


[image: image]




[image: ]


Also available in the Bloomsbury Sigma series:


Sex on Earth by Jules Howard


Spirals in Time by Helen Scales


A is for Arsenic by Kathryn Harkup


Herding Hemingway’s Cats by Kat Arney


Death on Earth by Jules Howard


The Tyrannosaur Chronicles by David Hone


Soccermatics by David Sumpter


Big Data by Timandra Harkness


Goldilocks and the Water Bears by Louisa Preston


Science and the City by Laurie Winkless


Bring Back the King by Helen Pilcher


Built on Bones by Brenna Hassett


The Planet Factory by Elizabeth Tasker


Wonders Beyond Numbers by Johnny Ball


I, Mammal by Liam Drew


Reinventing the Wheel by Bronwen and Francis Percival


Making the Monster by Kathryn Harkup


Catching Stardust by Natalie Starkey


Seeds of Science by Mark Lynas


Eye of the Shoal by Helen Scales


Nodding Off by Alice Gregory


The Science of Sin by Jack Lewis


The Edge of Memory by Patrick Nunn


Turned On by Kate Devlin


Borrowed Time by Sue Armstrong


We Need to Talk About Love by Laura Mucha


The Vinyl Frontier by Jonathan Scott


Clearing the Air by Tim Smedley


Superheavy by Kit Chapman


Genuine Fakes by Lydia Pyne


Grilled by Leah Garcés


The Contact Paradox by Keith Cooper


Life Changing by Helen Pilcher


Death by Shakespeare by Kathryn Harkup


Friendship by Lydia Denworth


Sway by Pragya Agarwal


Bad News by Rob Brotherton


For Donna, Emily, Sophie, Daphne and Leo.


[image: ]


Contents

Introduction

Chapter 1:  A Walking Talking Ape

Chapter 2:  Chewing the Fat

Chapter 3:  Too Much Intolerance

Chapter 4:  The Shifting In-vironment

Chapter 5:  Stress: From Saviour to Killer

Chapter 6:  Crippling Networks

Chapter 7:  An Unusually Violent Species

Chapter 8:  Hopeless Addicts

Chapter 9:  Fake News and False Beliefs

Chapter 10:  The Future

References

Acknowledgements

Index


Introduction

Human beings are amazing. We should never forget that. Not very long ago we stared wide-eyed and barefoot at the Moon; now we can hold Moon rock in our hands. Satellites in orbit let us talk to people anywhere on the planet. We can predict the weather, explore the deepest parts of the oceans, travel at supersonic speeds, perform mind-boggling surgeries, split atoms and comprehend the very fabric of the universe itself. Day-to-day, we are no longer subservient to the vagaries of nature’s rhythms to feed ourselves. No more clad in animal skins, we seldom need to venture out from our tech-heavy, luxurious homes. Slumped on our sofas, phones in hand, we can see the world, meet friends, order groceries and watch the latest movies through the greatest invention of the modern era, the internet. When we live in a world so completely of our own making, and so divorced from the natural environment, it is very easy for us to forget that beneath the blanket of modern life we are just walking, talking apes. We are amazing certainly, but we are also animals, and the twists and turns of evolution have affected us just as surely as every other living thing on Earth.

The great gulf between what we are as people living in the twenty-first-century world we have created and what we were as evolved animals in our natural environ­ment is the central theme of this book. By examining surprisingly diverse aspects of modern life, from our diet to the rise of ‘fake news’, we are going to see that evolution equipped us very well for a world that, for most of us, no longer exists. Rather than helping us, our evolutionary heritage now conspires with the modern world to leave us spectacularly ‘unfit for purpose’. This mismatch between the world in which we evolved and the world in which we now find ourselves has, for example, helped to create an obesity crisis (Chapter 2). It has left many of us unable to consume some important parts of the modern diet without getting ill because evolution hasn’t caught up with globalisation (Chapter 3). Inside our bodies we have developed a very strained and problematic relationship with the important bacteria with which we evolved and on which our health relies (Chapter 4). Meanwhile, the stress response that evolved to save us is now killing us as we pack more and more micro-stressors into our modern lives (Chapter 5). Over the past decade we’ve shifted from having tens of friends to thousands and our brains simply can’t handle the upgrade (Chapter 6). We evolved from a group of unusually violent mammals and we’ve certainly made the most of the legacy with our evolutionary tendencies to lash out creating societies riven by primitive violence (Chapter 7). Addiction, itself a cause of violence, is a result of the ‘potency’ of the modern world hijacking pathways in our brain that evolved to keep us alive but now push us towards a dizzying range of dangerous delights (Chapter 8). As a social animal we have evolved to function in groups, trusting in and cooperating with other people, but social evolution has also shaped us into hopelessly gullible victims of fake news and false beliefs (Chapter 9). Most worryingly, despite a very pressing need to solve the many environmental problems we have caused, evolution has left us selfish and without any sensible notion of the future (Chapter 10). All in all, these mismatches between our evolutionary heritage and the modern environment we have created have left us in a pretty sorry state. To find out how we got into this mess, and perhaps what we can do to get ourselves out of it, we first need to get to grips with the basics of evolution.


Chapter One

A Walking Talking Ape

Evolution: a primer

We are composed of cells that stick together like building blocks to create a living, functioning organism. There are more than 200 types of cells in humans including skin cells, liver cells, nerve cells, muscle cells, intestinal lining cells, bone cells and fat cells. These cells can group together to create tissues, which are ensembles of similar cells that collectively perform some function. For example, muscle tissue can contract and, by working against our skeleton (itself made of bone tissue), allow us to move, while lung tissue enables us to exchange oxygen and carbon dioxide with the atmosphere. The grouping of different tissues together creates complex organs, like the heart, lungs, stomach and skin, that are capable of performing all the functions we need to maintain life.

The organisation of around 30 trillion cells (see Chapter 4) into a living, breathing, fighting, feeding, fleeing, breeding, singing and dancing body relies on a tightly controlled and spectacularly diverse choreography of molecular interactions within our cells. The chemical reactions that digest our food, transform molecules and allow us to perform the functions we need to stay alive are collectively termed our metabolism. These reactions must take place at the right place and time, and at rates that are neither too fast nor too slow. To achieve this organisation and control, our cells contain complex networks of protein microtubules and fatty membranes, a host of enzymes and an array of tiny structures called organelles.

DNA is at the centre of all this complexity. This famous double-helix molecule is found within the nucleus, a large organelle found in most of our cells. A DNA molecule looks like a twisted ladder with each ‘rung’ on the ladder being formed from a pair of so-called bases, one on each ‘upright’, that reach across and weakly bond with each other. Each base is effectively a letter in the genetic code that directs our cells to make proteins. There are four bases: adenine, thymine, guanine and cytosine, often known by their initials A, T, G and C. The sequence of bases along the DNA molecule is a code that is used by structures in our cells called ribosomes to make molecules called proteins. Proteins have a huge range of functions in our body. They can be structural, like the collagen in our skin or the keratin of our hair; they are the bulk of our muscles; and, as hormones and enzymes, they help to control the many chemical reactions throughout our body. Proteins are built up from long chains of small chemical building blocks called amino acids. These amino acids (there are more than 20 to choose from) join together in a very specific sequence, which determines the properties and the function of the resulting protein. This precise sequence of amino acids is dictated by the order of letters within the DNA molecule. Each amino acid in the protein is coded for by a specific sequence of three bases, called a codon. All of this complexity and organisation arose through the process of evolution.

When we think of human evolution we are usually preoccupied with the more recent stages of our development as a species: characteristics like walking on two legs (bipedalism), our large brain and the evolution of language. These features are important, indeed defining, but we must also understand that most other aspects of our biology have been subject to evolution, in some cases occurring very early in the beginning stages of life itself. The wonderfully complex processes underpinning our metabolism, our nervous system and the synthesis of the proteins that build and control our bodies all evolved long before our ability to walk upright and talk about the weather. For example, the sequence of 10 reactions that comprise a process in our cells called glycolysis occurs in the same way in us, in pandas, in yeast and in bacteria. Glycolysis is the first step in converting the sugar glucose (from our food) into adenosine triphosphate (ATP), a kind of wonder-molecule that delivers energy to cells. This series of reactions and the enzymes that control it evolved long before skeletons and muscles, eyes and ears, logic and language. Likewise, the way our muscles contract at a molecular level involves biochemical pathways and molecules that can also be found in sea anemones, starfish and earthworms. The mechanics of our skeleton, how we digest food, the ways we respond to stress and a whole host of other processes happening at the level of cells, tissues and organs are fundamentally identical to those found in other animals, and indeed in some cases plants, fungi, single-celled organisms and bacteria. That is not to say that the last couple of million years of our evolution haven’t resulted in more than a few tweaks here and there, but for the most part the basics were laid down a very long time before we came onto the scene.

Biochemical pathways, enzymes, different cell types, bird bills, fish scales, hedgehog prickles and behaviour are all examples of adaptations: characteristics (or traits, to use the evolutionary term) that benefit those individuals possessing them. The development of such traits is usually moderated by specific sequences of DNA that we call genes. We have two copies of each gene, inheriting one from our mother via her egg and the other from our father through the DNA in his sperm. A sequence of DNA ‘letters’ making up a gene (or genes) results in some property of the individual bearing those genes. This property might result in some individuals surviving and breeding better than others who lack the gene. The fact that genes can be passed on from one generation to the next, and will be present in more offspring of successful parents, is what leads to evolution.

Evolution implies change and biological evolution is, at its most fundamental, a change in gene frequency over time. In other words, evolution occurs when genes become more or less common. Different forms of genes arise through mutations, changes in the sequences of DNA bases in the eggs or sperm of parents that are subsequently passed on to offspring. Such changes occur when mistakes happen in the process of copying DNA to make eggs and sperm, and mutations happen naturally at a low but appreciable rate. Many mutations have negative effects, but every so often a mutation may arise that provides some new way of doing things, some advantage to the offspring that inherit it. For example, perhaps a mutation slightly alters the enzyme for which it codes and the new version of this enzyme is just a little more effective in digesting food or, as we will see in Chapter 8, much more effective in breaking down alcohol.

One of the main ways in which gene frequencies can change, and therefore that evolution can occur, is natural selection. To understand how natural selection results in evolution let’s imagine a gene exists for some adaptation that causes individuals that have it to do ‘better’ than those that do not. We can define ‘better’ in many ways: perhaps individuals with our imaginary gene can gain an advantage in finding food, evading a predator or securing a mate. In evolutionary biology though, these abilities are all just proxies for the only currency that really counts: the ability to leave more offspring in the next generation than others manage. The relative ability to leave offspring in the next generation is what evolutionary biologists call fitness, although being ‘fitter’ is more complex than simply having more offspring than your neighbour. For example, a red deer female in good condition and capable of producing plenty of high-quality milk might achieve greater fitness by having a son rather than a daughter. Her excellent condition allows her son to be well fed, and by growing large and strong he stands a good chance of becoming a dominant male controlling the reproduction of a large harem of females. By having a son, the mother gains more grand-offspring and accrues greater fitness than if she had a daughter. Likewise, a nesting bird that lays a large number of eggs may end up with far more offspring leaving the nest than her neighbour with a more cautious egg-laying strategy. However, the fact that the ambitious mother has been run ragged feeding all of her chicks means that she may not have enough reserves to live through a cold winter to breed again next spring. Her death reduces her future fitness to zero. What is more, her many offspring may also not be in good enough condition to survive the winter. By balancing current reproductive output with the chance to breed again next year, and by having a smaller number of offspring that can each receive higher quality care, the mother with fewer offspring this year might actually achieve greater fitness over her lifetime.

Let’s assume that, all other things being equal, a gene leads to higher fitness for those that are lucky enough to have a copy of it. These individuals will have more offspring as a consequence of having that gene. Because these offspring have a good chance of inheriting the gene from their successful parents the gene will likely increase in frequency in the next generation. If the environment in which these individuals live, which includes physical factors such as temperature as well as biological interactions with predators, prey and parasites, doesn’t change, then it is quite likely that this new generation will also benefit from the gene they inherited. These offspring will go on to have their own offspring that will also have a chance of inheriting further copies of the gene. The inescapable, beautiful, logical result of these bouts of reproduction and natural selection across generations is that genes that confer a benefit to the individuals bearing them tend to increase in frequency. If on the other hand the selection environment changes, then genes (and for many traits we are usually talking about multiple genes) that code for particular adaptations may no longer be as beneficial to their bearers. In these circumstances we will see a reduction in the frequency of less beneficial genes, and a consequent reduction in the number of individuals with the adaptation that they code for. In other words, through natural selection, gene frequencies change and evolution occurs. This process happens whether you are a human drinking a martini on a luxury yacht or a bacterium digesting dog mess.

The evolution of modern humans

Natural selection can lead to the evolution of adaptations by selecting those individuals with genes coding for traits that increase survival and reproduction, as we have already seen. Evolution can also lead to the formation of different species through processes collectively known as speciation.

Only rarely will all the individuals that make up a species be able to interbreed freely with each other. An example would be a species found only on a small island. Most species, including humans, exist in different populations of individuals that tend to breed among themselves. The birds in your garden might be the same species as the birds in the garden of someone 1,000 miles away but in practice these two groups of birds will probably not breed with each other, even though, in principle, they could. Sometimes migration of individuals to and from different populations allows for interbreeding and gene flow between populations, but overall most individuals are likely to breed with members of their species that live close by.

Different environmental pressures acting on popula­tions living in different locations, or being active at a different time of the day or year, can cause selection for different adaptations in those populations. Perhaps in one valley where a species of mouse is found there is a different predator eating mice than is found in the rest of the mouse species’ range. The presence of this unusual predator has selected for more nocturnal behaviour than is usually found in the mice because mice that prefer to come out to forage when it is dark survive far better than those favouring daylight. The valley population was already perhaps somewhat geographically isolated from others of the same species. Now, the population becomes further isolated biologically because even nocturnal individuals that disperse outside the valley are unlikely to be able to meet and mate with the non-nocturnal individuals present in the rest of the species’ range. Over generations, further genetic differences can accrue as the nocturnal population evolves under the influence of the selection pressures of its new nocturnal niche. We might see the evolution of better low-light vision for example, or slightly different dentition to favour food more readily found at night. These genetic differences further increase the relative isolation of this population with respect to the rest of the species. Eventually the valley population becomes sufficiently distinct physically, ecologically and behaviourally for us to identify it as a new species.

To understand how our species, Homo sapiens, is affected by the evolution of adaptations unique to our species and by those adaptations that are common to a much wider group of organisms requires us to examine our evolutionary history. The problem is that our evolutionary history extends all the way back to the very start of life. Clearly, we are going to need to draw the line somewhere. To keep things manageable and relevant, I’m going to constrain this history to the emergence of what paleoanthropologists call anatomically modern humans. When necessary, for example when discussing the evolution of the mechanisms that lead to stress (Chapter 5), violence (Chapter 7) or addiction (Chapter 8), it might be necessary to delve a little deeper.

To define a species, and to classify it clearly and unambiguously as different from any other species, we need to define the characteristics that are shared by members of that species but not present in any other group, at least not in the same complete combination. You might think that defining a ‘human’ is neither especially difficult nor important. We never find ourselves in the position of wondering whether any given collection of flesh and bones in front of us is a human being or not and we don’t need to tally up anatomical features to be sure. In terms of an effect on our everyday lives, having a firmly nailed-down definition of what makes us part of the species Homo sapiens is indeed pretty inconsequential. However, by understanding the very specific features that make us ‘human’ we are much better armed to consider the role that those evolved features have in our everyday lives.

One problem with defining any species is that individuals vary. Humans are no different and any definition of our own species must account for this variation. Some of the variation in humans arises more or less solely from genetic differences between popula­tions. Such differences might be highly apparent: the differences in skin colour between a white European and an African-American for example, or between the stocky stature and physique of an Inuit indigenous to Nunavut in northern Canada and the slimmer form of the Sān peoples of Namibia. You don’t need to travel to see other clear genetic differences between humans. The most profound variation is between males and females and these differences are also genetic, caused by the presence of a Y chromosome (male) or an X chromosome (female) in the sperm that fertilised the egg from which we developed. Other genetic differences might be less apparent and related to disease susceptibility or metabolism. A good example of a metabolic difference between populations that is genetic is the way our bodies deal with lactose in milk and gluten in wheat (Chapter 3).

While some variation is certainly genetic, other sources of variation are solely environmental. A good example of a highly variable characteristic that is deter­mined purely by our environment is the primary way that we communicate. People growing up in different places and cultures speak different languages. While our linguistic ability is genetic and related to physical structures like the larynx (the ‘voice box’) and tongue, and to specific regions of our brain, the precise form our language takes is related to what language we hear as we develop from birth.

Yet more variation can arise from environment and genes interacting. Adult height, for example, has a genetic component, but without an adequate diet during childhood an individual bearing genes promoting tallness is unlikely to achieve their full potential height. The balance of genetics and environment, of ‘nature’ and ‘nurture’, is of great interest both scientifically and philosophically. It is also a topic of great relevance to this book, because evolution is fundamentally a genetic process. If we are to discuss the role that evolution has had in shaping us, and the mismatch between our evolved selves and the modern world, we are inevitably making assumptions that whatever features we are discussing have a genetic basis. As we will see throughout this book, despite being extremely seductive, such assumptions are not always easy to substantiate. So ‘nature’ is going to be critically important to our discussions, but so too is ‘nurture’, since it is the interaction between our present-day environment and our genes that leads to many of the mismatches that we see.

Currently, there is only one living species in our genus (Homo), but in the geologically very recent past there were other Homo species wandering around that are now extinct, most notably Homo neanderthalensis. We know from genetic studies of modern humans and of well-preserved material from recent fossil records that Neanderthals and early humans interbred. We have also found other fossil material that indicates there were more Homo species in the mix, including Homo naledi in South Africa and Homo floresiensis, the famous ‘hobbit’ found in Flores, Indonesia. These other hominins, as members of our genus are known, were probably also interbreeding with each other in the run-up to the emergence of anatomically modern Homo sapiens. The piecing together of the emergence of anatomically
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