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  From caveman to modern man …


  Few people doubt that humans are descended from the apes; fewer still consider, let alone accept, the psychological implications. But in truth, man not only looks, moves and breathes like an ape, he also thinks like one.


  Sexual drive, survival, competition, aggression – all of our impulses are driven by our human instincts. They explain why a happily married man will fantasize about the pretty, slim, young woman who is sitting across from him in the tube. Why thousands of people spend their week entirely focused on whether their team will win their next crucial match.


  But how well do our instincts equip us for the twenty-first century? Do they help or hinder us as we deal with large anonymous cities, stressful careers, relationships and the battle of the sexes? In this fascinating book, Robert Winston takes us on a journey deep into the human mind. Along the way he takes a very personal look at the relationship between science and religion and explores those very instincts that make us human.
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  chapterone


  The Origins of Survival


  Fight or flight


  You are walking home late one dark, wet and misty winter evening. It’s been tiring today, so you are keen to get inside, close the door behind you and put the stresses of the day to rest. As you amble along, thinking in neutral, you realize you can hear measured but quickening footsteps behind you. A snatched glance over your shoulder reveals a man approaching in the gloomy street-light. He is moving rather quicker than you are walking, and he is looking at you all the while. There’s no-one else in sight – no-one on the street except you and the stranger. The house suddenly seems a long way away. In less than an instant, you suddenly feel very afraid. Your heart starts beating wildly, your mouth goes very dry and you have a huge urge to start running towards the safety beyond your front door.


  There is a very simple reason why you feel so terrified. Inside your body, all hell has broken loose. Biological sirens and alarms are wailing. Perceiving the threat of the potential mugger with lightning speed, your brain and autonomic nervous system – the automatic controller of the gut, heart, vessels and lungs – have gone into overdrive and produced a huge surge of adrenalin. This triggers a hormonal cascade inside you, an incredibly fast and powerful chemical relay-race designed to propel you away from a threatening situation. Just a fraction of a second later, the hypothalamus in your brain begins pumping out a substance called corticotropin-releasing hormone, or CRH, which in turn sends alarms to the pituitary gland in your brain to pour out adrenocorticotropin, or ACTH. Finally, the abnormally high levels of ACTH in your bloodstream are the warning signal for the adrenal glands, near your kidneys, to start producing cortisol.


  Imagine the speed at which these precise yet complex combinations of hormones are produced – your body’s reaction to fright and attack is virtually instantaneous. Almost immediately these chemical alarm bells are set off inside us, we are forcibly shoved into the (all too familiar) feeling of being acutely afraid. The adrenalin makes your heart pound faster, increasing its normal resting rate by as much as two or three times. You would have to cycle really vigorously for maybe fifteen minutes to produce that kind of rise in your heart rate under normal circumstances, but in the sudden grip of fear, the rate can triple in just a matter of seconds. You are also breathing much faster now and the blood is being rapidly redistributed around your body. The blood vessels in unimportant areas like your stomach and your skin constrict, shunting blood away and into the now dilated vessels of the muscles of the limbs. Here the extra oxygen and fuel gained by your increased breathing can be best harnessed to flee from the threat, or even fight it. There wouldn’t be much sense in your stomach busily digesting that lunchtime sandwich right now, when every drop of your body’s available energy needs to be used to save you from the approaching threat.


  As the adrenalin and cortisol continue to gush out into your blood, your pupils dilate, allowing you to see better in darkness and shadows and to perceive any movement around you more keenly. A kind of pain-dampening effect is switched on so that you won’t be distracted from getting away by any injuries. Emergency reserves of glucose are released inside you to allow for especially intense bursts of muscular activity. Even your immune system is mobilizing to cope with the possibility of dealing with a serious wound. In just a matter of moments, your body has propelled you into a state of extreme physical and psychological readiness to run or fight – whichever course of action best suits the threatening situation.


  As the stranger, now just feet away from you, holds out the single, familiar glove you now realize you’d obviously dropped some way back, you may ask whether all your body’s efforts were really worth it. Whether it’s ‘butterflies’ in the tummy before an interview, the dry mouth and throat we feel minutes before we have to make a speech, or even the quickening pulse and sudden jump as we hear an unexpected bump in the night, it often seems that our bodies are overreacting. So where does this physical and psychological reaction come from? It’s not as if we were taught as children to start breathing faster in threatening situations, nor can we consciously make our heart beat so much faster or force our body to produce adrenalin. What we are actually experiencing is our very own personal link to our most ancient human ancestors – a reaction which hundreds of thousands of years ago almost certainly made the difference between life and death, but which now, in most cases, simply serves to remind us of the remarkable fact that while living in a very advanced modern world, we all do so with Stone Age brains and bodies.


  Indeed, this reaction in response to stress hormones goes way back in time, well before our immediate ancestors. Even animals that aren’t mammals react basically in a similar way. Try startling your goldfish as it meanders around its bowl. If you place a net or a threatening object into its water, you will immediately see a very similar kind of reaction. Its fins stand out ready to flee and the gills and mouth start opening and closing in overtime. That fright reaction is caused by the same hormone, inherited down the ages: adrenalin.


  Our early human ancestors lived in a very dangerous and threatening environment. When they first made it out of the trees to try their luck on the grassy plains of the east African savannah, they were vastly outnumbered by vicious and hungry predators. They lacked the brute strength of the great apes and many other large land mammals, especially the big cats. Nor were they particularly fast or agile like the antelope or gazelles. They could not fly, nor were they especially well designed for life in water. Their senses were poorly developed: no night vision, no extra-sensitive hearing to detect prey rustling in the grass hundreds of feet away, and an extremely unsophisticated sense of smell. Ape-man infants were helpless and dependent, and parents were distracted from practical matters of survival by having to care for their young. But these naked and defenceless prototype humans had to contend with the searing African heat as they traversed the vast distances of the plains in search of food, shelter and mates. If they stayed in one area, they risked starvation and attack from a stalking predator; if they were on the move, they faced the test of the unknown, of coming face to face with some terrible beast. And terrible they were.


  While the most probable threat you may experience today is a brush with a suspicious person in a local street, our ancient ancestors had to face the reality of encounters with violent sabre-toothed cats and other predators. One variety was Smilodon, a sabre-toothed cat whose remains show it was almost a foot shorter than a modern-day lion, but weighed almost twice as much. Instead of the long, graceful tail cheetahs and leopards use for balance as they race across the African plains, Smilodon had a short, stumpy bobtail. This beast was a simmering hunk of muscle, designed for quick and furious violence.


  Smilodon almost certainly hunted in packs. We know this because fossil specimens of the huge cat, dug up in California, show evidence of healing injuries. Some of these injuries were so serious that immediately after the trauma the cat would have been unable to hunt, so it couldn’t have survived long enough for the injury to heal unless other animals from the pack had brought it food. Smilodon could roar – we know that from the structure of the hyoid bones in its throat – but like any modern feline predator it would have been silent when stalking. Once it had ambushed its prey, by charging the frightened antelope or artiodactyl with an explosive burst of power, it would have used its long, curved, sabre-like teeth, viciously ripping open the belly or throat.


  It’s highly likely that predators such as these would have killed and eaten early humans. In a cave at Swartkrans in South Africa, palaeontologists found the skull of an early human, Homo habilis, buried deep in sediment dated to around two million years. It belonged to an eleven-year-old child and bears the mark of an African predator: the bone is punctured in two places, an exact match for a pair of leopard’s canines. A child such as this stood absolutely no chance of defending itself against these powerful beasts; even a fully grown male would have been practically helpless, given the speed, power and aggression of the big cats.


  To stand the best possible chance of survival all animals have to protect themselves from danger and death, so they need a means to be alert to threats at all times, to fear them and to fight or flee in response to them. The imperative is self-preservation as well as the survival of the species. In evolutionary terms, a fearless animal would be much less likely to survive and pass on its fearless genes. Six billion humans now populate the world; our species has become the most successful in the history of all life on the planet. Our early ancestors must have developed and evolved some spectacularly successful ways to protect themselves from predators and threats – physiological and psychological reactions that were so fundamental to their survival they still exist deep within us today.


  The seat of instinct


  The control centre for all our instincts is our brain and spinal cord. In the 1950s, Dr Paul MacLean, the distinguished neuropsychologist from the National Institutes of Mental Health in the USA, proposed the idea that the brain could be regarded as being in three parts. He called his theory ‘the triune brain’. He believed that as we evolved from amphibians into land-living mammals and then into primates, our brains were enlarged not by a complete restructuring or reorganization, but by building ‘extensions’ onto the ancient inner core – more advanced improvements, if you like.


  First came the so-called ‘reptilian’ brain, the ancient inner core present in all reptiles which supports the most basic functions of breathing, blood circulation and digestion. It is also involved in some pretty basic aspects of behaviour: mating, aggression and anger. In humans, this reptilian brain sits above the spinal cord at the base of the rest of the brain.


  Wrapped around this basic brain is what MacLean called the ‘limbic brain’. Without a limbic brain, you’re only going to have the most basic repertoire of emotions. The limbic-less reptiles don’t even care about the fate of their offspring, usually abandoning their eggs or occasionally even tucking into them for dinner. When we were filming the television series that accompanies this book, I got a chance to see this loveless type of parenting at first hand. We watched as a leatherback turtle, a massive Central American sea creature, laid her eggs and loosely buried them in the sand, only to leave the tiny hatchling turtles entirely on their own to negotiate a hazardous route to the sea. Most are destroyed by predators. It wasn’t until evolution proceeded and higher animals developed a limbic brain that many of the more basic emotions developed, including the protection of the young. Indeed, feelings such as love, sadness and jealousy appear to have their roots in the limbic brain.
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  THE TRIUNE BRAIN


  Evolution of a still larger brain provided the third major component, the neocortex. In MacLean’s model, over time, the neocortical brain provided logic and thought and in humans led to such processes as speaking, planning and writing.


  Although there are now a number of legitimate objections to Dr MacLean’s ideas about subdividing the brain so rigidly, his general approach is a good reflection of our understanding of how the mammalian brain evolved. It is largely true that the limbic brain can be thought of as the area from which many, if not all, of our instincts arise. It comprises areas such as the hippocampus, thalamus, hypothalamus and amygdala which are involved in memory and much of the behaviour related to sex, hormones, food, the perception of pleasure and competition with others.


  Nowadays, our understanding of the neurology of human instinct has reached an unprecedented level. Recent advances in our knowledge of the brain and how it functions have thrown new light onto many of its secrets. One of the most fascinating areas has been the study of the very seat of the fight-or-flight response – the neurological home of fear. It measures just an inch long, resides deep inside your brain and is shaped a bit like an almond. It’s called the amygdala.


  Pinpointing fear


  For most of the history of medicine, the brain yielded few of its incredible secrets. Pickled in alcohol or formalin after death, the mass of grey matter is bland and relatively shapeless, with the constituency of a rubbery old mushroom. How could this heavy lump of an organ tell doctors anything about the remarkably complex actions, thoughts and feelings of its now deceased owner? Dissection proved to be pretty useless. There were no visual clues to suggest where different functions and abilities were located, and the tissues of the brain are of uniform density, so X-rays simply produced murky shadows. Neurologists and pathologists could piece together some information from examining the brains of people who, when they were alive, had some particular physical or mental disability. Sudden inability to see colour or a severe form of memory loss, for instance, may correspond with an area of the brain which has been physically damaged by injury or a stroke – but more often than not, a damaged or abnormal brain appears to be completely unremarkable. What chance did neurologists have of working out exactly where in the brain basic functions like breathing and sleeping were controlled? How could they locate the residence of much more complex abilities such as memory? As for the intricate emotions of loving, hating, being afraid, being disgusted – there seemed little chance.


  But an enormous advance, the advent of a technique called magnetic resonance imaging, or MRI, has revolutionized our understanding of the workings of the living, functioning brain. We’re now able to construct an actual image of how the brain thinks and feels. By taking multiple scans of the brain and analysing the results on computers, we’re able to build up a detailed three-dimensional picture.


  How does MRI work? We don’t always think of our bodies in this way, but the truth is we’re not mere flesh and blood. Each part of the body is also made up of atoms, which are rather like miniature magnets, each with a north and south pole, just like the Earth. If a part of the human body is put inside a scanning machine which contains an intense magnetic field, the atoms in the tissues will line up like magnets, with their north poles all facing in the same direction. Now, with a quick blast of radio-waves at the lined-up atoms, they would all start to rotate. As they return to their north–south orientation, the atoms themselves would emit radio-waves and these would be picked up by sensors in the machine. But the clever trick is that in every different tissue of the body, the atoms happen to rotate at different speeds, so each tissue can be singled out on the scanner and added to the overall picture to build up the final image.


  What I find remarkable is that, although the principle behind MRI was first recognized in 1946 – winning its discoverers, Felix Bloch and Edward Purcell, the Nobel Prize – it was never initially considered suitable for medical use. People thought it only useful for looking at inert substances and man-made structures. It wasn’t until 1971 that scientists began to wonder whether MRI might be used to look at living biological tissues, and there was huge argument over whether the atoms in the body would resonate and whether any kind of image would be remotely possible.


  In the early 1970s, I was working at Hammersmith Hospital looking at how eggs were transported inside the Fallopian tubes of rabbits. This was an important study because it had implications for new methods of contraception which were potentially useful, particularly in the developing world where the population explosion was producing such social pressures. At that time, coincidentally, Hammersmith was the first medical establishment to invest in researching and then using MRI. Scanners nowadays cost around a million pounds; my colleagues doing experimental work built their own. They used bits of wire, transistors, obsolescent radio components, primitive computing equipment, scrap metal and even adhesive tape and string. These bearded, nerd-like acquaintances who seldom emerged from the deep, darkened sub-basement (except to drink) persuaded me after a session drinking dangerous half-pints of lager in the bar that I might be able to see the innards of one of my rabbits. I would need to descend into subterranean parts of Hammersmith that few people working on that site even knew existed. They assured me their machine wouldn’t hurt my rabbit (though I found out much later that this was the first bunny they had tried to look at). Nonetheless, I felt deeply sorry for Laura as I put her into this bizarre, humming machine with its huge electromagnets on the outside. But we all jumped up and down with excitement when after about fifty minutes of scanning we saw a faint image of the contents of my rabbit’s abdomen on a primitive cathode ray screen which I think had been salvaged from the Army & Navy surplus stores. Laura didn’t seem particularly impressed – perhaps because the picture was mostly like a blurry snowstorm. Try as I might, I realized I couldn’t work out the anatomy of my rabbits from the pictures I was getting, so I abandoned the experiments.


  But only ten years later, long after I had lost personal interest, MRI was to revolutionize medical imaging. After years of developing the technique to image the whole body in the 1970s, it had been honed into a tool used particularly for scanning the brain, as it was realized that the different tissues of the brain give off a slightly different signal, thus producing excellent and very detailed MRI images. In 1992, the technique evolved even further, into functional MRI (fMRI), which allows us to take an extraordinary peep into the actual functioning of the different regions of the brain. We were able to see minute changes deep within the brain as they occurred, we could test intelligence, and soon we could ask people questions as they lay in the scanner and then watch as the different areas of the brain lit up in response. Now, functional MRI allows us to build up a picture which pinpoints the precise areas of the brain where actions are controlled, where thoughts take place and even where emotions are felt – and to watch as they happen.


  This advance was made at the time of another very important new technology: positron emission tomography (PET). The use of this second brain-imaging technique – during which we inject a tiny amount of a very short-lived radio-isotope, or radioactive substance, into the body and watch as the particles the isotope emits collide with the body’s electrons – has given beautiful computed pictures of the brain. Using PET, we can measure blood flow, for instance, and changing metabolism within the brain.


  Initial uses of functional imaging, both fMRI and PET scanning, were explorations of the response to sensory stimuli. Early researchers were delighted to see the visual cortex at the back of the brain glow brightly when subjects in a scanner were exposed to flashes of light. More recently, my colleagues at Hammersmith Hospital have used PET scanning to evaluate painful stimuli (in some most altruistic volunteers). But these techniques have developed rapidly and are now much more sophisticated, as we shall see. For the very first time in human history we know some of the remarkable truths about what it is that ‘makes’ you feel excited, depressed, hurt or afraid, and why.


  The amygdala


  A few years ago, a woman – who for the sake of anonymity is referred to in medical casebooks as SM – turned up at her local hospital in Iowa, USA, suffering from epilepsy. When doctors began to look for the root of her condition using an MRI scanner, they made an incredible discovery: her entire amygdala on both sides of the brain had been destroyed. In fact, it turned out that she suffered from an extremely rare condition called Urbach-Wiethe disease in which calcium deposits are laid down in the amygdala over time, eventually destroying it.


  SM’s case was a unique opportunity for researchers to uncover the pivotal role of this tiny almond-shaped part of the brain in processing emotions. They began subjecting her to a battery of psychological tests, showing her photographs of people expressing various emotions and assessing whether she could understand or even register them. She categorically failed what the researchers called ‘the Doris Day test’. They showed her a film clip of the actress Doris Day screaming with fear. SM was baffled, asking doctors ‘What on earth is she doing?’ In fact, she was utterly confused by any picture showing someone who looked afraid. She also had problems deciphering various other negative emotions, such as anger and surprise. In complete contrast, she had a totally normal response to positive emotions such as happiness and joy.


  It’s certainly a reflection of just how vital the fear reaction really was for the survival of our ancient ancestors that a special, dedicated brain system evolved to deal with it. The location of the amygdala gives us a clue to the precise nature of its role in processing fear. It has connections to the autonomic nervous system – which, as you’ll remember, controls physiological reflexes such as your heart and breathing rates – as well as to other brain regions that process sensory input. It’s like a neurological crossroads, the hub of a network of pathways in the brain, a special ‘rapid response unit’, if you like, primed to act quickly when presented with danger.


  Here’s how it works. You’re walking through the woods and out of the corner of your eye you spot a long, smooth, curved object on the path ahead. Before you can even think ‘Snake!’ your amygdala has triggered the fear response and the biochemical cascade inside you has begun, preparing your body for this possible threat. The amygdala recognizes snakes as representing danger, so the body’s physical resources need to be at the ready – to fight or flee.


  But what’s interesting about the amygdala is that it reveals how even we big-brained humans are actually designed to act first and think later. The work of neuroscientist Joseph LeDoux, a professor at the Center for Neural Science at New York University, has uncovered some fascinating facts about our fear response. LeDoux and his team have shown that the amygdala’s connection to the eyes and ears is a special ultra-fast pathway which means it has access to raw and unprocessed sensory information. There is no involvement of the higher, conscious brain, no cognitive processing which tells the amygdala what to do. So it turns out that our most primal emotion, to advance or retreat, is triggered so fast that it precedes all conscious thought and awareness. In fact, as Dr David Amaral, Professor of Psychiatry in the Center for Neuroscience, University of California at Davis, has discovered, there are far more connections leading from the amygdala to the prefrontal cortex – the area of the brain most responsible for planning and reasoning – than there are going in the other direction, which may be one reason why we sometimes find it so difficult to exert conscious control and logic over our fear.
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  THE AMYGDALA
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  THE STRUCTURE OF THE BRAIN


  Because our brains are wired to feel before they think and indeed to feel at lightning-fast speed, our amygdala will often make mistakes. That object on the path may not actually be a snake. Perhaps that state of high alert isn’t needed after all. Eventually, the cerebral cortex catches up with the amygdala and applies its superior processing power to the problem. The object on the path isn’t moving, it has no head or tail and bears none of the markings normally found on the skin of a snake. In fact, it’s just a bit of twig. Conscious thought has intervened, stepping in to allow our muscles to relax, our heart rate to slow down and the adrenalin pumping around our body to subside.


  But don’t give the amygdala a hard time for making the odd mistake. Emotion paves the road for conscious thought for one very good reason: if it didn’t, we’d all have been bitten by snakes long ago. The bottom line is that in a threatening situation, thinking simply takes far too long, and when our survival’s at stake we are always better off safe than dead.


  The evolutionary roots of fear


  There was a very clear advantage for our ancestors to feel fear: it enabled them to switch on their defence mechanisms, steady their limbs for action and perform incredible feats of survival. Indeed, modern-day experiences reveal the extraordinary powers of adrenalin; we’ve all heard the occasional tale of someone who’s fought a fifteen-foot-long python or knocked out a fully grown black bear with one left jab. There are even instances when the instinctive reaction of fear appears to have defied the limits of human endurance. Could a grandmother really lift up a pick-up truck to snatch out a trapped child from under a wheel?


  The immediate unconscious response that triggers the powerful biochemical cascade is clearly a classic example of human instinct. But where does all this come from? The fact that the process is fast and automatic strongly suggests that we have a programme hard-wired into our brain at birth which determines how we react to danger. The fact that all other mammals share this particular mechanism also suggests that we are born with this instinct. But let’s take a closer look. How do we know what to react to? Are we really pre-programmed to react to snakes and other dangerous creatures with fear and loathing? Is every baby born with some kind of genetic memory of a snake etched into its little brain so that it will freeze at the first sight of a snake, or even a curved stick, on a forest path?


  Charles Darwin certainly believed that this was the case. ‘May we not suspect’, he wrote, ‘that the vague but very real fears of children, which are quite independent of experience, are inherited effects of real dangers and abject superstitions during ancient savage times?’ He went on to reflect that these childhood fears often disappear later in life. Although it’s normal for a child to be afraid of the dark, the fear is not usually continued into adulthood. Darwin thought that such fears might be similar to anatomical structures which seem to be genetic ‘throwbacks’. At a certain stage in its development the human fetus displays paddle-like limbs, and during the early growth of the embryo there are even gill-like structures. The paddles are, of course, soon replaced by hands and feet and the ‘gills’ rapidly disappear completely, unless the developing human grows abnormally. Such structures can be thought of as remnants of an earlier stage in the history of human evolution. So perhaps there really are primitive mental remnants that work in much the same way, to a greater or lesser degree from person to person.


  But was Darwin right? Can our fears really be inborn and hard-wired when we also know just how important the effects of learning are as we grow up? Could it be that it’s the experiences we gain from our environment which, among so many other lessons, teach us what we should and shouldn’t be afraid of?


  Pavlov and the malleability of the mind


  When I was a schoolboy of twelve, Ivan Petrovich Pavlov was one of my first scientific heroes. I vividly remember how a copy of his translated Conditioned Reflexes sneaked from my father’s bookshelves thrilled me with the fascination of the study of physiology and the workings of the body. Pavlov was born in 1849 in Ryazan, a small village in central Russia. Although his family wanted him to become a priest, he was influenced by the eminent Russian physiologists of the day and by Charles Darwin’s writings and determined to pursue a career in science. Although initially he was most interested in the mechanics of digestion and how the digestive juices worked, his experiments with dogs paved the way for understanding the nature of ‘conditioned’ or learned reflexes.


  These pioneering experiments showed that some very basic types of behaviour, similar to instincts which influence the way the organs in our body function, could be learned. Pavlov’s most famous experiment involved showing a group of dogs a bright light a few seconds before their food arrived. Again and again the pattern was repeated; the light went on, and after a matter of seconds the food would appear. After several days of this repetition the dogs began to salivate as soon as the light was turned on, even if the food was nowhere to be seen (or smelled). These malleable beasts had been programmed successfully; their brains now anticipated the delivery of a meal, just as if the aroma of the food had found its way into their nostrils, and their bodies began to produce saliva in preparation for digesting it.


  Pavlov tried a variation. He rang a bell before the food appeared – and exactly the same thing happened. The dogs’ most fundamental mental processes did appear to be responsive to learning in a way no-one had previously thought possible. But what was also of interest was that if the bells were repeatedly rung and no food ever appeared, Pavlov’s dogs eventually stopped salivating when they heard the bell sound.


  Pavlov himself had rather little time for psychiatry and was more interested in the workings of the body than in the workings of the mind. But he did wonder whether his observations of conditioned reflexes in dogs might go some way towards explaining the behaviour of psychotic people. His dogs became the adopted mascots of the ‘behaviourists’ – a breed of psychologists who believed the mind was infinitely malleable, moulded by learning and our ongoing life experiences of pain, pleasure, fear and happiness. They constructed a complex set of theories with the human mind as a ‘tabula rasa’, or blank slate, ready to be programmed by the events we experience from birth onwards.


  If you support the behaviourists’ way of thinking, you may put your brain’s reaction to a snake down to seeing your older brother being terrified by one when you were a young child, or to having a nasty brush with one yourself. That lifelong anti-snake response might even have been triggered by watching the scene in Raiders of the Lost Ark when Harrison Ford gets thrown into the horrible snake pit.


  Fear is one thing, but phobias are quite another. Phobias are commonly defined as persistent and anxiety-inducing fears which are completely out of proportion to the actual danger. I think it’s pretty unlikely I’ll ever be thrown into a pit full of poisonous snakes, in fact I’ll probably only ever see one in a safe environment like a zoo, but my fear impulse may be fired up just the same. If this reaction were to become a repeated overreaction, it would be a phobia.


  Pavlov, had he been so inclined, might have been able to make his dogs develop phobias. Instead of giving them food after the bell was rung, he could have administered an electric shock, rather like the aversion therapy practised on the character Alex in Stanley Kubrick’s film A Clockwork Orange. Every time the bell was rung they would have been terrified, even if a shock never came. Could we ‘learn’ to have phobias in the same way, through experience? It certainly seems difficult to find any kind of evolutionary explanation for some of the more bizarre phobias that have been described in the psychiatric journals. Take a look at an alphabetical list of known phobias and you’ll see what I mean. You’ll find arachibutyrophobia, a fear of peanut butter; enetophobia, a fear of pins; then erythrophobia, fear of blushing. There’s coulrophobia, a fear of clowns; lutraphobia, the fear of otters; even xanthophobia – fear of the colour yellow. How on earth could we link any of these back to our time on the savannah? I don’t think clowns ever played much of a part in our evolutionary past.1


  A clever experiment was devised to try to work out to what extent fears were learned from family and others who are around us during our childhood. A group of rhesus monkeys which had been reared in a laboratory were shown some live snakes. These monkeys, who had never come across snakes before, showed absolutely no fear; there was no sign of anxiety at all. At least for this particular species, there appears to be no hard-wired, genetic fear of snakes that manifests itself from birth. But wild monkeys do exhibit a fear of snakes. Could the lab-reared monkeys ‘learn’ this fear from their wild cousins? They were shown wild monkeys coming face to face with a live boa constrictor and reacting with terror. Interestingly, when the lab-reared monkeys were then put next to a snake, even a toy snake, they showed the same terrified reaction. They had indeed learned how to be scared, and more experiments at a later date showed the effect to be permanent. The experiment worked even when the lab monkeys were shown a video of the wild monkeys’ confrontation with the boa constrictor.


  So far, so good. Fears appear to be taught and the monkey mind seems to be malleable, just like Pavlov’s dogs – but wait for the twist in the tale! Using a magician’s deviousness, the researchers set up another experiment so that the wild monkeys were once again confronted by a snake, but owing to the clever use of mirrors, the lab monkeys watching from the sidelines saw a bunch of flowers in place of the snake. The wild monkeys, of course, delivered the same terrified reaction. As with snakes, the lab monkeys had had no prior experience of flowers. They had no idea whether they were dangerous or not. Would the lab monkeys acquire a fear of flowers in the same way, just because they’d watched the wild monkeys being apparently afraid of them? The answer is no. The monkeys showed no anxiety of any kind when they were later confronted with a bunch of geraniums.


  It’s almost as if the fear of snakes lies dormant in the monkeys’ mental hardware, ready to be switched on when the conditions command it or when other monkeys ‘show’ them the correct reaction. They do not have the ability to be scared of flowers, however hard researchers may try to instil one. So monkeys’ fear is driven by an elaborate combination of hard-wired instinct and experience, which can turn on particular fear circuits in their brains.


  E. O. Wilson, one of the founders of sociobiology – the study of the evolution of animal social behaviour – compared this process to exposing an image on photographic film. After exposure the image is present but invisible; it appears only when the film is developed. The image may be developed to varying degrees of darkness or lightness, with a different tint or contrast, or perhaps not developed at all, but the picture itself remains the same. Our instinct for fearing snakes has always been imprinted on the film and all that remains is for the film to be developed.


  Pavlov did not take evolution into account. The snakes and flowers experiment supports an alternative theory of the primate mind and reveals the powerful role of our evolutionary history in our modern psychological make-up. Instead of the tabula rasa, the blank slate, with its malleability and ability to learn from scratch, it appears as though the learning of phobias takes place with certain clearly defined limits, embedded deep in our genes.


  Indeed, putting the rarer forms of human phobias aside, the vast majority of the rest fall into one of four very clear categories, all of which would have indeed had meaning for our ancient ancestors on the savannah: firstly a fear of animals such as snakes, spiders and insects; then a fear of natural environments such as heights or the dark; fear of blood or injury; and finally a fear of dangerous situations such as being trapped in a tight space. For early humans, fearing such threats would clearly have been a useful mechanism in prolonging survival: those who possessed the ability to sense and evade these dangers were more likely to live and reproduce, passing those fears on to future generations. Times have changed and new fears have developed, but the ancient programming of our brains is still clearly evident today.


  And in contemporary versions of Pavlov’s experiments, some fascinating results are helping to pinpoint where in our genes this kind of fear programming may lie. Two different research studies, set up by the National Institutes of Mental Health in the USA, exposed mice to a light or the sound of a buzzer before giving them a very mild electric shock. The mice, of course, learned to associate the cue with the shock and became paralysed with fear when the stimulus was switched on, even if no shock followed. But interestingly, these studies also showed that some mice had a much stronger fear response than others. Using a variety of complex markers, the researchers were able to search the mouse genome for a gene which contributed to this differing response, and they believe they have located it on chromosome 1.


  A recent human genetic study of people suffering from anxiety or panic disorders by Dr Gratacòs and colleagues in Spain has also focused interest on an apparently important stretch of DNA on chromosome 15. These researchers found that in some cases of phobia, the DNA on part of this chromosome may be duplicated or repeated. This particular region of the chromosome is relatively short in genetic terms – about seventeen million letters – and contains some fifty-nine genes. At least four of these genes produce proteins that may be important in brain function – neurotrophin 3 receptor and three variations of the nicotinic acetylcholine receptor. But what is also of interest is that a tiny proportion of people with this chromosomal aberration do not suffer undue anxiety, panic or phobia. This argues in favour of the possible presence of other genes in these people which control the region in this chromosome and prevent these adverse effects.


  But, as Dr Jonathan Flint of the Wellcome Trust Centre of Human Genetics in Oxford has said, undertaking genetic linkage in behavioural disorders is not for the faint-hearted; few areas of human genetics have generated more acrimony. ‘All the vicissitudes the field has endured would occupy at least one book,’ Flint points out. The geneticist has to sort out the real problems when many genes interplay with one another in addition to classifying and delineating a specific psychiatric behaviour. And, as Flint says, psychiatric classification, itself not free from dispute, may be reliable, but it does not always correspond with biology. Even in closely related people such as twins, a genetic predisposition for autism or schizophrenia can give widely differing outcomes in the same family.


  What effect these bits of DNA may have on the human brain is not yet clear, but it is very likely that certain types of receptors in the brain process the fear response. Clearly it’s important to recognize that we’re not talking about a single gene ‘for’ phobias, but we are potentially standing at an exciting first point in uncovering the fundamental genetic roots of the complex emotion of fear which may just be something inherited to varying degrees by all of us. As we shall see in later chapters, there is increasing support for an evolutionary perspective on the human mind, but there are dangers in pursuing this view to the extreme. I think we need to be careful in presenting human behaviour as simply a pre-defined product of our evolutionary past.


  Ancient memories


  Remember how the monkeys learned, or ‘relearned’, their fear of snakes? It was as if they had a kind of ‘genetic memory’ which we saw was switched on in a particular social environment. Could we, too, have genetic memories handed down to us by our hominid ancestors, memories which were formed over millions of years in the grindingly slow process of natural selection – our very own links to our evolutionary past?


  The incredibly slow pace of evolution would certainly have allowed for such ‘memories’ to be etched into our genes. Let’s consider the physical landscape in which Australopithecus, Homo erectus and the other prototype humans lived. After the forests dried out and we spilled onto the savannah, we spent over three million years living in this one probably constant environment. Think of the huge number of generations who experienced it as their home, who were adapted to it, who passed those adaptations on to future generations. If I were to delve deep into your own mind today, might I find some kind of genetic ‘memory’ of the savannah? Would you instinctively feel at home on the east African plains, even if you’ve never been there?


  One fascinating study suggests that we do indeed have an unconscious preference for the ancient human homeland. Researchers showed people across a wide range of ages, from eight to eighty, some photographs of various kinds of environments. They included savannah, deciduous and coniferous forest, rainforest and desert. The subjects were asked which they would prefer to go and visit. Incredibly, despite probably spending most of their time in the playground or the garden, all the eight-year-olds without exception preferred the savannah. As the subjects got older they became increasingly likely to express a preference for the forests. None of the subjects preferred the desert or the rainforest.


  How could eight-year-olds be closer in their preferences to our ancestors of millions of years ago? The children’s psychological make-up is bound to be closer to our innate, unsocialized mind. As we get older, the socializing effect of modern life and our life experiences exert a much greater pressure; we may, for example, become more comfortable with environments that we know or like to spend time in.


  As Richard Leakey, a member of the famous fossil-hunting Leakey family, said, ‘the vast majority of people who come [to Africa] feel something they feel nowhere else … It is the capacity homing pigeons have, salmon have, to recognize, to go back. You feel it’s home. It feels right to be here.’ So perhaps this preference does prove the existence of an innate memory of our evolutionary homeland, even a latent desire to return.


  Surviving on the savannah


  Despite its plentiful natural resources – and, in fact, because of those resources – the savannah, as we saw earlier, was a dangerous place to live. Just as we had a preference for these ancient grasslands, so did many fast and vicious predators. That all-powerful fight-or-flight response could not in itself guarantee any of our ancestors’ survival. They needed far more than just an initial rapid mental and physiological reaction to the sight of a predator or other potential danger; they needed to survive the attack. Once their bodies had become primed to fight or flee, they then had to get on with the rather crucial business of day-to-day living itself – but how?


  One day, in the era that we now call the Middle Pliocene some three and a half million years ago, two ape-men walked across a volcanic plain at Laetoli on the eastern edge of the Serengeti Plain in Tanzania. We can only guess where they were going or where they had come from, but we do know that journeying across these miles of open grasslands was probably part of their daily life – in fact, perhaps the only way to find food and water. The pair trailed along in a line, one after the other – just another day on the east African savannah. But it so happened that the nearby volcano of Sadiman had just spewed out huge amounts of fine ash which had covered the plain like a soft layer of grey snow. This ash contained a substance called carbonatite. When that gets wet it becomes gloopy, rather like wet cement. Earlier in the day rain must have fallen, and as the two hominids walked over the plain they left a trail of footprints in the ash behind them. Some time later a now extinct predecessor of the horse, a Hipparion, crossed their paths, leaving its own distinctive trail of hoof prints. The sun must have come out and dried the carbonatite, preserving fifty-four footprints in all, and later more layers of ash fell, burying the tracks for some three and a half million years.


  In 1978, Mary Leakey, mother of Richard Leakey, was working in the area. Her team had found many animal prints but none of them expected to find the mark of early hominids. These extraordinary coinciding events – the soft volcanic ash, the rain followed by sun, and then successive new falls of ash – had preserved their footprints intact. Now they are a ghostly imprint of our ancestors, a remarkable record of a journey made an unimaginably long time ago.


  What made a few old footprints so extraordinary? It was something very simple and immediately obvious to Mary and her team: the hominids had been walking on two legs. The find was the very first confirmation that as long as 3.6 million years ago there were ‘ape-men’ who no longer moved around on all fours, but instead stood and walked upright. They probably belonged to a species called Australopithecus afarensis. A few years earlier, a remarkably complete female skeleton of this same species had been found at Hadar in Ethiopia. She was named Lucy, and has since become the most famous fossil skeleton in the history of archaeology. The footprints at Laetoli were a clear confirmation of Lucy’s ability to walk on two legs, a fact the archaeologists had suspected from examining the structure of her skeleton but had no way of proving from the bones alone.


  So our ancestors were walking on two legs far earlier than anybody had suspected. What had triggered early humans to start moving around on only two legs rather than four? Some people have supposed it might have been similar to an advanced chimpanzee-like stance for reaching the ripest fruits from the tops of small trees. Others believe that being bipedal conferred huge everyday advantages on our chances of survival: we could cover much greater distances; being upright, we stayed cooler because we absorbed less heat from the sun (at midday, near or at the Equator, only the top of the head would be exposed to direct sunlight); we could hunt and gather across much larger and possibly more lucrative territories.


  Whatever the precise sequence of events that led our ancestors to stand up on two legs, we know that an upright stance became a fundamental key to their ongoing survival and success as a species. Look at any newborn baby at just a few hours old and you’ll see the vestiges of our ancient ancestors’ instinct to walk. Very young infants possess a walking reflex for just a few hours, as if unconsciously trying out some ancient survival strategy. Of course they are unable to support themselves, but if held upright, you can quite clearly see the legs moving as if they were attempting to walk. The reflex fades rapidly and the child then has to progress through crawling until it can walk properly for the first time, but the instinct to be on two feet is strikingly obvious.


  For the hominids, something hugely important also came hand in hand with being on two feet – in fact, it may have been one of the reasons they gave up walking on all fours in the first place: being upright meant that we now had our hands free. We were able to carry objects on these journeys across the scorched grasslands. Probably we carried food. Perhaps mothers carried babies. We could gather fruit and vegetation more effectively. But the most important change was yet to come. It took a while – around a million years, in fact – but as these early hominids evolved from Australopithecus into the genus Homo, the lineage which eventually led to modern man, they began to use their hands to make stone tools.


  Tools for survival


  Making tools was a key stage in the development of early man. This ability was the result of having a big brain, but tool-making in all probability was also a stimulus for its further growth. And tool-making, rather like the development of language later, is almost certainly part of man’s instinct. Across eastern and southern Africa, Homo habilis (the first member of the genus Homo and almost certainly a descendant of Lucy’s species, Australopithecus afarensis) left us some fascinating clues to his way of life in the form of scattered pieces of rock which had been intentionally broken into crude cutting or chopping tools. Homo habilis might have been nicknamed ‘the handyman’, but these tools weren’t so complicated to make – just take a piece of flint and hit it hard with another rock, being careful not to crush your fingers in the process. Well-trained chimpanzees can accomplish the same feat (although chimps have never been seen to use stone tools in the wild). These broken rocks are called flakes, and they must have been pretty useful to the hungry Homo habilis. As a tool for butchery they’re extremely effective, with a blunt back edge to grip and one sharp edge perhaps used to skin animals and cut meat from the bone.


  After Homo habilis came Homo erectus (and its sister species Homo ergaster), spreading out across Africa, Asia and Europe from around 1.9 million years ago and lasting until the birth of the early forms of Homo sapiens around four hundred thousand years ago. Homo erectus was a vastly improved model. As the name implies, they were approaching the fully erect posture of modern humans, but what really marked them out was a substantial increase in the size of their brains, to 1000cc or more (modern brain sizes average around 1350cc, something like three times the size of any other animal when compared by body weight). This increased cranial capacity almost certainly led to a much increased cognitive ability. When it came to tools, Homo erectus went one step further than his handyman ancestors.


  The fashionable tool for the Homo erectus about town was the classic handaxe – the symmetrical teardrop- or almond-shaped blade, cut from flint or a similar stone, which can be found in great numbers at ancient sites across Europe, Africa and Asia, from Indonesia to Wiltshire. It takes a lot of craft to cut, or ‘knap’, one of these handaxes. If you had a go yourself, you’d probably come somewhere close to the best examples of ancient handaxes, but only after quite a few months of practice. The process requires a fine appreciation of how a piece of flint fractures under impact, the optimum angle at which to hold the striking edge of the rock, how to use a softer tool like a piece of antler as a hammer, and how to trim the circumference to a tapered and neatly curved cutting edge. Homo erectus were clearly craftsmen, even if their repertoire of talents was somewhat limited.


  The surprising fact is that once our ancestors had finally mastered the teardrop handaxe, its design remained almost identical for something close to an incredible 1.8 million years; from China to the Thames Valley, no other tools appear to have been fashioned, although some have argued that perhaps other wooden tools have not survived. Whatever the case, for the flint handaxe to remain of the same design for such an extraordinarily long period, we can only assume that it must have had an extremely important functional use in everyday life, a use that was probably vital to the success and survival of Homo erectus. Sadly, even with the good fortune of having evolved to the degree of owning today’s 1350cc brains, we must grudgingly admit that we are not completely sure what handaxes were actually used for. In theory, they could have been used for butchery, but because they are sharpened all the way round they are more dangerous and more uncomfortable to hold than a simple flake with its one cutting edge. They could have been used for digging roots out of the ground, but the same problem exists: again, a thinnish, shovel-shaped flake is far better and more ergonomic. So why spend time and energy making such an elaborate tool which doesn’t work as well as the older version?


  Researchers are rather stumped on this front, although a few outlandish theories have been put forward. William Calvin, a neuroscientist, believes they were put into action as throwing weapons, as a kind of sharp-edged discus that could be thrown at a herd of antelope or gazelle drinking at a water hole or lake. His theory is called the ‘killer frisbee’ hypothesis. Calvin decided against a search for proof among early human remains. Instead, he did a bit of lateral thinking and hired a professional discus champion to try it out, and they found that with a little practice the handaxe could be a fast and accurate projectile. The sharp edge could probably hit an animal with enough force to throw it off balance, or even to topple the beast. The herd around it would panic and try to flee, scattering in all directions; the target animal, disorientated and off balance, would get trampled in the rush. The hunters would then run in and grab their prey, perhaps killing it by clubbing it with rocks.


  Other authorities on the handaxe question are not convinced and think they had a far more mundane and less athletic use, like simple butchery. Instead of discus champions, they employed professional butchers to test out their theories and the butchers did declare the handaxe a well-designed tool for separating meat from bones. But this explanation does not say why they did not settle for flakes, which are quicker to make and easier to use.


  What if Homo erectus was just a big show-off? We all know that’s a particularly human trait. There may not have been a practical reason or a killer application for these elegant upgraded tools. Perhaps it was simply a display of skill, our ancestors’ version of the peacock’s tail, a display of virility that came about as a competitive means of attracting females. Whatever its precise use, what the handaxe does represent is the foundation of our uniquely human ability to make the environment work for us, to mould and shape it until it is fashioned for our own survival.


  Man the Hunter


  The most basic laws of human survival meant that our ancestors had to develop surefire ways of finding themselves food. How did they do it? We know for sure that as Homo sapiens was spreading throughout Europe some half a million years ago, he learned how to hunt and kill wild animals. Recently, an open-cast coal mine in northern Germany yielded up three long wooden spears carved from spruce. They were shaped like javelins, over six feet long, with a sharp point at one end. Shorter lengths of spruce were found with grooves at one end, suggesting that a stone blade had been slotted in at the top. They were found to be four hundred thousand years old, making them the oldest non-stone tools ever discovered and strong evidence of our hunting ability. But that is still relatively late in our evolutionary calendar. Before then, even with stone tools like flakes and handaxes, the picture is rather less clear.


  In the 1950s, Raymond Dart, the archaeologist and professor of anatomy, discovered piles of animal bones in a South African cave. He believed that the cave, called Makapansgat, could have been a home for Australopithecines seeking shelter from the elements, maybe three or four million years ago. The bones, some belonging to ancient canines like hyenas, were broken up and marked with gouges and scratches. They seemed to have been stockpiled, and Dart thought they could only have been gathered together for one reason – to use as weapons. A large primitive hyena jawbone would have been a pretty effective stabbing implement, easily used by hominids to kill other animals, and maybe even one another.


  The idea that this pile of bones was a weapons cache was seized upon as proof of man’s hunting ability. Well before the invention of the stone tool, our ape-like ancestors had used these bones – which they might have found, scavenged or kept from earlier kills – for the purposes of violent hunting. Dart thought that this was the defining characteristic of the hominids, the very reason why our line had split off from the great apes. Calling it the ‘killer ape’ theory, he saw our hominid ancestor as Man the Hunter and believed that this hunting ability marked us out as special.


  However attracted we are by the idea of Man the Hunter, the consensus is that we would have been hard pushed to compete with the brawn and speed of other major predators on the savannah such as scimitars and leopards. Most contemporary archaeologists and palaeontologists believe that early man was not an accomplished hunter. Realistically, he lacked both the strength and the speed to compete with the real players, the big cats and the hunting canines which would certainly have stalked herds of grazing animals gathering at watering holes to drink. Our flying rocks, no matter how perfectly crafted, would have made little impression on a powerful sabre-tooth.


  The meat-eaters


  Meat is a contentious subject. Man the Hunter, the ‘killer ape’, was of course supposed to be enthusiastically carnivorous, and presumably he would have had the skills necessary to catch enough prey to provide him and his family with a constant diet of fresh meat.


  But what about gathering? In the past, some people have advocated vegetarianism on the basis that our ancient ancestors were themselves vegetarian. If their natural diet over thousands of years had been one consisting almost entirely of vegetables, fruits and pulses, then we too would surely be much healthier if we stuck to those kind of foods. Some extremists of this way of thinking have even concluded that if Australopithecines ate only sweet fruits, we should do the same.


  While it may be true that five or six million years ago the bulk of our diet was vegetables and fruit, there are convincing clues from fossil evidence that we later became confirmed carnivores, even if we didn’t kill the animals ourselves. Flakes and handaxes might well have been used for butchery, but they don’t necessarily prove we caught and killed our own prey. We could just as easily have been scavengers, stumbling across the half-eaten remains of a lion kill – say, a deer or gazelle – and rushing in with our stone tool kit to cut the remaining leftovers from the bones
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