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PROLOGUE

In a composition of some days, in a perusal of some hours, six hundred years have rolled away, and the duration of a life or reign is contracted to a fleeting moment: the grave is ever beside the throne; the success of a criminal is almost instantly followed by the loss of his prize; and our immortal reason survives and disdains the sixty phantoms of kings who have passed before our eyes, and faintly dwell on our remembrance.

EDWARD GIBBON, 

The Decline and Fall of the Roman Empire

Of all the animals that have risen and fallen in Earth’s long history, it is the dinosaurs that have most engaged the public imagination. They infest our cinemas and comics. Their images are all over clothing and school lunchboxes. They even get into places that they’re not wanted. The word ‘dinosaur’ has such cachet – such pulling power – that it can even sell things that don’t have much to do with dinosaurs. Dawn of the Dinosaurs is the title of a wonderful book1 about the unjustly neglected Triassic Period (the one before the Jurassic of movie fame, for all that many of the dinosaurs featured therein are from the even later Cretaceous Period), a fifty-million-year interval (between 250 and 200 million years ago) in which many kinds of extraordinary creatures evolved, most of which despite their inherent interest will be unfamiliar to most people, and in which dinosaurs only played a walk-on part near the end. But they got top billing on the title page, nonetheless. Such palaeo-cultural misappropriation doesn’t stop there. Popular books on prehistoric life are often entitled ‘Dinosaurs’, and then, in smaller letters, as if in apology, ‘and Other Prehistoric Animals’. Play sets featuring dinosaur models might include animals that lived at the same time as dinosaurs but weren’t dinosaurs (the flying pterosaurs, the swimming plesiosaurs), and even Dimetrodon, a toothy, sail-backed creature that lived tens of millions of years before the dinosaurs and was in fact more closely related to us. As if to stick two fingers up at the merest accusation of anachronism, they might even throw in a woolly mammoth, an animal that lived more than fifty million years after the dinosaurs had disappeared. Such is the near synonymy of the word ‘dinosaur’ with ‘clickbait’ that I was tempted to call this book ‘Dinosaurs’ (in large capital letters) with the subtitle (in smaller letters) ‘and Their Role in the Evolution and Extinction of Humans’.

They are not, however, completely unconnected. Whatever else one might say about dinosaurs, they are, indubitably and most definitely, extinct.2 The fascination that they elicit in the public mind is derived, in large measure, by this single, simple fact. Dinosaurs seemed to be thriving until the very end of the Cretaceous Period about sixty-six million years ago, when, suddenly, they disappeared, along with the flying pterosaurs (which weren’t dinosaurs), the swimming plesiosaurs (and neither were these), the iconic truck-tyre-sized ammonites (armoured relatives of squid, definitely not dinosaurs) and many other creatures.

For many years – decades, even – the reason why dinosaurs perished was a non-question that attracted a wealth of possible answers. More than a hundred have cluttered up the cocktail-party-chat end of the scientific literature.3 Dinosaurs died out because their eggshells became too thin and fragile for the embryos to reach term. Dinosaurs died out because their eggshells became too thick for the young to hatch. Dinosaurs died out because newly evolved mammals ate their eggs (irrespective of the thickness of the shells). Dinosaurs died out because of indigestion brought on by eating the then newly evolved flowering plants. Dinosaurs died out because of hay fever contracted from the then newly evolved flowering plants and sneezed to death. Dinosaurs died from some other unspecified contagion. Dinosaurs died out because they became too big and heavy. Dinosaurs died because they stopped having sex. Dinosaurs died out because, after 160 million years as the undisputed rulers of creation, they simply ran out of things to do, new worlds to conquer, and got bored (a condition that’s accreted its own technical term, Palaeoweltschmerz), and expired from sheer ennui.

The most outrageous idea to account for the extinction of the dinosaurs was that the world was struck by an enormous asteroid, the impact of which ushered in an interval of global catastrophe. This was the idea that turned out to be true.

Many of the ideas, though, turned on the notion that after a hundred million years and more of tenure on the Earth, the dinosaurs had become outmoded, tired, worn out, that their time was over. This, really, was why extinction was a kind of non-question, for it was once thought that dynasties of creatures came and went as a matter of course, and that departure was inevitable, the creatures having run out of puff. It was called ‘racial senescence’, or, more technically, ‘orthogenesis’. And so it was that the Devonian Period was the ‘Age of Fishes’, after which fishes gave way to the succeeding ‘Age of Amphibians’ in the Carboniferous Period, with each dynasty of creature giving way to something newer, more advanced, more evolved, with each in its allotted station, to each its allotted span. The dinosaurs were the apotheosis and zenith of the ‘Age of Reptiles’, after which there was the ‘Age of Mammals’, culminating in Man (Capital M. Not, you’ll notice, Woman, capital W). Dynasties of animals arrived, largely supplanted the existing ones, and were, in their turn, eclipsed. Dinosaurs arrived, fretted and strutted on the stage of life, and then departed when their time was up. So much so that the word ‘dinosaur’ became a synonym for something huge, obsolescent and unsuited to the modern world, like the Ford Edsel or manual typewriters.

Only in the 1970s were dinosaurs reinvented as warm-blooded, intelligent creatures, largely thanks to the patient work of the late palaeontologist John H. Ostrom and his swashbuckling student Robert Bakker. A little later, the idea that an asteroid brought the age of dinosaurs to a crashing close gained credence, and it was found that dinosaurs didn’t die out because of some natural cycle, but that they were cut down in their prime. If the asteroid had missed, dinosaurs might still be enthroned on the Earth today.

After this, orthogenesis was dumped in the ‘where are they now?’ files of defunct evolutionary ideas. It was an idea that had had its day, like, well, the dinosaurs. Evolution, you see, doesn’t work that way. The motor of evolution is natural selection, a handy phrase for what happens when inherited variation and superabundant offspring confront environmental change. When this collision is allowed to play out over time, the result is evolutionary change. But at any given moment, natural selection has no memory of things past, no vision for the future, no aim in view. This in-the-moment view was encapsulated by palaeontologist Leigh Van Valen as the ‘Red Queen’ hypothesis. Creatures are forever in competition. Predators develop keener weapons and sharper senses to catch prey that are forever evolving to be more alert, more wary. As the Red Queen says to Alice in Lewis Carroll’s Through the Looking Glass, in Looking-Glass Land you must run as fast as possible just to stay in the same place. From this, Van Valen reasoned that there need be no relationship between how long a species (or group of species) took a turn on the stage of life and the timing or manner of its passing. Orthogenesis – racial senescence – was an illusion.

Except that it wasn’t.

Time after time, palaeontologists found that species (or, more usually, genera, which are groups of closely related species) tended to arrive at one point in Earth’s history, after which they diversified and become dominant, only to fade and dribble away to extinction. If orthogenesis made no sense, what could explain this pattern of entrances and exits?

An answer came as recently as 2017, when a group of palaeontologists from Helsinki came up with a way to finesse the problem.4 Species appear on the scene for any number of reasons, but their rise to dominance is driven by having to rub up against other creatures, in the same way that it takes a bit of irritating grit in an oyster to create a pearl. Once they’ve reached the top, having run all the competition out of town, they must fight a long and inevitably losing battle against a pitiless foe that will never, ever give up – the Earth itself. After that, the only way is down, until, eventually, the tiny remnant of what is left will be culled by some chance environmental event. The asteroid that mowed down the dinosaurs was a freak event. If the asteroid had missed, the dinosaurs would have died out, sooner or later, because that’s what living things do. To understand when and why species become extinct in the common run of things, you must see what they were doing at their peak.

And so, we arrive at the connection between dinosaurs and humans.5 If you apply this logic to modern humans, our own species, Homo sapiens, is marked for extinction. Of course it is. Humans, like dinosaurs, and like every other living thing that has ever walked, hopped or crawled on this planet’s face, or has burrowed beneath, or flown above it, or slithered into the ocean depths, are living creatures and cannot claim any special exemption from the rules of the world. On the other hand, Homo sapiens might not be an exception, but it is exceptional, nonetheless, and I think it’s fair to state this even though a human is doing the judging.6 Humans have achieved, in a remarkably short space of time, a dominance over the fates of all other creatures that none other has managed in the entire history of the Earth, as far as is known. They have managed this with an unprecedented mastery over the forces of nature. Humans have penetrated the secrets of atoms, to exploit their energy. They have unravelled the genetic mysteries of life, to manipulate it. They have scanned to the edges of the Universe. It is reasonable to ask whether, given all these achievements, humans might, uniquely, evade extinction’s great scythe, and persist indefinitely.

The answer is that humanity will perish, along with everything else. The reason, in part, is because of its very success. Humanity has become so pre-eminent, so dominant, that it threatens the functioning of the ecosystem on which it and all other creatures depend. No other single species in the history of creation has ever posed such a threat.7

In my previous book, A (Very) Short History of Life on Earth, I was coy about precisely when Homo sapiens might vanish. I veered between a few thousand years, to a few tens of thousands, to – well – some vague, hand-wavy time in the future. I think the phrase I used was ‘sooner or later’. In a way, extinction isn’t some uniform daisy-cutter, but affects each species according to its own circumstances. In that book I was proud to have invented the Karenina Principle – that whereas all happy, thriving, abundant species are the same, each species on the brink of extinction will meet oblivion in its own way.

There are, however, rules. According to the principles discovered by the Helsinki group, our species’ inevitable demise was set the moment when, for the first time in the seven-million-year history of the human lineage, only one human species was left standing. That species was Homo sapiens. The moment? At some point between 50,000 and 25,000 years ago. After that, the downward course became inexorable. The only question was when the final curtain would fall.

Until about 50,000 years ago, Homo sapiens was just one of many species of human. At that time, it was tropical, living in Africa and southern Asia, with a toehold in island south-east Asia and Australia. In Europe and central and northern Asia, Neanderthals ruled, ruggedly adapted for ice age life.8 They shared central and eastern Asia with the Denisovans,9 initially adapted for the high life on the Tibetan Plateau, but which had lately migrated to lower altitudes. Island south-east Asia hosted a remnant of the ancient species Homo erectus in Java, and the unusual, dwarfed ‘hobbits’ Homo luzonensis in the Philippines and Homo floresiensis on the island of Flores, in what is now Indonesia. And these are just the ones we know about. Homo sapiens shared Africa with other species, the existence of which we are barely aware. But by around 25,000 years ago, coincident with the coldest snap of the ice age, Homo sapiens had colonized the whole of Africa and Eurasia and had even made inroads into the Americas. By that time, it had driven all other human species to extinction. From the moment the last human that wasn’t a member of the all-conquering Homo sapiens died out, Homo sapiens’ card was marked.

It then had to fight the long, losing battle against ineluctable fate.

This might seem odd given that the human career since then appears to have been one of progressive global domination. Beneath the success story, however, Homo sapiens has been living on borrowed time. It has done so for thousands of years and is now on the verge of collapse.

In this book I shall explain why.

I shall also explain how, if it is wise, lucky and sufficiently ingenious, Homo sapiens might evade this fate, at least for a while. But if it is to do this, it must act now. The reason is that humans alive now, including you, the reader,10 live at a unique turning point in the long history of the species.
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In seeking a place to begin his magisterial, 2,900-page epic The History of the Decline and Fall of the Roman Empire, Edward Gibbon did not start with the founding of Rome itself.11 Neither did he discuss the wars with Hannibal of Carthage; the campaigns of Scipio, Pompey or Mark Antony; Caesar’s conquest of Gaul; or the subversion of the Roman Republic by the Empire. Instead, he began when the Empire was at its height, under Trajan, at the start of the second century ce.12 He understood, instinctively, that to chart the course of the Empire’s decline he needed to begin when it was at the top – rather as the Helsinki group of researchers did with species in general.

Gibbon did, to establish context, look back slightly, just a century, to the days of Augustus, and especially to the Augustan view that the Roman Empire, even then, had reached its natural limits – the Mediterranean basin, bounded by the Rhine, the Danube, the Euphrates and the Sahara – and to exceed these bounds would be counterproductive. So it proved. Although the legions did, at times, march across the Rhine into Germany, and across the Danube into what is now Romania, these conquests were short-lived. At times, the sounds of Roman legionaries on the march were to be heard on the coasts of the Caspian Sea and the Gulf. But campaigns in such faraway places were fleeting, evanescent and soon thrown into reverse. The Augustan boundaries were to prove enduring.

As Gibbon measured the decline of Rome from its period of greatest glory, I shall start my charting of the decline of the human species a little before the time when Homo sapiens found itself at the top of the heap, the sole survivor of the hominin (human) family.13 In fact, I shall go a bit further back than that, by beginning with the earliest hominins. The reason is that our family – the family of the hominins – is defined by a single fact, that is, a habitually bipedal stance. Hominins are those apes that got up on their hind legs and walked. Many of the things that subsequently happened in the human lineage, from the evolution of the overlarge brain, the long childhood, the invention of technology and so on, might not have happened had we stayed with all four feet on the ground.14 But bipedality, for all its apparent virtues, is thoroughly bad news for human health and welfare. It required a comprehensive re-engineering of a body which, for the previous 500 million years, had evolved with a backbone held horizontally, in tension. The sudden conversion to a backbone held vertically and in compression prompted a plethora of problems, which even today remain a challenge. From hernias to piles, back pain to broken bones, walking on two legs continues to exact a fearsome toll.

I shall then focus on the origins of just one genus of hominin, the genus Homo – that particular group of species, nested within the hominins, that includes our own. Until the arrival of Homo, between three and two million years ago, all hominins were restricted to Africa. With Homo, though, they left their ancestral homeland and spread across the world, evolving into a host of new species from the hobbits of south-east Asia to troglodyte Neanderthals, to the heavily built Denisovans that colonized Siberia and Tibet. All, though, were rare and scattered. While early members of the human family were omnivorous opportunists, they were never more than marginal players in the ecosystem. Even when some became specialist vegetarians, no herds of humans roamed grazing across the plains, to match, say, zebras or wildebeest. The most successful early species of Homo was Homo erectus, which became a savannah pack-hunting predator, rather like the modern African hunting dog – and the economics of ecosystems mean that predators are always rare.

But whether hunter or gatherer, scavenger or predator, the fossils of hominins – the material remains that yet survive from millions of years past – are notoriously rare. Compared with the fossils of the other animals with which they shared their environment – from antelopes to elephants – hominin fossils are vanishingly scarce. It is likely that hominins always were rare in life, peripheral members of any ecosystem they inhabited, never present in any great numbers. When Homo erectus evolved to become a specialist meat eater, this scarcity became more pronounced still. Scarcity has always posed problems for hominins, as it limits the amount of genetic diversity available in a population at any given time. It also gives free rein for undesirable mutations to spread, which would be weeded out of a population were it larger (I shall explain why that is so later in the book). More seriously, scarcity means that a population is that much closer to being wiped out altogether, not by any inherent genetic flaw, but by idiosyncratic circumstance and unhappy chance – the Karenina Principle in action. It seems to have been a feature of hominins that their populations were cut down to almost nothing not just once, but perhaps several times in their history. Recent work has shed light on a particularly awkward age, during which time humans teetered on the edge of oblivion for more than 100,000 years, between about 930,000 and 813,000 years ago. During this interval the entire stock of breeding humans was never more than 1,280 individuals.15 A modern conservationist transported back in time might have reckoned that humans were a species threatened with extinction and put it on the Red List.

Although there are more humans on Earth now than ever before, this early scarcity has left an imprint in our genetics. For all our superficial variety, we are much the same underneath. There is more genetic variation in a troupe of chimpanzees in Africa than in the entire human species.16 This is a sign that Homo sapiens has expanded from very small groups of founders that managed to dodge extinction sometime in the past – probably more than once.

Homo erectus and its descendants moved and evolved across Eurasia, but Homo continued to evolve in Africa, too. In Chapter 3 I record the origin of our own species, Homo sapiens, in Africa sometime around 315,000 years ago, at about the same time that Neanderthals were emerging in Europe. At that time our species was something of a raw ingredient that had to be winnowed by experience. Although Homo sapiens tried on occasion to leave Africa, all its attempts failed until around 100,000 years ago. By then, Homo sapiens had weathered a long period of splitting up into smaller populations and then joining up again, interbreeding within Africa17 to produce a creature we’d recognize today – a creature with self-knowledge and an appetite for destruction.

But Homo sapiens very nearly didn’t happen. For most of its existence, it was bottled up in its African homeland by its cousins, the Neanderthals, which had come to dominate Europe and western Asia. As the global climate continued to cool and become drier, Homo sapiens almost became extinct. The last, scattered remnants of Homo sapiens did, however, survive – but the close encounter with oblivion left its genetic mark. Because all modern humans descend from the tiny population of ancestors that survived, the genetic resources available to humans – to overcome new challenges such as disease – are scant.

Starting roughly around 100,000 years ago, Homo sapiens managed to break out of Africa. This time, migration was a raging success. Humans reached Australia more than 60,000 years ago and Europe 45,000 years ago. Wherever Homo sapiens went, it left destruction in its wake. Like no other hominin species, it started to modify the landscape to suit its needs. The result was the extinction of most animals more massive than a large dog.18 By around 25,000 years ago (at the latest), Homo sapiens had occupied all the major continental land masses. Only New Zealand, Madagascar, the more remote oceanic islands and Antarctica remained unvisited, and even they would succumb. It’s worth saying that the spread of Homo sapiens has been so rapid, against the scale of events in geological time, and even when set against the overall hominin career, that the sudden invasion of Homo sapiens might be said to encompass the Moon, and – in the form of its technological tentacles – the entire Solar System. Radio and TV signals emitted by Homo sapiens have spread more than a hundred light years into the wider Galaxy, encompassing a volume that includes thousands of stars.

As well as contributing to the extinction of most of the Earth’s large animals, Homo sapiens drove all other human species to extinction – Neanderthals, rulers of Europe and Asia for more than a quarter of a million years, crumpled before the surge of modern humans entering Europe around 45,000 years ago. Although long resistant to Homo sapiens, the Neanderthal edifice was washed away like a sandcastle before the tidal surge. It took less than 10,000 years. At around the same time, the arrival of humans spelled doom for the yeti-like Denisovans of Asia, the hobbit-like indigenes of island south-east Asia (Homo luzonensis and Homo floresiensis) and presumably others that remain to be discovered.

At this point, the only way was down.

Evolutionary theory suggests that species succeed when they have sparring partners. As the Helsinki group showed, when the competition is eliminated, stagnation sets in and a species becomes more subject to circumstances of the external environment, as well as forces acting from within. As for Gibbon’s Roman Empire, so with the human species. It is at this point that I start to document the decline of Homo sapiens.
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The rot set in with a remarkable human innovation that is almost (but not quite) unique in the animal kingdom. That innovation is domestication of animals and plants. Starting around 40,000 years ago, when humans domesticated dogs, they tamed various other large animals as sources of meat, milk and fibres. Ferocious wild oxen and boar became Buttercup the Cow and Porky the Pig. Skittish sheep became fluffy and docile. Most of all, humans started to tame wild plants. This innovation – agriculture – started around 26,000 years ago, when the Earth was at the peak of the last ice age, and when many parts of the world not covered in ice were harsh and dry. Hunters and gatherers kept starvation at bay by farming predictable crops rather than relying on increasingly unpredictable forage. It was then that the human population started to expand exponentially – at ruinous cost. The consequences of agriculture can be felt today in a range of diseases and health problems that afflict humans, from tuberculosis to parasitic infestations to diabetes.

Perhaps more worrying is that most humans are fed from a limited selection of genetically similar crop plants. History shows that overdependence on a single crop can lead to disaster. One thinks of the Irish Potato Famine in the nineteenth century, in which the potato crop was ruined by a fungal disease. The consequence was a marked reduction in the population of Ireland, by both starvation and emigration. Today, plant breeders must keep one step ahead of the fungi that destroy the very small range of commercial varieties of banana.19 The world could, probably, survive without bananas – but more serious would be some pathogen that afflicted wheat, rice, barley, millet or sorghum, the plants on which billions depend as staple food crops.

Human beings, like bananas, are extraordinarily susceptible to disease,20 compared with, say, chimpanzees. The roots of this vulnerability lie deep in the past, during those anxious periods when the population of humans declined to tiny numbers, only to be re-established, resulting in a relatively small degree of genetic variation when the population did recover. This has left humans vulnerable to diseases, as attested by the history of diseases from plagues in ancient times to COVID-19 today. This phenomenon is most apparent in the many cases of small populations prone to certain disorders, whether through infection, or, as it may be, inbreeding, including the incidence of porphyria among Afrikaners,21 bipolar disorder in the Amish22 or Crohn’s disease in Ashkenazi Jews.23 Indeed, despite improvements in our medicine, hygiene and lifestyle, the burden and threat of disease are great. Compared with humans, chimpanzees suffer far fewer diseases, despite being strangers to personal hygiene and fond of snacking on their own faeces. Indeed, some of the diseases that afflict chimps may have been contracted from humans. One could even argue that the human burden of disease is magnified because of modern medical interventions, which allow many people to survive who might have perished had they been unfortunate enough to have been born in earlier centuries.24

[image: Paragraph break image]

A significant milestone for Homo sapiens came in 2022. That was the year when more people died than were born in China, the world’s most populous country,25 for the first time since Mao Zedong’s Great Leap Forward in the 1960s led to widespread famine.

The news is remarkable because of the otherwise inexorable growth in the human population since the invention of agriculture. So much so that in 1968, Paul Ehrlich wrote The Population Bomb about the dangers of overpopulation.26 By coincidence, the 1960s were when the human population was growing at its fastest, at a little over 2 per cent a year. Since then, the population has done something entirely new – the rate of population increase has started to fall. To be sure, the population is still increasing, but at a slower rate overall, a shade under 1 per cent. It is still increasing rapidly where the population is still young, but in many countries – perhaps most – the fertility rate is now lower than the natural rate of population replacement.27 The most notorious case is Japan, but it is also true in countries such as Spain, Italy, Thailand and many others.

That the human population is set for contraction is remarkable enough. But why is it happening now?

There are more than twice as many people on Earth as there were when The Population Bomb was written, but they are (in general terms) living longer, healthier lives than they did then.28 This is a result of innovations in agriculture, technology and healthcare provision and – most of all – the empowerment of women. In my view, the emancipation of women is the single biggest determinant of the good health and welfare of human societies. People have better control of their reproductive choices than they once did. The concern is that their choice seems to be to delay having children, or not having any at all. It could be that people are postponing making decisions about reproduction because of a general unease about the future, either based on concern about the environment generally, or because they judge that their own economic prospects do not allow for starting a family.

Underlying this seemingly non-specific unease could be the overexploitation of resources by Homo sapiens. As most of the Earth’s resources have been used up, there is less to go round. This might also explain, in part, why the global economy, beneath the various ups and downs, has been stagnant for twenty years. That this long-term stagnation coincides with a decline in the fertility rate might not be a coincidence. And, in the modern world, bad news travels fast. Increasing interconnectedness in financial services and travel means that financial and health shocks can travel more quickly and have more widely felt consequences than they once did. The generation that was born in the 1960s (when the tide in human population began to turn) might be the last in modern times that could guarantee to be wealthier than their parents. The children of these children simply often cannot afford to have children of their own. And there is a deeper malaise – even if people do want to have children, they are leaving that choice for later and later, increasing the risk of running into fertility problems. To cap it all, human sperm count has dropped markedly in the twentieth century, for reasons nobody can quite fathom.

The immediate consequence of population decline will be political and social upheaval. Climate change is making some parts of the Earth uninhabitable for human beings and, crucially, the crops on which they depend, particularly in the Global South. Its younger residents, unable to survive at home, are moving to the Global North. If countries in the Global North are to remain viable, they should be looking for ways to accommodate this influx as an asset, not turn it away. Most people on the move in the coming century will be from Africa, where the human population is youngest and still experiencing rapid growth.

Humans have migrated from Africa twice before. First, when Homo erectus became the first hominin to leave that continent around two million years ago. Second, when Homo sapiens migrated from Africa, starting around 100,000 years ago, eventually displacing all other hominins in Asia and Europe. Neither of these two migrations had any specific intent, or destination in mind. The people concerned migrated in response to population pressure, or climate change, or because they were following herds of game animals. Furthermore, these migrations took many generations to happen. Any single individual might have moved only a few tens of kilometres from their birthplace during their lifetime. What we see today as a pattern of migration is constructed in retrospect. The third migration will be quite different. It will be entirely purposeful and take a few decades at most. Any one individual will accomplish the entire journey in a space of days – months at most – and there will be more of them than in the first two migrations put together.

Everywhere, conflicts will flare which, at root, have their causes in climate change and the resulting diminution of resources, especially land for farming, and water to irrigate it. One might think that fewer people would lessen the demand on resources, but the population is still rising, and will do so until the 2060s. And yet the crises over resources are happening right now, in the 2020s. The worry is that the decline in Homo sapiens will be accompanied (and hastened) by famine, drought, warfare and general economic hardship. Governments in the Global North would benefit from accommodating surplus populations from a Global South increasingly suffering the double blow of a population surge and climate-change-induced damage. This will help fill worker shortages left by their own falling birth rates but could run the risk of exacerbating tensions at home. Eventually, though, populations will be falling globally, posing a challenge for governments whose constitutions are, for historical reasons, predicated on increased economic growth29 and expanding populations. There will come a time when countries in the Global North will be vying with one another to attract the most immigrants, rather than trying to turn them away.

Looking further ahead, the human population will have declined to such an extent that it will have become functionally extinct – Dead People Walking. That is, Homo sapiens will still be there, but in such small numbers and scattered populations that extinction by random, chance events becomes highly likely. Neanderthal Man, the closest extinct relative of Homo sapiens, offers a poignant case history. This species was never common and spread itself thinly across its enormous range in Europe and western Asia. In the end, the populations became so small and scattered that Neanderthals could not find mates.30 They were faced with just two solutions – either inbreeding or interbreeding with burgeoning Homo sapiens. Inbreeding is a sure-fire route to extinction. The alternative option of interbreeding resulted in a situation in which Neanderthals became extinct as a distinct, separate group. In a sense, though, Neanderthals live on – in Homo sapiens. Every person on the planet today whose ancestry is not exclusively African carries a tiny amount of Neanderthal DNA. The difference between the Neanderthal case and that of Homo sapiens is that the latter cannot rescue itself by burying its heritage in the more fecund DNA of another species – because no such species now exists. As Jared Diamond once wrote in another context, there is nothing that kills a population so much as lack of people.31

There is another solution, however, this time suggested by the example of Homo erectus, ultimate progenitor of both Neanderthals and Homo sapiens. Having spread from its African homeland across Eurasia, Homo erectus evolved into a multitude of new species, each one adapted to a particular niche. Neanderthals – as descendants of Homo erectus – became adapted to life in the chilly north and learned to make their homes deep within caves. Other descendants became adapted to life in rainforests, a surprisingly difficult environment to conquer. Such diversification became possible only once populations of Homo erectus became so widely scattered that individuals and communities rarely had the chance to meet and interbreed. So separated, each charted its own evolutionary course.

Could such evolutionary diversification be the saving of Homo sapiens? In this book I argue that the answer is ‘yes’ – but as Homo sapiens has effectively become a single population encompassing the whole Earth, such diversification will only be possible should human beings decide to colonize space, with separate populations living in isolated habitats, or on the surfaces of the Moon, Mars and other bodies. Homo sapiens could live on, but might diversify into a range of new species, as different from each other as, say, Homo erectus is from Neanderthals. Colonizing space on a large scale is easier said than done. It will require technologies that are either in their infancy or which do not yet exist. But if history bears witness to only one thing, it is to the seemingly endless ingenuity of life in general – and of Homo sapiens in particular – for getting itself out of trouble.
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In The Population Bomb, Ehrlich sounded an urgent warning that the world would soon be unable to support its human cargo.32 That catastrophe plainly has not happened. How has Homo sapiens achieved this seemingly impossible, Houdini-like feat? The answers are both technological and social.

The technological part concerns the so-called Green Revolution, in which, in response to the threat of global famine, scientists in the US, Mexico and the Philippines created new, high-yielding strains of wheat and rice that would use croplands more intensively and productively than the varieties that farmers had been accustomed to growing. This began in the 1960s (and, indeed, Ehrlich refers to it as a possible solution in The Population Bomb). Another revolution happened about twenty years later. The ‘Gene Revolution’ of the 1980s allowed for the creation of crops genetically engineered to resist pests, or grow in less favourable soils, that promise to improve agricultural production even further.

But these benefits have significant costs, and the rise in population that the Green Revolution has allowed cannot be sustained indefinitely. Eventually, a ceiling will be reached when the costs involved in improving agriculture will outweigh the benefits. One could argue that Homo sapiens has met or even overtopped such limits, running the risk of severe depletion of resources and degradation of the environment.33 In a way, we are back to where we were when Ehrlich wrote his visionary tract. Today, Homo sapiens – just one species among millions – sequesters about one third of all the products that plants create using photosynthesis, and on which almost all life depends.34 This is plainly not sustainable. The Green Revolution, designed to avert massive famine in the 1960s, might have only postponed disaster, rather than abolishing it.

There are, however, ways for Homo sapiens to reduce its overdependence on plants. One, paradoxically, is to eat more plants. The reason is that the animals raised for milk and meat – cattle, goats, pigs and sheep – also eat plants, but much of the energy so gained is wasted before their meat reaches the plate. If humans ate plants directly, rather than eating animals that eat plants, plants would be used more efficiently. The end result could be that humans use less of the Earth’s natural bounty, which would relieve some strain on the planet’s biological diversity.

There may be even more radical solutions. One might be to find a way to subvert photosynthesis by genetically engineering organisms, such as bacteria, to make the process more efficient, a kind of second-stage Green Revolution. Another might be to convert waste products into food, either by chemical means or, more likely, with the aid of bacteria, or fungi such as yeasts. A third might be to create an entirely technological version of photosynthesis, converting carbon dioxide and water into sugars directly, without plants having to be involved at all.35

A side effect of all these ideas – closing ecological loops, artificial photosynthesis and so on – prompted by the need for a large population of Homo sapiens to live more sustainably on a finite Earth, might be that the species will acquire the technological means to live beyond it. Homo sapiens might be able to outrun fate by expanding beyond the planet of its birth. In this book I hope to show that going into space, aided by artificial versions of photosynthesis and other technological advances, might offer humans a way out of the dilemmas they now face, and could even delay the extinction of the species. Until, that is, the remorseless gears of evolution create a range of post-human species.

[image: Paragraph break image]

There is a sense in which Homo sapiens was always meant to venture into space. It’s a part of its heritage to challenge environmental constraints. The roots of human technological ingenuity run deep.

Primates are, and always were, tropical animals. Primates that naturally live outside the tropics are rare and remarkable. One is the Barbary ape (Macaca sylvanus) – not an ape at all, but a monkey – that is naturalized in Gibraltar, in southern Spain. Another is its cousin the snow monkey (Macaca fuscata), which lives in chilly mountainous areas of Japan.

The genus Homo has taken the extra-tropical adventures of primates to another level. An early form of Homo, perhaps Homo antecessor, made its home in England more than 800,000 years ago, when the climate was temperate and deteriorating into a cold snap.36 Homo erectus made fire in caves near what is now Beijing, in the north of China, another challenging environment well outside the tropics. Neanderthals ventured into Arctic Russia, and Homo sapiens soon colonized the rest of the world, no matter how inclement the climate.

Humans could only do this, however, thanks to technological refinements such as fire, artificial shelters and clothing. That people now live from the tropics to the poles, therefore, disguises the fact that the range of environments in which people can live without the aid of technology is narrower than one might imagine.

This is where climate change enters the picture. Even the tropical heartlands that are home to billions of people will soon become too hot and humid for humans to inhabit without further technological assistance. Homo sapiens is also fond of living in low-lying areas near coasts, all of which are now vulnerable to rising sea levels. Humans, as ever, will have to resort to technological solutions such that the biogeographic range of the species does not contract so much that extinction will inevitably follow.

It’s no surprise that humans have already shown great ingenuity in doing this. Much of the Netherlands is below sea level and has been for a very long time, yet a great deal of that country’s land has been reclaimed from the sea. The same can be said of those parts of eastern England surrounding the gulf known as the Wash. In medieval times, this area was largely underwater. Now, it is the breadbasket of England. Although rising sea levels threaten it again, it cannot be beyond the ability of modern humans to maintain and even extend the amount of productive land surface. Homo sapiens is learning to survive otherwise insupportably hot and humid environments by clever urban design, and inventions such as air conditioning. In the context of human evolution, space is just another seemingly hostile extra-tropical environment ripe for Homo sapiens to learn to inhabit.37

There is a catch, though. The launch window is narrow. Technological advancement requires a substantial resource base in the form of human brains. Fewer brains mean technological stagnation. The global population of humans will continue to rise until the third quarter of this century, after which it will stabilize and start to fall, perhaps
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