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‘Extinction is the rule. Survival is the exception.’ 

Carl Sagan, The Varieties of Scientific Experience, 2006.

 

‘We defy augury. There is special providence in the fall of a sparrow. If it be now, ’tis not to come. If it be not to come, it will be now. If it be not now, yet it will come. The readiness is all.’

William Shakespeare, Hamlet, Act 5, scene 2.
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Introduction: Different ways of dying out 

Moriendum enim certe est; et id incertum an eo ipso die. Death is inevitable; you just don’t know exactly when.

Cicero, De Senectute, 74.

Extinction gets us all in the end. Ninety-nine per cent of every life form that has ever existed is extinct. Every species on earth today, including Homo sapiens, will one day be extinct. In some cases it may be quite soon. For a few it will be today. Extinction is final – the most final thing of all – yet it is not necessarily tragic. It’s more of a fact of life, like breathing, like a heartbeat. Hearts eventually stop. Animals and plants die, and when death exceeds new life, then extinction is on the way. And, biologically speaking, death is just as important as life. Endings are also beginnings. We move on. Life moves on.

The tragedy lies more in what we have done to extinction. It was a natural process that we have made unnatural. We have pushed the evolutionary accelerator and maximised the revs. Extinction is out of control. It is turning into a mass extinction of life, only the sixth such event in the living planet’s long history. This man-made extinction will haunt us for as long as we live, until we become extinct too. 

Yet the extinction of species is easy enough to ignore. Only occasionally does an example hit the headlines, such as the apparent extinction of the baiji or Yangtze river dolphin in 2007 – newsworthy as the first species of the world’s megafauna to die out for decades. Or the loss of the beautiful Spix’s macaw, a startlingly beautiful, bright blue parrot, declared extinct in the wild in 2019, although it still survives in captivity. But how many of us know about the kouprey, or Cambodian forest ox, last seen about 1970, or Schomburgk’s deer, all shot to death by 1932 for their magnificent antlers, or the Christmas Island forest skink, gobbled up by an introduced snake and all gone by 2021? Some of the names of dying species seem eerily prescient: the gloomy tube-nosed bat; the Sulu bleeding-heart; the Bermuda flicker; the lost shark.

Yet most declared extinctions are not picked up by the press. They are barely noticed by anyone except specialists. And, very likely, most of the extinctions that are taking place will be of animals and plants that haven’t been discovered yet: insects, worms, fungi, micro-organisms. We can only guess at the number of species vanishing from the earth every year, entirely unnoticed, gone before the scientists could get round to naming them. If you are a vertebrate biologist, you will probably know the sad stories of the Japanese sea lion or the toolache wallaby. If you twitch birds, you will probably realise that you are never going to add the paradise parrot or the Labrador duck to your life list. If you love insects, you have probably heard of the Xerces blue, the world’s most famous extinct butterfly (but only because it once lived in the Sunset district of San Francisco). But most species pass away unknown and unmourned. The planet is said by some to be dying but who can name the dead? Where are all the bodies? Without named examples we are only raging about a statistic, a probability.

In this book, I hope to show you quite a lot of bodies. And yet more animals and plants that are on the way out and likely to join them before too long. Join them, that is, unless we change our ways, cease to exploit vulnerable animals and plants, protect their habitats and leave an adequate space for them to exist. How likely that will be, I will leave you to decide. We must live in hope, but it seems to me that most environmental policies are predicated on hope alone. It is as if hope alone will do the work, guide us to a better future. The trouble with that is that we are human. Sure, we want to save the planet (though we might argue about what we mean by ‘save’) but we also want to enjoy ourselves and earn enough to have two cars, a nice house, holidays abroad and a family.

How do we witness extinction? How do we know when a species has vanished? Lists of newly extinct species are compiled annually by the International Union for Conservation of Nature (IUCN), and the data as a whole are reassessed every ten years. These annual lists are ‘declared’ extinctions. They are the species that a scientific consensus has concluded are no longer around. Most of them were in fact last seen alive many years ago. It takes time for certainty to descend. Lost species have to be looked for. For tiny things like insects or snails, likely extinction condenses into a certainty only when the species happens to inhabit a confined space that can be thoroughly searched, such as a small island or an isolated habitat. That is what happened to the Xerces blue butterfly after its entire living space, its home on the wild Pacific dunes, was transformed into Sunset District and the Golden Gate Park.

The actual moment of an extinction of course takes place in an eye-blink as the last representative of its kind on earth passes away. It will be witnessed only when an animal dies in captivity, such as the very last passenger pigeon, called Martha, who died on 1 September 1914, between midday and one o’clock, at Cincinnati Zoo in Ohio. Otherwise our sense of it has to be retrospective. But while the actual moment of extinction is an instant, the process towards oblivion often takes a long time, a slow, gradual descent that may be barely noticed within a human lifetime (or a human memory). Some species may decline and then recover. Others oscillate, with good years – or decades or centuries – followed by bad ones. Such a species may be in long-term decline without anyone realising it.

Anyone who loves nature will know of once-familiar animals or birds or wild flowers that are disappearing from our neighbourhoods, species that seem to get rarer year on year, until one day they are no longer our neighbours, and so no longer part of our lives. I live in a large village in the Kennet valley, in Wiltshire, right in the middle of southern England. Twenty years ago a nightingale sang from the overgrown hedge opposite my bedroom and I am probably one of the few in England today who has been kept awake by John Keats’ immortal bird, chortling in ‘full-throated ease’ all night long. But the nightingales have gone, and so have the snipe that used to drum over the wet meadows by the river, as have the lapwings whose wheezy calls announced the coming of summer. They have gone not only locally but in great swathes across England. Efforts are being made to ensure they will not become extinct nationally. Or, at the very least, to slow down the inevitable.

England is said to be one of the most nature-depleted countries in the world. It has lost most of its big wild animals. A thousand years ago in my village, which was quite a big place even then, beavers used to build their dams on my river. Perhaps a thousand years before that the villagers might have heard a wolf howl from a distant down or a rumour of bears in the forests that extended for mile after mile. Even a hundred years ago, there would have been far more wild flowers, particularly at the edge of the cornfields, colourful blooms whose names attest to their former familiarity: shepherd’s needle, corn cockle, poor man’s weather-glass.

A tiny plant called a spike-rush grows in the meadow opposite my house. It is a minimalist plant, barely more than a stalk with a rush-like flower on top, and superficially resembling some of the first land plants on earth. I thought that there was something odd about this particular spike-rush, and an expert who examined it for me, probably under a powerful microscope, told me it was probably a genetic mix, not a hybrid exactly, but a plant that had absorbed some of the characters of another, related species, a now locally extinct one called the needle spike-rush. And, if so, that tiny lost species represented only in the genome of another plant, is an echo of what was once here but has long since gone: a genetic whisper as it were, a ghost-plant. On a scale from 1 to 10, with our lost beaver at 10, I’d give the needle spike-rush about 0.1. But it makes a point. One’s direct experience of extinction is likely to be undramatic. Even mass extinction happens slowly, so slowly that hardly anyone notices unless a species happens to be studied and monitored, as birds and butterflies are in Britain.

Extinction represents the sharp end of a slow bleeding of biodiversity. It is incremental, arriving eventually at the solitary pole of permanence in an otherwise fluid and potentially reversible process. We can never know whether a species will become locally extinct until it has gone. For instance, how many of Britain’s (and Northern Europe’s) ash trees will survive? Most are now dying from a fungal disease as part of the price we pay for the lack of import controls on timber or nurseling trees. Will some survive? Will the tree eventually recover? We don’t know. We might notice that grasshoppers no longer spring from our feet as we walk through the grass in midsummer. Are they on the slide? People talk about the lack of flying insects in the car headlights, or on the ceiling when they leave the window open at night. When our river was poisoned after someone tipped insecticide down the drain, the mayflies suddenly vanished and, although some have since returned, others haven’t. Yet one’s perception of nature is barely dented by these disasters. The birdsong in spring is still spectacular – the sweetly warbling blackcaps, the fluting blackbirds, the cuckoo’s wandering voice. Each spring you appreciate anew nature’s extraordinary resilience, its ability to find refreshment in a half-empty vessel. Nature, I think, is an optimist.

But is Homo sapiens turning into a pessimist? Each year, we are seeing the terrifying results of a rapidly changing climate. Where I live, we receive more rain than before, especially in winter when what used to be a fairly firm path across the meadows is now a porridge of slippery mud. Winter winds are stronger. Trees that had managed to stay upright for hundreds of years are toppling. Instead of the traditional seasons we seem to get alternate seams of flood and drought. And in place of winter snow there are endless, endless grey skies. Nature is in flux, and in turbulent times like these there will be winners and losers. I see some of the winners from my window, the little egrets alighting like snow-white shawls and red kites, the progeny of releases in the 1990s, floating overhead with a sharp eye for roadkill. But on the other hand I cannot now expect to hear the nightingale, nor the soft crooning of the turtle dove. They have left us. They are only memories.

Like, perhaps, most naturalists I would prefer things to stay the same. Politicians tell us that change is an opportunity. Yes, but unfortunately all too often it is an opportunity for extinction.

Wildlife is losing. It is not their fault. All species on earth are well-adapted to their respective environments and have survived until now. It is we that have taken away what supported them, what they need most of all: their homes. 

Until now, extinction was part of nature

Endings are as important as beginnings. In geological time extinction certainly represents an ending but it also marks a beginning: death for one species but an opportunity for others. Extinction is a force that changes the world. Without it life would be impossible. The story of life on earth, through four billion years of upheaval and violent change, is one of constantly changing life forms, competing for resources, gradually increasing in diversity, and, it would seem, also in beauty and grace, and so onwards and upwards. Without extinction, there would be no forward motion; we would be stuck with never-ending, never-changing, primordial slime. In a state of nature, extinction (it is necessary to bear in mind), is positive, beneficial, life-affirming. Homo sapiens, for instance, exists on a mound of bodies, the trail of long-lost vertical apes and hairy ancestors.

One of the awakenings of the past half century is the realisation that we live in a violent universe. Our world circles the sun in a solar system of stunning turmoil. Bodies crash into one another, orbits spiral out of kilter, and explosions of rock hurtle out into space to eventually land as meteorites. A big meteorite or comet casually wiped out the dinosaurs and created a tabula rasa for our mammalian ancestors to exploit. On earth exploding volcanoes pour greenhouse gases into the atmosphere, and occasionally the eruptions are massive enough to disrupt life not only locally but across the world. Our planet has experienced cycles of torrid heat and bitter cold, creating deserts and ice caps, and wiping out whole families of species unable to adapt to the new circumstances. On at least five occasions in the past 500 million years three-quarters of all species on land and sea were wiped out. These events are now known as mass extinctions: the Big Five. The last one happened 67 million years ago. It wiped out nearly everything bigger than a cat.

We are now witnessing another mass extinction event. They call it the Sixth Extinction. The one we started all on our own.

The human volcano

Today, as all the world knows, we are in environmental crisis. It is caused, fundamentally, by the burning of fossil fuels: the human-industrial volcano, so to speak. Burning releases locked-up carbon in coal, wood and oil, which joins the atmosphere as carbon dioxide, a ‘greenhouse gas’. Greenhouse gases help to seal in solar heat. They make the world warmer, and that, in a state of nature, is a very good thing. We would be a very cold planet without some carbon dioxide to blanket the world. Unfortunately an excess of greenhouse gases makes the world warmer still, uncomfortably warm. The atmosphere now has half as much carbon dioxide again as in pre-industrial times (412 parts per million compared with about 280). In these proportions, carbon dioxide can be a killer.* It causes climate chaos, acidifies the oceans, expands the deserts and closes down the future. Our emissions, measured annually by climate stations across the globe, now amount to some 40 gigatonnes per year and rising (Friedlingstein 2020). A gigatonne is a thousand million metric tonnes – tonnes of gas, that is – a figure so dizzyingly vast that, like astronomical distances, the mind cannot well grasp it. If you piled up every human being on earth into a huge human mountain, well, 40 gigatonnes is roughly twice the weight of that. It weighs as much as three million jumbo jets. And the systems of the world cannot cope with it.

[image: Line image]

* It nearly killed me once. I accidentally breathed in a hot lungful of CO2 in a fermentation vat at a Scottish distillery, blacked out and nearly toppled in

The results are familiar to all, hideously so to some. Climate change results in more floods, more wildfires, more storms. Plants die, snow and glaciers melt, sea levels rise, and instability increases – and instability in turn creates suffering. The effects seem to worsen year on year. The extremes of heat and drought witnessed in 2020 saw forest and bush fires blazing across the world, from the Amazon to Australia. That year the Australian bush fires alone released 400 million tonnes of carbon, more than the country’s entire human-made emissions. Hot blazes not only consume natural habitats and their wildlife but release yet more carbon dioxide, and equally damaging quantities of methane and nitrous oxide. Carbon emissions in Brazil rose by 9.6 per cent in 2019, mainly from fires, and Brazil is only the sixth largest emitter of greenhouse gases in the world (the European Union, though smaller in size, emits four times as much). 

Relatively small increases in global average temperatures have disproportionately large effects. In 2019 the average increase was just under a single degree Centigrade above the twentieth-century average, and about two degrees above that of the nineteenth century. It doesn’t sound much, but we know the consequences. The reason it hasn’t risen any higher yet is because the oceans act as a heat sink: fortunately for humankind, and for life in general, three-quarters of the world is ocean, and because of the capacity of water to absorb heat it takes a truly tremendous amount of energy to raise global temperatures. But, by 2030, on present trends, greenhouse gases will have generated enough heat to overcome this thermal brake and temperatures will then rise more quickly, maybe by several more degrees by the end of the century. At the same time, the rapidly melting – and burning – permafrost is releasing yet more stored carbon. If nothing is done to stop it, global warming will make life considerably less comfortable. Today’s children may look back with longing to the times when the grass grew green and you could live in cities by the sea and sunbathe on the beach. 

On top of the disruption to the natural cycles of the earth, you have to factor in the world’s rising human population. Since 1970 – within the lifetimes of at least a third of us – our numbers have doubled while those of wild animals and birds have roughly halved: a synergy that suggests a link. At the beginning of the Industrial Revolution, in the mid-eighteenth century, there were fewer than a billion people on earth. Since then, the world population has grown eightfold to 7.9 billion, and on present trends that number will be nearly 10 billion by 2050, and upwards of 11 billion by the end of the century (Roser et al. 2019). The populations of twenty-five countries are expected to at least double between 2020 and 2050. Most of this generation will live out their lives in cities, vast conurbations spreading across the landscape, blotting out forests, marshes, coasts. Somehow these conurbations will have to be fed from an environment which is already stressed by drought, pollution, soil loss and ecosystem collapse.

Ten thousand years ago, when humans hunted wild animals with flint-tipped spears and arrows, wildlife outnumbered us by ninety-nine to one, and there was no domestic livestock at all. Today, if we weighed every person on earth, we would amount to nearly a third (32 per cent) of the mass of every living animal on land. The rest (67 per cent) would be made up mainly of our flocks and herds. Collectively wild animals represent only one per cent of life on land, and even that tiny proportion is falling. Population Matters, the charitable body which tries to persuade us, ever so politely, to have smaller families, tells us: ‘As long as our numbers are growing, the value of every other action we take risks being cancelled out by the demands and needs of new people joining the population.’ To put it more bluntly: more people means less wildlife. 

Using the wonders of the internet, with the facts and figures of science technology at our fingertips, it is open to anyone to work out roughly what the future will look like if climate change continues at the present rate. A realistic scenario would need to take into account facts and trends, and probabilities based on them, and the likely demand on the earth’s resources. What it is impossible to know is the human factor – whether we will respond intelligently or stupidly to the problems that face us. Certain scenarios will almost certainly not happen. It would be a good outcome if we were selfless enough to leave half the world’s open spaces for wild animals and plants, as the late ecologist Edward O. Wilson advocates. But it isn’t happening. Or we can imagine a world made climatically safe by a fast global reversion to carbon-zero as Extinction Rebellion and Green parties would wish us to do. That isn’t very likely either – it might be achievable in particular countries but surely not soon and not worldwide. Perhaps we live on such illusions a bit too much. Humans thrive on hope, which elides into plans, declarations, resolutions. Of course we all have to hope, but, as sixteen-year-old activist Greta Thunberg had to remind us, hope without action is useless. And it needs to be the right action. Environment-friendly action might mean people-denying action. But how many of us would support a government that denied us our deepest desires, our aspiration for a better life?

But without such action, and meaningful sacrifice, it is inevitable that we are going to say goodbye to a lot of the animals and plants and insects with which we share the world.

At risk of extinction according to the IUCN’s Red List of Endangered Species are

40% of the world’s amphibians

34% of the world’s conifers

33% of reef corals

31% of sharks and rays

27% of ‘selected crustaceans’

25% of mammals

14% of birds

That is, if we carry on as we are now. If we do nothing to help. Some of these species are probably already gone.

A guide to what follows

The basic facts about climate change are becoming familiar, perhaps wearyingly so. But its consequences are usually discussed from a human-centred perspective, understandably enough. From the World Economic Forum to COP26 to purely local initiatives, the focus has been on green energy and carbon reduction for the sake of future prosperity. Our prosperity, that is.

The impact of climate change on the extinction rates of wild species is a secondary consideration, and usually talked of as though it were more of a threat than an actuality. But unfortunately the Sixth Extinction has already begun. The world’s wildlife is in steep decline – numerically speaking, most of the world’s rhinos and great apes, for example, have already gone – and hundreds of species have become extinct in the past fifty years. Thousands more are likely to follow in a process that is probably unstoppable. Ecosystem collapse and the extinction of species is, or should be, a defining theme of the present, not a projection of the future. To repeat, it is wrong to call mass extinction a threat. It is the inevitable accompaniment to the human-dominated, fast-changing world we live in. It cannot be a threat because it is happening already, right now.

This book represents my own take on a subject which is naturally depressing, but which, I think, is also extremely interesting. Why has extinction been the fate of some species but not others? How does extinction affect us as feeling and thinking human beings? The threat of extinction can bring out the best in us, in our determination to try and save some of the most attractive species on earth. It has already created an unparalleled burst of scientific research and survey. Half of the world’s frogs, for example, were discovered and described in the past fifty years, and the same is true of the world’s sharks (there is a strange synergy at work here because roughly half the world’s frogs – though not necessarily the same ones – are also believed to be threatened with extinction). Conservation efforts, locally and worldwide have been spurred on by extinction. Many of the most threatened species on earth now have resourced action plans for recovery. Of course a plan for recovery is not the same thing as an actual recovery (though you sometimes are given the impression that it is). As Robert Burns reminded us, even the best laid schemes gang aft a-gley. And failure in this case is not something that can be corrected later. Nothing on earth is more final than extinction. 

To prevent this book becoming a jeremiad, or a dreary listing of threatened and lost species, I have tried to approach our deathly subject thematically, in the diverse ways in which extinction happens, in the plants and animals it hits, the places where loss is at its greatest and in its impact on our sensibilities. First, I review the great mass extinctions of the past and their relevance to what is happening today – for if you want to fix something, first find out how it works. Then I review why extinctions happen in the modern world, and of some of the extraordinary efforts done to prevent it. We tend to think of threatened species as animals and birds – the ones that appear on television – but the greatest number is among those small beings that run the world, the invertebrates. It is so easy to forget them. After this worldwide review, I turn to the lands I know best: Great Britain, that is, England, Scotland and Wales, where the slow bleed of biodiversity is linked to habitat fragmentation: the rags of wild nature surviving in an overcrowded land. 

In Chapter 4, I address the core of the issue: how to survive and avoid the queue that leads to the door marked exit. It addresses an imaginary species in terms of dos and don’ts. Some things you should avoid at all costs, while certain survival skills will give you a better chance. I hope this chapter will not seem facetious or uncaring, but it seemed to me a necessary way of making a lot of diverse information readable and even, dare I claim, amusing. We then move on to pathways of extinction: the journey of a species to its grave. Every lost species has its own story, of course, but I think my chosen five, a fish, a moth, a dolphin, a wolf and an earwig, collectively say something about human perception of loss as well as about extinction. In Chapter 6, we are reminded that extinction isn’t always the last word, for a species may have a posthumous life in our imaginations and our products, as icons and symbols, even as film stars. That is why I feel able to include everybody’s favourite dinosaur, Tyrannosaurus rex, which hasn’t been around in the flesh for a very long time (and never co-existed with humans), and one species – the dragon – that never existed at all.

Chapter 7 is about our reaction to extinctions, as the actuality of the Sixth Extinction dawns on us, the first mass extinction of life since T. rex perished in a fireball. Rebellion is in the air, but on whose behalf, our own environment or the natural world? The last chapter pursues reasons to be more hopeful, ending with the consoling delights of nature, extinction-bound or not. Overseeing all is the crucial matter of tone. I find pure science writing colourless because it forbids normal human emotion. Similarly the moral earnestness that pervades much of conservation writing can become wearisome, as well as jargon-infested. It seems to me that we don’t have to write as though we were making a sermon. Admitting that in the matter of extinction of life we are all sinners by default does not preclude the possibility of irony, sarcasm and nervous laughter (laughter in the dark). You can’t be detached about extinction. And, when looked at in a certain way, although extinction is certainly tragic, it contains other facets too, disgust, irony, fascination (the fascination of a rabbit in the headlights), even comedy. It doesn’t pay to be serious all the time, even about a subject like extinction.

There is extinction, and there again there are extinctions, local, national, worldwide; extinct in the wild, possibly extinct, probably extinct, and ‘Data Deficient’, meaning that, yes, you are almost certainly extinct. There is extinction by neglect, and extinction by deliberate act, and ‘declared’ extinctions that turned out to be wrong and other newly declared extinctions that actually happened a long time ago. There is even life after extinction, a kind of cultural after-glow. Extinction has many meanings and many possibilities as a subject. That is why I have subtitled this book Extinctions, and not Extinction. There are many ways in which life comes to an end, a fate with many colours.

Perhaps I had better say a little about myself. I am not a professional scientist, though I have of course studied science, at school, at university, and also didactically. Rather I am an old-fashioned, all-round naturalist. I have been a professional nature conservationist, working in Scotland and England. I have co-led wildlife-focused tours around Europe and travelled parts of the world in search of wildlife, as well as nature forays at home. I have written about wildlife and naturalists and nature conservation across two dozen books and countless feature articles and reviews, both in the specialist and also the national press. I have observed the conservation scene over half a century and taken a minor role on that great stage, the equivalent I suppose of the assistant gravedigger in Hamlet. I have saved this book until my eighth decade. Extinction is nature’s last word. Whether it will be my last word too, I don’t know. You never know do you? Hopefully not.





Chapter 1

Extinctions through ancient time

Life is a copiously branching bush, continually pruned by the grim reaper of extinction, not a ladder of predictable progress.

Stephen J. Gould (1989), Wonderful Life.

What was the first species ever to die out, the very first lost life on earth (and so, you might say, the least successful species ever)? It’s hard to say. For the first three billion years, life on earth consisted solely of micro-organisms, visible only as slime or coloured hazes in the water or strange projections from the shallow seabed topped by a greenish crust. Did some forms of slime do better than others? Was extinction a natural phenomenon from the very beginning? Until recently, it was believed that micro-organisms like bacteria or viruses were more or less extinction-proof. They exist in such unfathomable numbers, like sand grains on a beach, that nothing short of a universal deluge would ever stop them in their tracks. We can kill off a micro-organism, given a worldwide vaccination programme, such as the smallpox virus, or one of the bacteria that causes leprosy. But does nature? Fossils in this case do not help much. It is hard enough identifying living micro-organisms, let alone billion-year-old mineralised specks in the rock.

Recent research by Stilianos Louca and colleagues at the University of British Columbia (2019), Canada, took an indirect approach to the problem. Rather than studying fossils in situ they used ‘massive’ DNA sequencing, followed by equally massive data analysis to construct a family tree of bacteria, showing how the microbes have diversified over time. On that basis, Louca estimates that there are between 1.4 and 1.9 million ‘lineages’ of bacteria in the world today, many of which have yet to be discovered and named. The same data indicates that between 45,000 and 95,000 kinds of bacteria are likely to have died out during the past million years alone. In other words, species of bacteria become extinct in the end just like any other form of life. Within their own micro-worlds, bacteria compete for resources and the strong species survive while the less well-endowed go under. No forms of life, even the most primitive or the most numerous, are proof against the ravages of time, change and competition. 

So the first extinctions on earth were almost certainly micro-organisms that we know nothing about and wouldn’t have noticed even had we been around at the time. My own candidate would be an Archaean (‘ancient thing’), an antediluvian micro-organism that derives its energy from the oxidation of methane. Imaged through an electron microscope they look like jellybeans. Archaeans still exist, although nowadays they might be happier on another planet. The yellow colouration gathered around the hot springs of Yellowstone Park is made up of a universe of Archaeans (though unfortunately it is not the ‘yellow stone’ of Yellowstone; that is the name the native inhabitants gave to the rocks along the river). Perhaps the Archaeans were the first bright colours on earth, the living froth around the vents of geysers. Maybe the very first extinct being was all the colours of the rainbow. Nature’s show-offs rarely succeed for long.

Extinction is the great decider. It deletes the less fitted – which were of course perfectly well fitted in their day, until their environment changed – while sparing others, the ones that will go on and create new branches on the tree of life. At any point in time it would be impossible to pick out winners or losers. Evolution’s great successes, such as horses or elephants, started out in an extremely modest way. The late, great, Stephen Jay Gould drew attention to the unpredictability of life’s lottery: the ‘billions of possible scenarios’ (Gould 1989), potential outcomes from which only one will make it through. Homo sapiens is, in evolutionary terms, the merest twig on just one branch of a monstrous tree. If evolution had taken a different path, perhaps we might have ended up not with big brains and an aggressive attitude but as social innocents with a vegetarian diet living quietly in the woods. And, if so, the world might still be roamed by mammoths and dodos and sabre-toothed cats. Like all species, we owe our existence to a coincidence of time, circumstance and evolutionary opportunity.

When I studied fossils at university, long ago, I remember Robin Wootton, our amiable lecturer, introducing us to Tullimonstrum, the Tully Monster, named after a fossil collector called Francis Tully. This creature, only the size of a prawn, swam in ancient seas at about the time when forests were first forming on land. The point about Tullimonstrum is that, despite a fair amount of detail on the fossils, no one can work it out. This little monster is roughly fish-shaped but has a long proboscis sticking out from the front like the hose of a vacuum cleaner, ending with a pair of snapping jaws each bearing six sharp teeth. 

‘You are all quite experienced in animal anatomy by now,’ I remember Robin saying. ‘So where would you place this?’ 

Some think Tullimonstrum is a kind of worm, others a sort of shrimp, while the majority plump for an early bash at a vertebrate, perhaps a distant relative of living lampreys. If the latter guess is right, Tullimonstrum might have become a vertebrate ancestor, giving rise to whole families of funny little fish shaped like vacuum-cleaners. As it was, Tullimonstrum was on the wrong team. It soon dropped out of the fossil record, to surface again only 280 million years later as the state fossil of Illinois.

Another might-have-been was Ichthyostega (‘fish-roof’), an ancestral amphibian which looked a bit like a giant tadpole with feet. What was unusual about Ichthyostega was its hind feet, each of which bore not five toes, the accepted base number for all land vertebrates, but seven. Yet the idea of seven-toed animals never took off, and we can only imagine what the history of music, say, might have been like if Ichthyostega had been our ancestor and we all had seven digits on the end of our arms instead of five.

Surely everyone who loves prehistoric life has a favourite animal? My own top beast is a mammal, the first really big mammal, called an uintathere. It was there right at the start, in my toddler’s colouring book, a big, snorting, frightening-looking beast that, I recall, was looking me squarely in the eye. Actually there were two of them, Uintatherium (‘Uinta beast’) and the even bigger Eobasileus (‘dawn emperor’). Both had huge heads with no fewer than six horns, arranged in pairs along their low, flat skulls, plus a pair of long, curved fangs that wouldn’t have been out of place on a sabre-toothed tiger. Their heavy bodies were wide-hipped, like a hippo’s, but with longer, elephantine legs ending in a semicircle of five hooves. So they looked a bit like a rhino, and a bit like a hippo, and a bit like an elephant, and since some evolutionists thought they came from the same unlikely lineage as lagomorphs, maybe with a bit of rabbit thrown in too. In his reconstruction of the beast, the nineteenth-century fossil hunter, Edward Drinker Cope even gave them an elephant’s trunk and a pair of huge flapping ears (reasoning that if they were the size of an elephant they probably looked like an elephant). The Natural History Museum once had a whole gallery devoted to fossil mammals, and among them was a skeleton of Uintatherium standing proud in front of a painted backdrop of tropical palms, an awe-inspiring sight for an open-mouthed boy such as myself. But that gallery has long since been dismantled and my favourite beast despatched to some basement. Which is why children today have never heard of the great beast from Uinta (and neither has Microsoft’s spellcheck).

The uintatheres did not last very long. They were the giants of the mid-Eocene, about 40 million years ago. They ‘ruled the earth’ for a while but died without issue. They left no descendants and today, as with the Tully monster, we cannot even agree on what kind of animals they were. Perhaps what weighed against their survival was the fact that they were incredibly dim. Their huge bodies were controlled by tiny brains, sufficient, obviously, for their needs, but perhaps inadequate once there was competition from slightly brainier animals. I still dream of a world where uintatheres survived and gave rise to whole dynasties of grotesquely horned and fanged beasts, bellowing from their primeval swamps as the sun dips behind the peak in a scream of golden light.

This is not to say there was anything inherently wrong with uintatheres, or Tully monsters for that matter. They did well enough to enter the fossil record, and perhaps any evolutionary biologist transported back to their time might have seen them as very promising lines of development. It is, in fact, impossible to spot unfitness in the fossil record. As the American palaeo-biologist David Raup (1992) noted, the only hard evidence for unfitness is extinction, and in that sense every species is eventually unfit. Survival seems to be as much a matter of good luck as good genes. The uintatheres shared their humid forests with the first horses, nondescript little animals the size of terriers. Yet the latter’s descendants spread all over the inhabitable globe while the uintatheres soon vanished forever. Were their contrasting fates just a matter of luck? And if so, is there not something a little fearful about the random nature of events? You can’t bet on being a survivor. All you can do is hope.

Mass extinctions

In the books of prehistoric life that I grew up with, extinction was usually thought of as a gradual business, a slow weeding out in an orderly Darwinian progression. Admittedly there were sudden unexplained crashes, such as the moment when all the dinosaurs disappeared, apparently quite suddenly, at the end of the Mesozoic. That particular extinction was often ascribed to the dinosaur’s basic, cold-blooded stupidity and the inevitability of a takeover by the brainier mammals (unless you follow Will Cuppy’s satirical view (1941) that ‘the Age of Reptiles ended because it had gone on long enough, and it was all a mistake in the first place’). But as scientists looked more closely at the fossil record, this idea of gradual change didn’t seem to stand up. 

In 1972, Stephen Jay Gould and Niles Eldredge came up with the alternative theory of ‘punctuated equilibrium’ (Eldredge & Gould 1972). The record suggests that far from being orderly
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