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4913 Penn Avenue, Pittsburgh, Pennsylvania

Four doors down from a gluten-free bakery, two doors up from a Vietnamese takeaway, is one of the world’s most unusual museums. Its outside is elegantly under­stated. There are no ornate pillars or sweeping staircases. Instead, the façade is a muted, minimalist chequerboard fashioned from glass and steel. At a casual glance, it looks more like a trendy boutique than it does a centre for learning, yet Pittsburgh has a hidden gem squirrelled away in this bustling business street. One online review describes the museum as ‘wonderfully weird’. Another says, ‘there is nothing like it in the world’. And they’re right. Welcome to the Center for PostNatural History.

The museum’s ambassador is Freckles, a milky-coloured goat that greets the visitors when they arrive. An ‘ex’-ungulate, she’s stuffed and mounted, portraying a jaunty demeanour that borders on the mischievous. Pert ears are cocked forwards. Olive eyes protrude from a long face and her mouth is turned upwards into the semblance of a smile. Although she looks ordinary from the outside, on the inside she is anything but. Her DNA is part goat, part spider. She doesn’t have eight legs and has never spun a web, but when she was alive she did have superpowers. Freckles used to make spider proteins in her milk. She was donated to the museum by the scientists who deliberately modified her DNA. ‘She’s there as a conversation starter,’ says the museum’s director, Richard Pell. ‘She’s the first thing that you see when you walk in the door.’

Spend time at the museum and you’ll find it is home to an impressive range of equally idiosyncratic oddities. There are pressed leaves from genetically modified plants, the grimacing skull of a pug and a stuffed salmon that contains the DNA of not one but three different species. There’s a fluffy chicken with extra toes, a weird hybrid brine shrimp and the testicles of a cat called Jimmy Cat Carter. If Tim Burton made natural history museums, this is how they would be.

None of these exhibits would be found in a classic natural history museum. ‘They have a blind spot for things like this,’ says Richard. Conventional natural history museums are full of dinosaurs, glass-eyed tigers and stuffed wild birds. They’re designed to showcase the natural world, but Richard’s exhibits don’t belong there because they’re not perceived as natural. They’re not ‘unnatural’ because they are carved from the same biological building blocks as all other living things, but they’re not quite ‘natural’ either because they didn’t evolve into their current incarnations on their own. Instead, every single one has been deliberately created by humans. ‘They are all living things that have been intentionally altered in ways that are heritable and that change their evolutionary trajectory,’ says Richard. So he calls his specimens ‘post-natural’ to reflect the fact that they were created after the arrival and interference of humans.

This is a book about the Earth’s post-natural history. It’s about the relationship that exists between humans and other species, and how this has changed over time. From humble beginnings in the cradle of Africa, humans have risen to become a global superpower. Along the way, we invented technology that lets us shape the behaviour and biology of living things. We used this new power to redesign animals, plants and other organisms, and derailed their evolutionary journeys onto a new post-natural path.

Domestic species, such as dogs, cattle, sheep and pigs are all part of this story. Now we live in a world where cloned ponies play in polo tournaments, cattle are being engineered to resist disease and pigs are being modified to grow human transplant organs. The salmon with the extra DNA is a new super speedy-growing variety, while the chicken with the extra digit is one of a baffling array of domestic birds that have been variously produced for their meat, eggs, size, colour and pure novelty value. Extinct creatures are being brought back to life. As Freckles demonstrates, living animals are being modified to produce new materials and medicines. Ranchers are selectively breeding weird-coloured wild animals for paying punters to shoot, people can now pay to have their pet dog or cat cloned, and in the US, it’s possible to buy tropical fish with added jellyfish genes that make them dayglow colours. Meanwhile, Jimmy Cat Carter’s lonely gonads serve to remind us that while humans have achieved new levels of control over the future of life, we also influence the future of death. ‘Humans have acquired many strategies to prevent life from reproducing,’ says Richard. Castration is one way, as Jimmy Cat Carter found to his cost, but now researchers are developing methods that could drive entire species to extinction.

All these examples are products of intentional design, but as our global dominance reaches new heights, our influence extends far beyond these lifeforms. As we raze forests, pollute oceans, warm our world and radically alter the biosphere, we are now influencing the evolution of all living things, near and far. Although these changes are not calculatedly deliberate, they are still post-natural because humans are at the helm. Our activities are placing the natural world in danger and now many wild species face an uncertain future. Extinction is now an everyday occurrence and even seemingly bulletproof populations of common species are taking a pummelling.

As the pace of environmental change intensifies, evolution is speeding up. Weird hybrids are appearing and new species are beginning to evolve. Polar bears and grizzly bears are giving birth to hybrid ‘pizzly’ offspring. Narwhals are mating with beluga whales. Mice in New York’s Central Park have evolved the ability to digest pizza, while anole lizards in Puerto Rico have evolved stickier toe pads that help them cling to buildings. Hunting is causing elephants to evolve smaller tusks, pollution is driving the emergence of toxin-resistant fish and climate change is causing birds to evolve new plumage.

The timing of these events is no coincidence. They are the repercussions of our actions. They may not be premeditated, but they are far-reaching. Now we live on a planet where humans have become the dominant force sculpting evolution. The world hasn’t seen evolutionary change on this scale since the demise of the dinosaurs. Life is changing. Humans are responsible.

The stories I share in this book are predominantly from the animal kingdom, although other walks of life are also available. This reflects my own mammalian bias, so apologies to the various groups that are under-represented. It is a book in three slightly overlapping parts. The first part describes the species we have engineered deliberately. It charts the rise of domestication, selective breeding and modern molecular methods to alter the DNA of living things. It describes our complicated relationship with the natural world and our growing sense of mastery over it. The second part describes some of the species whose evolutionary paths we have modified accidentally. It considers what happens when domestic species start to displace wild ones, and the evolutionary repercussions of humanity’s global reach. In the final part, we’ll explore some of the methods that are being used to restore the world’s lost biodiversity and guide evolution onto more secure footings. These stories are a source of inspiration and of hope, because they show us that, when humans take time to care about natural world, great things are possible.
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The Wolf that Rolled Over

Please don’t judge me. I am about to tell you something you may find shocking, and I am concerned you may think badly of me. When I’ve told people before, it has divided opinion. Some have been curious, others downright disgusted. They’ve told me it’s unnatural and asked me how I could do such a thing. I’ve no idea how you’ll react, so I’ll just come straight out and say it.

I own a genetically modified wolf.

I really do. My husband and I got him from a breeder that we found on the Internet. We exchanged a couple of emails, transferred a hefty wedge of cash then collected him from a pre-arranged location in southern England. The little animal howled all the way home.

Five years later, we now trust him so much that he lives in our house, sleeps on our bed and plays with our kids. If we were to set him free, I’m almost certain he wouldn’t survive. He’s never hunted fresh meat or brought down a caribou. He’d probably hang around by our back door, sulk and wait to be let back in again.

Higgs, as we call him, is a weird-looking wolf. His DNA has been altered so he is less than half the size of his free-roaming ancestors. His skull is smaller, his snout less pointy and his ears flop down rather than standing erect. The classic sleek pelt has been replaced with what can only be described as an embarrassment of soft, messy curls. He is black all over, except for his nose, belly, tail and feet, which are white … or brown when he’s been digging in the garden. His tail wags rhythmically when he hears the word ‘cheese’. Behaviourally, all trace of wolf cunning has been obliterated. The result is an animal so far removed from its original wild form that he barks at bin bags and often refuses to go out in the rain.

Before you pass judgement on this apparent lupine freak, let me tell you I am not the only one to own a genetically modified wolf. Millions of people, all over the world, keep similar animals but know them by a different name. They call them dogs. For dogs are genetically modified wolves.

When people think about genetic modification (GM), they tend to think about animals and plants whose DNA has been sculpted using the modern tools of genetics, but domesticated species have been genetically manipulated too. From the diminutive dachshund to the massive Saint Bernard, all dogs are descended from the European grey wolf. At some point in the past, humans and wolves crossed paths, and then somehow, somewhere, the wolf began to change. Its appearance altered. The wolf began to shrink. Its coat changed colour and its face changed shape. Physiological differences emerged, like the ability to digest starch and give birth more often. Its behaviour changed. The fearsome apex predator morphed from an animal that actively shuns human company into one, like Higgs, that demands it. All of these differences are underpinned by changes to the wolf’s genetic code. Now, although wolves and dogs still share around 99.5 per cent of their DNA, the tiny fraction that is different is enough to imbue them with their vastly different features.

Today, dogs have become such a normal part of our lives that it’s easy to take them for granted, but their emergence marks a defining moment in the natural history of our world. Dogs were the first domesticated animals. It was the first time humans took a species and then fashioned it to become something more preferable. It was the first time we wrestled control of evolution and began to steer the biology of living things in a different, post-natural direction. The emergence of dogs paved the way for other domesticated species to follow, triggering a chain of cause and effect that would change our world for ever.

According to the most recent estimates, modern humans evolved in Africa sometime between 350,000 and 260,000 years ago, and for the vast majority of the time that followed, we simply lived off the land. We existed as hunter-gatherers, and were entirely dependent on wild animals and plants for our survival. Domestication changed all that. Around 10,000 years ago, after we had domesticated dogs, we began to strike up alliances with other wild organisms. The repeated harvesting and sowing of wild cereals led to the creation of domestic crop strains that were more bountiful and easier to grow. We domesticated other animals, like sheep, cows and goats, and as we began to corral and keep them, and tend to our crops, we found ourselves increasingly tied to the land. The nomadic hunter-gatherer way of life gave way to a more settled existence, leading to the formation of villages. Because they could be bred, domestic animals provided a renewable source of meat and milk for food, and wool and leather for clothing. Food became more plentiful and the population began to grow. In time, because they could be owned and were easily trans­portable, domestic animals and plants went on to become a source of capital and wealth, so domestication fuelled the rise of trade. It drove the development of new technology, like ploughs, which further accelerated the rise of agriculture and in time led to the development of urban communities. When we think about key innovations, it’s all too easy to dwell on recent inventions like the Internet and antibiotics, but it’s no understatement to say that domestication helped to fuel the rise of civilisation, and changed the course of human history.

Looking around me now, I see a world full of domesticated species. My genetically modified hound, Higgs, slumbers peacefully at my feet. In the garden outside, our five chickens peck at corn, while our two rabbits nibble on a carrot. There are ponies in the field next door, and sitting on the fence post, a wayward tabby cat eyes me with disdain. Sitting at my desk sipping milky tea,1
 it’s hard to imagine a time when the world was not full of domesticated animals, plants and the products derived from them. Yet, for the vast majority of time that there has been life on Earth, there have been no domesticated animals or plants. So when and where did this momentous change take place?

What Was the Time Mr Wolf?

Until quite recently, scientists thought dogs were domesticated around 15,000 years ago, towards the end of the last Ice Age. It was a time when the ice sheets were retreating, when the landscape was newly green, and when humans and other animals began to colonise the northerly regions of Europe and Asia. There are plenty of dog fossils from this time, found in archaeo­logical sites across Europe, Asia and North America, and the scientists who have studied them all agree: these remains belong to dogs, not wolves. The proportions of their skulls and the shapes of their teeth are all quite different. But then came a fossil that left people scratching their heads.

The skull was discovered in the Goyet Cave in Belgium. It’s a remarkable archaeological site jam-packed with the bones of ancient humans, Ice Age animals and other captivating relics. ‘The skull is quite small,’ says Mietje Germonpré from the Royal Belgian Institute of Natural Sciences in Brussels, who studied the fossil. ‘It is about the same size as a modern German Shepherd skull.’ Wolves have long, slender snouts, but this animal had a shorter, wider muzzle and a broader braincase. It also had large, primitive-looking teeth. Collectively the features suggested that this animal was more dog than wolf. ‘So we decided it was a primitive dog,’ she says.

Then came the bombshell. Radiocarbon dating revealed that the skull was actually much older than previously thought. The creature was 36,000 years old, potentially pushing back the origins of domestication by a staggering 21,000 years. ‘We were very surprised when we found out,’ says Mietje. The skull divided opinion. Some people agreed with Mietje. Others did not. ‘They said it’s too old and they don’t consider it to be a dog,’ she says. Critics pointed out that wolf skulls from this time vary enormously in size and shape and suggested that the Goyet skull belonged to an odd-looking wolf rather than an early dog. Then a different group of researchers made a computer-generated 3D recon­struction of the skull and concluded that certain features, like the way the snout protruded from the skull, were also wolf-like. It could have been an end to the debate, but then other fossils cropped up. Mietje has studied dog-like skulls from the Czech Republic and Russia that are over 25,000 years old, while a separate research group has described the 33,000-year-old skull of a presumed dog found in Siberia’s Altai mountains. What to think?

It’s bound to be tricky. If these animals really are early dogs, then they’re ‘only just’ dogs so they’re bound to have dog- and wolf-like features. So it’s here that scientists are turning to another form of historical evidence to help resolve the conundrum: ancient DNA.

Although DNA breaks down after death, sometimes the molecule can be preserved inside fossils, and extracted and studied. This gives scientists another way of studying the transition from wolf to dog. In the early days, genetic analyses painted a confusing picture. One study, for example, compared the full genetic sequences, or genomes, of modern dogs and wolves, to determine that dogs were domesticated between 11,000 and 16,000 years ago. Another study of ancient canids, which focused on a subtype of DNA hidden in the cells’ energy-generating mitochondria, suggests a date between 19,000 and 32,000 years ago. The results present a massive discrepancy. On the one hand, they suggest dogs were domesticated around the end of the last Ice Age at a time when agriculture was emerging. On the other, it seems they were established on the other side of the Last Glacial Maximum, the time when the ice sheets were at their greatest reach.

The debate moved on in 2015 after Swedish researchers discovered a fragment of rib protruding from a Siberian riverbank. They originally thought the bone belonged to a reindeer, but DNA analysis later confirmed that it came from a wolf. Radiocarbon dating suggested that the animal died around 35,000 years ago, long before dogs were thought to be
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