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To the memory of George Harrison, who brought sunlight into so many lives






And seeing the snail, which everywhere doth roam,


Carrying his own house still, still is at home,


Follow – for he is easy paced – this snail,


Be thine own Palace, or the world’s thy gaol.


JOHN DONNE,
‘Verse Letter to Sir Henry Wotton’ (1635)







PREFACE


THE CRY OF THE EAST WIND




There are two seasons in Scotland: June and winter.


Billy Connolly





In 1938 Joseph Goebbels saw some pictures of Edinburgh. He was impressed, and noted that ‘It will make a delightful summer capital when we invade Britain.’ The photographer must have been lucky with the weather, for a native of the city was less positive:




Edinburgh pays cruelly for her high seat in one of the vilest climates under heaven. She is liable to be beaten upon by all the winds that blow, to be drenched with rain, to be buried in cold sea fogs out of the east, and powdered with the snow as it comes flying southward from the Highland hills. The weather is raw and boisterous in winter, shifty and ungenial in summer, and a downright meteorological purgatory in the spring. The delicate die early and I, as a survivor, among bleak winds and plumping rain, have been sometimes tempted to envy them their fate … Happy the passengers who shake off the dust of Edinburgh, and have heard for the last time the cry of the east wind among her chimney-tops!





Thus Robert Louis Stevenson, and he lived up to his words, for he abandoned the Scottish capital for California, only to expire in his mid-forties under the blue skies of Samoa.


I arrived in the city as a callow undergraduate in 1962, in time for the coldest winter of the twentieth century, with the place cut off for days by snow. As spring slowly failed to arrive, one of my first-year physics lectures dealt with the ‘haar’, the icy fog that often envelops the Athens of the North in that season. It appears when warm moist air sweeps over the cold North Sea and condenses into a fine mist that blows inland to soak its citizens. The phenomenon is well described in James Hogg’s 1824 work The Private Memoirs and Confessions of a Justified Sinner, the inspiration for Stevenson’s Dr Jekyll and Mr Hyde. In one scene the hero walks past Holyrood House, at the lower end of the Royal Mile, where ‘the haze was so close around him that he could not see the houses on the opposite side of the street’, and then climbs Arthur’s Seat to find the summit in sunshine (to enliven the tale, his half-brother, who is possessed by the devil, emerges out of the dreary pit below and later murders him in one of the gloomy wynds of the Old Town).


Almost two centuries on, ‘dreich’ weather, if not demonic possession, still lays siege to the capital. The mist can last for days, and the atmosphere was in my time further improved by the scent of a nearby brewery, whose site is now occupied by the Scottish Parliament. In spite of the long days of summer (and I have happy memories of staggering home as the June dawn broke), Edinburgh has just twelve hundred hours of bright sunshine a year and in Europe only Glasgow, Reykjavik and Tórshavn in the Faroes do worse, while there are almost twice as many in the house at the edge of the French Pyrenees where much of this book was written.


I was lucky to get in to the University, for my A-level results were not impressive. A bad student blames his teachers, but many of mine were, in truth, dire. Wirral Grammar School was then, like many of its fellows, a watered-down version of what its masters imagined Eton to be, with gowns, houses, uniforms, canes, rugby football and all that stuff. Like its grand counterpart, it was devoid of members of the opposite sex, who were caged in a twin institution nearby and with whom we had, alas, almost no contact. The sole exception to its relentless conventionality was that the school song utilised the melody of the National Anthem of the USSR, perhaps in homage to our allies in the Second World War.


English, French and history were well taught, music and art appallingly so (the school’s best-known alumnus is Kenneth Halliwell, who perhaps in reaction to his adolescent experiences there killed his boyfriend, the playwright Joe Orton, after each had spent time in prison for defacing library books to make collages). It had its post-war quota of disgruntled, disturbed, dismal and demonic teachers, balanced by a few memorable individuals. My Latin teacher, Ebenezer Titus Ebonorufon Fewry, was, we believed, the first African to teach in a British grammar school. For his pupils, he was a fearsome but inspirational figure. He once accused me, with some justification, of having a mind like a dustbin, and that description has comforted me ever since. Mr Fewry returned to Sierra Leone and rose high in the nation’s legal establishment before his country fell into chaos. I worked for a time at the University there, and tracked him down to his home, a rusty shed at the edge of Freetown. He had become an old man and did not remember me at all, but we managed to exchange a few memories of Liverpool’s Left Bank before I left. Battered as he was by his experiences, in a very African denouement he was later committed to a mental home, where he was murdered.


I recall other pedagogues for more banal reasons. In the sciences I had one excellent biology teacher, matched by a series of dreary and bored tutors in mathematics, chemistry and physics. Biology I remember for its trips to the Field Centre at Malham Tarn in Yorkshire, where quite by chance I collected a few of the snails that later became the subjects of my own research (and I later taught a couple of field courses there myself, with much of the time spent in failed attempts to hide my ignorance of basic natural history). However, when it came to the physical sciences my abiding recollection is of a two-hour session on the Earth’s atmosphere – now, I realise, a fascinating topic – in which a dusty master droned a monologue that ended with the unforgettable statement that ‘this explains why it only rains when there are clouds in the sky’. In time I abandoned the classroom altogether and spent my days in Liverpool’s Picton Library, an activity that gave me my only tie with the Beatles, for I sometimes walked past the door of the Cavern Club (about which I knew nothing) on the way there from the Pier Head.


My poor A-levels meant that my applications to the four universities of my native Wales were all turned down. I then discovered that Edinburgh had a later application date and dashed off a submission. An answer appeared almost by return of post: I could come. It was the most important letter I have ever received, for the city, and its climate, formed my career and to a large extent my life.


My first weeks passed in a haze of confusion and embarrassment. I met my first public-school boy (an experience from which I am yet fully to recover), and spent a night on Waverley Station when the commercial travellers’ digs in distant Portobello to which I had been assigned threw me out because I played the guitar. We were addressed by the Principal of the University, the eminent physicist Sir Edward Appleton. He had won the 1947 Nobel Prize in physics for his part in the discovery of the ionosphere, Earth’s shroud of charged particles, activated as it is by radiation from the sun. His work was one of the first steps in the study of the relationship of our home planet with its parent star, and of how, alone in the solar system, Earth has managed to keep both its oxygen and its water. He told the assembled youth that the happiest moment in his life had been when as a schoolboy he was introduced to calculus, and we were crass enough to snigger at what then seemed to us to be – but I now realise was not – an absurd claim. He is commemorated by the Appleton Tower, a structure of shameless ugliness built during my undergraduate years on the ruins of an elegant square as the first step in an extended campus that has destroyed large sections of the city’s Georgian heritage.


In physical terms Edinburgh is, as Dr Johnson put it, ‘a city too well known to admit description’, and I will not attempt to do so. Grim as it might sometimes appear, the Scots capital was a wonderful setting in which to study, not just because of the excellence of its college’s instructors but because it was a real place, with the University and its students woven into its fabric, rather than some academic Disneyland cut off from the world by walls of distance or privilege.


The University then still clung to remnants of its tradition as the ‘Tounis College’, whose job was to instruct local boys, who expected, and received, nothing more than education from their alma mater. In my day it owned little student accommodation and had no more than a minor role in health, in welfare, in careers advice and in the assessment of its customers’ satisfaction, pastimes that now consume much of the energies of its staff.


In the half-century and more since my arrival, the relationship of the Town’s College to its students has been transformed. In my first days, the challenges of being thrown in at the deep end forced a certain resourcefulness upon us all. That was matched by the institution’s readiness to accept even its younger members as adults who could decide for themselves whether to sink or swim. As an undergraduate I was given a key to my own department, and I with many others often took advantage of that to work late in the library (and now and again to get a free bed for the night). Today, that idea would be unthinkable, and the place has multiplied its numbers by five times, houses many of its students, and has a network of support unknown in my time. In many ways that is welcome, but, somehow, part of its unique flavour has been lost.


Biology, too, was in those days in transition from what it had been – the study of animals and plants, from skeletons and stems to ecology and behaviour – to what it has become, an exercise in molecular anatomy, leavened with computer science. In my first weeks, we were told to go to the library and identify the most important paper published in the journal Nature in the previous decade. Somewhat bemused, I went to the stacks, and the answer at once became obvious. The spine of the 1953 volume was battered and grimy, two of its pages were covered with finger marks, and (the unforgivable sin) someone had underlined parts of it in ink. It was, needless to say, the Watson and Crick paper on the structure of DNA, the molecule that became the icon of the twentieth century. The vandal had highlighted the penultimate sentence: ‘It has not escaped our notice that the specific pairing we have postulated immediately suggests a possible copying mechanism for the genetic material’ (a statement which struck me even then as a triumph of false modesty). Much later I wrote a preface to a new edition of Watson’s famously undiplomatic book The Double Helix, in which I faced the impossible task of bringing fifty years of genetics up to date in fewer than twenty pages. I made the perhaps tasteless joke that although Newton had seen further by standing on the shoulders of giants, Watson and Crick had preferred to stand on their toes. For that I got a stiff letter from Watson, but he redeemed that long afterwards with an invitation to his ninetieth birthday dinner in the Athenaeum (no false modesty there, of course).


I was, without fully realising it, taught as an undergraduate by some of the founding figures of genetics, a science that in my student days was little more than half a century old for it dated its birth to the 1900 rediscovery of Mendel’s Laws, published, but ignored, thirty-five years earlier. Perhaps the most memorable was Charlotte Auerbach, a Jewish woman who fled Germany in 1933 and who came to Edinburgh to do a PhD. In the early years of the war, in what was then top-secret research, she discovered that mustard gas, already known to cause wounds that resembled those produced by high doses of X-rays, induced mutations in fruit-flies at a rate far higher than did radiation. That was the first step in what has become the enormous field of chemical mutagenesis, now central to the study of cancer and of DNA damage. As one of my more impressionable fellows put it at the time: ‘It’s like being taught physics by Newton!’ and in some ways it was. Several others among my pedagogues were in at the birth of what are now sciences in their own right. They did fundamental work on the genetics of single-celled organisms such as malaria parasites, the control of cell division, the biology of fertilisation, the nature of embryonic development, the barriers between species, and more. All – unlike many of their modern equivalents – were happy to tell students about the latest developments in their field and, even better, to engage them in discussion over the vile but powerful coffee served in the basement canteen.


Many of my lectures, my undergraduate research project and my PhD thesis – still based in Edinburgh – had, although I did not realise it at the time, a tie to the work of Sir Edward and, in the end, led to a career, and to this book. Appleton, with many others, had studied how the upper atmosphere protects those on the ground from the rays of the sun. His work was a first step towards today’s image of the sky above as a complex filter, without which life would not exist. Less than half of the radiation that strikes the outer atmosphere makes it to the surface on a sunny June day (and in the haar just a quarter as much), but those rays mould all our lives, physical, mental and – for some – even spiritual. My research, trivial as it may be in comparison to his, has done a little to show how they rule the lives of plants, animals, and ourselves.


The notion that our nearby star drives the weather, forms the landscape, fuels – but sometimes kills – the creatures that live upon it, controls almost all daily and annual patterns of activity, improves the mood of those who bask in its rays, and even acts as a seat of divine authority, can be traced back to the Greeks and beyond.


They, like many of their successors, were uncertain about the balance between its benefits and its dangers. Zeus, God of the Sky, destroyed his enemies with thunderbolts but also protected the harvest, while his son Apollo ruled the sun, poetry and music, but, when minded to, brought the plague. In Queen Victoria’s day, too, the star was seen as a mixed blessing, for although it never set on her imperial possessions it was known to be dangerous to those who ruled over them. For women, exposure might cause a tan, a sign of social inferiority, while the opposite sex faced challenges of its own. An early twentieth-century volume entitled The Effects of Tropical Light on White Men warned that its rays led to irritability, lack of drive and of concentration, loss of memory and of appetite, headaches, insomnia, diarrhoea, depression, phobias, heart palpitations, excessive masturbation, insanity and suicide. The only protection was to wear red underwear.


Whatever its effects on intestinal health and autoeroticism, all the other ailments listed in that great work are indeed related to sunlight, but – as my own pages try to explain – to a shortage, rather than an excess, of its offerings.


A few years after its publication, attitudes began to change. Robert Baden-Powell, founder of the Boy Scout Movement, recommended in a 1922 work that ‘young fellows in their rutting stage’ should carry out outdoor exercise naked or with as few clothes as possible to allow sunlight to permeate body and mind and to reduce the ever-present danger of self-abuse. His suggestion developed into the healthy-living craze of the post-war years, with its emphasis on life in the open air – a dogma that persisted into my own adolescence, no doubt to my benefit. In recent years, however, the climate has altered again. Television, laptops and mobile phones mean that instead of the forcible ejection into the fresh air I faced in the boisterous 1950s, young people today spend, on average, an hour a day less outside than they did even a decade ago.


The general principles of the effects of sunlight on ecology, climate, geology, health and temperament were established long ago. However, since my own stint north of the Scottish border, each of those topics has been transformed. Here Comes the Sun tries to weave such advances into a single narrative and, as all I have to report of any interest about my own life is science, the occasional anecdote may creep in. To set the scene I preface this Preface with a brief account of some of the ways in which I have myself tried to explore a few of the talents of the solar furnace.


In a belated revenge on the Caledonian climate, much of my time since I last heard the cry of its east wind has been spent under blue skies. Like Stevenson, I have endured quite a long spell in California, but I never made it to Samoa (I did, however, get to Hawaii). A fifty-year search for illumination has also taken me across Europe, to the Americas, to Australia and to Africa. In my student days an interest in the tie between solar energy and biology seemed a minor specialism, but the subject has grown to encompass some unexpected parts of the world of science.


Whatever the local climate, the interaction of animals with their planet’s source of energy influences their behaviour, their ecology and their internal machinery. In addition, it helps to maintain genetic variation and directs the course of evolution. My own research touches on all those themes. Perhaps the sole piece of general advice to emerge from it is to remind every scientist of the value of E. M. Forster’s phrase ‘only connect’: always search for links of one topic with others from disparate subjects, in the hope that they will provide a hint about what to do next. My explorations into the perhaps arcane field of the thermal biology of snails and fruit-flies has had rather little impact on climatology, physiology, ecology and the rest, but at least it has been possible to make many links in the opposite direction.


In the past three decades technology has transformed the science of life. Genetics and evolution have become two faces of the same subject. The former – to use a somewhat hackneyed analogy – provides its vocabulary, while the theory of evolution gives the field its grammar.


In my student days, in contrast, the study of inheritance, of the history and geography of plants and animals, and of the flow of energy through bodies and through communities scarcely overlapped. Molecular biology had just begun, but the idea that one could read the language of the genes seemed unthinkable. Research on inherited diversity in nature was confined to the few creatures that gave a hint about what variation they possessed. They included fruit-flies, butterflies and a few plants. My own favourites – and that of many biologists of the period – was a certain group of land snails. Their attraction was (and is) that they have a system of inherited variation in shell characters that makes it possible to count genes in natural populations. I have collected tens of thousands of the creatures in an attempt to work out quite why such diversity is there, and have accumulated published and unpublished data on hundreds of thousands more (and Stevenson comes into the tale, for he once said: ‘It is perhaps a more fortunate destiny to have a taste for collecting shells than to be born a millionaire’; I agree, although I do regret missing a legacy).


A couple of my Edinburgh contemporaries gained Nobel Prizes, but such distinctions are not offered for excellence in the study of molluscs. Even so, and even in the face of the ridicule faced by those involved in the subject, I do not regret the years spent in their company. Part of the reason is the simple pleasure of field trips to spectacular parts of the world, but more has to do with my role as a minor participant (and enthusiastic bystander) as that small corner of biology has been illuminated by discoveries in other fields.


Now, I am sorry to report, the advance of technology means that my favourite creature has lost its modest glamour. I used to be able to say that ‘I am one of the top six experts on the genetics of snails and the other five agree’ but now I doubt that even half a dozen of us are left. The cost of reading the message of DNA has collapsed. In the year of the Millennium, when the (then much-mocked) notion that it might be possible to sequence the human genome began to make serious moves forward, the price was estimated at a hundred million dollars per head. Now, that has dropped to around a thousand dollars, and may soon be even less. Why, then, study a system like mine, with a few hundred variant forms in shell colour and pattern, while in any creature, from bacteria to humans, ingenious machines make it possible to identify millions within the double helix itself?


Not just molluscs have moved out of the limelight. Once, most biological roads led to fruit-flies, for until not long ago almost every advance in genetics was made with their help. I too have spent plenty of time in their company. Now, even the glory of the fly has begun to fade, and Homo sapiens has replaced Drosophila melanogaster as the preferred raw material of much of the science of life.


In many ways that has been a positive move, for that species is a far more tractable subject for the study of genes in populations than is any other creature. Patterns of human diversity are better understood than are those of other animals, with hundreds of thousands of copies of the double helix read off across the world, while techniques to identify, and perhaps even to repair, damaged genes have begun to enter medical practice. The evolutionary tale told by DNA is supplemented by the physical and written records of the past, so that history, anthropology and the double helix have been welded into one. It has even become possible to extract the stuff from bones tens of thousands of years old (and in a tip of the hat to my favourites, snail shells can also retain their patterns long after death).


My own only direct contact with the genetics of our own species came with a trip to Israel long ago, where I took mouth swabs from citizens of Palestinian descent in an attempt to study their history of migration. We found that many families, as tradition told them, had lived in the same villages for centuries and were close kin with their neighbours.


On my way home, the security people at Tel Aviv airport became interested in the cardboard box in my hand luggage. What was in it? My reply, ‘Arab spit’, did not go down well, but when they discovered what it contained they perked up and asked whether a DNA test might distinguish those with Jewish ancestry from others. I did point out – as of course they knew – that once such tests had been used to murderous effect, but, in a reminder that human genetics raises ethical questions not faced by those who work on fruit-flies or molluscs, they seemed unconcerned (the answer to their question is, more or less, ‘Yes’).


The information that emerged from those samples became a very small part of the huge databank that now tracks our species’ movements across the globe. That mass of figures also shows how humankind has been exposed to the Darwinian machinery in just the same way as have less pretentious creatures. Grey skies may lead to gloom, but they also explain why the natives of Edinburgh and Glasgow have evolved to become the palest people in the world (Billy Connolly, quoted at the head of this chapter, once claimed that his natural colour was light blue and that he needed a week in the sun before he turned white). Their pallor, discussed at greater length later in these pages, also lies in part behind the regrettable fact that the lives of Scottish men are two years shorter than are those of their fellows in Manchester or Birmingham.


And still, as biology raced onwards, I continued to plug away at my two favourite organisms. As is the case for many scientists, some of my research has been a modest success, while more has been a complete failure. If a theme emerges as I look back on the work, too much of it combined an excess of ambition with a shortage of common sense. One of the famous experiments in the evolutionary biology of my undergraduate days involved industrial melanism – the spread of dark-coloured genes in moths in smoke-blackened British cities. There was then an attempt to measure the intensity of natural selection by birds as they picked off the lighter versions from soot-covered urban trees and their opposites from the unspoilt trunks of the countryside. The work was (and to an extent still is) known to every student, but was flawed because the researcher pinned dead specimens where they would be most conspicuous, which much biased the results. Early in my career I resolved to do the job properly, with live snails and flies rather than dead moths.


That was somewhat of a blunder. In various places in Europe and the Americas we released tens of thousands of snails, and hundreds of thousands of fruit-flies. The main result was that we never saw most of them again, for we grossly misjudged the numbers already there, the ability of flies to migrate – or be blown – over large distances, and the talents of snails to stay out of sight. I did learn, to some extent, from my mistakes, but it was an expensive lesson. I skate over such failures here, and like most scientists, concentrate on the stuff that worked.


The most common species in my favoured group is referred to in natural history books (but as far as I can establish nowhere else) as the Wood Snail. Its Latin name is Cepaea nemoralis – and nemoralis does mean grove-dwelling – and the creature is abundant across much of Europe. The colour of its shell varies from pale yellow through dark pink to almost black, and its surface may be decorated with up to five dark stripes, which themselves come in several forms. Such differences are controlled by genes. With the help of friends (most of whom were not biologists but who came along for the ride) I have collected these animals and their relatives from the Hebrides and northern Norway to Croatia, northern Spain and Romania in the hope that I might uncover why the frequency of their inherited variants changes so much from place to place. I have also tried to ask the perhaps more ambitious question as to quite why the variation is there in the first place.


The job involved lots of travel. I did my undergraduate work on the genes of those creatures near their northern limit, in Scotland. One of the first trips was to the small island of Raasay, in those days a centre of the Free Presbyterian Church of Scotland (referred to by detractors as the Wee Wee Frees), the product of several splits in the Caledonian religious establishment and practitioners of the strictest form of Calvinism. They generously allowed us to stay in their disused manse, on the understanding that we were not to be seen outside on a Sunday, unless we wished to attend their service. None of us did; but it was cold and dull inside and we lit the fire. That in turn set the chimney alight, which meant that the worshippers had to break their own Sabbath rules to help put it out. We were not invited back.


My first expedition outside these islands, as I began my PhD work, was to the Velebit Mountains in Croatia. In the mid-1960s this was still a wild and woolly place with most of its roads almost impassable, but it had a spectacular limestone landscape of enclosed basins surrounded by rocky hills, and limpid lakes and rivers. I learned some basic Croat (one of my first phrases was Nisam njemački: I am not German), and over four annual visits of two or three months each I came to know the area well. No decent maps were available to the public, perhaps for reasons of security, but after the total disorientation suffered on our first trip I begged some military maps from American sources. I received them under strict instructions that I should not take them into the country itself (an order which, with a regrettable lack of responsibility, I ignored).


I also read with interest the British Naval Intelligence 1944 Geographical Handbook of Jugoslavia (‘For the use of persons in HM Service only’), with its account of the nation’s topography, climate and economy, together with a summary of the chaotic history of the Western Balkans. I was struck by the differences among the villages of the Velebit, some prosperous and some poor, some with tiled roofs, others with slates or corrugated iron. I also noticed the ramshackle state of many houses, with bare brick walls supported by solid stone bases (huge numbers had been destroyed at the time of the Second World War in a simultaneous battle against the invaders and a bitter civil war within Yugoslavia itself).


Even so, my insights into the country’s hidden discontents in those last days of Marshal Tito were feeble indeed. Memories of the bloody internal conflict of twenty years earlier still bubbled under the surface, as was manifest in the advice we occasionally received from the inhabitants of one village about the dangers of going to the next – a concern based entirely on misplaced nationalism. The friction became all too clear years later when the local Serb minority in our study area clashed with the Croat majority as Yugoslavia broke up. Thousands were killed on both sides, and the small town of Gospić, close to where we had our own quarters, was hit by a barrage of shells, on one notorious day by as many as three thousand five hundred. In a 1991 massacre close to one of our old sample sites more than a hundred people, almost all them Serbs, were murdered.


I chose the Velebit not for its scenery or its history but because Cepaea nemoralis reached the southern limit of its distribution there. I found that the Balkan populations were far lighter in colour than their Scottish equivalents, and that observation has since been backed up by many samples from across Europe, with a close fit between the incidence of the genes that produce pale forms and the number of hours of bright sunshine.


So far, so simple; but those mountains were also the home of a related and then little-studied species, Cepaea vindobonensis (the ‘Vienna Snail’, but again always referred to by its Latin name), which has an attenuated version of the variation from light to dark found in its cousin. We soon uncovered large differences in frequency of the two forms of that species over a few hundred metres. In general, the light versions were found on the slopes, while the enclosed basins were the home of the darker variants. The reason why soon became obvious, for on many mornings the basins were filled with mist while the mountains were bathed in sunlight. The temperature in the frost-hollows was often as much as 5°C lower than that on the hillsides.


It did not take much physics to work out how such patterns evolved. As anyone who sits in shorts on a black iron park bench on a hot summer’s day soon notices, dark objects heat up more in the sun than do light-coloured, because they soak up the solar output rather than reflect it. A simple check with a radiation thermometer showed that dark individuals of both species were several degrees warmer than their lighter cousins when placed in sunlight (although a two-year attempt to measure the strength of natural selection by climate on each form with the transfer of thousands of marked animals between mountains and basins came to naught).


As my research ground on, I extended the work on vindobonensis across the Balkans to see whether it showed the same large-scale changes in genetic structure as did its wood-loving relative. It did; but my main memory of the 1968 trip into Romania was the advice received from the British Embassy in Belgrade that we should abandon our plans because of the political situation. Just a few days before our intended arrival, Soviet troops had invaded Czechoslovakia, and there was real fear that Romania would be next, for a new (and still putatively liberal) ruler, Nicolae Ceauşescu, had just taken office. With juvenile overconfidence I ignored their counsel, but as I left the Belgrade offices I was handed a parcel and told to open it if I saw any signs of conflict across the border. Of course, we unwrapped it at once. It contained a large Union Flag which might – perhaps – have scared off the Russians. Fortunately we did not need it. Once in Bucharest, we were given a minder by the National Academy (who laboured under the misapprehension that we were an official expedition from the Royal Society of London; that organisation gave us the money to do the work but we had no such status, although I did not admit as much to our hosts). The minder had a heavily stamped piece of paper that caused consternation to those to whom it was shown, but opened all doors.


In the Balkans and across Europe (except on these islands where the idea that snails might be edible has never taken root), biologists who collect such creatures have an occupational hazard, the invariable question from passers-by: ‘Do you eat them?’ I know the answer – ‘No’ – in several languages but I never explain why.


I avoid them because I once suffered a surfeit of molluscs that turned mild aversion into real dislike. I had been asked to take part in a television programme that set out to explore the anomalies around the trade rules of Europe. The French had, it was claimed, planned to redefine the word escargot on a menu to mean not just ‘snail’, but ‘French snail’; a creature born on Gallic soil.


The large Roman snail has long been the nation’s favourite, but the species has been driven almost to extinction there. The smaller brown version, the petit gris, common in gardens, is tasty and easy to cultivate, but does not get its cousin’s premium price. Some restaurateurs turned to a tactic that makes economic and ecological sense: to cook a petit gris body and insert it into an empty Roman shell, often one recycled dozens of times.


Then came the quarrel with Brussels. A resourceful Irishman who raised brown snails for sale in France decided to use a giant African species instead, for it grows to the right size far faster than the others. The French growers tried to put a stop to that with an import ban on the grounds that, like Parma ham in Italy, snails were a unique part of French culture. My small part in the tale was to visit a Parisian restaurant, L’Escargot, to report on any differences I might find between the French native and its impersonators.


Its owner provided me with examples of each kind, with generous amounts of wine. Unfortunately, the producer needed repeat after repeat of the same shot until, after a couple of dozen snails and an uncounted number of glasses of Macon, I made my excuses, left, and threw up. The experiment was a failure because I could not tell the difference among them anyway, but I have avoided all four ever since.


That is unfortunate, because plenty of animals that are, like snails, eaten by predators have a bitter taste that dissuades their attackers and bear warning patterns for protection. The bright colours of my favourite might, some have suggested, have emerged for the same reason. I once had a chance to test the taste hypothesis. In the Pyrenees we were offered specimens stewed with bacon, milk and orange peel and told that the yellow ones were the sweetest. I made an excuse and left, but some years later I tried to persuade a PhD student to do the experiment. He too quailed at the idea and it remains on my lengthy list of projects that might get done some day.


From Edinburgh I moved in 1970 to the University of Chicago, in January weather bleaker than the worst I had suffered in Scotland. The experience was somewhat of a shock. Any thoughts I may have entertained that I understood at least some population genetics evaporated at once. I had, almost by accident, been accepted into the most eminent evolutionary research group in the world. I had written, rather daringly, to its leader, Richard Lewontin, asking his advice as to where I might apply for a post-doctoral position, and within a couple of weeks received a letter saying that I should arrive as soon as convenient. By return I pointed out that I had not yet submitted my PhD thesis; he joked that this was just a case of ‘post-doc, ergo proper doc’, and I should come anyway (I did not in fact write it up for another five years: you could get away with such things in those simpler and perhaps happier days).


Chicago in the era of the Vietnam War was in ferment. The University is in an enclave called Hyde Park, which is surrounded by a poverty-stricken section of the inner city that suffers from a high crime rate. It protected itself with its own police force. I was rather surprised when, early in my time there, I went to a late evening study session in the library and saw that students were not allowed to leave except in groups accompanied by an armed guard, but I soon got used to it (post-doctoral research fellows, it appeared, were expendable and could be left to fend for themselves). I myself faced constant reminders about the need for caution, but never had any trouble.


When it came to research, my greatest weakness was, as it still is, my poor mathematics, and I remember the despair I felt when I went to the first of the weekly lab seminars of around twenty people and found not only that I could not understand the gist of the – highly mathematical – talk but that I did not even recognise some of the symbols on the blackboard (I tried to console myself that Darwin himself faced the same problem, but that did not help). I realised that my real job description was, like his, ‘naturalist’, rather than ‘population geneticist’, and blamed my school (unfairly, for I had missed plenty of later opportunities to catch up on the subject). Even ‘naturalist’ may be too kind, for Darwin, unlike myself and the vast majority of modern biologists, had a deep and intimate knowledge of the living world, while I could do little more than recognise a few molluscs.


Surrounded by theoreticians as I was I could, even so, make some contribution to the lab. A couple of years earlier, the Lewontin group had begun to use a simple technique called electrophoresis, the separation of biological molecules using a powerful electric current to drag them through a gel. How far any molecule travels depends on its size, shape and charge. They used it to reveal an unexpectedly high level of genetic diversity in fruit-fly proteins. The discovery opened the door to the now universal pastime of tracking human and animal movement, relatedness and evolution using genes. The laboratory used commercial apparatus that was slow, ineffective and badly designed. After a bit of tinkering I came up with a better, faster and cheaper version which, rather daringly, I then patented. A couple of years later I sold the rights to a British firm, and with the proceeds bought my first London flat (a venture now unthinkable for a young academic).


When it came to politics, Dick Lewontin’s group was predictably radical in tone and rather disapproved of such financial manoeuvres. He himself was the first person to resign from the National Academy of Sciences, on the grounds that it had undertaken secret military research projects for the government and would not tell him what they were (rumour was that one had to do with designing a target strategy to bomb Haiphong harbour). I went on the approved number of anti-war marches, most of which were peaceful. One was less so, for the demonstrations after the lethal shootings by the National Guard at Kent State University of four student protesters against the bombing of Cambodia ended in riots. Discretion outweighed valour, and I observed the events at a distance, as I knew I would lose my visa if I got into trouble.


The main influence of Chicago on my scientific as distinct from my personal career was to shift my interests to creatures that fly rather than creep, and towards biochemical variation rather than that visible to the naked eye. Within a few months of my arrival, I found myself, rather to my surprise, in bright sunshine and temperatures that could be lethal. I was in a roadless desert on the Baja California peninsula of northern Mexico. The trip (in a light plane that landed and took off from the beaches; for research grants, those were the days) was in search of specialised fruit-flies adapted to life in different species of cactus, each plant with its own chemical insect repellent, but each botanical defence evaded by its fly’s ability to evolve faster than its host. As I laboured beneath a searing sky I was astonished by the larvae’s ability to survive inside rotting branches whose temperature could reach over 40°C, far higher than that tolerated by most snails or by the familiar Drosophila melanogaster, and a level lethal to many animals.


That observation led to an interest in thermal stress in fruit-flies that has lasted to this day. I spent several years commuting between London and Death Valley, in an extended search for genetic variation in the structure of proteins in flies from climates as different as the snowline in the Sierra Nevada and the salt flats of the Valley itself, the hottest place in the world.


On one of those trips I had another encounter with the roots of modern genetics, for I met one of its founders, the Russian evolutionary geneticist Theodosius Dobzhansky, then in his seventies. He had worked in Central Asia on the genes of wild horses and of ladybirds and butterflies, but came to the USA in the late 1920s and carried out pioneering research on fruit-flies across North and South America. He was proud of his distant kinship with Dostoevsky, but was even more so of having been given, as a young man, a cigar by William Bateson – the Cambridge academic who invented the word genetics, just after the rediscovery of Mendel’s work – on Bateson’s visit to St Petersburg.


Vladimir Nabokov’s novel Pnin is based on a Russian exile who speaks heavily-accented English, who quarrels with all his colleagues and is forced to move from his beloved New England university when he has a falling out with a libidinous lepidopterist. The character with his eccentricities was Dobzhansky to a tee (and Nabokov himself was a keen collector interested in the genetics of butterfly hybrids, and the two corresponded and may well have met). I came across him on a field trip to the Anza-Borrego Desert in California. He had been ill and depressed, and on the drive there I sat somewhat overawed in the back seat as he talked to a fellow professor not about genetics but of his fights with administrators and of how his own work had never been appreciated. Once at the site, however, the warhorse heard the trumpets (or at least smelled the rotten tomatoes used as fruit-fly bait), and shed thirty years, hopping joyfully across the rocks. It was his last field trip, for he died a few months later; but it was both a memorable brush with greatness and a now welcome reminder of the ability of science to rejuvenate its more aged practitioners.


In the sample we collected in Anza-Borrego, and in many others across the deserts and mountains of California, we found plenty of variation in the structure of proteins, and some genetic changes from place to place, but experiments with marked flies showed that migration over many kilometres seemed to even out any effects of climate. That in turn led to another failed scheme in which I introduced flies from the cool mountains into the desert sites to test whether their genes could cope with extreme heat, and in effect never saw any of them again. We did get shot at on occasion by the eccentrics and survivalists who lived in some of the remote oases, but either they were poor marksmen or they just wanted to scare us off. It always worked.


Soon after my return to London from Chicago I found a job at University College London, and I have been there ever since (as I say to my young colleagues: ‘Don’t worry; the first forty-five years are the worst’). What, many people have asked me over the years, is the point of research on the thermal lives of flies and snails? Why should taxpayers subsidise such frippery? A few years ago, in fact, they stopped. For a while, through obscure routes, I was able to subsidise my fieldwork with cash that came, for example, from appearances in television advertisements for cars and for life insurance, the latter enlivened by a joint performance with Buzz Aldrin and Muhammad Ali, but soon those sources dried up too.


I continued to fund my work for the reason that drives every scientist: it was fun, albeit fun often disguised with grander terms. I am the last to claim that our results have much direct application to human happiness and prosperity, but research on such topics has at least directed science’s attention towards our own relationship with the heavens, often with unexpected results.


Interest in that subject goes back a long way. The Swedish botanist Carl Linnaeus, the first classifier of life, was so impressed by our dependence on the sun’s rays that he recognised humans as members of a group he named Homo diurnus, which he divided into three species called Homo sapiens, Homo monstrosus and Homo ferus, the wise, monstrous and wild varieties of the daytime primate.


In retrospect, he was right. Our lives, we now know, often bow to the sun gods. Those deities, at least in their physical form, affect bodies and minds, health and disease, and are even responsible in part for the ability to stand upright. Here Comes the Sun tries to show how they are important not just for Homo diurnus but for biology as a whole, and, in a wider context, for much of the world we see around us.


Robert Louis Stevenson’s advice to writers was that ‘there is but one art – to omit!’, and the empire of the sun extends so far that I have omitted a great deal. This volume is necessarily broad, but inevitably shallow. Its early pages explore the four classical elements of earth, air, fire and water in relation to their parent star, and it moves on to other sun-related themes such as sleep, dreams, memory and mood.


The first chapter gives an account of our local nuclear reactor and its effects on our own planet. Its output rules the physics and chemistry of our home as much as it does the lives – and sometimes the deaths through heatstroke – of its inhabitants, from snails to humans.


For snails, fruit-flies and people, its rays bring lethal challenges, but also the gift of life. They work much of their magic through the medium of water, the agent of many of the sun’s activities. Heat and rain together make the weather, which forms mountains, planes, deserts, lakes and rivers. Plants use sunlight to trap carbon dioxide from the air and to make the molecules that make us all. The flow of its constituents from plants to animals, men and women included, drives the world’s ecology and, in the end, large parts of its economy.


Sunshine also has a direct effect on human welfare, for a shortage leads to diseases from rickets to multiple sclerosis and cancer. Dawn and dusk drive life’s rhythms. Sleep, once the most mysterious of all the body’s talents, is the key to many of its functions, memory included, and for those compelled to keep awake for long enough, madness followed by death is certain. In recent years, many people have begun to obey their own clocks rather than those of the solar system. As a consequence they face a variety of unpleasant side-effects, from obesity to short-sightedness and worse.


A shortage of sunshine, as I myself on occasion realised in my years in Scotland, can also lead to despond. James Boswell was born in Edinburgh, and spent many years there as a lawyer. He worried about his fits of depression – what he called his ‘dispiriting reflections on my melancholy temper and imbecility of mind’ – a weakness that manifested itself in his obsession, even as a schoolboy, with seeing public hangings in the Grassmarket a few hundred yards from his home. The weather made matters worse, and the winter entries in his Edinburgh Journals often refer to his mental torments. In January 1776, for example, he wrote that ‘the thoughts of my own death or that of my wife or of my children or my father or my brothers or friends made me very gloomy’. A year later he complained of ‘a morbid state of mind’, and as Januarys passed he talked of his mood as ‘low-spirited and languid’, ‘very wretched’ and worse.


This problem has not gone away. Even in my time there, at examination season (and Caledonian education then revelled in tests in what seemed like every month) assiduous students in winter lost track of the hours and lived in almost perpetual darkness, with, for some, woeful (albeit temporary) effects on their emotional state. The long season of twilight still challenges many of its inhabitants. In Scotland the use of antidepressants has gone up by half in the past decade, while the nation’s suicide rate, albeit in slow decline, is still a third higher than in its neighbour to the south.


The great biographer’s attacks of despair lessened after his move to London, and Stevenson, too, noted how his own mental attitude improved after his escape to the Pacific. Many other people have found that a few hours spent under blue skies generate a sense of well-being after a cheerless winter – a sentiment I still savour as I set off southwards each year (and science has begun to reveal the chemical changes that take place in our bodies when sun strikes skin to make a cocktail of the hormones that cheer us up). Far more people can now afford to indulge in that biochemical experiment than in my student days, for in the year I left school the British made around three million trips overseas, most of them to the shores of the Mediterranean, while today that figure has gone up by twenty times.


This book gains its title from a famous track on the Beatles’ Abbey Road album, and is published close to the fiftieth anniversary of its release in 1969. George Harrison, who composed and sang ‘Here Comes the Sun’, noted that:




It seems as if winter in England goes on forever, by the time spring comes you really deserve it. So one day I decided I was going to sag off Apple and I went over to Eric Clapton’s house. The relief of not having to go see all those dopey accountants was wonderful, and I walked around the garden with one of Eric’s acoustic guitars and wrote Here Comes the Sun.





The spring of that year was indeed one of the sunniest ever seen, while the previous winter had been harsh, with heavy snow even in December.


Today the author of that celebrated air, like my undergraduate self, like Robert Louis Stevenson a hundred years earlier, and like James Boswell a century before that, would have less reason to complain about the weather. Over the past five decades Homo sapiens has burned vast quantities of ancient sunlight in the form of coal, oil and gas in an attempt to return to a diluted version of the balmy tropical landscape in which he evolved. Almost everyone in the developed world, the people of Edinburgh included, now lives on an allegorical savannah, a carefully constructed replica of our ancestral home, a place where the season is always springtime. Technology has taken us at least part of the way back to Africa.


To pay for the journey we have squandered an ancient investment in biological carbon. A typical city dweller now needs twenty times more fuel to keep at a comfortable temperature than would a wild mammal of the same size, and the average Briton spends a substantial portion of his or her income on ensuring that the thermometer stays at an agreeable level. Across the world the desire to heat or cool houses and offices in an attempt to re-create an ideal internal climate accounts for almost as much fuel use as that consumed by industry or by transport.


Welcome as the new and artificial climate may be, Nature is not mocked. As we burn fossil fuels, their carbon is released into the air, and the planet has warmed and continues to do so. As it does, mankind has been reminded of the age-old authority of sunlight over the Earth’s affairs as temperatures rise, deserts advance, rivers run dry, and sea levels continue their inexorable rise. In its final chapter, this book discusses the biological and physical changes that may come from our disregard of the fragile relationship between our star, its third planet, and those who live upon it.


Not all the news is bad. San Francisco has seen a reduction in coastal fog of about a third in the past century, and the same is true in other places. If eastern Scotland follows the trend, the horrors of the haar will fade away, and perhaps one day Edinburgh will – as Goebbels hoped – make a delightful summer capital for Britain’s citizens. When it does I will move back at once.




CHAPTER 1


THE EMPIRE OF THE SUN




Everything has a natural explanation. The moon is not a god, but a great rock, and the sun a hot rock.


Anaxagoras, fifth century BC





Every second, our local star puts out more energy than man has generated since he learned how to light a fire. The descendants of those million-year-old flames now fuel cars, aircraft, factories and central-heating boilers. As they do they consume an annual four hundred million tons of black gold, the product of ancient sunlight.


A square set out in the Sahara Desert with sides three hundred kilometres long (the distance from London to Liverpool) would represent just one part in a thousand of its area. Covered by solar panels, that modest acreage could run the modern world for ever, and would put the coal, gas, oil and nuclear industries out of business. It might be expensive to build (though less so than the bailout of the banks after the 2008 financial crisis), but would involve almost no further expenditure. If one ignores for the moment the minor issue of how to move its output to where it might be needed, the problems of man-made climate change, air pollution and radioactive waste would be solved at a stroke.


That utopian scheme is not about to come to fruition, but it hints at the power of sunlight. Impressive as the figures are, they do not do justice to its wider talents. The solar system is an empty place. The Astronomer Royal Sir James Jeans, in his 1931 classic The Stars in their Courses, had a vivid image of just how deserted it is. He imagined it to be reduced to the size of Piccadilly Circus: ‘If we want to make a model to scale, we must take a very tiny object, such as a pea, to represent the sun. On the same scale the nine planets will be small seeds, grains of sand and specks of dust … The whole of Piccadilly Circus was needed to represent the space of the solar system, but a child can carry the whole substance of the model in its hand.’ The sun itself represents 99.86 per cent of the mass of the solar system, while the Earth has one part in a third of a million.


Our home planet, as seen by a (well-insulated) observer on the solar surface, would be no more than a speck on the horizon. It receives just two-billionths of the star’s output at that distance. At the edge of Earth’s atmosphere, about fourteen hundred watts per square metre flows in, enough to run a powerful microwave. That figure is reduced to around a thousand such units after the rays have fought their way through the atmosphere – itself, when scaled down, no thicker than a layer of varnish on a school globe. The input of the sun to its outer edge is equivalent to that produced by a hundred and fifty million large power stations, and without that protective atmospheric layer the surface would be bombarded by lethal radiation.


Newton split sunlight with the help of a prism, to give the first hint that it contained waves of different lengths. As he said, the rays have no colour; our brain processes them with the help of receptors for three different wavelengths that we interpret as red, green and blue.


The sun’s waves stretch rather wider than that. Most of the sun’s output has a wavelength of between 200 and 2000 billionths of a metre. That includes the visible range, which stretches from 400 to 720 of those units, infrared (longer than 720) and ultraviolet, which stretches from 2 to 400 billionths of a metre. Ultraviolet, UV, is divided into three bands, UVA, UVB and UVC, the first of which penetrates the skin and can cause sunburn, while the second generates a protective tan and the last does not make it through the atmosphere. UVB makes up about a twentieth of the total, and is a tiny fraction of the solar input as a whole, but is, except for visible light, biologically the most important part of the whole spectrum, for it generates a vitamin that is in today’s crepuscular world often in short supply. Visible light, infrared and ultraviolet together represent about half the total that reaches the ground.
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