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Introduction

An e-mail message showed up on the screen when I logged on after breakfast. For my taste, boiled fish and rice with chopsticks dont make the best start to the day, but the message more than made up for that. It was manna from heaven, like scrambled egg and smoked salmon, a taste of something good in this unfamiliar country.

The message was from one of my students in London, Dilshat Hewzulla. Hes a computer scientist from north-west China, a whiz kid at taking a complex system from one domain and computing it into something recognisable in another. I give him huge databases from extinct and living plants and animals, as well as from the environment, and he finds mathematically significant patterns for evolutionary and environmental interpretations. It may sound simple but it isnt. In his e-mail Dilshat explained that in my absence we had received a letter from The Royal Society publications office saying that our manuscript had been accepted by the editor. Apparently two of the referees had waxed lyrical about it and the other had said it was rubbish and shouldnt see the light of day. But our arguments had won through. My research group had finally gained the recognition of others and was seen to be on to something that would interest the rest of the scientific community.

With an excited feeling of satisfaction, I went off for a cup of tea. That, at least, they do have in Taiwan. I was in the capital, Taipei, at the Academy of Sciences, as the UK delegate to the General Assembly of the International Union of Biological Sciences. The tearoom was not crowded. Across the room my friend from the United States waved me to join his little group of three. They were talking about the major topic of the meeting: the effect of man changing the environment.

The day before, the Assembly had charged two of the scientists seated around that table with the task of finding ways of monitoring these changes upon the world around us. There had been hints from some delegates that without a clear programme of measurements their governments wouldnt take the United Nations Biodiversity Convention seriously. How can a forum like this agree on what to measure? asked one. The diversity of life and environment is so big and complex, its hard to know where to start, and most species are not even described. How can we bring marine and terrestrial ecologists together, whose different domains influence one another very strongly? Do meteorologists ever speak to biologists or those modelling sea-level changes? Not only are there these scientific problems but also the political ones, as well as financial issues. The developing world will never cooperate as long as the West carries on using so much fossil fuel, said the Indian delegate, and even you developed nations cant raise the money to educate people about biodiversity, let alone monitor the changes in environments.

Later, the Assembly did agree on some priority locations. They designated areas around the world where individual animals and plants are to be identified and counted, the rainfall and temperature logged and the soil types classified. But there are so many other variables to monitoring these possible changes, and they are all affected in different ways at different rates. The scale of time to be monitored was another factor to include in the survey: changes overnight; throughout the year; a decade; a millennium; a few million years. Though my two friends are leading specialists in mainstream biology and ecology, on their own they didnt have a clue how to begin to advise their Ministries. Theirs was an intractable dilemma. We know so little about the losses of species and ecosystems over the last hundred years, yet we all have a strong gut feeling that we are wrecking life on our planet. For governments, neither the questions nor the answers will win many votes.

But they are questions we must not shirk just because of their intractable complexity. They are not for experts in any one discipline, such as my friends in the tearoom, but for the person who can connect all the many disciplines involved. My attempt to contribute some kind of answer to this dilemma is the narrative of this book, and Dilshats e-mail message signalled the first attempt at a new approach. Our Royal Society paper brought together data from biology, ecology and geology and analysed them mathematically. The data come from changes that have been taking place through tens, hundreds, thousands and millions of years, and the patterns of biological diversity that emerge through evolutionary changes help understand many of the problems raised in the Taipei tearoom. The patterns our study revealed are journeys through time. The journey includes extinctions, origins and diversifications of species and larger groups. The biology matches changes that can be seen in environments, drawing the two different subjects closer together. These connections not only have an exquisite beauty when enshrined on Keatss Grecian urn but also they are seen to have changed through the scales of geological time: Beauty is truth, truth beauty/  that is all ye know on earth, and all ye need to know.

This is the story of evolution on our planet from the time of one set of extinctions to another, which covers the last 65 million years and reaches into the future. As well as clues from fossils the plot has evidence from every witness we can find  modern plants and animals, rocks, chemicals, atoms and other sources. The information and ideas come from most of the natural and physical sciences and beyond. We bring together as many of these natural processes of environment and biology as we can, as well as evidence from many hitherto separate disciplines.

I used to call myself a paleontologist because I studied fossils. My research thesis work in the 1960s looked into thousands of broken-up bits of trees that turned out to be 6 million years old. They came from a clay pit in the middle of England, a collapsed cave in the limestone hills of Derbyshire, and they showed that a warm redwood forest had once grown there. It was not unlike parts of California today but with an English scale to the landscape. So much has changed in such a geologically short period of time, yet the Peak District really did look like Sequoia National Park in California, the dense mixed forest of deciduous English oak and elm mixed with trees now native only in North America, as well as others found mainly in the East, making rich soils and colourful hills. Where there was bad soil and good drainage, heathland was much like that today; where there was wetland different but familiar plants and animals prospered.

This was a few million years before the glaciers of the ice ages penetrated into the presently highly populated temperate regions of the Earth where most of the large cities of the developed world are now situated. Before the glaciers spread from the poles, warm temperate forests dominated humid hilly landscapes. Shrubs and heath covered the drier soils and grass became widespread for the first time, encouraged by vast increases in the numbers of stooping grazing mammals. The atmosphere had more CO2 than now, which meant it was much warmer. The polar icecaps were much smaller than now, but growing. If you had taken an aeroplane journey with the usual flight paths from Europe to California, or over Siberia to Beijing, you would have seen the same kinds of forest on both trips: redwoods and warm temperate forest on the hills, swamp cypresses and shrubs near the water, like the kind you see now in the Florida Everglades. They were mixed in with more of the kinds of trees and shrubs you see in the southern United States and warm temperate China  oaks, maples, pines. Further north, a flight from Heathrow to Vancouver would cross the cooler landscape of familiar birch forest with pine and alder: there was much less sea than now, and no ice.

Over the last forty years specialists from different parts of the natural sciences have come together to paint pictures of how the world looked millions of years ago. Their reconstructions are opening up new issues about climate change, plant migration, evolution, ecology and the statistics of populations. Now that we are taking these previously separate disciplines together, we can begin to see how they affect the urgent new environmental issues facing our modern world. My own studies have strayed into many other different methodologies, genetics, geology, ecology, taxonomy and even statistics. So now I call myself an evolutionary biologist rather than the paleontologist that I once was.

Since those exploratory days of the 1960s the scientific literature has been filled with detail about these biological and environmental changes. As the first half of the twentieth century was for theoretical and descriptive biology, so the second half accumulated large amounts of data about the evolutionary relationships between species and the environment. A climax was reached in 1977 when Fred Sanger learnt how to sequence the gene leading to genetic engineering. Two decades later DNA sequencing is being done automatically. Now the results create huge new databases each day, like new rows of books on shelves a kilometre long. Environmental ecologists and taxonomists are part of this new age of very large data recovery, and are beginning to seek automatic techniques to find, store and analyse the data. But theres so much becoming available that its hard to manage at an international level.

One of the achievements of my research group at the University of East London is that we can analyse large databases interactively across the internet. This means we are able to assemble ideas and information from different sources, from which we can begin to see life on our planet as a complex system. Maybe we can understand how it survives and changes as a whole, for only then can the problems raised around the Taipei tea table be understood and tackled. We are just beginning to make a start to link the bits together.

Throughout my career I have been privileged to see many more of these bits from the whole of science than most people. At University College London during the early 1960s my degree course included lectures by Francis Crick and Sydney Brenner just when they were cracking the triplet genetic code. This was also when J. B. S. Haldane, the pioneer of an earlier revolution in genetics, was to be seen walking through the North Cloisters with a pillow stuffed up his jumper to comfort his cancer. The mathematics of mutation and the recombinations in dominant and recessive gene characters were the centre of his kind of biology: it is hardly heard of today. From this cusp between the old and the new I wandered with chemistry and geology, got stuck in thermodynamics, and touched on the philosophy of science. The more adventurous natural scientists were looking outwards from the strict demarcations of individual disciplines. J. Z. Young was busy changing the way anatomists think and Peter Medawar was breaking thoughts about immunology and the way science works. Karl Popper was down the road and the Beatles slept on the floor next door in my student residence.

All these different perceptions of life were being assembled together in the same place at the same time, squeezing out traditions from separate backgrounds into one amorphous shape. At least it seemed to be amorphous then, hard to put into any clear context or application. They were years of joy for the fearless intellectuals of science. Now, just forty years on, the shape has a much clearer identity, itself being replaced by a fresh wave of integration with new objectivity. Studies of organismal biology had peaked by the 1960s. The principles of structure and function which gave names to genes suddenly led into the language of the triplet code in molecular genetics.

I was helped by my tutor, Bill Chaloner, a luminary in paleontology with a gift for communicating the fascinations of evolutionary processes. Those critical studies led into more defined ideas on how landscapes and ecologies change through different timescalcs. We were fired by the enthusiasms of the new wave to link all these traditions by looking at an issue from several different perspectives. They were exciting times because you could feel attitudes changing. Thats happening again, now, at the beginning of the new century. But this time the changes are going to be very big indeed and are beginning to affect our lives.

These experiences have influenced me to give a broad mind to an argument, often at the risk of being called ecumenical. In retrospect I see thats how I reacted to the many factors relevant to environmental and evolutionary biology, genetics, geology, ecology and mathematics. They are all working together, constituting a complex system on our planet that can be traced back to the extinction of the dinosaurs and beyond. For most of the incidents that are thought to have changed that system there are a number of opposing theories. For example, to explain the sudden demise of so many large groups of animals 65 million years ago, there are at least four different ideas. First, a meteorite hit the Earth causing a 20km crater just off the Mexican coast and worldwide fires that killed big animals. Second, there was severe volcanic activity in India. Third, there were continuing physiological difficulties controlling body temperature. Finally, all the food ran out and the dinosaurs starved to death.

The different theories are a good example of how science works, with argument and limited facts to test the more fanciful solutions being offered. What holds good as an answer today is more than likely to be different from what was understood yesterday, and it will differ again tomorrow. But trends and patterns do emerge, and we are beginning to see things more clearly with more data from different disciplines. The growth of computing power and the introduction of the internet have been vital factors in making these leaps in understanding possible.

On the other hand, these are frightening times. On New Years Day 2000 the World Wildlife Fund and the Guardian newspaper published a booklet entitled A New Century a New Resolution. In it, the then chief scientific adviser to the UK government, Sir Robert May, issued a warning about our greatest challenge. In his view, this was to ensure that any increase in global productivity is achieved in a sustainable and environmentally friendly way. We really do live at a special time in the history of Life on Earth. A time when human activities have come to rival the scale and scope of the natural processes which built, and which maintain, the biosphere. If we take action now, he argued, we can avert a catastrophe.

I take a more pessimistic view. In this book I present evidence to show that that catastrophe has been well under way for many thousands of years, and that Bob Mays observations of what we are doing to the environment now amount to just a final nail in the coffin. Most people think of time only in terms of their own lifelong experience of it, or a few hundred years more, at best. But if you extend your thoughts of time back further, past the last millennium into the first, and think of what the world might have been like, things look quite different from today. Now compare our present world with what it looked like before humans started to interfere, a few thousand years ago, and there are more changes still. The evidence of what early human hunters did to other large mammals shows enormous horror, resulting in the extinction of a number of species. It has all happened since the end of the last full glaciation, 10,000 years ago. Thats a period of time few of us are ever asked to consider. So when Im asked to say how long it will be before the forthcoming extinctions, I say: Soon, but remember, Im a paleontologist.



1
The Past Is Not Over

Some remnants of Iron Age man

Most people have some kind of overview of the history of the last thousand years, but few can see back much further. Tirefour Broch, an Iron-Age fortification, stands on the island of Lismore in western Scotland. Archeologists claim it is about 2,100 years old, a 12-metres-diameter stone circle still standing 3 metres high (see figure 1.1). The broch is on the highest part of the long island and has spectacular views over the waters of Loch Linnhe to Fort William and Ben Nevis in the north and the Isle of Mull in the west. But these views are very different from those seen by the forts builders and inhabitants, protecting themselves from brigands attacking from the mainland forests, their sheep and chickens safe from the mainlands wolves. Then, the mountains and the lowlands down to the sea were covered with dark forests of Scots pine, oak, birch and alder. Above the tree line grew the now widespread purple heather, holly and cranberries, mixed in with small shrubs. The animals that roamed this area were diverse and fierce. It was not a good place for the new humans migrating there from the south and east for the first time. At least the winters were warmer than on mainland Europe. This was due in part to the oceanic climate from the Atlantic Oceans Gulf Stream that wound up the west coast of England towards Lismore.

Scottish brochs such as Tirefour were built a few hundred years later than the pharaohs pyramids in Egypt when the young Tutankhamun was king, a civilisation much more advanced than Scotlands. The contrast between this thinly populated island and the sophisticated communities of Egypt along the banks of the Nile is marked. In Scotland it was a hard, cold life with continual threats from other humans reaching the end of their migration trails and from hungry animal species. In northern Africa, the warm open grassland prairie and desert scrub teemed with mammals such as gazelle, ass, hartebecst and hyena.

The sight of these prairies was not far removed from what you still see in nature reserves further south on that continent in Kenya down to South Africa. We know the mammals that roamed further north from paintings found in Tutankhamuns tomb showing the king hunting in his chariot with courtiers, fan-bearers and bodyguard. It was easy to settle in the river valleys where whole communities had become established and the treasures that survive along the river Nile bear witness to their cultures.

At the same time, far northwards the cold winters made life a lot less comfortable for the migrating humans. By then mammoths and other large mammals had become extinct, killed off by human hunters, after they had taken millions of years adapting to the more extreme conditions. The new humans were trying to acclimatise much more quickly, helped by their intelligence and skills to make spears, daggers, clothes and shelter. The broch on Lismore, and twenty or so others like it on neighbouring islands, is among the oldest buildings in Europe. Although most of them are being broken up by the weather and more recently by vandalism, they are being preserved by slow immersion into the landscape of pasture. Enough evidence survives to allow us to reconstruct much of the way of life of the Iron Age settlers, their hunting, culture, religion, their relationship with the natural environment. Life was hard but becoming ordered, barracked within these communes. Archeologists are also discovering bronze swords and other weapons at contemporary sites along the Atlantic seaboard of western Europe, which suggests that trade and fighting were part of their life too.

Entry to the broch was by a very narrow passage to a central courtyard where meals were prepared, livestock fed, and groups worked together. Around this area, next to the inside of the wall, was a two-storey wooden structure roofed with straw. This was split into small chambers for sleeping and storage. Variations of this kind of structure were built by other early human groups in different continents as man and civilisations migrated. The communal kasbahs in Morocco are still inhabited, with the central courtyard for animals, and the occupants cooking, sleeping and defending in rooms around the sides. In Kazakhstan partitioned tents serve the same purposes for still migrating people. As well as being good defensive fortresses against other human groups and tribes, they also offered protection from animals of prey threatening their livestock.

Men farmed barley and hunted together in teams, women looked after livestock, cooked, and nursed children. There was little privacy for cosy family gatherings. Instead there were large groups, sharing knowledge and experience and using language to plan survival strategies. The change from life within a threatening hostile environment to a secure family routine has been happening in all social groups throughout the world at different times over the last few thousand years. In those days, thousands of years ago, with our urge to plan ahead, we learnt how to protect ourselves from the dangers of the naturally hostile world. We also began to control some of the natural processes, making fire, and using minerals such as tin for bronze. This can be seen as a grand revolution in control of natural resources which led to the beginning of politics and societies. It meant that for the first time a species interfered consciously with the balance of nature, taking things from it, changing it for its own advantage.

Before Tirefour Broch, without human occupation in far north-west Europe, the ecology comprised stable woodland with grassy glades allowing herbs to grow in the sunshine of natural clearings. Within this steady state mammals, birds and other animals were integrated to form a stable balanced ecosystem. There was no waste. As in all natural systems, the ecosystem was built and controlled from within. It had a kind of peace and harmony. Only external forces changed this delicate balance, and in doing so promoted evolution of large different groups within the plant and animal kingdoms of that changed environment.

There are many sources of evidence for such forcing from outside the planet as well as from within its complex structure. From outside there are asteroid and comet impacts, the gravitational pull of other planets and our moon, the effect of sunspots and solar wind. The God-fearing astronomer Fred Hoyle argued that viruses, and therefore life itself, came from outer space. From inside the planet system, there is ecological succession, erosion from the weather, seasonal environmental change, fights between different species and individuals, and of course, selfish genes.

In the British Isles, the building of Tirefour Broch was one of the first changes to the environment brought about by humans. We are the only species that can force big changes on the environment, and over the last 3,000 years we have been doing that with consequences often beyond our understanding and possibly out of our control.

Imagine the other changes since these early days of the family unit, all caused by the increased human population and activity, grazing, urbanisation and tourism, pollution and waste. They had led to deforestation, species becoming extinct, rising sea level and climate change. Such devastation covers most of the landmasses on the planet, while different but just as destructive changes are being inflicted on the oceans. There are few populated parts of the world which have the same landscape now as 3,000 years ago, untouched by human endeavour.

In the British Isles the only place you can stand and see the same view now as then is on the Burren in County Clare, just south of Galway Bay. This is several square kilometres of limestone pavement which has resisted interference because there has been nothing that could be done with it. Clambering across the huge exposed blocks of rock, grikes criss-cross the surface. These dykes, often more than a metre deep, have their own microclimate which attracts a special flora and fauna. The Burren is remote and has a threatening atmosphere, with nowhere to hide from the strong winds. Clouds blow in fresh from the Atlantic. The grey limestone hillsides sweep down to the sea off Black Head, the Aran islands in the distance, still with a small human population of their own and a history not unlike that of the Scottish islands with their brochs and bronze swords.

Some remnants of modern man

Travelling between these ancient monuments of nature in the winter of 2000 brought home with great force the horror of the human impact upon the environment. The local newspaper declared it was the wettest weather since records began over a hundred years ago, all brought about by global warming. There were landslides from new road verges, floods from broken river embankments, fallen trees from old plantations. Land being reclaimed from salt marsh was once again covered by the storming high tides.

It is interesting to note that the damage was restricted to modern features of the environment, artificial landscapes out of balance with the whole system. In contrast, the rocks and soil that had been around for millennia remained intact. These mature structures are part of the enormous system that can survive extreme events because they have been developed within that system through long periods of time. Theirs is a natural peace, a balance within complexity.

We know what the landscape of western Scotland and Ireland was like from the fossil remains that make up the underlying peat. One of the most thorough studies of these environments was conducted by John Birks, a specialist in post-glacial vegetation, on the plants of the Isle of Skye. He reconstructed several different habitats since the last glaciation when the most conspicuous vegetation comprised mixed birch and hazel woodland and shrubby heath. They were grazed by deer, which in turn were kept in check by wolves and foxes. In the cold climate, mammals were best to be smaller, the same species being larger in the warmer south. On Skye, with its bad soil, Birks found pollen and leaves from juniper shrub, while blanket bog and raised bog flourished where water accumulated.

Just as it is shells and bones, the hard parts of animals, that become fossilised, so the lignin in leaves and wood and the resistant walls of pollen grains survive in the suffocating marshes and bogs of these wetlands. Within a few years the fossilised plant parts become peat, then a few million years later, browncoal. With the right temperature and pressure, even greater lengths of time in the hundreds of millions of years turn the organic remains into coal or oil and gas. Pick up a piece of peat between your finger and thumb, throw it into strong acid and then alkali, sieve whats left, and you will retrieve the broken bits of plants and animals from that wetland grave. Specialists like Birks work at the microscope identifying and counting the bits, finally reconstructing the original biosphere and showing how it changes through different scales of time.

Throughout these northern latitudes evidence is left as pine stumps, pollen, plant and animal fragments preserved in the peat. Rannoch Moor is far up in the Scottish Highlands and still has clumps of natural pine, with lots of heather and bog, building up more peat to record the present environmental and biological changes. You can easily see these rare ecosystems from the train, as it passes slowly from Crianlarich to Fort William along some of the most isolated railway in north-west Europe. There is a long climb up around the deforested mountains, slowly pulling onto raised wetlands of bog and marsh isolated from civilisation and even roads. You are in touch with the wild and exposed spirits of Rannoch Moor and its ancient habitat in the vast isolation of the Highlands.

Those spirits of Rannoch create a sense of another age, the clearances of the eighteenth century when landowners started to burn old heather in ten- or twenty-year cycles to rear pheasant and other game for sport, while also clearing the ground for new growths of the same heath. Such fires still maintain the artificial ecosystem on the mountains, holding back mature growth of the trees that would otherwise resume their dominance. The vestigial pines you see around Rannoch are about the only remnants of natural forest in the British Isles. The complete mixed deciduous conifer forest associated with the pines once covered the lowlands down into England and Wales. All that was taken away when humans wanted shelter, ships and sport, and this occurred hundreds of years before the big twentieth-century environmental tragedies that headline the news of environmental decline.

Would the environment have changed in the same way without humans? The answer is a definitive no. That view may be as obvious as many a verdict in a murder trial, but where is the evidence that the jury must have to make a proper decision?

In the nineteenth century when labourers were making the railway across the Rannoch bog, they sliced through sections of peat that had slowly built up through thousands of years. The broken bits of fossil plants and animals preserved in this suffocating sludge tell us what had been happening during the time of their deposition. In the Scottish bogs it is mainly the plants that tell the story. In other places more romantic creatures such as large mammals have left their remains, especially when the sections go back into previous interglacial intervals, about every 100,000 years.

At about the same time as the Scottish railway was being built, other labourers were digging foundations for Nelsons Column in Trafalgar Square. The sides of their trench showed more solidly compressed peat, but samples showed up much the same pollen and leaf fragments as at Rannoch. We call it the Trafalgar Square interglacial, the warm interval from 80,000 to 125,000 years ago, before the last glaciation. Although the vegetation had been very similar to the present interglacial, the animals were very different. The labourers were the first to be astonished by the big bones from mammals. The Victorian scientists were the next to be surprised, identifying hippopotamus, an extinct elephant with straight tusks and a weird rhinoceros with a narrow nose. It was hard for Victorian society to believe that in the centre of one of the worlds most splendid metropolises once roamed animals that now could be seen only in Regents Park Zoo, captured and transported from Africa. The realisation sent shockwaves along the spine of human civilisation and culture.

Progress was slow with understanding these amazing discoveries until modern dating techniques could give the changes some relative scale. One difficulty is that much of the fossil evidence from the earlier warm intervals gets scraped away by later glaciers. This makes it very difficult to be sure that the grave has not been moved, or to be precise about the age of what little gets left behind. But from the whole of Europe, North America and Asia, evidence of mammal extinctions during these earlier interglacials is becoming clear.

Furthermore, it appears that the cause of the extinctions was due less to the cold  they could mostly migrate south when it got too cold  than to aggressive hunting by ourselves, Homo sapiens. In Africa, new discoveries show that we caused extinctions of almost half the large mammal genera such as giant baboon, three-toed horse, antlered giraffe and many more. In Europe, at the peak of the last glaciation just over 21,000 years ago, we killed off the mammoth, woolly rhino, elk, hyena, lion, bear and tiger.

Scientists and others have been arguing for years about the causes of these ice age extinctions. Several groups with their own special interest have become involved, trying to argue about race and religion, not caring much about the natural processes of change. Some say the large mammals immune system broke down because of hyperdisease spread by humans. Other scientists see the weather involved with climate change through the ice ages as responsible for the large mammal extinctions.

The aggressive patterns of human behaviour (I dare not call them instincts for lack of clues) appear to have been with us since our inception. Early man migrated out of Africa to central Asia and eastern Europe, then on to China and north-west Europe, and now we are looking for the signs of battle. They are hard to find. Perhaps thats because the relics have been removed by erosion or glaciation, or even because the battles didnt happen. However, there are more and more circumstantial details being discovered to suggest that these early migrants killed off many large mammal species from Neanderthal man to the mammoth. And there are new arguments about the history of man entering North America.

Most scientists now agree that vicious events happened more than 11,000 years ago as the ice was retreating from the last polar glaciations. Then our much less civilised ancestors, Siberia Man, were walking across the newly emerging Bering land bridge from Siberia to North America. They were skilled hunters, and within a few thousand years of their migration 70 per cent of the species of large mammals in North America were extinct.

There is also more and more evidence that extinctions over the last one hundred years result from environmental changes caused by us. As my Taipei tearoom conversation showed, our abuse of the planet is gathering pace and there is little that we do to stop it getting worse, scientifically, socially and politically. There are conventions and summits, a permanent United Nations Conference to look after the Biodiversity Convention, as well as regular meetings of environment ministers. But the sales of cars and refrigerators soar in India and China; gasoline stays cheap in North America; Europe consumes timber from dwindling tropical rainforest. The tourist industry booms globally. So we go on living through a catastrophe of a kind that our planet has never experienced. It has suffered major environmental changes before, with a consequent loss in biodiversity, but never have they been caused by a selfish species.

Within a few tens of thousands of years we have progressed from scenes of ice age glaciers to temperate interglacials, no doubt causing the extinction of many mammal species. Then there were aggressive hunts by humans for more mammals in Africa, Europe and Asia, and eventually America. Now we humans direct our aggression to abusing our environment. The importance of this sequence of man-made crises becomes clear when you realise that all these human actions have lasted only a few thousands of years, a quick flash in the 400 million years through which our planet has had life on land.

On the other hand, you can argue that these few thousand years are a long time in comparison to the two hundred or so years since the Industrial Revolution. What weve done in our short sojourn on Earth may be comparable to other catastrophic events that happened millions of years ago. Its 65 million years since the last big catastrophe. It happened in a flash. It took seconds for the meteorite to pass through the Earths atmosphere before the impact explosion and then the long environmental recovery.

Of course, whats happening now is different. The damage we are inflicting has been taking place since the end of the last ice age, about 10,000 years ago, and we are doing it in stages. The most recent stage is dominated by burning oil. Relatively recently, in April 1899, the New York Herald Tribune wrote: Two motor cars will commence to carry Her Majestys mails in London itself, the postal authorities having decided to give the new means of locomotion a fair trial. They have quite as great a carrying capacity as the two-horse vans. Before this, we burnt another fossil fuel, coal, in quantity from the start of industrialisation. Going back further, wood was the main fuel, bringing about large-scale deforestation, and the whole catastrophe began just a little earlier when we hunted so many mammals to extinction. Ten thousand years seems an age by the scale of a human lifetime, but geologically it is only a flash.

Journey from the beginning of time

To understand how this flash fits into geological time, it helps to take a virtual journey on a time machine in which one complete day represents the 65 million years that have passed since the last great environmental catastrophe when the dinosaurs became extinct  a journey in which todays universe is not yet seven months old. Lets go to the beginning of time, the Big Bang. Imagine it happening just after midnight on New Years Day. Within a fraction of that second, from infinite density, the universe begins. Time begins.

Its intolerably hot and the thick atmosphere makes it difficult to see much. By 18 March of our virtual year the universe has reached 5,000 million years of age. Theres not a lot we know about what was happening then  exploding stars, balls of hot gases, no familiar planets to the suns. Its getting cooler, or rather, its not so horribly hot. By 1 1 June one of the chunks of matter orbiting our sun breaks into three. Mars and the Earth are formed, and about 500 million years later, on 19 June, our moon. The temperatures gradually fall and by early July life begins on the Earth. (Some say it came from outer space, others that the necessary organic molecules lormed from the planets own inorganic chemistry.) There is no land cool enough for life until around 10 August, so until then early life is aquatic, often with a vast range of, to us, weird forms. Stephen Goulds Wonderful Life describes some of these from the Burgess Shale, which Derek Briggs and scientists from the Smithsonian Institution have brilliantly described and illustrated.

Large numbers of these 54o-million-year-old fossils from British Columbia show that an enormous structural diversity was present early in the history of life. Because they are among the first non-microscopic organisms they have many unusual features, hard to find in fossils that lived since, and controversy continues to haunt our interpretations. The remains were discovered in 1909 by the paleontologist Charles Walcott, who explained them as a sublime conception of God which is furnished by science. Their different shapes and structures show unusual variety, and many scientists have thought them to be unlike more recent animals that they have seen then representing extinct groups. They also seem to have diversified suddenly and become extinct just as quickly. A more recent approach has been to look at the similarities between the fossils characters. Links have been made to familiar groups like trilobites and sponges. The confusions should be no surprise, because most new things start off by looking strange.
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Challenges for a young research group
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