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About the Book

We are born with the instinct to create and invent. Indeed, our ability to do so is what separates us from the rest of the animal world. But have our creative ideas always produced desirable results? Have they always served us well?

Bad Ideas? traces the fascinating history of our attempts at self-improvement but also questions their value. The dubious consequences of the development of weaponry, for example, is self-evident. But what of apparently more innocuous advances such as farming, writing and medicine? Science has produced huge good but has also had unforeseen consequences. Can science and scientists find solutions to the perils that now menace us?

We join Robert Winston on a thrilling journey from our earliest days to the present. We meet some key individuals along the way and share quirky anecdotes about their lives and brainwaves. Inspiring, unusual and at times controversial, Bad Ideas? assesses the past and looks forward to the opportunities of the future. In so doing it celebrates man’s extraordinary capacity for achievement and offers a hopeful way forward to protect humanity against what sometimes seem like bad ideas.
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An arresting history of our inventions

ROBERT WINSTON
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Professor of Sciences and Society at the
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who has been an inspiration to so many people


Preface and Acknowledgements

‘Science becomes dangerous only when it imagines that it has reached its goal.’

GEORGE BERNARD SHAW, ‘Preface on Doctors’ (1909) to The Doctor’s Dilemma

During the late 1990s I had the privilege of chairing the House of Lords Science and Technology Committee. During the three years of my chairmanship, we set up a number of inquiries into scientific issues, from the disposal of nuclear waste to the medicinal uses of cannabis. But the one closest to my heart was the inquiry into science and society, which lasted for most of 1999 and part of 2000. The inquiry was launched because it seemed that the scientific community had an uneasy relationship with many members of the public, with policy-makers, with journalists and to some extent with government.

Among various concerns about public mistrust of science, there had been a major debacle over the use of genetically modified crops, and there had been the unedifying photograph of a cabinet minister feeding his little daughter a beefburger in an effort to persuade people that British beef was free of bovine spongiform encephalopathy. It seemed that human embryo research was almost the only scientific issue on which the public appeared to trust the scientists and the information those scientists were giving them, and to recognize its value for healthcare.

So, having taken copious evidence, we argued in our report that there needed to be much better public engagement with science; that merely attempting to increase ‘public understanding of science’ was really inappropriate. And since then a number of colleagues have become much more involved with thinking about and responding to the difficult issues raised by implementing advancing human technology. But until quite recently, the idea of listening to the public and responding to public concerns seemed almost anathema to many scientists. So various far-thinking people, and notably my friend and colleague Professor Kathy Sykes of Bristol University, raised the idea of dialogue with the public on these complex issues.

The thesis behind this book – namely, that the key to successful living in a society dominated by advancing technology lies in better public engagement with science and technology – will seem strange to many people. Yet it seems increasingly obvious that if we are to avoid harm from the increasingly powerful tools we have, we need to have much better methods of control. This control cannot be exercised solely by governments: history shows, as this book recounts, that governments do not always use scientific knowledge wisely. Nor can control simply be left to my community – the scientists – even though it is clear that most scientists are strongly altruistic and genuinely committed to improving the health and welfare of the society in which they live. So in my view, people from all sections of the community have a responsibility to learn and understand more about science in order that, in democratic societies at least, they will have a more powerful say in how science is used.

This book has been difficult to write, and in the first place I am deeply in debt to my publishers, Transworld, and particularly Sally Gaminara, who had sufficient faith in me to delay publication by a whole year while I struggled to make a very imperfect text into something slightly less imperfect.

My old friend Matt Baylis has as usual been a tower of strength and energy in seeking out so many matters of interest in the research for this book. We had been discussing the ideas behind the book for some years and had even pitched it as the theme for a television series. Matt’s wide knowledge, his remarkable enthusiasm for all things scientific and historical, and his wonderful sense of humour have meant it has been a continued joy to work with him on this difficult project.

It is my very good fortune to have had Gillian Somerscales as an editor for another of my books. Her intelligence and clarity of thought have made a massive difference to my imperfect text, and as usual her input has been made with tact and with great insight.

Lira, my wife, has been, as ever, remarkable. She has been forbearing and tolerant when I am preoccupied by writing and thinking, and always deeply encouraging. Her wisdom in suggesting improvements for the text has helped make this a better book. Rachel Ward, my assistant and secretary, has been amazingly supportive. Her invaluable interest in and enthusiasm for this project was hugely helpful in persuading me to continue with it in the usual moments of depression.

Other colleagues and friends have read bits of the draft manuscript and made most helpful suggestions. Many others have helped in detailed conversations about its focus and its argument and about crystallization of my ideas in general. I am indebted to Carol Readhead, James Wilsdon, Sheba Jarvis, Brian Wynne, Anne Cooke, Jacqui Roche, the late Lord Porter of Luddenham, and various members of the Societal Issues Panel, and particularly Peter Ferris, of the Engineering and Physical Science Research Council.

Finally, I am so grateful to my old friend and agent, Maggie Pearlstine, who has always taken such a strong interest in my various projects and without whom this book would never have been published.


‘It is not thy duty to complete the work,
But neither art thou free to desist from it.’

R. TARFON. Aboth: 2,15 (c.70 CE)


Introduction

Too Clever by Half?

HUMANS ARE CLEVER. Our cleverness and our ability to design and use tools have led to our increasing domination over the planet on which we live – though ultimately, as most of us realize, we cannot control or regulate it. As humans have developed more and more complex ideas, more and more sophisticated mechanisms, we have improved our lives in a multitude of ways and have increased our influence over much of our environment. But nearly all technologies are increasingly threatening. The achievements we rightly celebrate could also be bringing us closer to our own destruction – and not only our destruction, but also the demise of many species of animals and plants that share the planet with us. One obvious concern is the frightening threat of significant climate change and the alarming consequences of global warming. The great majority of scientists now agree on the basis of the evidence that this impending crisis is of human making. It may well have been started by our implementation of the technology of farming, but the data now strongly support the view that it is being brought about progressively by technologies which increase our recent dependence on fossil fuels.

I have set out in this book to present, chapter by chapter, a thematic history of human inventiveness and an account of its positive and negative aspects. By way of introduction to some of my themes, I start with stone.

Stones – our use of them – are what separate us from all other species. The earliest stone implements fashioned by hominids are perhaps more than 2 million years old. A flint fractured by chance in the right place, and others more deliberately worked into sharpened stones with a hard cutting edge, gave humans their unique power and led ultimately to their domination over the planet. Human technology, which enabled humankind to control its environment – even to the point of modifying the evolution of its own species – stemmed essentially from the development of the stone hand-axe. With the worked edge of this implement our hominid ancestors could deflesh the bones of animals they scavenged and, when they were lucky and hunting in groups, even occasionally kill their prey. Early man, hunting on his own, would have had few chances to kill a large animal for food. But hunting in groups, with its need for rapid communication between individuals, is thought to have been a powerful driver for the development of the human brain. Moreover, nearly 80 per cent of that brain consists of fatty substances called lipids, and an enriched diet containing plenty of animal fats and proteins would have supplied the vital fuel allowing the large brain of Homo sapiens to evolve. What I find remarkable is that the unique intellectual prowess of human beings was gained as a result of the earliest technology we invented. Humans are surely the only species that have changed their own evolution in this way.

Of course, the sharp hand-tool was not only a means of gaining sustenance, but could also be used as a weapon. With it, aggressive members of our species could gain power over other members of the same species. And those with a better weapon, improved technology, and the skills and cunning to use it, would tend to be the individuals who survived to pass on their genes so that their descendants could achieve greater mastery of the environment around them.

One surprising thought is how long each initial advance in our earliest technology took. Crafted, sharpened hand-tools have been around for over 2 million years. The earliest spears that have been dug up, excavated from a site in Schöningen, Germany, are 400,000 years old and show a beautifully worked wooden point.1 Yet it seems that for a very long time nobody thought how vastly the power of either implement could be increased with a most simple device. Attach a sharp stone to the end of a stout piece of wood, and with this lever you can hugely increase the speed, force, effectiveness and safety with which the axe can be wielded. Fix a stone, sharpened with a deadly edge, at the end of a carefully weighted stick, and you have a weapon – a dart, arrow or a spear – that could be lethal at a considerable distance. Yet it seems that our ancestors did not get around to this critical refinement for around a million years after the first stone hand-tools were crafted. And when this major technological advance did finally occur, it may well have been developed in different parts of the globe more or less simultaneously, during the same period of our existence.

ATLATL AND AXE: WHAT SCIENCE TEACHES US ABOUT ITS BEGINNINGS

At first glance, an atlatl hardly looks like a major advance in any history of technology. Yet this rather unprepossessing – indeed, now largely forgotten – object gave humans even greater power over their environment. In itself the delicate-looking atlatl is not really a weapon at all. In its simplest form it is merely a notched stick, or a piece of bone or carved antler, into which the actual weapon – a stone-tipped spear or a dart – fits. When the atlatl is swung hard in an overhand arc, the dart is given huge momentum on its rapid journey through the air to hit its target.

Atlatls, in various forms, have probably been around for longer than bows and arrows. Atlatls made of finely carved reindeer antlers sculpted into animal shapes have been dug up in France and dated by archaeologists to be as much as 17,000 years old. In America they are associated with the Clovis culture, from about 14,000 BP. Note that I use the abbreviation ‘BP’, which stands for ‘before present’. The ‘present’ in ‘before present’ does not refer to the year 2009, when I am writing, but to the year 1950. There’s a reason for this.

All living things on this planet constantly take up carbon, and this process stops only at death. So any substance that has once been living tissue, such as a piece of bone or in this case an antler, contains carbon which has been acquired from the environment. It so happens that carbon has several forms or ‘isotopes’. The two most common isotopes are carbon-12 and carbon-14. Carbon-14 is radioactive and that radioactivity is lost over time at a predictable rate – its half-life (the time it takes for half the atoms in any quantity of the substance to decay into another element) is about 5,700 years. Carbon-12 is not radioactive: it remains carbon. So chemists can measure the ratio of carbon-14 to carbon-12 in a biological artefact and by doing so get a very accurate assessment of its age.2

Why 1950, then? That was the year when humans started to contaminate the global environment significantly with their numerous attempts to manufacture the most powerful weapon ever devised. Repeated detonations of atom bombs and hydrogen bombs tested in isolated parts of the world altered the ratio of the radioactive isotopes globally, including isotopes of carbon – so we can no longer confidently say in what proportion carbon-12 and carbon-14 exist. For many decades now we have lived with the threat of nuclear weaponry and the risk that an irresponsible government (or indeed other forces) might use such devices recklessly. Remarkably, recent news from North Korea confirms that human beings are still exploding these terrible weapons. Because the effects of all these explosions have persisted, and will continue to do so for a very long time, for biological dating purposes we define ‘the present’ as 1950.

Well before humans mastered farming, early hunter-gatherers made a series of incremental improvements to the atlatl technology. One significant technical advance was, to my mind, quite counter-intuitive. It turns out that if the stick from which the dart is made is not rigid but whippy, it is more lethal. As the darts tend to be 2 metres or more in length, they store considerable kinetic energy when they bend as they leave the notch in the atlatl. At first thought it seems that an arrow which bends significantly as it flies through the air would be inaccurate and likely to miss its target. But it turns out that as the stored energy is released from such supple sticks, their momentum is increased as they hit their victim. And the accuracy can be astonishing, with the power to kill at well over 40 metres from the thrower’s arm. Even a child using an atlatl can throw a dart a considerable distance with surprising precision. So, with time, early humans also learned that a flexible atlatl, like a flexible dart, could give added impetus to the launch.

An intuitive appreciation of physics led to another technological advance: the development of a weight, attached to the middle of the atlatl. Such a weight, provided the launcher is carefully balanced, adds considerably to the thrust that the human thrower gives. With a properly balanced and weighted atlatl of the right length, it is possible for an averagely built man to propel a substantial dart more than 120 metres. The position and size of the weight are important, and no doubt our ancestors experimented – science is not a new skill and they must have used considerable trial and error to optimize this physical system. It is interesting that the weight may have had other advantages. Swinging an atlatl through the air causes a substantial noise from its vibration, and a weight roughly halfway along the haft dampens this effect, allowing the hunter the great advantage of stealth. And the obvious material for the weight, of course? Stones of varying sizes have always been freely available.

How do we know that early humans used a machine like a bow, or a lever like an atlatl, to propel a projectile so forcibly? Much Palaeolithic cave art shows pictures of humans repeatedly pierced by thin whippy sticks. Jean Clotte, the French cave specialist about whom I have written in The Human Mind,3 describes some revealing drawings in the Cosquer Cave.4 Here, as in other caves in the Pyrenees, the human figures are pierced by very thin, crooked sticks much longer than the bodies of their human victims. Such long sticks would be quite unsuitable for use as arrows, and their thinness and curvature would have made them useless as hand-held spears. The most likely way of launching them would have been with an atlatl.

Dr L. Bachechi from the University of Pisa points out that the age of the origin of such weapons is very difficult to guess but nevertheless suggests some clues.5 Together with his colleagues he made an interesting finding when examining the bones of a young adult woman which had been excavated from a cave in Messina in Italy in 1942, during the Second World War. She was about 1.6 metres in height and experts have dated her skeleton to around 13,760 BP. The most interesting feature of these bones is what is deeply embedded in her hip. Stuck into the pelvic bone is a very thin, sharp stone flake, about 5 centimetres long. This projectile would have entered the woman’s buttock from behind – possibly she was running away when she was hit. The hipbone around the stone flint has undergone typical thickening and sinuses have formed, so it is clear that she did not die as a result of this injury and that the flake led to a chronic abscess. This caused bone inflammation – osteomyelitis – a painful injury from which pus would have drained almost certainly for some months, probably longer. There is, of course, no way that a hand-held spear could have entered the solid bone of this part of the hip and then been broken off. A sliver of flint this delicate and sharp must have had considerable momentum to burrow so deep through the fleshy buttock and then the tough pelvic bone. Such momentum could have only been produced at the projectile’s launch – either with a bow or, more probably, with a spear-thrower of some kind.

Much information can be gained from osteology – the study of bones – and the skeletons of early humans are revealing. Persistent use of a hand-held spear, for example, led hunter-gatherers to develop prominent muscles in their upper arms, usually on the right side. As all the muscles in our arms and wrist are attached to bones at some point, we can see the extent of this hypertrophy by examining the bones from the shoulder, upper arm and forearm. Living bone is dynamic and responds to pressures on it by thickening and growing stronger. So where strong muscles have repeatedly pulled, an elevated ridge where the muscle was attached develops; and this remains long after death and after the muscle has decomposed.

From such observations, the osteologist can suggest what kind of weapon a particular skeletal arm is likely to have used. Dr Thor Gjerdrum, of the University of California at Santa Barbara, has examined thickening of the ulna (the larger bone) of the right forearm.6 This is where the supinator muscle, which gives a twisting movement needed for throwing, is attached. He reports that many early hunter-gatherers had considerable hypertrophy of this region, amounting to an asymmetry between the right and left forearms so marked that it is now only seen in professional baseball players. It is interesting that the extreme torsion of the forearm required to use an atlatl most effectively is very comparable to the action involved in pitching a baseball. Later humans who did not throw spears or use an atlatl, but preferred the bow and arrow as a weapon, do not show this marked thickening of the ulna.

From reading bones, osteologists can also make an intelligent guess as to the position in which the spear was habitually held. An overarm position might be most suitable for hunting or killing an animal, but a spear held underarm, pointing upwards, would be more effective when facing a human enemy – and it seems likely that ancient man used this position. It is remarkable to consider that the technology of the spear has persisted until the modern day. British troops, going over the top on the Somme in the First World War, marched steadily towards the German lines with their bayonets held underarm, pointing upwards. The advantages of this position are several. It allows repeated thrusts to ensure the permanent immobilization of an opponent; it also makes the weapon’s withdrawal physically easier, partly because the human attacker can use his naturally powerful back muscles and biceps to maximum effect and partly because, by contracting his abdominal muscles and rotating his trunk, he can lean back in preparation for the next thrust. An underarm position is also better defensively. A grip with the spear held above the shoulder exposes the attacker’s chest and abdomen, making him very vulnerable if his blow is parried. To this day, infantrymen are still taught to fix their bayonets and trained to thrust them repeatedly upwards as they encounter their foe. Were Palaeolithic men any different? It seems unlikely that they would have exposed their soft parts willingly.

TOWARDS A SCIENTIFIC CITIZENRY

Various themes, then, run through this book. One is a concern about the threat that lies latent in many of our discoveries and increases as our technology becomes more powerful and more widely used. Ever since the hand-axe human progress has, in one sense, been downhill. The hand-axe led to the battle-axe, and the atlatl led to the catapult with which the boy David propelled a stone with sufficient velocity to kill the Philistine giant Goliath. Although iron replaced stone in most human societies long ago, the ancient arrow led to the Battle of Crécy where Edward III and his tiny force of archers destroyed the mighty ironclad horseman and infantry of France. Virtually every major idea that we have had – be it to do with farming, living in cities, writing, communications, the uses of fire, transport, weapons, even medicine – has at one level at least made humankind more vulnerable. As with the stone hand-axe, nearly all the wonderful technological advances that have enabled us to live in difficult and dangerous environments also have their threatening or negative aspects – hardly ever fully recognized at the time of their invention. So, as we shall see, farming resulted in human diseases that had not afflicted humankind previously, as well as loss of genetic diversity and threats to the environment of the planet. City-dwelling greatly increased the vulnerability of humans to infection: when people first lived in cities they had a shorter lifespan and were almost certainly less healthy than when they had maintained themselves as hunter-gatherers. Writing, one of the greatest gifts ever granted to humans, has spawned some communications that debase our thinking, promote political instability and threaten our privacy. We do not need the menace of advances in weapons technology to remind ourselves how precarious our existence on the planet is, because peaceful technologies like transport are damaging our environment just as effectively, and perhaps irreversibly. Scientific advances in nanotechnology and synthetic biology could risk the uncontrolled production of poisonous substances or infectious organisms against which we may have little or no defence. The development of robotics carries the risk of dehumanizing our relationships, and advances in genetics may see a time when manipulations of the human genome require us to redefine the very essence of what it is to be a human being.

Another issue concerns the regulation of science and who controls this work and the knowledge it generates. In chapter 2, I recount in some detail the career and fate of Nikolai Vavilov, the great Russian plant geneticist. His story epitomizes several themes which run through this book: in particular, how scientific knowledge may be abused by scientists themselves who are consumed by ambition and working in a very competitive environment; and how governments grasp science to use it for their own purposes and not necessarily for the good of their citizens. Vavilov, of course, lived in a country ruled by one of the most malign totalitarian regimes of modern times. But unfortunately, as we shall see, even democratically elected governments cannot always be trusted to use science wisely, or even necessarily for the betterment of their citizens.

A more encouraging theme that recurs throughout the book is that a very large proportion of discoveries and inventions have all kinds of beneficial applications that were not remotely envisaged when they were first made. We sometimes think that stone tools were abandoned after the Stone Age technology. But the ancient Egyptians refined the technology to make extremely elegant knives. Discoveries of beautiful razors made of chert – a very hard crystalline silicate – have been found at Giza; these date from the Old Kingdom of Egypt (2575–2134 BCE). And presumably no early hominid thought, when he or she fashioned a hand-axe, that the cutting edge might be used for engraving the artwork that has been seen on prehistoric bone atlatls.

It is also important to understand – indeed, it is axiomatic – that many human technological advances are made in unconnected places around the globe, independently and more or less simultaneously. This certainly seems true of hand-axe technology, archaeological finds from far-flung places suggesting that as the hominid brain developed, pre-humans developed the manufacture and mapping of stone implements independently. The design, certainly, may vary in different parts of the world, but the technology is essentially the same. And this is undoubtedly the case for much of modern technology. Scientists are human and like to congratulate themselves (and occasionally each other) that they have been first with a revolutionary idea which has changed the world. But most of the time, once human knowledge develops in a particular field or area, scientists everywhere are in a position to make the next leap forward. This is undoubtedly true in my own field of in vitro fertilization. Although we British pride ourselves on having been the first to produce a ‘test-tube baby’, that first birth could have easily occurred in Melbourne, or Montreal, or even possibly Baltimore. Perhaps one key factor in its happening in Manchester was the serendipity with which Robert Edwards timed the transfer of the embryo that led to the birth of Louise Brown.

As our world becomes more sophisticated, we are becoming more concerned about the dangers human societies may face from our inventiveness. Homo sapiens has existed on the planet for no more than about 100,000 years, and during that time the genes which help to define the capability of our brain have not significantly changed. But in the last 400 years, a tiny fraction of that time, the human mind has expanded extraordinarily.

It is exactly 400 years since William Shakespeare’s collection of sonnets was published in 1609. Since then we have invented the telescope, the microscope, the steam engine, vaccination, the telephone, aircraft, television and the computer. Humans have also produced the H-bomb and landed on the moon. Now, using the techniques of synthetic biology, we are trying to create new life forms – a technology which holds great promise but may also be very threatening to life on this planet. No doubt William Shakespeare could have leaned over the parapet of London Bridge 400 years ago, speculating with a fair degree of certainty that the city would be likely to look pretty much the same over the next few decades. Now it is a foolish ‘expert’ who attempts to predict what the technological capability of our society will be even in five years’ time because our knowledge is growing exponentially.

This massive growth in human knowledge is truly awe-inspiring but also, understandably, seems quite frightening to many people. Humans do not find it easy to live with uncertainty and there is a growing perception, particularly in more sophisticated societies, that our pursuit of scientific knowledge and its practical application may be very dangerous. In the last ten years or so we in Britain have seen public suspicion of genetic engineering expressed in vehement protests by ordinary people about genetically modified crops. We see increasing anxiety about using nuclear power, and government is undecided over whether we should develop our nuclear industry further and what we should do with the nuclear waste we have already accumulated. There has been considerable press hysteria over human cloning, many parents have rejected the triple vaccine against measles, mumps and rubella, and mishandling of bovine spongiform encephalopathy and foot-and-mouth disease have made people doubt the integrity of the foods they eat. Attacks on humane animal experimentation have taken little or no account of the value of this important use of biology to the health and welfare of our fellow citizens – as well as the animals we keep for domestic purposes.

I do not quite take the view of Lord Rees, recent President of the Royal Society, that we are necessarily facing Armageddon.7 We surely have at our disposal sufficient mechanisms to ensure that our technology can be controlled and sufficient ability to harness our resources successfully. As the distinguished Cambridge engineer Alec Broers asserted during his recent Reith Lectures,

Technology too can provide solutions to these problems but only if people choose to implement them . . . Technology can solve our problems but only if the public engage with it . . . Now we are at risk of permanently endangering our planet. Our aim for this century should be to make comparable progress in protecting our environment. Technology will truly triumph if we succeed.8

I am no Luddite, and I most certainly am not pessimistic about the future of humanity. Overall, we live longer, more fulfilled and probably much happier lives now than at any time in humanity’s past, and our use of technology has been a key factor in attaining those levels of welfare. Our inventiveness and the knowledge it has brought us are remarkable gifts – but we need to develop them and exploit them with wisdom. We also need to recognize that the technology we develop and control has a huge effect on all our fellow citizens and that we must be responsible for trying to ensure it does not do harm to human society and to the planet on which we live. Scientists have a major role to play in all this, and this book, though written in the hope of reaching the widest possible audience, is at least in part a call to my fellow scientists.

The problems, dilemmas and dangers produced by technology are not ultimately, in my view, always going to be solved only by further technological innovation. In this respect, I both agree and disagree with what Lord Broers hinted at in his Reith Lectures. It is insufficient for scientists to state that ‘Technology can solve our problems but only if the public engage with it.’ Scientists need to be equally engaged, and in the last chapter of this book I suggest ways in which lay people – members of the public – and scientists may engage more closely with each other. I include a manifesto for scientists, and a number of aphorisms about science for non-scientists. Better understanding of these issues on both sides, I believe, may help ensure that we use our science and our technological prowess more wisely and for long-term good.

Scientists such as myself, I feel, may need to consider that the science we pursue is not our science. Our new knowledge is gained in the name of society and mostly is paid for by various members of the public. It is as much their science as ours. Its application may have beneficial effects, but people who are not scientists will have to bear the consequences when the effects of what we have established are harmful. Of course, we have to facilitate the engagement of the public to which Alec Broers refers. But we need to be more effective at communicating with the public so that they understand better what we are doing; and, most importantly, we also need to learn to listen to the public when they voice their fears and reservations about science. Moreover, mere listening is not enough. The majority of scientists are not yet ready to accept that the public should have greater involvement in decisions involving scientific research. But if we are to be good citizens, we need to recognize that by listening and responding better we are likely to make our science more relevant to the societies in which we live. We may even find that public dialogue may actually increase the quality of our work.

I am suggesting that every citizen has a part to play in understanding scientific achievement and ensuring it is used for good. Indeed, responsible citizenship implies that non-scientists have an obligation to learn and understand more about science and technology. This understanding, I believe, is one of modern humanity’s most powerful weapons in ensuring our continued welfare. So this book is not merely about the negative aspects of our technology – it is a celebration of our extraordinary ingenuity. And if we are to ensure the health and welfare of generations to come, this ingenuity must be focused in part on making wise choices about how we promote, protect and use our ideas.


Chapter 1

The Brightest Heaven of Invention

A GROUP OF around 200 people who call themselves The Straight-Boned Ones live deep in the rainforests of north-western Brazil. They are a short, dark-skinned folk, who hunt with bows and arrows. Their huts are made by propping palm fronds on top of sticks, and contain no furniture or decorations, save a raised platform of thin branches as a bed. The average family owns very few possessions, merely a couple of pots and pans, a bow and arrow, a machete and some bags made of palm leaves. For personal adornment, they sport necklaces fashioned from the steel ring-pulls they obtain from trading brazil nuts with outsiders. Unlike other groups in the region, they do not cultivate manioc, nor do they preserve meat or fish by salting or smoking them. Each day, they take only what they require from the surrounding rainforest. Most significantly, the idea of preparing for the future never occurs to them. This remote people, known to the rest of the world as the Pirahã, seems to contradict almost everything we believe about being human.

PEOPLE LIKE US?

Across the planet, ever since we first invented the technology to navigate it, anthropologists, explorers and missionaries have encountered peoples whose way of life seemed basic by comparison with their own – people who lacked more possessions than could be carried, or who could not count beyond two or three. Early European explorers concluded that such people were base and savage, less intelligent, even less human than themselves. But as explorers encountered more indigenous peoples in far-flung parts of the globe, closer inspection revealed that their cultures were every bit as vibrant and complex as our own. Their languages contained a mind-boggling array of inflections, markers, tenses and tones. They possessed a body of myths and legends every bit as wonderful as – and often sharing elements in common with – our European fairy tales, our classical hero stories and our gospels. Not only that, but they could frequently recite them without the aid of written texts, possessing skills of memory that put us to shame. Equally impressive was their knowledge of the surrounding terrain, and the possession by certain individuals of a localized encyclopaedia of useful and harmful herbs, roots and berries. Their social systems were complex, with an array of rights and restrictions governing each individual’s conduct and relationships. They were, quite clearly, our equals.

The Pirahã seem to be our equals, too. They walk on two legs, they use tools, they communicate with language and they live in groups. And yet, at the same time, their way of seeing, describing and using the world around them seems radically different from anything we associate with being human. Their language is unrelated to any other tongue – as, indeed, are Basque and Japanese – but, unlike any other language, consists of just eight consonants (seven for women) and three vowels. At the same time, it possesses such a rich catalogue of tones, stresses and syllable-lengtheners that it often sounds to outsiders like singing, humming or whistling.

Professor Dan Everett, who at one time was an academic at the University of Manchester, is a linguist who has been living and working with the Pirahã for more than twenty-five years. He has discovered other unusual facets to their culture. They have no collective memory extending beyond the recollections of living members, and nothing approaching a creation myth. When pressed about what might have existed before they and the forest did, they reply, ‘It has always been this way.’

The lack of a creation myth is, again, unusual in a human society but not unique, even in the Amazon region. It is striking, though, to find that trait in a group that also has no fixed terms for colour. If shown a red cup, Pirahã will say something like, ‘it looks like blood’ or ‘or it looks like the berry we use to get dye from’. They possess no numbers, either – just terms for ‘one’, ‘two’ and ‘many’. Their tongue lacks words for ‘all’, ‘each’, ‘every’, ‘most’ and ‘few’ – concepts which, according to some schools of linguistic thought, are the common building blocks of human cognition.1 Most radical of all, Everett claims the Pirahã language has no evidence of recursion.

Recursion is the means by which humans insert one idea into another. For example, ‘the man in a top hat’ and ‘the man is walking down the street’ can be combined into the statement ‘the man in a top hat is walking down the street’. This, according to the renowned MIT linguist Noam Chomsky, is the facility which enables humans to create an infinite variety of meanings from a finite resource of sounds and rules. It is seen as a universal aspect of human language and yet, according to Dan Everett, the Pirahã do not employ it. If they wanted to communicate a message like, ‘I saw the dog that was down by the river getting bitten by a snake’, they would break it up into discrete units, such as, ‘I saw the dog. The dog was at the river. The dog was bitten by a snake.’

For Everett, the lack of recursion is consistent with the whole ethos of this remarkable people. They break their sentences up into simple, one-point units, because this is also how they perceive their world. For these people, only the immediately observable is real. When someone disappears out of sight because they have walked around a bend in the river, the Pirahã use the term xibipío – meaning the person has ‘gone out of experience’. They employ the same phrase to talk about a flickering candle flame – the light, in their view, passes in and out of experience.

This is one of the reasons, according to Everett, why the Pirahã have no myths of their own, and why they have proved so resistant to being converted to Christianity (although his former wife, Keren, combines efforts to spread the Gospel with her own linguistic studies among the Pirahã). Told that these stories concerned a saintly man who died 2,000 years ago, the Pirahã became indifferent to their symbolic content. Their immersion in the immediate also accounts for their failure to build up food stocks, and for the simplicity of their drawings. When New Yorker journalist John Colapino came by seaplane to visit, he was startled to see a small boy, within hours of his arrival, playing with a surprisingly accurately constructed model of the plane. It seemed to confound Everett’s claims that the Pirahã could make only crude, rudimentary sketches. But within hours Colapino saw the seaplane model abandoned, crushed at the side of a path. Every time a seaplane arrived, Everett explained, its arrival would spawn a brief rush of imitative enthusiasm, but as soon as that faded in short-term memory, all interest was lost.

Most people’s reactions to Everett’s findings fall into one of two types (leaving aside the especially heated reaction from the linguistic community, for reasons we will look at later). One reaction is to assume that he was duped by the Pirahã – as many anthropologists reporting on ‘primitive’ cultures have been over the years. A famous example was the renowned anthropologist Margaret Mead, whose teenage guides to the ins and outs of the Samoans’ extraordinarily exciting sexual habits – upon which Mead based a career-launching book – later admitted they had made it all up. But in this instance, given the consistency of Everett’s findings over time, and with those of other visitors, a case of tribal mickey-taking seems unlikely.

The second reaction is to assume that the Pirahã are somehow not quite the same as us. Since they’re so isolated, and forbid marriage outside their tiny grouping, it would be plausible to suppose that they suffer from some kind of retardation due to inbreeding. But this should result in physical as well as mental symptoms, and there are no signs of either among the Pirahã. In any case, they regularly keep their gene pool refreshed by permitting women to sleep with outsiders.

There is, of course, a third option, which is to assume that the Pirahã represent some mid-point or missing link between modern humans and their forebears – but that is not, happily, a position any intelligent twenty-first-century person would entertain. To conclude that the Pirahã are less than human, or less able humans, simply because they do not meet our current criteria of humanity, is arrogance bordering upon idiocy. As Everett points out, a Pirahã male can go into the depths of the jungle without food, clothes or tools and emerge three days later with a self-made basket of fruit and nuts. If a Brazilian logger or an American anthropologist were asked to do the same thing, the end result would be a corpse. The Pirahã are as intelligent and as inventive as all of us. They weave baskets from leaves, they make fires, they set traps for animals. But they are still radically, vividly, strikingly not like us. And that in turn raises the question of what we really mean by ‘us’ in the first place.

The answer to that question is not among the objectives of this book. This book is a history of, and an inquiry into, human invention, from stone hand-axes to hydrogen bombs. It attempts to trace the common thread linking all of our ideas – ideas that have been of immeasurable benefit to humanity, yet on occasion threaten to destroy us. But not one of those ideas could have sprung into light without its creators having been, for want of a better word, special; that is, endowed with traits and abilities not shared with other species. No history of human invention, therefore, can begin without a look at what makes our species so perfectly equipped to invent – and why that specialist equipment came about. But the Pirahã, to whom we shall return, will caution us against making any sweeping assumptions.

TWO LEGS GOOD

I had the idea for this book while reluctantly dead-heading some rhododendrons in my garden. Bending awkwardly to my task – even though I am quite a keen gardener – I found myself, rather churlishly, thinking how much easier it might be if I walked on all fours. That observation led, in turn, to my realizing that the task I was doing, and my discomfort while doing it, were intimately linked. It was because I am a bidepal animal that the task caused me pain – but also that I was doing it in the first place. To be human is to be something of a gardener: to see one’s environment as something to be shaped and altered, beautified or put to use. The entire history of human invention rests upon that premise. And that premise may itself rest on the fact of our walking upright on two legs. Standing straight gives us a different perspective on the world around us. It encourages us to think of ourselves as being above, superior to and separate from our environment – a necessary precursor to our being able to shape and change it. It also enables us to see far ahead, spatially and temporally – to see danger, or fruit trees, or desirable mates, long before they are right in front of us; and this ability gives us, in turn, the ability to create strategies, to imagine, to invent, create, design and dream. Standing upright, in a palpable sense, decouples us from the immediate, favours abstraction. But when and why did this change take place?

Complex research into DNA, and the rate at which it mutates, indicates that around 6.6 million years ago some 0.71 per cent of genes in the common ancestor we shared with chimpanzees changed, giving rise to a new branch on the family tree and eventually to the species we now know as human. Somehow, that tiny shift gave rise to space shuttles and skyscrapers, penicillin and the ovens of the Holocaust. More prosaically, it gave rise to increased brain capacity, a lowered larynx and changes in the structure of the pelvis.

To ask, ‘Why did these changes take place?’ is not only to open, but also to tangle oneself in, an academic can of worms. But here are some observations. It seems that climate changes occurring around 6.6 million years ago forced some chimpanzees out of the treetops and on to the forest floor. A range of factors in this new environment might have encouraged certain adaptations. Once on land, these pioneering chimps were at increased risk of being eaten by large, fast predators. Walking increasingly on two legs enabled them to see danger from further away even when there were fewer trees to act as observation posts; to cover greater areas of territory; to have their hands free to carry weapons; and, arguably, to make themselves appear bigger to scare off those predators.

Walking upright on two legs, bipedalism, may also have made movement more efficient once we moved out on to the hot plains. A creature on four legs exposes more of its body to the sun, and thus requires more moisture to keep going, than one on two legs, which exposes only the top of its head and shoulders. A recent study by David Raichlen and colleagues at the University of Arizona suggests that walking on two legs uses up around 75 per cent less energy – a conclusion they arrived at by rigging humans and chimps up to treadmills and measuring the amount of oxygen they produced.2

These changes coincided with a substantial increase in certain areas of the brain, which in turn required extra calories in order to fuel it. The brain is an extremely ‘costly’ organ – taking just 2 per cent of the body’s space but up to 20 per cent of its resources, even when at rest. It is hard to fuel such a demanding engine on a diet of fruit and leaves, so increases in brain capacity are linked with a shift to eating meat, and therefore to hunting – which in turn created the need for tools to kill and prepare our food source, for group living to facilitate the lengthy and dangerous business of hunting, and for the development of language in order to make those groups run more efficiently.

That is one theory, at least. This sort of ‘cascade’ perspective on human development is very attractive – but not, unfortunately, very likely. Archaeological evidence (though always hotly disputed, at least by archaeologists) suggests bipedalism emerged some 6 million years ago, while the earliest evidence for tool use is from about 2 million years ago. Plenty of other creatures – from ants to wolves – live in large and complex societies, but they have not felt the need to develop language. To these observations we must add a basic fact about evolutionary biology, which is that physical changes that emerge to suit one purpose can be coopted for a different one later. Probably, permanent bipedalism emerged for a variety of reasons and conferred a number of advantages on our species. But perhaps the greatest boon, as far as this history is concerned, was the way walking on two legs lifted up our heads, so that we could glimpse distant horizons, and freed up our hands, and our opposable thumbs, to make and manipulate.

HOMO MECHANICUS

In 2004 participants in a study partially funded by National Geographic magazine were stunned by the footage their motion-sensitive cameras had captured. Chimps in the Congo’s Nouabale-Ndoki National Park were observed fishing for termites with sticks. This in itself is nothing new. Back in 1960 the legendary primatologist Jane Goodall had observed chimps in Tanzania carefully stripping and preparing twigs for use as termite-fishing tools. But these Congolese chimps were doing something never seen before. The video footage revealed the chimps using a short stick to puncture the crusty surface of the nest, then a longer probe-device actually to fish the juicy termites out. They would modify these fishing probes beforehand, pulling each one through their teeth to fray the ends like a paintbrush and so increase the number of termites captured per ‘dip’.

It may sound easy, but termite-fishing, according to this study, was a complex craft that took years of practice. The footage showed infants watching agog as elder chimps withdrew their long sticks, swarming with large, shiny black termites. In this little drama, the researchers felt they might have been watching the very origins of human interaction itself.

They were certainly watching something that challenged our previous notions about tool use among primates. Many of the earth’s creatures employ some form of tool. Birds, for example, build nests from twigs, discarded bottle-tops and newspapers. Marmots plug up their winter burrows with dung. Two things, however, are thought to make human tool use unique. First, only humans use one tool to make another tool. Second, only humans use a specific type of tool for a specific purpose. Footage of these chimp ‘toolkits’ challenges at least one of our assertions. If our hairy cousins use two different types of sticks for two different jobs, then clearly we need to redraw the rules about what defines human tool use.

But there is still a wide gulf between these simple, two-piece kits and the array of instrumentation developed by our ancestors. New finds may upset the picture, but we can roughly trace a line, beginning about 2.5 million years BP and extending to about 40,000 BP, that connects the first crudely hewn pebbles to a standardized toolkit, including animal bones as well as stones, and adapted for purposes as diverse as tree-felling and sewing. The line is marked by stages along the way. Choppers and cutting flakes 1.7 million years ago gave way to symmetrical and surprisingly elegant hand-axes 300,000 years later. These, in turn, ceded ground to the 63-piece kits of the primitive men who were living 250,000 years ago at Levallois-Perret, just 6 kilometres from the centre of what is now Paris, just north of the Périphérique, and who fashioned ‘compound tools’ by attaching different objects together. By 40,000 years ago, men and women anatomically no different from you and me were sewing clothes, fashioning items like bead necklaces for personal adornment and statuettes for symbolic purposes, burying their dead in standardized fashion and trading items across wide distances. Most of these stages in the human journey to ever greater inventiveness, furthermore, were preceded by leaps in brain size – from the 500 millilitres of the first upright-walking hominids to the 1,450 millilitres of modern man.

During one of these leaps we acquired a fascinating bit of brain function that assisted us not just with the manufacture of tools, but also with a range of further developments and inventions integral to social as well as technological progress. Mirror neurons are a cluster of brain networks in the frontal lobes which become activated when we watch other humans performing certain tasks – with the emphasis on humans and certain. It seems they fire only when we are watching goal-oriented activity, like someone shelling a nut or peeling a banana – not when we are watching purposeless action or mimicry, and not, interestingly, if a robot is performing the same task. It seems this mechanism evolved specifically to help us learn from other humans.

We can see how mirror neurons would have assisted us in the manufacture and use of tools – we watched, so we did. They would also have been a vital component in the sort of complex society we began to live in after our descent on to the savannah – helping us to pick up instant cues from the behaviour of our fellow band members as to the way we should act. But lest we get too excited about this remarkable ‘human’ facility, we should remember that monkeys have mirror neurons, too. They respond to one another in much the same way and yet, for reasons we don’t fully grasp, monkeys have not developed complex toolkits. Humans are the only true inventors.

It is easy to see how these early inventions would have revolutionized early human life. Able to hunt and prepare protein-and calorie-rich meat instead of subsisting on fruit and leaves, we were able to fuel our increasingly demanding brain. This bigger brain increased our efficiency, which meant less time foraging for food, less exposure to dangerous predators, and therefore enhanced chances of survival. When we look at the earliest human inventions in the glass cases of a museum, they look very uninspiring – dull, flat, crude objects, only dimly appropriate for their stated purpose. It is easy to underestimate the seismic shift in perspective that must have surrounded their conception, creation and use.

Fashioning tools requires considerable brain power. As well as an extraordinary degree of motor control and complex visual apparatus, it needs an ability to imagine, to think outside the moment. Picture yourself, starving in the wilderness and trying to extract some life-saving fragments of buffalo flesh from a carcass. To arrive at a solution, you must lift yourself out of your current desperate situation and form an idea, in abstract, of the sort of device that might best enable you to get at the flesh. You then have to look around you, at the surrounding rocks and trees, to discern which among them might contain the best raw material for the job. You must then formulate and carry out a sequence of planned actions – collecting the right stone, angling it the right way before you strike it with another stone, taking the most suitable of the resultant chips and preparing it further. Underlying all of this must be an idea of being a separate entity from the environment, an individual whose differing actions bring about differing results, an individual with the power to use one’s surroundings to one’s own ends. We could not have made tools, or done any sort of inventing, without this underlying sense of self – a sense, as I indicated earlier, that may have been encouraged by our ability to stand on two legs.

It is often said that we in the industrialized, overcrowded, demystified West have lost some crucial contact with our planet; that we live in an overcomplicated, man-made cocoon, alienated from the passage of the seasons and from the other species with whom we share so much in common. This sense of separateness, it is claimed, has given rise to our callous disregard for our planet. We pollute the seas, strip the forests, mess up the polar icecaps, so the thinking goes, because we don’t really see ourselves as belonging to, or in an interdependent relationship with, our earth.

The people who trot out this sort of argument also tend to view people of non-industrial societies in the opposite fashion – as the respectful priests tending Nature’s shrine. Clad in their bark cloths and animal skins, they view the trees and the rivers as their companions. This school of thought tactfully overlooks evidence from places like New Zealand, Madagascar and Easter Island, whose indigenous inhabitants have in the past cheerfully hunted birds and large mammals to extinction and stripped the forests to the point of ecological meltdown. Such an outlook also, I think, overlooks the fact that to be human is to see oneself as separate from and having power over one’s environment. It began, perhaps, when we first lifted our heads and stood on two legs. It must certainly have been confirmed when we first picked up stones and used them to accomplish a task. Contained within those initial acts of creation was the potential, also, for destruction. But perhaps our capacity to invent, to change our world, can be traced to some more basic aspects of our biology.

SACRED GOSSIP

On the island of Tanna, in the South Pacific archipelago of Vanuatu, speech is a sacred activity. To qualify as ‘Big Man’ – a phrase denoting a person of worth throughout the islands of Melanesia – one must be, among other things, a good speech-maker. To speak is, in many cases, synonymous with doing: a vital road (or water-source) is referred to as ‘the way [or tap] which Chief Somebody-or-other spoke’. When a child speaks its first word, ceremonies are held to mark its formal entry into the community. Their term for those unable to speak is iapou – meaning weak, sick or exhausted.

As a Jew, I can appreciate the symbolic weight the Tannese lend to language. In former times, when a Jewish child learned Hebrew, his or her teacher might place a drop of honey upon the first letter, to emphasize how sweet an inheritance it was. The Jewish colloquial tongue of eastern Europe, Yiddish, is a conflation of mostly German, Russian and Hebrew – with elements of any of several other languages thrown in, depending on the origin of the speaker. This rather comic but poignant language is often nicknamed the mama-loshen – the ‘mother-tongue’, a term used, in this instance, to denote an intense love, the giving of life itself. And in countless cultures, the act of speaking is invested with performative power. In British marriage ceremonies, the phrase ‘I now pronounce you man and wife’ carries legal authority, as does, in certain Islamic countries, the act of saying Talaq – ‘I divorce you’ – on three separate occasions.

None of this may sound particularly surprising to readers who are using language, for all sorts of purposes, all day long. They may feel differently when they consider how it first came about. In a lecture inanely entitled ‘Why Children Are Stupid’, an academic acquaintance of mine used to point out to first-year undergraduates how much of human society depended upon two basic physiological changes.

Compared with other mammals, we have a phenomenally large brain for creatures our size, and a large head to contain it. At the same time, walking on two legs means we have to have a fairly narrow pelvis – and although the female pelvis is slightly wider than the male, this still makes the act of giving birth to a large-headed child painful and dangerous. Indeed, it is often observed that the most perilous journey most of us take is that of just four or five inches down the vagina in the process of being born. The size of our brain, in turn, has an impact on gestation times. Bearing in mind our body size and the stage of development at which other mammals are born, the average human pregnancy should last at least twenty-one months. It doesn’t – not just because under such poor terms no woman would let any romantically inclined man near her, but because to give birth to an infant the size of a one-year-old would risk fatal damage to the mother’s internal organs.

So, uniquely among mammals, humans give birth to their babies at a stage of development when they are totally unable to fend for themselves. We are far less mature at birth than the offspring of other mammals, and this has implications for the kind of society we live in. The production of babies unable to survive without parental assistance for a long time favours the forming of lasting bonds between men and women. The formation of these enduring bonds is in turn fostered by another unique aspect of human behaviour – the fact that women have a concealed ovarian cycle. In contrast to other mammals, the time when a woman is most fertile is not publicly displayed through scent or the swelling of organs – indeed, most women are rather unsure when they are ovulating. This is one of the reasons why humans are a notoriously infertile species. But hidden or ‘occult’ ovulation may have a subtle purpose: it assists group cooperation, because it cannot be a source of aggression and competition among males (although women themselves still can, as a quick glance in a pub at closing time will prove). It also encourages males to be interested in females at all times, instead of only at the time of ovulation – which promotes stable pair-bonding, and is better for rearing children.

Given the risks involved, given the number of adaptations necessary to cope with our production of such large-headed, incapable infants, we might ask: ‘Why bother?’ Our biology, surely, would only have embarked upon such a costly evolutionary strategy if the benefits outweighed those costs. So what could those benefits possibly have been?

Primate researchers Robert Seyfarth and Dorothy Cheney from the University of Pennsylvania uncovered some interesting evidence while recording the various cries and calls of vervet monkeys.3 Vervets are sociable beasts, spending up to 20 per cent of each day grooming one another. The activity is particularly important among females, who live in tightly knit clans of four or five, along with their offspring and one dominant male. Seyfarth and Cheney discovered just how vital the grooming process was when they played the distress call of a female vervet to a clan member who had just been grooming her. The second monkey became intensely agitated, and looked towards the source of the call, as if determining what to do. When they played the distress call to a vervet that had not been in a grooming partnership with the maker of the call immediately previously, the result was indifference. Subsequent studies failed to elicit the responsive behaviour from other types of monkeys, such as lemurs and galagos, whether they’d been grooming or not. Seyfarth and Cheney realized that this behaviour seemed to be found in the species living in the largest groups.

Their findings tied in with those of Frans de Waal, who has described ‘reconciliation behaviour’ in gelada baboons. In one instance, a dominant male savaged a female who had been on the verge of an act of infidelity. Her mother didn’t intervene, but looked on, concerned and alert, throughout the attack. Afterwards, de Waal noticed the mother giving a series of soft grunts, followed by an intensive grooming session. Grooming and vocalization seemed to go hand in hand with the upkeep of social relationships.

And these relationships, inevitably, become a vital consideration for a species that chooses to live in large groups. It is thought that we first entered this mode of living when we descended from the trees into the open, hostile environment of the savannah. We were able to thrive, and fend off attacks from predators, by living in groups. It meant there were more pairs of eyes and ears on the lookout for danger. Bigger groups were more intimidating to predators, better able to outwit them in a chase. But, like every other neat idea in evolution, group living had its downside. Groups mean more competition for resources, more potential for faction-fighting and feuds. Grooming alliances, as seen in vervets and geladas, are one way of countering the problems of social living.

Grooming promotes hygiene. Grooming is pleasurable – stimulating the production of endorphins, the body’s natural opiates. But grooming is also costly – at least in terms of time that could otherwise be spent eating or mating or sleeping. And it seems that the amount of time a species has to spend grooming increases along with two other things: the size of the group in which it lives, and the size of its brain – or rather, not the brain as a whole, but, according to evolutionary biologist Professor Robin Dunbar, a Fellow of Magdalen College, Oxford, just the neocortex.4 In humans and the higher primates, this outer sheath of neural tissue takes up between 50 and 80 per cent of the total volume of the brain, as opposed to around 30 per cent in other mammals. The size of the neocortex, says Dunbar, has nothing to do with diet, or the size of the territory occupied, or the distance travelled each day to find food. It does, however, bear an observable relationship to the size of the groups lived in. The purpose of all this extra, calorie-guzzling, birth-canal-straining computer power, it seems, is to enable us to form and maintain long-lasting social relationships.

By comparing cortical size with group size across a number of species, Dunbar arrived at the conclusion that we humans should be living in bands of around 150 individuals (slightly fewer than the band of Fellows harmoniously appointed at Magdalen College). Interestingly, 150 is roughly the number of living descendants that two individuals could produce at the rate and lifespan seen in contemporary hunter-gatherer societies. The American Hutterites – an exclusive religious brethren descended from sixteenth-century Anabaptists fleeing persecution in Europe – live in groups of 150; when a group exceeds that number, it breaks up into smaller ones. When the founder of Mormonism, Brigham Young, was planning to lead his followers from Chicago to Utah, he divided them into groups of 150.

These findings may be coincidental, but it is interesting to consider how group size plays into the issue of grooming time. Among our primate cousins, baboons and chimps, the largest grooming groups of fifty to fifty-five individuals invest almost a quarter of their waking hours just in the act of picking over one another’s fur. Multiply this to fit with our cortical size and that figure of
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