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“Those who refuse to go beyond fact,
rarely go as far …”

THOMAS HENRY HUXLEY in Collected Essays, 1881




INTRODUCTION

As a biologist, I am fascinated by the soft edges of science, by the fleeting glimpses we get of strange shadows just beneath the surface of current understanding.

I tried in Supernature to redefine this fringe, to reconcile nature with what seems to be supernatural. And helped, up to a point, to create a sort of demilitarised zone into which both scientists and enthusiasts could go without abandoning either their sense of proportion or their sense of wonder.

But that was fifteen years ago and much has happened since. The publication of Supernature made me a focus for anomalous experience – and gave me the freedom to explore it at will. I have tried, along the way, to keep contact with those who share my excitement by putting out position papers in the form of six further books – each looking at the loose ends of the world in a slightly different way.

The time has come now, however, to go back to the beginning once again and see where we stand, almost a generation on.

During the last few years there has been a strong reaction against research into the unusual. Critics of anything paranormal have established influential committees with the express purpose of stopping such research altogether. They have succeeded, in at least one case, in destroying reputations by sending magicians, posing as psychics, to ingratiate themselves with a group of researchers, with the express intent of deceiving them at every opportunity. These tactics prove nothing, except perhaps a degree of intolerance which is blatantly unscientific. There are few fields which would be proof against such invasions.

Given wide public interest in the supernatural, it was probably inevitable that it should become a big business and suffer from all the distortions of the marketplace. I am ruefully aware of having helped to create this situation and accept my share of responsibility for fuelling enthusiasms which have, in some cases, got out of hand. Our culture, however, is prone to such excesses.

There is, when you look at it closely, no such thing as the supernatural. All we have are reports of experiences which seem to be beyond natural explanation – but we do have these in astonishing abundance. And the reports have become so frequent and so widespread that they are very difficult for anyone with real scientific curiosity to ignore.

I am fascinated by the fact that people all over the world have, and not just in our cultish time, come to accept the existence of some sort of paranormal reality. They hold beliefs in the existence of things such as spirits, of miraculous happenings, reincarnation, communication with the dead and telepathy amongst the living – and these beliefs are so persistent and so much alike that it is tempting to look for common cause.

Where do such ideas come from and what is it that sustains them, even in the face of official incredulity and scorn? Is it possible, even if the supernatural does not exist, that we need somehow to invent it?

I am not wedded to the proposition that the supernatural must exist. If one defines supernatural experience simply as – the experience of something unusual, something which exceeds the limits of what is deemed possible – then there is clearly a vast field of experience, of repeated experience, from all over the world, just waiting to be explored. The fact that such reports are, by their very nature, largely anecdotal, has led to their being discarded as unacceptable to science. Which is a pity and a waste, because I suspect that answers to some of the riddles of the paranormal might well lie in the pattern and content of such reports.

The greatest barrier to scientific acceptance of anything unusual remains its elusiveness. Which is a problem that leaves parapsychology – for the moment the most formal and least disreputable approach – an immature science without basic principles or consistent findings, hoping still to produce the elusive repeatable experiment. Failure so far to do so in the laboratory makes it easy for some orthodox scientists to dismiss the supernatural as meaningless; but it is difficult for anyone like myself, who has been involved in the field, that is outside the confines of the lab, to deny the common and powerful reality of experience that breaks the rules.

My own experience of the unusual in action in a wide variety of cultures, suggests very strongly that there is something well worth pursuing. I have watched the rise of interest in the occult – and the inevitable backlash – with fascination. I have shared the high expectations of those trying to get to scientific grips with telepaths and metal-benders; and suffered with them the disappointment of discovery that the phenomena are strangely, almost wilfully, elusive. I understand the disillusion which has resulted, but must say that nothing has happened in the last fifteen years to alter my certainty that we stand to learn important things about ourselves from scrutiny of those areas in our lives that can be almost commonplace, but nevertheless defy easy description.

I believe that what the supernatural very badly needs is a new and fresh and thorough overview. A cross-cultural survey of the paranormal. An ethnography of the unusual. A broadly based and well-funded professional operation designed to retrieve and catalogue and classify all unusual events everywhere.

This is unfortunately not it. This is nothing more than my own personal attempt to make sense of what I have seen and heard in recent years. It is an attempt to define and describe the range of unusual experience a little more precisely. An attempt which I sincerely believe to be necessary, because I remain convinced that there are things going on around us which cannot easily be squeezed into forms that fit the accepted mould.

So, despite the cavils of self-appointed committees for the suppression of curiosity, I continue to pursue ghosts on the edges of perception. I persist in pointing out inconsistencies in natural history – not because these necessarily mean anything in themselves, but because they could lead to better understanding of what is usual through a new and more open-minded analysis of the pieces that don’t quite fit.

And as with Supernature, I offer this new survey to all those who can still look at the world with wide eyes – and wonder.

Lyall Watson                   
Ballydehob, Ireland; 1985



Part One

LIFE


“There is one common flow, one common breathing, All things are in sympathy.”

HIPPOCRATES in De Alimento, Fifth Century BC



The life sciences are in a curious state.

Ever since the discovery of the structure of DNA in 1953, they have been dominated by molecular biology. We have cracked the genetic code which determines the sequence of amino acids in proteins. We know most of the details involved in protein synthesis from these acids. We have started to unravel the mysteries of those special proteins known as enzymes which knit assorted biochemicals into the complex machinery of viruses and bacteria. And we begin to understand, in principle at least, the astounding regulations which govern the workings of a living cell.

This prowess, rewarded and reinforced by several Nobel Prizes, has produced a kind of academic euphoria – a feeling that, at last, we are on the brink of a full explanation of all the phenomena of life.

Nothing could be further from the truth.

Our ability to ask, and answer, questions about the mechanics of life has drawn attention away from our continuing inability to understand the real nature of living things. Our impressive achievement at physical and chemical levels, conceals an almost total lack of progress in coming to terms with general biology.

We know a great deal about the parts of living things, but next to nothing about the process which assembles those components into a functional whole.

All life possesses properties which are peculiar, which cannot be understood in terms of the properties of the isolated parts. The whole creature is always much more than the sum of its parts. It contains structures and exhibits behaviour which cannot be predicted from a study only of the known ingredients. There is something missing from the mechanistic model, something which seems to have no roots in even the most sophisticated biophysics or biochemistry.

Life remains mysterious. Biology is rife with unsolved, perhaps insoluble, problems.

Classical physics was revolutionised in 1927 by Werner Heisenberg’s uncertainty principle, which made it clear that certain microphysical events could never be completely known. That, despite our best intentions – to a very real extent, directly because of these intentions – some things could be predicted only in terms of probabilities. Biology has yet to produce its Heisenberg, yet to come to terms with such weakening of the traditional laws of cause and effect.

In this first section, I want to look at a few of the consequences of this imbalance in understanding. And show how it might begin to be restored by concentrating more on the form and shape of whole organisms than on the details of their structure.

There are certainly some astonishing things going on.




Chapter One

PATTERN

Consider the camel.

Somebody should. Much maligned as “a horse designed by a committee” or as a bad-tempered beast with an evil smell, the camel is wonderfully well-adapted to its environment. With huge widely splayed feet equally suited to soft sand or snow, stomachs with elaborate extension sacs for holding extra water, humps full of excess energy, lips tough enough to deal with the most thorny scrub, and eyes protected from windblown debris by devastating lashes – no large creature is better suited to deal with the world’s deserts. But perhaps the most extraordinary item in this catalogue of special features, is one that is seldom considered at all. Camels have peculiar knees.

When a camel lies down, as camels frequently do in order to get out of the wind, or simply to demonstrate their loathing for all forms of labour, they fold at the knee. The forelegs crumple like origami, backward at the top and forward lower down, so that a resting camel lies with its feet tucked up beneath it, leaning on the long shaft of the lower leg. It is hardly surprising that constant abrasion at both ends of this bone should leave camels with tough callosities at the joints. But what is surprising is that these calluses don’t have to be acquired. Baby camels are born with them.

And that presents a problem.

The currently accepted theory of evolution makes a number of assumptions. The first is that changes in living things are the result of random mutations in their genes. The second is that these changes are subject to the pressures of natural selection in which harmful ones are weeded out and abandoned. And the third is that the inheritance of useful changes is subject only to the laws of genetics. In other words, the genes for camels’ knees are prey to the usual influences and, from time to time, undergo rare and random alteration. Most changes of this kind are bad, inclined to upset the balance of the camel and disappear before they get the chance to be passed on. But by sheer luck, once in a very long while, a change can be beneficial – adding extra horny layers of skin to a poorly protected joint – producing individual camels which have a selective advantage and survive at the expense of their fellows with weaker knees.

This is Charles Darwin’s hypothesis, later fortified by the genetic discoveries of Gregor Mendel, and now known as the neo-Darwinian theory of evolution. It is a useful and plausible scenario, so well-accepted now that it is the only one you are likely to find in many textbooks – despite the fact that there is no direct evidence to support it, and that it fails to account for everything that happens.

The problem with the calluses on camels’ knees is that they are inherited. They are visible on a baby camel long before it has ever had to kneel on stony ground. If the vital thickening in the skin occurred after birth, as a result of constant friction, there would be no problem. But it begins to take place in the embryo at precisely those places the little camel’s ancestors found to be vulnerable and in need of protection. It is hard to avoid the conclusion that the calluses represent a specific response to a particular environmental pressure experienced by the camel’s ancestors. And it is impossible to explain this response in terms of orthodox evolution. But the neo-Darwinian theory is not the only one available.

In 1809, half a century before Charles Darwin published his Origin of Species, a French naturalist drew attention to the fact that species change and develop. Jean Lamarck believed that the experience of parents was not necessarily wasted, but could provide direct benefits to their offspring. He suggested that progressive changes which were related to the vital needs of a species might be inherited.

Lamarckism, the theory of the inheritance of acquired characteristics, was once very popular. Darwin himself espoused it. But by the turn of the century, it led to violent controversy. It is difficult at this distance to appreciate the passions that were aroused. Those who believed that changes in living things took place, at least in part, in response to circumstances and experience – were ranged against those who insisted that changes were random and subject, only after they had been made, to the pressures of selection. It was a battle between those who thought that there was something qualitatively different about living things – and those who were coming to believe that everything could be reduced to physics and chemistry.

The arguments ended rather suddenly with the rediscovery of Mendel’s work in genetics, which provided an elegant mechanism for natural selection to operate by chance, and gave the advantage to the Darwinians. So complete was their victory, that Lamarck’s ideas were branded as “ignorant, superstitious and disreputable” and declared off-limits to serious students of biology.72 They still are, but there are signs of a neo-Lamarckian revival.

Faced with the Curious Case of the Camel’s Knee, and the problems it poses for Darwinism, it is worth going back to what Lamarck actually said about the effects of experience on evolution. He said, “alteration in the environment of animals leads to alteration of their needs, which in turn produces modification in their structure and organisation.”218 In camel terms, this means that as the grasslands turned to desert and the animals trapped there needed to escape the new extremes of heat and cold, any structural change which suited their needs in this new way of life – such as knee pads which make lying down on rough ground more comfortable – would have been more likely to be selected.

Does this sound ignorant or superstitious? Hardly. It seems to make good sense and, on the face of it, offers no great violence to current evolutionary theory. But it does in fact represent a radically different approach. It allows evolution to be seen as a cumulative and responsive process, instead of one that is entirely accidental. It introduces the possibility of purposiveness – an idea that evolution may be more than just a random and desperate struggle for survival. And that, in the current climate of science, is certainly heretical.

It is a heresy I am glad to defend. I am impressed by the strengths of the neo-Darwinian theory. Its triumph has been to explain how change takes place and species diverge. But there is nothing in it to account for developments which are not only increasingly complex, but wonderfully relevant. It is difficult to see how random mutation could, in a comparatively short time, and without reference to the environment and experience of previous generations, put calluses on camels’ knees in precisely those places they need them.

Camels’ knees may seem like small things in the great march of life on earth, but their appropriateness is perplexing. And they are not alone. Warthogs, which frequently feed on their knees, have similar, equally well-placed, horny callosities. Ostriches inherit bulbous thickenings on the underside of their bony sternums, placed fore and aft, precisely where they sit. The skin on the soles of our feet is much thicker than it is anywhere else on our bodies – and it becomes so in the womb, long before our bare feet ever touch the ground.

Accidental mutation and the rigours of natural selection over long periods of time, don’t seem to be sufficient explanation. It is difficult to avoid the conclusion that, in addition to the neo-Darwinian mechanisms, there is some other more creative influence at work in evolution. A force which lets things move and grow in ways that give them meaning.

A lot of what happens may well be due to chance, but there are some interesting patterns superimposed on this basically random world.

Chance

Most things happen by chance, which is not the same thing as saying that they happen by accident. Chance seems to have a pattern and a reason of its own.

After a lifetime of research in physics, Erwin Schrödinger concluded that “in the overwhelming majority of phenomena whose regularity and invariability have led to the formulation of the postulate of causality, the common element underlying the consistency observed – is chance.”332 In other words, nature is governed by the laws of chance.

Einstein was uncomfortable with the idea. “I cannot believe,” he said, the year before he died, “that God plays dice with the cosmos.” He found it easier to accept that there were no laws at all, that the universe was in a state of chaos, than to believe that the world was run by statistics that compelled “the good Lord to throw the dice in each individual case”.93

Now, thirty years on, it begins to look as though we may indeed be part of some great game – an affair which follows a set of cosmic rules.

The word “chance” comes from the Old French cheance meaning “the way in which things fall”, and seems, right from the start, to have referred to the lie of gaming dice – the oldest, and still one of the most effective, randomising devices. The French word cheance, in its turn, derives from the Latin cadentia, which also means “falling”, but carries in addition, a sense of rhythm. Hence the English word “cadence” that describes a measured movement, something pleasantly musical. This etymology implies that chance was never seen as haphazard or altogether neutral. It hints at an early awareness of the existence of some kind of pattern, at consciousness of an accent in the rise and fall of the dice, at the presence or absence of what we have come to call luck. It is something that echoes through history like a pulse beat.58

Cadence in the fall of early dice was ascribed not so much to luck as to providence, to the will of the gods. And in the beginning, attempts to influence the fall were largely votive, concentrating on ways and means of catching the attention of the deities thought to be responsible. Astragalomancy, the art of contact with such gods, of divination by dice, is variously attributed to the Lydians in Asia Minor in the sixth century BC, or to Palamedes, a son of the King of Euboea, who introduced it to Athens during the fourth century BC. But it is certainly older than that. Long before dice became formal cubes of wood or stone, they were actual astragali, roughly cubical bones taken from the ankles of antelope or sheep. Such bones, some of them marked with appropriate symbols, have been found on prehistoric sites in Africa dating back over 40,000 years. And their use seems soon to have become almost universal.156

There are forms of dice in African, Inuit and Mayan ritual. Siva, the Hindu god of a thousand names, when he isn’t dancing or destroying, is shown determining the fate of mankind by throwing dice. In old Tibet, the Jalno, personal representative of the Grand Lama, regularly played dice with the national scapegoat – and always won, because he played with loaded cubes. And even the Bible allows that “If there is need, it is lawful with all due reverence to seek the judgement of God by lots.” Meaning, when in doubt, try dice.

One of the best-known modern demonstrations of the way in which things fall, is the game of chance called craps. The rules are very simple. It is played with two dice and the person who throws them wins immediately if the total of the spots on the first throw is 7 or 11 – or loses immediately if the total is 2, 3 or 12. If the total is 4, 5, 6, 8, 9 or 10 – the dice are thrown again, and continue to be thrown, until the player “makes the point” by duplicating the total of the first throw; or “craps out” by throwing a total of 7 and is forced to give up the dice to another player.

The probability of “making the point” is roughly 49 per cent – odds against the thrower by a very small margin, just enough to give the house an edge in the long run. These odds remain the same for each individual throw, but those against any thrower winning several times in succession, rapidly become astronomical. And yet it happens. In 1950, an unidentified man walked up to a crap table at the Desert Inn in Las Vegas and successfully held the dice for over 80 minutes. During this time, he made his point an astonishing twenty-eight consecutive times – and cost the casino a great deal of money.400 Someone wins, someone loses.

Sometimes, everybody loses. On August 24th, 1983, the Amtrak Silver Meteor train made its usual journey from Miami to New York, but the trip turned out to be anything but routine. At 7.40 p.m. in Savannah, Georgia, the train struck and killed a woman who was fishing from a bridge. At 9.30 p.m., just sixteen miles further on, it hit and destroyed a truck that was parked too close to the tracks in Ridgeland, South Carolina.

The shaken crew were replaced, but at 1.10 a.m. the following morning, the train hit a tractor-trailer on a crossing at Rowland, North Carolina and two passenger cars were derailed, sending 21 people to hospital – including the engine driver. Once again the crew were replaced and the train travelled on, but at 2.37 a.m. in Kenly, North Carolina it ran headlong into a car that ignored the warning lights at yet another crossing. And the National Transport Safety Board, though they had no reason to doubt the quality of the machinery or to question the skill of the crews, declared Amtrak 117 a “Rogue Train” and cancelled the rest of its journey.304

Runs of good and bad luck do occur. Events, which ought to be distinct, sometimes have a tendency to gather in clusters which surprise us. And when random occurrences arrange themselves in such apparently purposeful ways, we tend to look at them rather hard, massaging them for meaning, forgetting for the moment that in the final analysis, in the long run, they almost have to happen.

This is, however, a very recent and still somewhat restricted understanding. When one looks back at the history of gambling, it is clear that no game of chance was ever seen as just a game or left entirely to chance. Every such game ever played, has gathered ceremonial aspects which suggest attempts to control or influence its destiny. Every gambler, ever since the games began, has looked for some way of gaining a personal edge. And when prayer and superstition, when appeals to Lady Luck, were not enough, they turned to the new tools of science.90

By the sixteenth century, the rudiments of classical science and the rigours of Greek scepticism had taken sufficient hold of the Italian marketplace, for the Renaissance to begin. A new independence was abroad and in this climate of enquiry, it seemed logical for a group of gamblers in Pisa to turn for help with their particular gaming problems to the greatest scientist of their day. And Galileo saw nothing incongruous in time spent, day after day, down on his knees in a dice game, puzzling over patterns in the fall of the cubes. The result of his exertions was greater success for the gamers as a result of a new set of formulae which, for the very first time, tamed chance by laying down the laws of the game.122

A century later in France, the young mathematicians Blaise Pascal and Pierre Fermat, also commissioned by a dice player down on his luck, turned these formulae into their Theory of Probability, further reducing the vagaries of chance to a very elegant grammar and arithmetic. “If something is certain to happen,” they said, “let its probability be 1. And if it is certain not to happen, if it is impossible, let its probability be 0.” Anything else, which in practice means almost everything, has a probability which is expressed as a fraction between these limits. And if the probability is less than half, the odds are against that event taking place.274

The beauty of this system is that it eliminates any discussion of improbability. With it, we can get useful and reliable information from things that are in themselves uncertain. We remain unable to predict the fall of a single die, because there is an equal chance of any side coming to rest face up, and there is nothing, either in the pattern of previous throws or in the context of the game under normal circumstances, which can change that. But with the theory of probability, we can begin to make accurate predictions about the outcome of a vast number of falling dice – or about the workings of the universe. It seems a little odd, at first glance, that we should be able to predict the movement of great planets successfully, while remaining unable to control or foretell the fall of a tiny die. But, as the scientific philosopher Sir Karl Popper points out, “In order to deduce predictions one needs laws and initial conditions; if no suitable laws are available or if the initial conditions cannot be ascertained, the scientific way of predicting breaks down.”280 And with dice, we clearly lack sufficient knowledge of initial conditions. A rolling die passes through a number of states in which even a minute disturbance will affect its further course, making the result dependent in the end, particularly with a perfect die, on the conditions of the atoms at its edges. And these, in accordance with the uncertainty principle, are impossible to predict.

And yet there are gamblers, a small number of inveterate and successful rollers of dice, who seem to be able to do so – at least often enough to make an idle living.

Science has problems with them. It doesn’t recognise luck, dismissing it out of hand as a “superstitious misinterpretation of the idea of chance”. It may indeed be nonsense to suggest that each of us is dogged by a mysterious influence that is attached to us like a shadow, but – in the words of a well-known oil millionaire, “I’d rather be lucky than smart, ’cause a lot of smart people ain’t eatin’ regular.”7

The closest we have come, perhaps, to defining luck is a look at its negative side, at those who seem to have less, rather than more, of their fair share of it. In English, we use the word “accident” to describe both chance events and those that cause disruption, as though there were no distinction between them. German, as usual, is more precise – distinguishing between der Zufall, which is a truly unforeseen course of events, and der Unfall, which is a mishap involving damage or injury. The first event is a random one, and recognised as such. The second one may not be.

There seem to be some people and some situations which are unpredictably predictable. The ones sometimes described as “accidents looking for a place to happen”. This concept of “accident-proneness” was introduced to psychology in 1926, and has been most rigorously tested on the drivers of motor vehicles.108 A survey of bus drivers in Northern Ireland, for instance, after eliminating all possible mechanical and environmental influences in the causation of accidents, concluded that there was a personal factor involved. In other words, even when exposed to equal risk, some individuals were more likely than others to have accidents. It seems that, within their lives, these unhappy individuals have “spells” during which they are predictably prone to crash.68

There has been only limited success in attempts to describe psychological or physiological characteristics which would make it possible to recognise such individuals or their times of greatest risk far enough in advance to take them off the road. But insurance companies have isolated what they claim to be a direct statistical connection between occupation and accident. In Britain, school teachers, bakers, bank officials, local government employees and off-duty police, prison and fire officers are seen as low risks on the road. While students, doctors, butchers, bookmakers, television producers, professional entertainers and all members of the armed forces, either on or off duty, are considered to be high risks and burdened with appropriately loaded premiums.60

The use of the word “consider” in this context is an appropriate one. It began as an astrological term, dealing with the influence of the stars (sidera) on a contemplated decision. Actuaries today seem to earn their salaries, the decisions they make appear to save their companies money, but the rationale which puts an individual butcher at greater risk than a baker is hard to define or justify on any objective ground – except the Law of Large Numbers, which ensures that the customers take all the risks and the companies never lose.

The theory of luck is not alien to biology. In evolutionary terms, a belief in good or bad luck makes excellent sense. It is clearly beneficial, providing a useful social balm, protecting the successful from a certain amount of envy on the part of their peers. If luck is all it takes, success could come to anyone! The successful themselves, however, tend to be less convinced. Alexander Fleming’s response to those who remarked on the “accident” of his discovery of penicillin, was that “chance favours the prepared mind.”59

There’s a lot in that. And it might be said, with equal validity, that “mischance follows the unprepared or unwary mind.” But is that really all there is to it? Can fortune be nothing more than an ability, a willingness, to take the chances offered? And do we all get the same chances? The evidence suggests that we don’t. The lives of individuals are just not long enough to let them play with planets or enjoy the actuarial benefits of sufficiently large numbers. Some of us, in the natural course of things, are bound to slip between peaks in the cycle of fortune.

We have, however, the right to expect a certain number of lucky breaks. And when these occur unusually often, or fail to happen at all, it is not unreasonable to wonder whether the laws of chance are being, if not broken, at least a little bent by the action of some other influence.

Coincidence

In 1967, the telephone number of a London police station was changed to 40116. An officer working there asked an acquaintance to call him during duty hours the following evening, but told this person that the number was 40166. It was not until he came to work the next day, that the policeman realised he had got the number wrong. That evening, however, while patrolling an industrial estate with a colleague, the officer noticed a light burning in one of the factories and went in to investigate. Just as they arrived, the telephone rang. The policeman picked it up and was astonished to find that the caller was the person to whom he had given the wrong number. There was no number on the instrument, which turned out to be ex-directory, but the factory manager confirmed later that it was in fact 40166.213

Arthur Koestler described such coincidences as “puns of destiny” and suggested that the hint of purpose in them made these qualitatively different from the purely mathematical long shots that, for example, from time to time give bridge players the one hand in 635,013,559,600 that contains all thirteen cards of a single suit. Such combinations of cards are, according to the laws of chance, as likely as any other hand. They are certain to happen. The odds against them are probably no greater than those which let a policeman’s acquaintance ring him at the precise moment the officer comes within reach of the one telephone in his district that will ring in response to the wrong number. But there is something in “meaningful coincidences” of this nature that ought to make a biologist sit up and take notice – particularly when they appear to have survival value.

There is a Victorian story of a country girl who set out to visit her sister Elizabeth Mary Parker, who lived at 36 Eaton Place in London. En route she lost her wits, her memory and her way and knocked in desperation at the door of a house number 36 in a street that seemed to have the right name. It turned out that someone called Elizabeth Mary Parker did in fact live there and was not her sister, but was able, because of earlier mix-ups in the mail, to tell the distraught girl where her namesake, the true sister, could be found.

Coincidences of this order are both entertaining and instructive. They draw attention to the tendency of what the Greek physician Hippocrates called “sympathetic elements” to seek each other out. And they hint at a mechanism behind the laws of nature.

Think for a moment of the dilemma faced by someone trying to find a friend in a city the size of London. The odds against running into them by accident are enormous. A random walk through the streets, looking at the names on doorbells, might be successful – but it would take far too long. The only sensible procedure is one which eliminates the largest number of alternatives. The fact that the Victorian girl knew the number 36 was a start, narrowing down the list of choices. A street name would have been better, but as it happened, the combination of number with a personal name and a little luck, was sufficient.

Evolution seems to follow a similar course. The number of conceivable molecular structures for even a single protein is so large, that they cannot even be screened. And yet, somehow, the process of natural selection succeeds in moving from the general to the specific, in eliminating alternatives and putting together the right ingredients for stable life, in a remarkably short time. Part of this process is lawful and orderly in the sense that choices are made according to established rules, under which each new decision depends on the answer to the previous question. This leads inevitably towards greater stability, but there is room and perhaps even a need for a random and unstable ingredient. For an element of luck. It was coincidences of this kind that started Austrian biologist Paul Kammerer thinking about clusters of like events that seemed to be connected by a common principle.

Kammerer was “the Linnaeus of coincidence”.211 He spent his spare time in public places, recording and classifying everything that happened. He noted the number of people passing, grouping them according to how they dressed and what they carried, finding clusters of phenomena wherever he looked. He arranged occurrences into morphological series, distinguishing between coincidences of the first, second and third order, and organising events in accordance with the number of attributes or parameters they shared. He concluded that incidents were patterned in time and space, recurring in ways which could not be explained by coincidence alone. Things happen, he said, in ways “which make coincidence rule to such an extent that the concept of coincidence itself is negated”. In other words, it never rains but it pours. And he called this tendency, the Law of Seriality.203

It is not a law that depends on any causal forces we can measure, but there is something familiar about it that is very persuasive. Einstein found it “original and by no means absurd”. There are echoes of it in Plato and Pythagoras, and in the cosmologies of Johann Kepler and Sir Arthur Eddington. All suspected the existence of some principle that transcends cause-and-effect, some kind of form, a sort of harmony that chimes through the universe, preceding and shaping the content of things.

The best attempt to lay this ghost in the machinery of things, is perhaps the collaboration in 1952 of a Nobel Prize-winning physicist and a great psychologist. Wolfgang Pauli and Carl Gustav Jung attributed coincidence to an acausal connecting principle which operates independently of the known laws of classical physics. They proposed a force at work in the world which tends to impose its own kind of discipline on the chaos required by the second law of thermodynamics. Natural law, they pointed out, is not absolute. It is a statistical truth which holds good only on average and often bears little relation to the way in which things actually happen. The law leaves room for exceptions, which can be completely acausal, but are nonetheless real and evident. And when such exceptions operate independently of time and space, linking events in strange and unexpected ways, meaningful coincidences take place. They called this Synchronicity.

Jung made it clear that he was aware of the consequences of their theory. If causeless events exist, if they cannot be ascribed to any known antecedents, then they must be considered as original creative acts. “Though we must of course guard,” he said, “against thinking of every event whose cause is unknown as causeless. This is admissible only when a cause is not even thinkable.” Many meaningful coincidences could be the result of pure chance. This is a thinkable explanation. “But,” he went on, “the more they multiply and the greater and more exact the correspondence is, the more their probability sinks and their unthinkability increases, until they can no longer be regarded as pure chance but, for lack of a causal explanation, have to be thought of as meaningful arrangements.”200

It is the nature of such arrangements, and the apparent purposiveness of many of them, that makes the possibility of coincidence something of real concern for biology.

In his Gifford Lectures twenty years ago, the zoologist Sir Alister Hardy drew attention to the truly creative power of natural selection. He discussed a variety of adaptive colour markings in animals and showed how many of these, particularly those which produce disruptive or cryptic patterns that make an individual hard to see, could not possibly have been produced by the organisms themselves. These camouflage markings show such subtlety of shade, contrast, tone value and position – all visible only at some distance from the animal concerned – that they can only have been selected by outside agents. The agents, of course, were predators who came amongst them like voracious art critics, eating all the less successful productions.147

Jacques Monod, geneticist and arch-mechanist, has no problems with such things. He insists that natural selection, without any outside help, is perfectly capable of drawing “all the music of the biosphere” from sources of noise. And that genetic accidents, occurring purely by chance, are sufficient explanation for the emergence of all complex structures and even the most purposive forms of behaviour. “Chance alone,” he says, “is at the source of every innovation, of all creation in the biosphere.”248

There are few field biologists able to share such presumption.

During the past decade, I have had the pleasure of spending time in the Amazon and on the edge of rainforest in the Mato Grosso of Brazil. It is a wonderland with biological variety on display in such abundance, it is almost embarrassing. Amongst it all, nothing recently seen has amazed and intrigued me more than the structure and behaviour of the giant anteater Myrmecophaga tridactyla.

This enormous creature is one of nature’s ultra-specialists. It eats only ants and termites, ripping open nests and mounds with the aid of claws like sickles on the end of forearms which would not look out of place on a blacksmith. Its ability to rise up on hindlegs and strike out with great speed, makes it one of the least-molested of all mammals, able to hold its own even against a jaguar. And yet, it has developed one of the most intricate of all patterns of disruptive colouration.

Across the anteater’s icicle-shaped snout is a shadow patch which destroys its sharp profile as effectively as any gun camouflage pattern ever painted on a piece of field artillery. And on the forelimbs are bands of black and white fur which look randomly placed on an animal in motion, but line up perfectly to produce coincident stripes of camouflage across the front of an anteater resting on its haunches. The continuity of these colour bands when the legs are held together, is complete, a miracle of selective genetics as impressive as those which give some butterflies and moths a continuous “design” that overlaps from one wing to another when these are held at rest.

I am prepared to believe that natural selection, given sufficient time, has the creative power to make such alignments. But on my last visit to South America, I became aware of one further order of coincidence amongst anteaters that puts a great strain on such credulity.

In addition to the leg and snout bands, giant anteater are emblazoned with a dark and diagonal side stripe, a vivid black slash that begins broad at the chest and tapers to a point over the pelvis. This, once again, breaks up the natural outline of the beast, which is already rather bizarre, and makes it very difficult to spot against a broken background. Young anteaters are similarly marked and enjoy the same protection as their parents, but what astonished me beyond measure was what happened when I watched the two come together. Baby anteaters ride on their mothers’ backs, lying flat across the spine low down near the tail, clinging to the one spot there that makes the stripe on their own flank a perfect extension of the maternal sash. And as they grow larger, and move further forward to distribute their weight more evenly, their growing stripes continue to make a seamless connection, joining mother and child invisibly by means of the only shape in the only place that would make such continuity possible.

Mutations which produce a coincidence in pattern between different parts of the same animal, are impressive. Coincidence in the pattern between two animals, particularly when this depends on an effect that neither can see, but must be created by an adaptive pattern of behaviour that has to change with age to be of any use at all, is awesome. And given the fact that it occurs in a species that does not seem to be under particularly heavy or critical predation, I have trouble accepting that what I see there is entirely the result of blind chance or happy accident. I am driven, more and more, to the conclusion that, in such examples at least, natural selection is joined by some other, more purposive, force.

Order

In the world of classical physics, there was no room for chance or coincidence. Everything had a place and a direct cause. Isaac Newton believed that it was just a matter of time before all such causes were known. “If it were possible,” he said, “to know the position and velocity of every particle in the universe, then we could predict with utter precision the future of those particles – and therefore, the future of the universe.”268

Heisenberg changed all that. He showed that it was impossible even to understand the present in all its detail, because we can never know the position and momentum of even one particle precisely. So in the world of modern physics, nothing has a cause. Things just happen, by chance, for no particular reason. But the way in which these happenings group themselves, is anything but random.

Certain substances, for instance, are radioactive. They spontaneously disintegrate, throwing off unstable particles in ways which are totally uninfluenced by temperature, pressure, chemical change or the effects of electric or magnetic fields. The disintegration is observable – as the wayward particles spin off, they produce a visible trace on a fluorescent screen – but it is a process that cannot in any way, even in theory, be predicted in advance. Schrödinger puts it well: “If you are given a single atom, its probable lifetime is much less certain than that of a healthy sparrow. Indeed, nothing more can be said about it than this: as long as it lives, the chance of it blowing up in the next second, remains the same.”333

The future of any such atom has no relation to its past history or to its present environment. It is, in the words of physicist David Bohm, “completely arbitrary in the sense that it has no relationship whatsoever to anything else that exists in the world or that ever has existed”.26 And yet there is a pattern to such decay. The time it takes for half the atoms in a radioactive substance to disintegrate, is fixed and well-known. It is called the half-life of an isotope and varies from a millionth of a second to more than a million years. The half-life of radon is 3.825 days and of radium 1622 years. While it takes 4.51 billion years of uranium to decay to half its original level.

So, despite the fact that the disintegration of any one atom is totally unpredictable, the behaviour of large numbers of such atoms is assured. If disorder is sufficiently widespread, it becomes orderly. If you pile uncertainties up high enough, the outcome is certain. Random events, provided there are enough of them, produce patterns with reason and meaning. This is the paradox of probability – the conjuring of certainty out of collections of random and unrelated events. It is something governed by what the Swiss mathematician Daniel Bernoulli has called the Law of Large Numbers.

Put very simply, Bernoulli’s Law says that “probability tends towards certainty as the number of events involved approaches infinity.”75 For example, if two puppies share a single flea, only one dog can have it at a time and there is no way to predict where the flea will be. But over a period of weeks in the den, it becomes increasingly likely that the dogs will share an equal number of bites. Or, to take another commonplace example, in the insurance business it is the customer who assumes almost all the risk. The man who buys a policy cannot know whether it will ever benefit him. But the insurance company, by basing its calculations on the Law of Large Numbers, on statistics derived from many thousands of similar policies, can guarantee that it will always make a profit.

The Law works so well that when it appears to fail, there is good reason to look for alternative explanations. The statistician Horace Levinson analyses two experiments with dice involving 49,152 and 315,672 throws respectively. In the first, a success was recorded when either 4,5 or 6 came up – and in the second and longer series, success was limited to the appearance of only those sides with 5 or 6 spots. The Law predicts that half of the first series, that is 24,576 throws, should have been successful. The actual result was 25,145 – an excess of 569. The theoretical prediction for the longer series was one third, which is 105,224 successful throws. And in this case the result was 107,665 – an excess of 2441. In each series, the unexpected excess was close to 2.3 per cent, a result which could have been expected on the basis of chance alone, only once in five million times. Levinson concludes that the dice involved, perhaps even all dice, have a very small bias due to the different number of spots, which shows up only in very long series of trials.213

He could be right. Or, if the dice were not being thrown mechanically, the distortion could be evidence of the intrusion of some sort of human factor – which is not always easy to recognise.

I know an ecologist who, as a rule of thumb, assumes that if in a strange land he finds four trees of one species in a straight line, humans were probably involved in their cultivation. And if, on measurement, he discovers that these trees are equidistant, he regards his assumption as a certainty.

Most of the time, he is justified in doing so. Such regularity in small numbers is rare in nature. But there are occasions when nature is capable, without our help, of astonishing feats of order – even without resorting to the smoothing Swiss effects of Bernoulli’s Law. It relies instead, in these cases, on an Italian influence.

The mathematician Leonardo Fibonacci lived in Pisa during the twelfth century, when it was a great mercantile centre with strong commercial ties to North Africa. He was tutored by an Algerian, learned the Arabic system of arithmetic notation and published an important book in which he also posed the following problem:


A certain man put a pair of rabbits in a place surrounded on all sides by a wall. If it is supposed that each pair begets a new pair every month, beginning in the second month, how many rabbits will there be in a year?



The answer is that 1 pair is born in the second month, 2 pairs in the third, 3 pairs in the fourth, 5 in the fifth, 8 in the sixth, 13 in the seventh, 21 in the eighth, 34 in the ninth – and so on. In other words, the number of pairs produced in each successive month is equal to the sum of the pairs produced in the two previous months.100

This sequence is now known as the Fibonacci Series and its pattern is by no means arbitrary.

If you take the common daisy Bellis perennis and look closely at its golden pin-cushion disc, you will find that it consists of dozens of tiny, tightly-packed florets. These are never arranged haphazardly, but in a double set of curved lines spiralling out from the centre. There are precisely 21 florets in the clockwise spiral and 34 on the anti-clockwise curve. In other composites – such as marigolds, thistles and sunflowers – the ratios range from 13/34 through 21/55 to 34/89 and on up, depending on the size of the flower head. But all the numbers are always Fibonacci numbers.

In other plant families, the angle of divergence, that angle which lies between the midline of successive leaves on the stalk, follows the same sequence. Expressed as fractions of a circle, these are 1/2 in grasses, 1/3 in sedges, 2/5 in roses, 3/8 in bananas, 5/13 in leeks and 8/21 in pine cones. Once again the Fibonacci connection holds. Both the numerators and denominators of these particular fractions represent the sum of the two previous numbers of each.

Even within a single species, such as the waterweed known as quillwort Isoetes lacustris, a Fibonacci series is evident in changes that take place with increase in age. The first leaves are diametrically opposite each other and, as others are added, the fraction changes to 1/3, 2/5, 3/8, 5/13 and so on until the limit of divergence is reached.

It is difficult to dismiss such arrangements as coincidental. There are similar progressions in the structure of antelope horns and in the genealogy of the male honey bee. There are even said to be relationships between the Fibonacci Series and the fabled Golden Mean. The pattern is so pervasive that in California (where else?) a Fibonacci Association was formed in 1962 “to exchange ideas and stimulate research on the Fibonacci numbers and related topics”.

I am a little uncomfortable with such obsessions. It is all too easy to get hooked on numerology. Numbers have an insidious magic of their own which tends sometimes to obscure the truth and to divert proper investigation. But there is solace in the fact that this one, at least, seems to be grounded in down-to-earth biology. If leaves did not diverge, each would be shielded by the last one from the sun and, with all its leaves on one side of the stem, plants would be in danger of toppling over. The angle at which leaves do diverge is probably not determined genetically – the only inherited instruction in any plant seems to be that they should diverge and the rest is left to light, gravity and the growth rate of cells in the apical meristem.

There are a host of other links between nature and number. The crystals of common salt are perfectly cubical, while snowflakes ring changes on the hexagon. The shell of the nautilus, a relative of the squid, has chambers arranged in a perfect logarithmic spiral. And the orbits of the planets round the sun are patterned on the shape of conic sections.

The fact that nature mirrors forms and relationships in theoretical mathematics, shouldn’t come as a surprise. Even mathematicians are human and, like the rest of us, seem to have Earth’s measure. We are all natural productions, imbued with an innate sensitivity to our planet’s cycles and rhythms and, given the freedom to express this heritage, we tend to produce designs that reflect our origins. Though sometimes our busy brains need to be lulled into relative inactivity, forced to listen to the heart-beat, before we get the message.

In the middle of the nineteenth century, with Europe in the throes of various revolutions, the growing science of chemistry found itself in equivalent turmoil. John Dalton’s contention that the elements differed from one another only in the mass of their atoms, was slowly becoming accepted and there were several rival calculations of relative atomic weights. Unfortunately, these differed so widely that even a simple compound like acetic acid, which only contains three elements, was being given nineteen different formulae by competing groups of chemists.

One of the first to try to bring some order to this confusion was the English chemist John Newlands, who suggested in 1864 that the relationship between the sixty-three elements then known was best defined by listing them in order of increasing atomic weight. But he was laughed at. The journals of his day refused to publish the paper, suggesting derisively that his arrangement of the elements by atomic weights made as much sense as listing them in alphabetical order.

It was not until five years later that the problem was eventually resolved, by a Russian and as a result, it seems, of a mid-afternoon dream.

Dmitri Mendeleyev, at the age of twenty-six, attended the First International Chemical Congress at Karlsruhe in 1860 and was impressed by discussion there of methods for calculating atomic weight. He became concerned with the problem of order amongst the elements and made a set of sixty-three cards listing the various chemical and physical properties of each, spending most of his spare time in attempts to arrange these in ways that made scientific sense. By March 1st, 1869, he had tried and rejected hundreds of possible patterns and that afternoon, following the failure of his latest system, he fell into an exhausted sleep – and woke up with the answer.

In order to make sense of the elements, Mendeleyev realised, all he had to do was arrange them, according to their atomic weights, in eight vertical columns. As soon as he did this, they fell into natural patterns, with elements of similar properties such as acidity, hardness and melting point, all grouped together. By evening of that momentous day, he had drawn up his celebrated Periodic Table in which the relationships between various elements were made clear by their regular spacing.

Mendeleyev refined and improved the table later, and in the ensuing century it has been extended and subdivided in a number of ways to allow for new discoveries. But despite the suggestion of over 700 other versions in the interim, his pattern remains the best and most useful yet devised. The strongest test of its validity has been the way in which gaps in the table, deliberately left there by Mendeleyev, have been filled by the discovery of new elements (we now have 107), whose existence the table clearly required. Mendeleyev himself pointed out three major holes, and accurately predicted the properties of gallium, scandium and germanium, which were not actually discovered until 1875, 1879 and 1885 respectively.

Mendeleyev’s brainstorm clearly depicts an underlying pattern of nature, an order amply confirmed and explained by our new knowledge of the behaviour of electrons and protons. And it seems proper and satisfying that this insight, the basic shape of the “dream table”, should have come to him in his sleep. It is not, of course, the only great inspiration to have been arrived at in this way.

In 1865, another mental breakthrough was made by the German chemist Kekulé von Stradonitz while travelling half-asleep on a bus. He was convinced that the atoms of chemicals, particularly the complex organic molecules, were arranged in special structural forms with their own particular properties. Starting in 1858, he successfully worked out the shape of a series of carbon compounds, but one in particular continued to elude him. He was unable to make sense of benzene, a substance discovered by Michael Faraday in 1825 and in increasing use as a base for new synthetic dyes. Kekulé worried over the problem, but could find no solution until that day on the bus, when it seemed to him that he saw atoms whirling in a serpentine dance. As he watched the movement in his mind’s eye, the tail of one long atomic chain was swallowed by its own head and took on the form of a spinning ring. This architectural vision gave him the clue he needed for description of a whole group of cyclic or ring compounds that still play a crucial role in organic chemistry.

There seems to be direct link between truly creative intelligence and the ability to dilute consciousness, to cut mental corners and practise unusual, lateral thinking in what amounts almost to a state of trance. All the most profound insights seem to flow from breaches in the barrier between waking thought, which tends to be conservative, and dream logic, which is essentially liberal. It cannot be purely accidental that Coleridge composed “Kubla Khan” in his sleep
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