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PREFACE



IMAGINE AN AIRLINE CHECK-IN QUEUE in Chicago or London. Seven people stand there, looking in different directions. One is a solicitor of Afro-Caribbean origin, another a blonde-haired girl whose family come from northern Europe, another a computer expert who was born in India. The fourth is a Chinese teenager listening to music on a Walkman. The fifth, sixth, and seventh are all attending a conference on rock art and come respectively from Australia, New Guinea, and South America. All seven are quiet, and avoid eye contact because they neither know one another nor feel related in any way. Yet it can be proved they are all related and ultimately all have an African female and male ancestor in common.


In all our cells we have genes. Genes are made up of DNA, the string-like code of life that determines what we are, from our fingernails to our innate potential for playing the piano. If we analyse the genes of any one of these seven people, we can trace the geographic route taken by their ancestors back to an ultimate birthplace in Africa, at the dawn of our species. Further, if we take any pair of them and compare their genes, we will find that they share a more recent ancestor – living, in all probability, outside Africa (see Figure 0.3). What is more, I believe that we can now prove where those ancestors lived and when they left their homelands. This remarkable proof has become fully possible only within the last decade, as a result of pioneering work by a number of people.


Many of us have wondered what we would find if we could perhaps board a time machine and travel back through the generations of our ancestors. Where would it take us? Would we find ourselves to be distantly related to some famous or notorious person? How many generations would we pass through before we arrived at the first humans? Does our line continue back to monkeys, and beyond to worms and single-celled creatures, as Darwin maintained? We know from dry biology lessons at school that this ought to be so, but as with the uncertainty of what happens to us after we die, it is hard to grasp.


We are now so used to the pace of technical advances that the sense of wonder fades with each new one. Yet, until very recently, geneticists could only dream of using our genes to trace the detailed history of how we conquered the world. The reason for their pessimism was that the majority of the genes they examined shuffled themselves around at each generation and were common to most populations anyway. Their task was like trying to reconstruct a previously played card game from the pack of cards after it has been shuffled. So it was nearly impossible to draw an accurate genetic family tree going back even a few hundred years, let alone back to the beginning of our species. Most human populations look very similar beneath the skin, so where could one start?


The use of gender-specific gene lines, the so-called Adam-and-Eve genes, has in the last ten years changed all that. In contrast to all other genes, mitochondrial DNA (a collection of genes outside the cell nucleus) is inherited only through our mothers, and the Y chromosome is inherited only by men. These two sets of gender-linked genes are passed on unchanged from generation to generation, with no shuffling, and can therefore be traced right back to our ancestors, to the first mammals, and even beyond to worms and worse. We can thus construct two family gene trees, one for our fathers and one for our mothers. As a result, in any population, of whatever size, we can trace any two individuals through one of these two gene trees back to a most recent shared ancestor on the tree. Such an ancestor may have lived 200, 5,000, or 150,000 years ago, but all ancestors can be assigned a place on the newly constructed Adam-and-Eve genetic trees. These are real family trees of modern human gene lines, with real branches. Each branch on each tree can be dated, although the accuracy of such dating still leaves much to be desired.


Many regional human gene trees have now been fitted together, like a large jigsaw that is started by assembling the edges using certain clear landmarks. In this way, a picture of the Adam-and-Eve gene lines spreading from Africa to every corner of the world has been pieced together over the last decade. It has got to that satisfying point, as with jigsaws, when the whole structure suddenly links up and takes shape; the remaining pieces, though many, are now being placed on the tree and on the map with increasing ease and speed. The pace is now so rapid that people working at the cutting edge on one geographic region may still be unaware of breakthroughs in another region. The whole branching tree can now be laid flat on a world map to show where our ancestors and their gene lines travelled in their conquest of the world.


The new knowledge has resolved some of the apparent paradoxes thrown up by the contrast between the cultural and biological stories of the last 150,000 years. We can now even start to hang the regional human fossil relics of that period in their correct places on the genetic tree of life.


Many questions have been answered. It turns out that, far from the world being a common genetic melting pot with massive to-and-fro prehistoric movements and mixings, the majority of the members of the modern human diaspora have conservatively stayed put in the colonies their ancestors first established. They have dwelt in those localities since well before the last ice age. We can also trace the dates of specific migrations over the last 80,000 years. Thus, from a picture of great diversity and lack of definition, we have the opportunity to move to a highly specific and regional focus on the branching networks of human exploration.


Several other obvious examples of long-standing archaeological questions have been resolved by the new gene trees. One is the ‘Out-of-Africa’ v. ‘Multiregional’ controversy. The Out-of-Africa view is that all modern humans outside Africa descend from a recent movement from Africa less than 100,000 years ago. This exodus wiped out all earlier human types around the world. The multiregionalists, in contrast, argue that the archaic human populations, Homo neanderthalenis (Neanderthals) in Europe and Homo erectus in the Far East, evolved into the local races we now see around the world.


The Out-of-Africa view now wins the contest because the new genetic trees lead straight back to Africa within the past 100,000 years.1 No traces of Adam-and-Eve gene lines from older human species remain on our genetic tree, except of course at the root, from which we can measure our genetic distance from Neanderthals. Neanderthals have now been genetically typed using ancient mitochondrial DNA, and it seems that they are our cousins rather than our ancestors. We share with them another common ancestor, Homo helmei.


Current Out-of-Africa proponents have usually hedged their bets, claiming that Australians, Asians, and Europeans came as separate migrations of Homo sapiens from Africa. Not so: the male and female genetic trees show only one line each coming out of Africa. This is my central argument in this book. There was only one main exodus of modern humans from Africa – each gender line had only one common genetic ancestor that respectively fathered and mothered the whole non-African world.


Other prejudices have also foundered. Some European archaeologists and anthropologists have long held that Europeans were the first to learn to paint, carve, develop complex culture, and even to speak – almost as if Europeans represented a major biological advance. The structure of the genetic tree denies this view. Australian aboriginals are related to Europeans, and share a common ancestor just after the exodus from Africa to the Yemen over 70,000 years ago. Thereafter they moved progressively round the coastline of the Indian Ocean, eventually island-hopping across Indonesia to Australia where, in complete isolation, they developed their own unique and complex artistic cultures. The first Australian rock art has been dated at least as early as the first European one. This must mean that humans came out of Africa already painting.


Another old archaeological controversy concerns the spread of the Neolithic culture across Europe from Turkey 8,000 years ago. Did the farmers from the Near East wipe out and replace the European hunters, or did the new ideas spread more peacefully, converting the pre-existing Palaeolithic hunter-gatherer communities? The genetic answer is clear: 80 per cent of modern Europeans descend from the old hunter-gatherer gene types, and only 20 per cent from Near Eastern farmers. The old ones were not such a pushover.2


Finally, moving to the other side of the world, there has always been colourful speculation over the origins of the Polynesians. Thor Heyerdahl was not the first. In fact, Captain Cook was nearer the mark in arguing for a Polynesian link to the Malay archipelago. For the past fifteen years archaeologists have thought that Polynesians came from Taiwan. The genetic tree discounts this now: the ancestors of the sailors of the great canoes started out further along the trail, in Eastern Indonesia.3


Coming back to our airline queue, we should also remember that we are participants in this genetic story, since 99 per cent of the work of reconstruction of our ancient gene trees was carried out using modern DNA given voluntarily by people living in different parts of the world today. This is a story of relevance to each and every one of us.
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PROLOGUE



MANY ANTHROPOLOGISTS NOW SAY that we came out of Africa, but how do they know? If we all have a single recent origin there, why do there appear to be different races of humans? How closely are these races related? Is ‘race’ a valid concept? Are we all part of one family, or do Africans, aboriginal Australians, Europeans, and East Asians all have different parallel evolutionary origins? And why us? What key forces in our evolutionary history took descendants of apes that had just left the trees to walk the African savannah and catapulted them onto the Moon within a couple of million years?


Jacob Bronowski’s The Ascent of Man and Richard Leakey’s The Making of Mankind were landmark documentaries that stimulated public interest in human evolution. Yet, as with any consensus view, they left many questions unresolved. Lack of relevant evidence at the time meant that they also inevitably left what are now recognized as gaps in knowledge and understanding. Subsequent archaeological and biological findings have allowed us to pose new questions and plug some of those gaps. We are also now in a position to correct the distorted perspective we have of what really separates us from our ancestors and from our living cousins, the great apes, and to challenge the myths that have hindered past progress.


DNA analysis has led to extraordinary advances in our understanding of the regional biological history of modern humans. As we shall see, the so-called Adam-and-Eve genes really do allow us to track back in time and space to follow the human family in its wanderings round the globe. But not all the advances have been in molecular biology. Palaeoanthropology, the study of our ancestors, has leapt forward in several important fields since Leakey’s presentation, over twenty years ago. First, a number of newly found early human skulls, both within and outside Africa, have resolved the timescale and geographical extent of the repeated out-of-Africa movements of the past 2 million years. Other skull finds have pushed the branch between our ancestors and those of chimps back even earlier. Second, the comparative analysis of skull shape has, with the advent of fast computers, been put on a more scientific basis, with the result that key skulls of prehistoric peoples from around the world can now be placed near branches on the human genetic tree, and today’s descendants on the twigs.


This approach to defining the branches of the modern human biological tree by comparing skulls fell under the cloud of poor science linked to racism as a result of the activities of Nazi anthropologists in the middle of the last century. Since the 1960s, different motives, more objectivity, and better maths have allowed palaeontologists to resolve more detail in the hominid tree and even that of modern humans. The intense public interest in this field, and the persisting fear of it being hijacked to serve nationalist and racist agenda, have unfortunately led to a minefield of ‘politically correct’ euphemisms laid by Western anthropologists to protect us from our prejudices. Although such language has the expressed aim of defining differences between peoples more clearly, the result has been to obscure and proscribe discussion. ‘Race’, for instance, is now a politically incorrect term, and in some circles so is ‘ethnicity’. Such hypersensitivities should be regarded as a challenge rather than an obstacle. Discussion of human differences is racist when the agenda are competitive, exclusive, and derogatory. It can equally be a positive celebration of our diversity.


In this book I am concerned mainly with questions about our recent story, over the past 200,000 years, which can be answered by tracing our way back through our genes. But to do that properly, and understand what it was that made us explore every corner of the Earth and then some, we do need to ask, ‘Why us?’ in the first place. The forces that drove our adaptive survival against overwhelming odds in the African savannah are the key to our nature and to our extraordinary story. We were not ‘put’ here fully formed, thinking, talking, and unique among animals. We were specially selected and moulded by a fierce, blind, unthinking environment. Like all evolving species, we had ancestors and cousins who shared some of our abilities but perished in adversity. Our physical and behavioural adaptations were focused on surviving the struggle with our greatest enemy and stern teacher, the climate.


One of Rudyard Kipling’s immortal Just So Stories tells of the Elephant’s Child, who in those early days had no trunk and plagued his uncles and aunts with irritating questions. He made the mistake of going to the Crocodile to ask him what he normally ate for dinner. The Crocodile told him to bend down close to hear the answer. As soon as he did, the Crocodile clamped his jaws hard on the end of the elephant’s nose and tugged him towards the river. After a prolonged tug-of-nose, the Elephant’s Child managed to release himself – only to find that his nose had stretched into a fine, new trunk. This Kipling fable, like others in the anthology, cocks a crude snook at Jean-Baptiste Lamarck’s notion of evolution by the inheritance of acquired characteristics, but there is a hint of Darwinian reality in the result. Through non-benign means, the Elephant’s Child gained a uniquely useful modified nose, although he took a bit of time to realize it. Similarly, modifications to our brain, our free hands, our feet, and our family and social life have been selected by the recurrent cruel weather of the past few million years, and we have put them to unique new uses.


One of the more surprising insights has come from a growing understanding of the effects of repeated glacial cycles during the past 2.5 million years on human evolution and expansions out of Africa. Whereas severe climatic change generally causes widespread megafaunal extinctions, the appearance of new and more successful human species seems to have coincided with severe glaciations and expansions of the African savannah. But climate may have been a major force behind hominid evolution for much longer than that. Primates have, in general, more dextrous hands, relatively larger brains, more varied diets, and more complex social lives than most other contemporary mammals. Ten million years ago, Africa was a lush paradise with vast open forests and home to several species of ape. Even then, various primate species, not just apes, were experimenting with life on the ground and in the grassland around islands and tongues of forest. Africa’s grassland has expanded progressively since then, as the world’s climate has cooled and dried, but this has happened in cyclical fits and starts of increasing frequency and severity.


Walking apes


As we know from the effects of our recent ice age, the worst phase of the climate cycle, although brief, can cause widespread extinctions. Only the survivors of such climatic episodes can pass on their own genetic type, holding special features that may have been selected for by the environment. Around 7–8 million years ago, a dramatic reduction in the number of ape species coincided with several million years of global cooling and grassland expansion. Some have suggested that this short ice epoch already marks the time of the split between our ancestors and the ancestors of modern chimpanzees. The most important initial physical change in our ancestors, bipedalism (walking on two legs) may have its roots in that time. At present, however, the first clear evidence for bipedalism is seen only in skeletons of Australopithecus anamensis, a walking ape dating from 4 million years ago and found on the shores of Lake Turkana, in northern Kenya, in 1995.1


Many think that there was a cause-and-effect relation between the spread of the grasslands and the change from quadrupedal forest-living to easy walking around the savannah. This may well be true but, judging by the toothed predators with which they shared their environment, the early bipedal apes probably did not stray too far into the plain and away from the protection of the wooded islands. In any case, other primates, such as the ancestors of baboons, managed to get along surprisingly well in the savannah on four legs (as do modern baboons).


Others have suggested alternative theories of why it was advantageous to adopt a two-legged posture, such as literally keeping a cool head2 or, like the African meerkats, keeping an eye out for predators on the plain. However, our ancestors’ brains, although larger than those of most other land mammals, were no bigger than that of our cousin the chimpanzee, so there was less danger of them overheating. Nor is standing upright – which many mammals do, including monkeys, chimpanzees, bears, and meerkats – the same thing as habitually walking on two legs for long periods. The idea of leaving hands free to do other mischief such as wielding heavy sticks for hunting (or more likely for defence against predators, since our ancestors were mainly vegetarian) is attractive as an evolutionary force. Unfortunately we have no direct proof, since wood is perishable and stone tools are not found from that time.


Those early walking apes, for whom there is still only fragmentary evidence, were followed by the famous ‘Lucy’ family, Australopithecus afarensis. Lucy’s partial female skeleton was discovered by Donald Johanson in 1974 at Hadar, in Ethiopia. Living between 3 and 4 million years ago, her kind were 1–1.5 metres (40–60 inches) tall, more clearly upright and bipedal, with a pelvis more similar to ours. Above the neck the similarity ceased, for their skulls and brains were like chimpanzees’ (375–500 cm3 in volume), although they had smaller canine teeth (see Plate 1). As with gorillas, their females were much smaller, suggesting a harem society. A different two-legged version (Australopithecus africanus) lived between 2 and 3 million years ago and, although the same size, had a slightly larger average brain size than chimps at between 420 and 500 cm3. Their teeth were also smaller and more like ours. It should be said that these two particular bipeds are not necessarily steps on a direct evolutionary sequence towards ourselves: our ancestor at this time could easily have been a sister species as yet undiscovered. For instance, our nearest ancestor could have been a recently discovered species from about 3.6 million years ago called Kenyanthropus platyops – quite literally, ‘flat-face’ (Figure 0.1). The flat face, a feature of humans, might represent a bridge between the walking apes and us. What is certain, though, is that over the few million years in which the australopithecines (‘southern apes’) and their immediate ancestors walked Africa’s grasslands, we see only a moderate, not a dramatic, increase in brain size.
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Figure 0.1   The ‘untidy tree’. Over the past 8 million years of hominid evolution (including here only our nearest living relatives, chimps), several species usually co-existed at any one time, so drawing a tree of direct descent on the basis of chance fossil finds may be misleading – hence the lack of branches on this tree.



Growing brains in the big dry



Things were about to change, because 2.5 million years ago the world started getting colder. Within a million years, the wet and warm Pliocene geological period gave way to the Pleistocene ice epoch. This was a grinding cycle of repeated dry ice ages, with alternating advances and retreats of African grassland lasting right up until the most recent glaciation, which climaxed 18,000 years ago. Soon after the start of this unstable, icy, and dry period, the first humans (the Homo genus) with their stone tools and larger brains made their entrance on the African savannah stage. As had happened a few million years before with the split into four-legged and two-legged locomotion, this was a parting of the ways for the descendants of the walking apes. One branch, known as Paranthropus, developed larger jaws to cope with grinding up tough vegetable matter. The other branch, Homo, made stone tools, developed substantially larger brains, and set off down the road towards becoming better hunter-gatherers and then, finally, us.


Naturally, we are inclined to think of humans as being special and set apart from the other apes. Many think that it is our especially large brain that makes us what we are. Some even think that an increase in brain size led to tool-making, but this argument seems unlikely. Fashioning stone tools, unlike walking on two legs or manual dexterity, may be unique to humans (and possibly to Paranthropus3), but even chimpanzees make crude but effective tools out of wood, and they have smaller brains and branched off much earlier than the walking apes. Although we do not have the evidence in wood from the last 7 million years, chimps still have roughly the same sized brain as our common ancestors who lived at the beginning of that time. This does not seem to constitute a strong link between simple tool-making and achieving a critical brain size. Nor does it rule out the possibility that the common ancestors of chimps and humans were making tools so long ago.


One of the earliest human tool-makers, Homo habilis, had an average brain volume of 650 cm3, but among the known habilis skulls is one 1.9 million years old with a chimp-like brain volume of only 500 cm3, which is at the top end of the range for the earlier australopithecines.4 The small body and brain size and the other apelike features of Homo habilis have led some anthropologists to call for their expulsion from the Homo genus or ‘human club’, but in spite of the well-argued case, this seems more like size prejudice than scientific reasoning. Homo habilis were unlikely to have been our direct ancestors, but that can be said for most hominids; and they made stone tools.


The idea that we somehow grew a big brain first, then decided what it was for, is a negation of Darwinian principles. Any new kind of behaviour always precedes the physical adaptation that evolves to exploit that behaviour. Well before the start of the Pleistocene ice epoch there must already have been some aspect of our behaviour – something to do with the way we faced the climatic challenge, perhaps – that gave large, energy-expensive brains survival value. The problem of finding food in an increasingly dry environment must have taxed our ancestors’ resourcefulness. Larger brains clearly helped them in some way. That behaviour must still be with us today, because over subsequent major glaciations during the past 2.5 million years, new human species with larger brains and more skills appeared in Africa. As the climate briefly warmed after each glacial maximum, the Sahara would become green for a few thousand years and the new human species would venture out to try their luck in Eurasia. By 1 million years ago, brain volumes of various human species living both within and outside Africa had increased from 400 to 1,000 cm3, and even into the modern size range. In other words, human brains had grown to three-quarters of their modern size long before we came on the scene.5


Why did we grow big brains?


There have been various suggestions as to what the key behaviour selecting for big brains might have been. The ice ages forced Africa into extreme aridity and would have inspired the dwindling numbers of savannah humans to greater resourcefulness and cooperation. We can see the value of larger brains in such circumstances, but why should our brains have grown, and not those of the other mammals living at the edge of the savannah? One behavioural characteristic that is still very much with us today is our fondness for meat with our vegetables. Indeed, London-based anthropologist Leslie Aiello and her colleague Peter Wheeler (the originator of the cool heads theory) suggested that we needed to eat meat in order to facilitate our brain growth.6 Brains need lots of calories to fuel them, and require high-grade nutrients in order to grow. Yet, as Aiello and Wheeler acknowledged, meat-eating is more a means than a motive for brain enlargement. They also argue that the parallel reduction in size of human intestines, as shown by an alteration of the shape of the ribcage in Homo ergaster, is evidence for a change to eating more meat than vegetables. In other words, the oldest true humans had lost the vegetarian pot-belly so characteristic of australopithecines. But this change in the ribcage happened before the dramatic brain growth.


Early humans such as Homo habilis, Homo rudolphensis, and Homo ergaster may have been more scavengers than hunters. Perhaps they learnt that by arming themselves with sticks and stones they could drive larger predators away from kills, and as their tool-making and cooperative hunting abilities improved they became more confident. But without evidence, all such arguments for the role of climate and meat-eating in the enhanced brain growth of early humans remain largely armchair speculation. We know that, at least in Africa, stone tools were used by Homo erectus to butcher meat,7 but to establish a link between meat-eating, worsening weather, and brain growth we would need a comparison with purely vegetarian primates in the same environment over the same period.


Recently, Sarah Elton,8 an anthropologist based at the University of Kent at Canterbury, has provided just that – but her results rather shake our sense of the uniqueness of the human line. She measured brain size in a number of fossil skulls from primate species over the period roughly from 2.5 million years (the start of the cooling) to 1.5 million years ago. She studied the two main branches of hominids that diverged during that period, Homo and Paranthropus, covering a total of six species. As a comparison primate group she chose several prehistoric species of large, grass-eating, baboon-like Theropithecus monkeys that lived in the same environment over the same period. The results were startling. The large vegetarian monkey species showed no trend of increasing brain size over that time period, but hominids from both the Homo (ergaster and habilis) and Paranthropus (boisei) branches did. So, not only were several new Homo and Paranthropus species appearing with successively larger brains, but brain size was increasing specifically within each species of each genus. The latter observation is even stronger evidence for a shared new behaviour selecting for larger brains held by the common ancestor of the Homo and Paranthropus branches, but not shared with other contemporary primates. The relative increase in size in both hominid branches is also surprising since the Paranthropus branch, with their huge jaws, were supposed to be specialist vegetarian grinders. Over the million-year period that Elton studied, the average hominid brain size for all species increased from 400 cm3 to 900 cm3.


If we compare this early era of phenomenal brain growth with more recent times in the human line, there is a clear discontinuity between ancient and modern. Between the earliest Homo habilis just under 2 million years ago and the first so-called Homo rhodesiensis fossils of 1.07–1.3 million years ago,9 a period of roughly 700,000 years, brain volume increased by two and a half times. In the subsequent 1.2 million years, although there were modest trends in brain size increase in individual human types outside Africa, such as Asian Homo erectus and European Neanderthals, a net increase of only 6 per cent was required to reach the brain size of today’s humans. (In fact there has been an overall decline in brain volume in modern humans over the past 150,000 years – see Figure 0.2). So, from a physical point of view, the earliest period of the human tree was the most dramatic.


These results suggest that the earliest period of increased climatic adversity at the end of the Pliocene, and over the Pliocene–Pleistocene climatic changeover, selectively favoured brain growth in the various new hominid species, but not in other primates sharing the same environment. What does this mean? First, it supports the view that all these hominids belonging to the Paranthropus and Homo branches, and by implication their common ancestor, possessed some new behaviour selectively favouring brain growth, which they had shared from at least the beginning of the cool period. In other words, the behavioural seeds of our extraordinarily rapid brain development may already have been in place in walking apes 2.5 million years ago. Second, it puts the meat theory under some strain, although in her defence of that theory Elton argues that Paranthropus were neither strict vegetarians, nor were they incapable of making tools to assist in extracting food from a variety of sources.10 Third, the selection for brain size seemed to have its greatest acceleration at the beginning of our genus, over 2 million years ago.


There is a further problem with the ‘meat makes brainy hunters’ theory. Higher primates were not the only cooperative hunters on the African savannah. Yet we do not see lions, hyenas, or the African hunting dog wandering the veldt with huge craniums. To be sure, these committed carnivores do have relatively larger brains and appear more calculating than their prey, but they do not compare to humans, or even chimps. They are true, blinkered specialists in tooth, claw, and muscle. Hominids, by contrast, have always retained their physical and mental flexibility in exploiting food resources. We still eat vegetables – lots of them, including fruits, roots, leaves, seeds, nuts, and berries. Our hands and teeth have become more generalist and flexible rather than specialist. The only physical feature that has developed in relation to our hands, apart from the opposable thumb, is the part of the brain devoted to their manipulation.


A remarkable number of the behavioural differences and dietary strategies that set us apart from the carnivores are in fact characteristics that we share with our nearest living primate relative, the chimpanzee. We even share the social significance of cooperative hunting with them. Astonishing film sequences of chimps hunting colobus monkeys in Africa reveal the differences between primate hunters and specialist carnivores. We are told that those smart primate hunters have much higher success rates than lions. Their quarry meat, although highly prized, is not an essential part of their diet. Not all chimp troops hunt, nor do all chimps in a hunting troop get to eat the meat. Those that do partake may be trusted lieutenants or females with whom the dominant hunting male may wish to copulate. So, hunting among chimps could be more a prestige than a survival strategy, as it is among some humans. Sexual favours would ensure that hunting males passed on their genes more successfully. We all know where runaway sexual selection leads: to peacock tails – or, just maybe, to big brains.


Sexual speculation aside, the point I wish to make is that we should be looking much more closely at the behaviour of our closest living relatives for the seeds of our success. The history of primates over the past 10 million years has not been of specialist ruminants who decided to stop eating vegetables and start eating vegetarians instead, and who in the process became much smarter. It is the history of an already intelligent, large-brained order of forest-based generalists who made a virtue of their flexibility, even when they changed habitat. They all preserved the dexterity of their five-fingered hand and in most cases their teeth got smaller rather than larger.


One group, the ape-like ancestor of chimps and ourselves, became larger. As masters of their environment they exploited a wide range of forest vegetable food. In their trend towards omnivory they experimented with a diet of animals smaller than themselves. In their intense competition for mates, hunting may have stuck as a self-perpetuating prestige cultural practice. Being smart and cooperative, they became good at it; but neither chimps nor our ancestors ever gave up the flexibility and survival value of a diverse diet, nor the flexible social cooperation that they used to exploit their environment so well.


The single most important physical specialization that our ancestors the australopithecines evolved was the ability, unique among mammals, to habitually walk on two legs. Whether this adaptation was in response to the encroaching savannah, the need keep a cool head, or – more likely – to free up their hands, it happened millions of years before the sudden acceleration of our brain growth. When the weather became seriously worse 2.5 million years ago, their behaviour and physical form were appropriate for the next step. Their hands were free, their head was smart and cool, and their intelligent, cooperative exploitation of a wide range of foods, including meat, was still the rule. The dry climate merely turned up the selective pressure on the savannah primates to make the best of diminishing vegetable resources. Instead of aping the big cats and growing their canines into sabres and their claws even longer, and becoming true carnivores, they did what they had always done in the past: they used their brains and hands. It was against this long-established background of flexibility and social cooperation that some unique new behaviour associated with rapid brain growth kicked in 2.5 million years ago with the start of the Pleistocene ice epoch. This new behavioural trait offered the potential to cope with climatic adversity. That it was present 2.5 million years ago, before the first humans, is evidenced by the rapid brain growth shared by humans’ sister genus Paranthropus.


Ever newer models


Although other intelligent apes, including several Paranthropus species, continued to walk the African savannah from 2.5 million years ago, it is humans – genus Homo – with whom we are concerned. Humans represented a new evolutionary concept in a number of ways, not only with their enlarged brains, mixed diet, and smaller teeth, but in their adaptive behaviours, including the making of the first shaped stone tools by the very earliest human species.


If we take Homo habilis as the prototype, then Homo erectus was the line-defining human – the Model T Ford of the new genus. Even more successful than the Model T, they dominated the planet for a million and a half years. With a sad, wary face, a flat nose, and, initially, a rapidly growing brain, Homo erectus was just like us from the neck down (see Plate 2). They had stone tools – simple retouched pebbles at first, but later more sophisticated hand-axes. Their African progenitor Homo ergaster was the first human to leave Africa, 1.95 million years ago, to become the Asian Homo erectus. The latter were slightly smaller than ourselves, and rapidly spread to the Middle East, Russia, India, the Far East, and Southeast Asia, carrying with them their so-called ‘pebble-tool’ technology.11 There are controversial claims that the smaller predecessor on the tree Homo habilis also made this leap at the same time. There is better evidence, however, that all subsequent human species made it out of Africa at the first available interglacial warm-up between ice ages.


Homo erectus types then dominated the world for nearly a million years until another terrible series of ice ages dried up much of Africa over a million years ago and brought about the emergence of a new, more specialized family. The first African representative of this new model was Homo rhodesiensis. The same size as us and with a brain volume of as much as 1,250 cm3, they used a more sophisticated stone tool kit known as Acheulian, named after a village in France near where the style was first found. Acheulian tools included largish flat stones shaped on both sides to form teardrop-shaped pointed hand-axes. This new arrival first made it out of Africa to Europe, and possibly to China, during a brief warm-up about half a million years ago, and carried the Acheulian technology with them.12


Then, 350,000 years ago, another severe ice age struck, perhaps forcing yet another large-brained human onto the African stage around 300,000 years ago. They are known to some as archaic Homo sapiens, and to others as Homo helmei. To avoid confusion I shall use the latter name. Beetle-browed, the same size as us, and with an average brain volume slightly larger than ours at 1,400 cm3, they represented the plateau as far as dramatic brain growth was concerned. As we shall see in Chapter 2, they were also associated with the start of one of the most important revolutions in human technology, known as the Middle Palaeolithic. Some have gone so far as to suggest that if brought up in a modern family, these heavy-browed creatures might fit into our society.13


A larger and longer out-of-Africa movement, during a warm period, saw Homo helmei spreading throughout Eurasia 250,000 years ago. Homo helmei may have given rise to Homo neanderthalensis in Europe and Asia (see Plate 4) and had several possible relatives in India and China from the same period. The source human family containing our own ancestors remained in Africa, for the time being, physically separate from their Neanderthal cousins in Europe.14


Our own species, Homo sapiens, was born over 170,000 years ago, out of what was nearly a human extinction in which the total population fell to an estimated 10,000 in a mother of all ice ages.15 Although Homo sapiens duly made it out of Africa to the Levant at the next interglacial, 120,000 years ago, the genetic and archaeological evidence indicates that their descendants died out there without issue in the ice age after that. (The Levant – an old-fashioned label, but useful in this context – comprises modern Syria, Lebanon, Israel, Palestine, and Jordan: the Mediterranean Near East minus Egypt.) When modern humans finally spread out of Africa to the rest of the world around 70,000–80,000 years ago, Eurasia was still inhabited by several other human species. The European Neanderthals, and possibly the Southeast Asian Homo erectus, persisted until less than 30,000 years ago, but no genetic traces of them remain in living humans.


Significantly, both Neanderthals and those modern humans living before the last ice age 20,000–30,000 years ago had rather bigger brains than do people living today.16 It seems that the magic brain-enlarging effect of ice ages had played itself out before the time of our birth as a subspecies of Homo helmei (Figure 0.2). Maybe the obstetric risks of large heads were limiting. Either that, or brain size was no longer the most important determinant of success, and something new that we were doing with our brains – some other behavioural or cultural innovation – had taken over.
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Figure 0.2   Brain size and cultural evolution. A graph of brain growth reveals three phases over the last 2.5 million years, as separated by vertical dashed lines. The curve below shows how rapid cultural acceleration occurs during brain size reduction. (Recognized cultural milestones given equal weighting. Log-log Regression lines 1–6 relate to closely related contemporary regional human types as shown by symbols.)


Once we had left Africa, although our brains had stopped growing, the climate continued to dominate human expansions and inventions right up to the modern age. It may be no exaggeration to say that the forces driving the waves of human technical innovation advancing across Eurasia from 80,000 years ago were more a result of stress and relief than of any biological improvement in the human computer. For example, the spreads of new technologies labelled by archaeologists as Early, Middle, and Late Upper Palaeolithic, Mesolithic, and Neolithic all coincided with dramatic ameliorations of Europe’s climate and population expansions into new territories. These events were mirrored in Southeast Asia with expansions and advances of boat-building and sailing in response to the flooding of continental shelf as the sea level rose and fell.


In summary, then, rapidly increasing brain size was a key feature that set humans apart from the walking apes that lived before 2.5 million years ago. Since then our brains have trebled in volume. This increase was not gradual and steady: most of it came as a doubling of volume in Homo erectus 2 million years ago. In other words, the greatest acceleration in relative brain size occurred before 1.5 million years ago, rather early in our genus, and then gradually slowed down. The paradox is that our apparent behavioural explosion is mostly recent and is accelerating.


Baldwin’s idea


The resolution of the paradox of ancient brain growth versus the recent human cultural explosion is that human culture feeds into itself, thus generating its own, exponentially accelerating tempo. As will become apparent, the history of human cultural evolution is not a virtual copy of the biological tree, with each successive human species leaping in intelligence and immediately using much smarter tools. Far from our biological evolution driving our cultural innovations, it was always the other way round, and although our brains stopped growing a long time ago our culture continues to evolve. The coevolution of culture and genes underlies recent human revolution. Although a deceptively simple concept, it runs counter to all our ethnic and species prejudices.


The mechanisms by which behavioural innovations or ‘new culture’ drive evolution were first elaborated by American psychologist Mark Baldwin a century ago.17 Baldwin gave a behavioural interpretation of Darwin’s view of evolutionary phenomena even as simple as the giraffe growing a long neck to eat the leaves at the tops of bushes and trees. He suggested that behavioural flexibility and learning could amplify and bias the course of natural selection. Once new, invented, or learnt habits had changed the context or habitat of a particular group of animals, natural selection could favour genetically determined behavioural and physical characteristics that best exploited that new environment. Known as ‘coevolution’ or ‘genetic assimilation’, this simple argument avoided the pitfall of Lamarck’s discredited theory of inheritance of acquired characteristics, while retaining one of the forgotten but more prescient of his ideas.


Coevolution is not relevant only to our own species’ history. Far back on the tree of life, new, invented, or perhaps randomly adopted but adaptive behavioural skills drove the genetic changes that determined the subsequent development of special physical traits to exploit those habits. All Darwin’s finches were descended from a single ordinary Central American finch species that had to try different solutions in order to survive in the challenging new environment of the Galapagos Islands. Later, multiple new species of finches evolved physically, the better to exploit those different skills.


Just as far back on the vertebrate tree, at the start of each generation, the young of many species imitated and re-learnt the ‘innate’ skills of their parents. We know of many instances among higher vertebrates where the parents actively participate in teaching their young. So at first these new ‘invented’ behaviours were transmitted not primarily by genes, but by parents and others teaching – and by the young learning. Subsequently, genes favourable to the new behaviour would begin to be selected by biological evolution, thus equipping new species to better exploit the new behaviours. In other words, genes and culture coevolved.


The development of culture need not necessarily be so tightly bound to genetic inheritance. Throughout most of mammalian evolution, such teaching of culture was strictly confined to members of the immediate family or group; as a result, behaviour was bound to genes. Among social mammals, however, survival skills are transmitted among members of a social group that are not always related. Thus, at some time over the last few million years of primate biological evolution, the evolution of culture gained a degree of independence from the genes coding for the animals that carried it. By analogy, the evolution of the violin family could equally have been achieved by a guild of viol-makers as by a family that passed the skill from father to son.


What is the evidence for this? Some purely learnt rather than innate cultural traits are geographically localized in a way which may be independent of genetic relationships. We know of Japanese macaques that wash sweet potatoes in the sea – a local cultural trait, with a recorded historical and geographical origin, which was subsequently passed on from generation to generation. It is extremely unlikely that this new behaviour depended on any new genetic trait; but, to follow this trivial example through, if there was a special survival advantage to washing sweet potatoes and they became the main dietary support for this local race of macaques over many generations, natural selection of random genetic alterations in those future generations could enhance the practice of sweet potato washing in some way. That would be coevolution.18


The geographical localization of invented culture in higher nonhuman primates is seen particularly clearly among chimps. In chimp tribes, specific tool-making techniques are possessed by members of a particular group and by other nearby but unrelated groups. These techniques are culturally acquired and not genetically determined and are therefore not necessarily found farther afield. At some point, perhaps even before the appearance of hominids, culture jumped the species barrier and was shared between different apes. Long before this time, cultural evolution can be said to have entered its teens and to possess its own prehistory in parallel with genetic evolution.


From this Baldwinian perspective, we can make one prediction and one observation. The prediction is that if complex deliberate communication requires a developed brain, then simple deliberate communication of some sort must have preceded the evolution of big brains. The observation is that the extraordinary invention and sophisticated flowering of writing happened some 5,000 years ago, and the invention of musical notation much more recently. These two coded non-oral systems of communication unleashed, arguably, the highest peaks of human achievement, yet we do not invoke a new species of human with special genes and a new brain to account for each of them.


How did our brain grow, and why does size matter?


Much of the perceived difference between modern humans and other animals has been related to a large brain. Several things, however, need to be pointed out. Size is very important but it is not everything. Bigger may not necessarily be smarter. For instance, pigs, being big, have much larger brains than small, expert, hunters such as wild cats. Humans who for medical reasons have had half their brain removed in childhood can enjoy near-normal human intellect and skills with the remaining 700 cm3. Clearly, connections do count for something, and we definitely have more interconnections inside our brains than do other mammals; but how did this come about?


In general, larger bodies require larger brains. To put it crudely, this is because the larger organs and muscles of larger bodies need more brain to control them, or at least a minimum share of the attention the brain pays to the larger bulk of the body. This relationship between body and brain size, although predictable in most mammals, is not a simple ratio – if it were, then mice, for example, would have much smaller brains than they actually possess. The relationship becomes even less straightforward in the higher mammals since the body/brain size ratio has been distorted in several profound ways. Primates, for instance, have proportionately larger adult brains than do other mammals, because they have bodies that, from early life, grow more slowly for the same absolute rate of brain growth.


Humans also have a slower clock for brain maturation than do other apes. In all mammals, brain growth switches off before body growth in a way that matches the functional needs of the adult body size. Humans, however, differ from other primates in that their internal clock keeps their brains growing for longer than would be expected for their final body size as primates. The result of the prolongation of foetal and infant development stages is a brain size more appropriate for a 1,000 kg ape such as the extinct Gigantopithecus.19


Another simple gene-controlled difference in humans is that the parts of the brain originally sited on the back of the early developing embryo grow relatively larger than in other primates.20 In the adult human, this means that the cerebellum and the cerebral cortex end up disproportionately large. These two parts of the brain are essential for coordination and higher thought. The genetic changes that brought about these dramatic effects were probably simple and involved rather few developmental genes. The resulting relative changes in the sizes of different parts of the brain have profound effects.


All these distorting size effects are genetically programmed to start in the embryo at a very early stage, before most brain cells develop their connections. The ballooning of the cerebral cortex endows it with far more neural tissue than is required for the mundane tasks of keeping the rest of the body running. In other words, in humans (and to a lesser extent in modern apes) there is a huge volume of apparently redundant cortex without a civil service role.


If the overexpansion of the cortex happens in the embryo long before the different parts of the brain start connecting up with one another, how might this affect the quality of the final connections? The answer is that when nerve cells in distant parts of the brain do start connecting up with one another, later on in the embryo’s development, size plays a strong role in determining the strength and number of connections that the cortex makes internally with itself and externally with the rest of the brain and spinal cord. The resulting overgrowth in cortical connections may be described as a powerful ‘ministry without portfolio’ that is truly well-connected and has its fingers in every executive pie. The increased internal cortical connections may, in particular, make us humans hard-wired for mischief, creativity, and associative symbolic thought. The increased external connective power of the cortex has also given us direct control of motor nuclei in the brain stem which govern speech production. Those nuclei were previously under a subcortical autopilot control. All this, merely as a result of the crude resetting of perhaps half a dozen controller genes.21


Most of this ‘upsizing’ happened long before we came along. Simple comparison of brain and body size in earlier humans shows that the these changes moved into overdrive with the evolution of Homo erectus. So, with the knowledge that just a few genetic alterations brought about a huge growth of functional potential in the human brain, we come back again to the question of what new behaviour drove that rapid growth 2.5 million years ago.



Food for thought or just talking about food?



Evolutionary psychologist Robin Dunbar, from the University of Liverpool, has argued that animals with relatively large brains can remember, and interact closely with, a larger social network. In theory, he argues, those with the greatest ‘social capacity’ are humans. From comparison with other animals we could extrapolate a group size of over 300 for both modern humans and Neanderthals. From a personal point of view I have to say that, although I could probably recognize over a thousand individuals when I was at school, this does not fit with the number of people I am personally familiar with on a regular basis today. In a more relevant context, there is also a limit to the density of population a given area of dry savannah can support. Studies of the !Kung hunter-gatherers of southern Africa show average extended family group sizes in the teens and a maximum, dry-season, extended family camp of forty. Clearly, in the larger groups social interaction may be more superficial than in the smaller ones. Palaeolithic expert at the University of Southampton, Clive Gamble, has argued that our ancestors (and, more recently, our own societies) shared different sized networks with different functions. The immediate intimate group or network size, mainly consisting of the nuclear family, may have been only around five; a larger, effective network might have been around twenty, and an extended network, with less frequent face-to-face contacts, could have been 100–400. The opportunities for sharing or exchanging material goods would arise only in the first two of these networks, while exchange would have more of an element of calculated self-interest in the third. It does not add up to a strong case for sociability, in itself, driving brain growth.22


While the ability to recognize large numbers of colleagues may be associated with a large brain, it is difficult to see such a networking effect fuelling each jump in human brain size over the past 2.5 million years – especially if the network interaction was little more than grooming for lice and fleas and being nice to one another. Time left over for the serious business of finding food could well be diminished by too many such contacts.


Robin Dunbar and Leslie Aiello have suggested that language might originally have been an energetically cheap means of social grooming in this context,23 although it also serves as a means of exchanging information. Most of us spend much of our time in social talking. I find it difficult, however, to conceive that complex spoken language – our own unique skill – evolved more as a form of reciprocal grooming and gossip than as a means to extend our cooperation productively and to teach our offspring by transmitting practical information. The human family moved from lowly scavenger-gatherers to one of the top predators on the African plain in the period before our fully modern ancestors left Africa. Surely this was not by dint of gossip and social point-scoring. Chimps that have been taught to communicate by sign language certainly concentrate much more on food issues in their communications than on social chit-chat.


In fact, I would turn it the other way round. I argue that language was that unique behaviour shared between the sister genera Homo and Paranthropus 2.5 million years ago which enabled them, cooperatively and flexibly, to survive the barren cycles of the Pleistocene ice epoch and thus drove their brain growth. According to Baldwin’s ‘new behaviour before adaptive physical change’ coevolution theory, they must have had some form of language to start with. It would be hard to argue that the symbolic coded lexicon and syntax of complex language and the productive cooperation it unlocks should not benefit in a graded way from an increase in computing power. Put simply, it is much more likely that we were already communicating usefully and deliberately 2.5 million years ago, and that this drove our brain growth, than that our brain grew until some threshold size was reached and, like Kipling’s Elephant’s Child with its new trunk, we suddenly discovered we could talk.



Symbolic thought and language: purely human abilities?



Deliberate communication of one form or another undoubtedly started a long time ago in animals. Vocal speech is merely the most sophisticated form of animal communication, and has selected for a number of specialized physical changes in humans. Vocal speech has special advantages over simple gesture language apart from its ability to convey complex ideas. We can communicate in the dark, through trees, and without looking at the person we are speaking to. It is much easier to con, deceive, and tell lies, and to hide our communication from strangers speaking other tongues. Children learn to lie at around the age of four. Some have suggested that males’ prowess at telling jokes, and making females laugh, might have been an element in sexual selection. Like all other aspects of culture, however, language was invented and has to be internally reinvented in every child learning to speak.


We modern humans justifiably differentiate ourselves from our other living primate relatives by our power of speech. Unfortunately we do not leave the qualitative comparisons there. In the same way that we exaggerate religious and ethnic variations among our own kind, we try to take perceived differences from other apes much further in order to establish an us/them framework. A recent and extreme manifestation of this habit of exclusion between modern human groups was seen in the term untermensch (literally ‘under-people’ or ‘less-than-human’) used by the Nazis to describe the people they persecuted, robbed and murdered.


We have also credited ourselves with having multiple unique intellectual and manipulative skills that fence us off from the rest of the animal kingdom. Trying to look through that fence is condemned as ‘anthropomorphism’. In spite of this, since the beginning of the twentieth century our nearest living relative, the chimp, has surprised careful observers by charmingly picking the wicker from these hurdles one by one. Old myths of unique human skills have died hard. First, people maintained that humans were the only animals to use tools. When that idea lost credibility, the prejudice was refined to state that humans were the only animals to modify tools. When this was disproved, we had to content ourselves with the assertion that only humans were capable of inventing and making tools. Again, chimps proved us wrong.


Much of this simple information was available from Wolfgang Köhler’s studies in the early 1920s of a chimp colony on the island of Tenerife. Köhler, a Gestalt psychologist, went much further than showing that chimps could solve problems. He elegantly demonstrated that they were capable of both abstract and rational thought.24 Unfortunately, few humans were able to look at his experimental results rationally at the time. It took Jane Goodall and others with their patient observation and brilliant camera-work in the field to convert the scientists and the public to the implications of Köhler’s results, much later in the century.


The big surprise in the second half of the twentieth century was to find that chimps, a non-speaking ape species separated from us by at least 5 million years on the evolutionary tree, have a nascent language ability. Chimps have been taught to communicate with humans. More impressively, they are able to take their new skill and use it to communicate with one another using symbolic and coded signs. The greatest star of this story is Kanzi, a bonobo (bonobos are close relatives of chimpanzees, with several behavioural traits reminiscent of ourselves). Kanzi learnt to communicate using a complex coded symbol language on a computer. He also spontaneously learnt to comprehend spoken English, correctly interpreting syntax. The scale of his achievement could have something to do with the fact that he was a bonobo (it appears that bonobos may be slightly closer genetically to humans than other chimps) but it seems more likely the result of his having picked up the skills spontaneously as an infant at his chimp foster mother’s side, when his childlike learning ability window was open and at its best. She was actually the intended target of the language teaching and, as an adult, was struggling to learn these new symbols. Chimps have also been shown to demonstrate abstract, symbolic, and rational thought, as well as what is termed ‘symbolic inference’ and ‘symbolic manipulation’, although they are clearly not as good at these skills as we are. Most likely, this is simply a matter of degree. As far as language is concerned, chimps are obviously hampered by lack of vocal control and are either not disposed to or unable to see the value of extended non-verbal communication.25


Surprisingly, the full implications of these experiments are still largely ignored by linguists. To understand this obstinacy we have to appreciate the dichotomy in current theories of the origins of language and thought. Two lines of argument have run in parallel since the nineteenth century. The first of these, in which language is seen essentially as an invention, was initiated by the eighteenth-century Enlightenment philosophe Étienne Bonnot de Condillac. He argued that spoken language had developed out of gesture language (langage d’action) and that both were inventions arising initially from simple association. The Condillac view anticipated the concept of cultural evolution and, with some development, can be traced through Darwinism and a mid-twentieth-century thinker, Ronald Englefield, right down to the present day with the work of New Zealand psychologist Michael Corballis and others. The full theory sees gesture language as arising originally among apes, and then becoming conventional or coded as the new skill drove its own evolution. Subsequently, verbal signals, some already present in the ‘innate’ primate repertory, were co-opted and developed into deliberate coded communication. Evolutionary pressures then promoted the development of the vocal apparatus and also of part of the brain immediately next to that responsible for gestures. This speech centre is often called Broca’s area.26
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