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Epilogue

One million years AD

Surprising as it might seem, it is entirely possible that the long-term consequence of the evolution of Homo sapiens will be to increase the number of species on the Earth’s land surface.1 Of course, it is impossible to anticipate what might happen in the future. Humans may become extinct as the result of an event so catastrophic – for example, an extended nuclear winter, or the biological collapse of the planet associated with artificial life – that all bets are off. And who can guess what will unfold if humans or our bio-mechanical upgrades survive the next million years and develop currently unimaginable technologies? However, if we extrapolate from the biological processes that we do know about and ignore the world of unknown unknowns, it is at least possible to contemplate the impact of humanity on life on Earth a million years hence.

Consider the losses first. We have already extinguished most of the largest land mammals, and we have removed most of the flightless and disease-susceptible birds that used to live on isolated islands. Other island species that are unable to survive in the presence of continental species are also on the way out. In future, additional mammals, birds, reptiles, fish and plants may also be hunted, fished or picked to extinction. Some localized parts of the world will lose many of their unique species if they become so heavily populated or cultivated that humans remove almost all vestiges of the former vegetation. Many high-mountain species will disappear as the climate warms. Undoubtedly, there will also be losses that we cannot anticipate.

How much will all this extinction come to? Heading the list so far are the birds, which have already lost around 9 per cent of the species that used to exist, most of which were former inhabitants of oceanic islands. Additional species will have been lost without trace. This is not typical, as far as we know, but it is possible that Pacific land snails and some groups of insects will have suffered as much. However, when it comes to vertebrate extinctions so far, it seems that birds are top of the list (amphibians may catch up). At the current rate of extinction, we can expect another 12 per cent of the world’s bird species to disappear in the next thousand years of human existence.2 The overall average extinction rate (not just for birds) seems to be heading towards the loss of around 10 per cent of species in a thousand years, which falls far below the level of extinction (75 per cent plus) required to match one of the previous ‘Big Five’ mass extinctions in the geological past. However, the Anthropocene would qualify as the ‘Big Sixth’ if the current rate of extinction keeps up for the next ten thousand years, which is a very short time in the history of life.

Declaring the Anthropocene to be the sixth mass extinction is somewhat premature. Nonetheless, a quarter of mammals, a third of cacti and reef-forming corals, and two out of every five amphibians are listed as being threatened in some way.3 They will not all die out, but some threats are likely to escalate in the near future, such as human-caused climate change and more intensive use of the land linked to the human population. So, based on recent rates of extinction and projected threats, we could guess that human-linked extinctions will end up in the ball park of 20–40 per cent in the next thousand years – for most kinds of animals and plants. That might be about it, however, for two reasons. First: species that are particularly sensitive to human disturbance and to human-assisted biological invasions are progressively disappearing, leaving the more robust and widespread animals and plants to survive. As we have seen, continental species are surviving relatively well, and most basic types of familiar animals, plants, fungi and microbes are coming through the Anthropocene epoch relatively unscathed. Second: if – and it is a big if – the human population remains relatively stable after the twenty-first century, or declines, and we develop increasingly efficient means of obtaining our food, then the currently increasing human demand for land may go into reverse. ‘Peak land use’ may be achieved in the next hundred or so years, with pressures progressively reducing thereafter. That should be our goal.

These figures already incorporate the successes of modern conservation efforts, and particularly the protection of national parks and other preserves and actions to save individual endangered species. If these efforts were abandoned, the extinction rate would escalate. A major task of conservation is to keep the losses towards the lower end of the likely range – as well as to encourage biological gains. Although I have been advocating a more flexible approach to the environment, and specifically to conservation, nothing I have said should be used to undermine attempts to save existing species or maintain protected areas.

Yet in this book I have chosen to focus on the gains, which are so often overlooked. Virtually all countries and islands in the world have experienced substantial increases in the numbers of species that can be found in and on them, particularly when it comes to plants. Some of these additional species have colonized human-created habitats under their own volition, and others have been accidentally or deliberately introduced by humans. Most places for which good data are available now have between 20 per cent (for state or country-sized areas within continents) and 100 per cent (especially on islands) more plant species growing in the wild than they did before humans arrived. These percentages may be higher than the global norm, since good data mainly come from countries for which there is a relatively long history of trade, and hence higher rates of importation. However, all parts of the world are now involved in international transport, and these more recently trading countries can be expected to catch up pretty soon. If the recent pattern of more arrivals than disappearances keeps up for another thousand years, most regions will experience at least a doubling of the number of plant species present, and some will see five-fold increases.

Once plant diversity is in place, the diversity of animals that feed on plants, and then of other animals that consume these herbivores, will eventually catch up. Insects are establishing on introduced plants throughout the world, and regular outbreaks of pathogens imply that the same must be happening for fungal and microbial diversity (most such invasions will not be noticed unless they cause a major epidemic). The number of vertebrates in each region is increasing too. Despite the extinction of birds and reptiles on oceanic islands, most of these islands now support more vertebrate species than they used to, if you add up all the introduced mammals, birds, reptiles, freshwater fish and amphibians. The number of species living in virtually every country or island has already increased during the period of human influence, and numbers continue to increase.

These diversity increases go beyond a simple count of the number of species. Each island now supports land mammals as well as birds – the addition of a major new group of animals. Each continental region now contains representatives of plants and animals that evolved for tens of millions of years on separate continents. Adding Australian gum trees to the flora of California increases the variety of major plant groups (Eucalyptus is a new genus for California) more than would be achieved by importing an additional pine tree (Monterey pine and other species in the genus Pinus already grow there). With this increased diversity at the base of the food chain, there are increased opportunities for insects and fungi and bacteria that did not initially accompany the plants to spread around the world. Almost all countries, states and islands are now more biologically diverse than they used to be.

These ecological changes have added diversity to each region,4 but they have not added species to the world list – that requires evolution. Evolutionary additions are likely to take place by three main processes. The first is hybridization, as I discussed in Chapter 9. Human-moved species from different parts of the world meet up, reproduce and generate hybrid offspring. In some cases, as with ragworts and monkey-flowers in Britain, the hybrid offspring are not compatible with their parents and new species arise almost as soon as the pollen tube from one species meets the ovule of another. More information is still needed, but the hybrid generation of new plant species in Europe and North America already seems to be as fast as the process of extinction, and possibly even faster. The New Pangea in which distant species are meeting up and generating hybrids is so unusual in the history of life on Earth that the current generation of new plant species, in particular, could be higher than it has been at any time in the 700 million years since there have been land plants. In other cases, the new hybrids (such as between rhododendrons, or between red and sika deer in Scotland) do not form new species immediately, but the new mixed-gene animals or plants will slowly head off in a new evolutionary direction – perhaps generating new species in hundreds of thousands of years, rather than overnight.

The second process involves animals, plants and microbes that take advantage of new ecological situations, as I considered in Chapters 7 and 8. The apple fly and the parasitic insects that attack apple flies became adapted to a new ecological opportunity (introduced apple trees) on a timescale of decades to a century and a half, to the point that they are already on the verge of forming new species. This will be a major process, generating new species not only for decades and centuries but for hundreds of thousands of years to come. A million years hence, we can expect all the plants that establish persistent populations in new parts of the world during the human epoch to have acquired substantial numbers of specialized insects and diseases. The rate of evolution is plenty fast enough to achieve this. Gum tree forests in California are likely to have as many associated insects and diseases in the ten thousandth century as gum trees in Australia have now.

The greatest contribution to new species, however, is likely to be the third process – through geographic separation in the human, and perhaps then post-human, world. This is when two or more populations of the same species, which we have transported around the planet, live in widely separated geographic regions. Eventually, they become distinct species in different places and, just as hybrid speciation is the short-term signature of the Anthropocene, this will be the long-term consequence of the human-dominated Pangean Archipelago. This process of evolutionary divergence in (partial) isolation is how mockingbirds came to be different species on different islands in the Galapagos. It is why, at a larger scale, the South American southern lapwings (the bird that was expressing its vocal irritation at the crowds during the Olympic golf tournaments in Rio de Janeiro) evolved into a species that is different from the related northern lapwing of Europe and Asia, and from other lapwings in Africa, Asia and Australasia. Star-thistles that were introduced from Europe to California have started off down this road. The Californian plants are already partially infertile when crossed with the pollen of their European ancestors, less than a century after the plants were introduced. In a million years’ time, a substantial proportion of all the species that have been transported to new continents and islands will be different enough from their ancestors that they will have become new separate species. By 2 million years AD, almost all of them will be different. Californian and Australian blue gums will no longer be the same species.

To put this in historical context, white-eyes represent a group of tropical birds that spread out across the Old World islands and continents in the last 2 million years.5 Apart from the mode of transport (flying rather than human-assisted colonization), this is exactly the situation facing every species that has become globally distributed during the Anthropocene. Human-introduced species now live in many different parts of the world, and there are only modest rates of genetic contact today (via continued human movement) between their original populations and the new places where they now live. This is similar to the white-eyes, which needed the capacity to move long distances in the first place but then became adapted to local conditions and became separate species. White-eyes have already diverged into about eighty species.

This is not a one-off. Over 375 species of New World rats and mice evolved after they colonized South America, and rodents have evolved into over 130 species in Australia and New Guinea just a few million years after their first ancestors (presumably) rafted over on floating vegetation from Indonesia. And about eighty species of lupin plants evolved in the Andes in the last one and a half million years, after they invaded from North America. It would take only a modest 5 per cent of the world’s species to repeat the white-eye, rodent and lupin’s feats (say, generating twenty new species in different geographic locations in a million years) to double the total number of species on our planet. Each of these new species is then likely to acquire unique parasites (including associated insects, in the case of plants) and diseases, further bolstering numbers.

Diversity increases on islands are likely to exceed this. Because introduced mammals can’t fly, the populations on each island will become genetically isolated; or at least the rate of continued arrival (gene flow) during the human epoch is unlikely to be sufficient to prevent them from becoming adapted to local conditions. The world’s islands will end up with considerably more species in total: tree rats, ground rats, fast rats (where there are predators, they need to escape), slow rats (where there are not), and vegetarian and predatory rats will come into existence in different locations. Give it a few million years after that and many of them will seem truly bizarre. New lineages of reef-diving mammal might be born. Can we put numbers on this? If a thousand of the Pacific Ocean’s twenty thousand to thirty thousand islands are large enough to support populations of two kinds of rodent (starting off with one rat and one mouse species) for an extended period of time, we will end up with an enormous number of new species added to the world list. This alone would add, approximately, an extra 40 per cent to the world mammal list. Many of these islands also have cats, dogs, goats, pigs and mongooses, among others, which would also diversify. The authorities in New Zealand have decided that it would be a good idea to wipe out as many introduced mammals as possible but, assuming they fail, there will be dozens of new mammal species that live only there. It seems likely that a third of all mammal diversity might be species that live only on islands, in the year one million AD.

Introduced lizards and birds also abound – there are at least as many introduced bird populations in these scattered locations as there are bird species that have died out. These, too, would turn into separate species, but this time they would be species that are capable of surviving in the presence of mammals. The world’s islands will be full of unique vertebrate species again, and probably at least triple the number there were in total before humans arrived (even though there are far fewer unique island species today than there were ten thousand years ago).

Back on the world’s continents, we will start to see the largest surviving mammals, including descendants of domestic livestock, reclaiming their place. We can expect the feral horses that already live in North America, South America, Europe and Australia to become separate species in a million years or so; and there might be more than one species on each continent. Descendants of tapirs may be on their way to becoming the next multi-tonne beasts. Giant jaguars will have returned to prey on them. However, these new biological communities will probably be dominated by even-toed ungulates. Relatives of cattle, goats and fleet-of-foot deer and antelope have survived the human epoch pretty well. These are the mammals that will be available to start evolving into the next generation of megabeasts. However, there may be unexpected additions. The fastest kangaroos, if they escape from captivity during the human epoch, could by then have become major herbivores in all the world’s grasslands and savannas.

Having turned the whole world into a global archipelago, we have set in train processes that will increase rather than decrease the long-term diversity of the Earth. If I were to hazard a wild guess, and humans were to disappear today, I imagine that there will be approximately double (between one and a half and five times) the number of species alive on the Earth in a million years. If the current rates at which species are accumulating in new parts of the world were to continue for another millennium, and then humans were to disappear quietly (without a major calamity), then the multiplication of diversity over the course of the next million years could be far higher than this. Five million years later, once these new species have evolved into increasingly distinct forms, the advent of humans could be seen to have substantially increased the biological diversity of the Earth. A sixth genesis.
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EPILOGUE: ONE MILLION YEARS AD
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