene, it is the gene that is the fundamental unit of evolution: evolution occurs because certain genes are passed on to the next generation more successfully than other genes. However, speaking of individuals rather than genes is a convenient shorthand.
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